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ABSTRACT

This report describes the efforts of the second twelve months of a con-
tinuing program (the first year's efforts being under Air Force sponsorship)
of experimental measurements to investigate the possibility of coupling
between ground level and ionospheric effects through the propagation of low
frequency acoustic waves. The two tropospheric sources considered in

this study are the static firing of large rocket engines at NASA/MSFC and
the occurrence of local thunder storms. The observing system consists of

a network of three, short-baseline, near vertical incidence hf Doppler
sounding paths near Huntsville, Alabama, each operating with three simul-
taneous transmission frequencies.

The report discusses the general operation of the experiment and the ex-
perimental findings relative to ionospheric dynamics phenomena caused by

static test events and local meteorological disturbances.

A three-dimensional acoustic ray-tracing computer program is briefly
described, and a Fortran listing is given,
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I. INTRODUCTION

In April of 1967 an experimental program was begun in the vicinity of
Huntsville, Alabama to study coupling between ground level phenomena and
ionospheric effects, concentrating specifically on perturbations produced
in the ionosphere by the static firings of large rocket engines at NASA/
MSFC and by local meteorological disturbances, Due to the nature of these
""'sources,' it was assumed that any coupling which would be detected was
achieved by the mechanism of vertically propagating low-frequency acoustic
waves,

The basic observing technique employed in this experimental program has
been remote radio sensing of the ionosphere by hf vertical incidence Doppler
soundings, in which the apparent variations in the received frequency of
various vertically propagated ultra-stable hf/cw radio signals are monitored
at a single receiving site on the ground. The resultant Doppler shifts are
related to the dynamics of the ionospheric region in which the waves are
reflected, Details of this measurement approach have been given by a number
of workers 1, 2, 3, The first year of this research program was sponsored
by the Rome Air Development Center, under contract F30602-67-C-0016, which
called for the establishment of one near vertical incidence Doppler sounding
path, over which three fixed frequencies in the range 2 to 6 MHz were con-
tinuously transmitted, Data were collected for some five months.

This report describes the results of a second year of effort in the Huntsville
experimental program. The objectives of this second phase were similar to
those of the first year, but the observing system was substantially expanded to
include three different near vertical incidence Doppler sounding paths of
differing lengths, each transmitting three simultaneous frequencies, The ex~
periment was operated over a period of eight months, and included approximately
1000 hours of operation in which all nine signals were simultaneously present,
in addition to many more hours in which a smaller number of signals were
recorded. Figure 1 (a) shows the configuration of the four sites established
near Huntsville, Alabama, for this phase of the program, with the relevant
distances between the ionospheric reflection points and the NASA/MSFC static
test stands., Figure ] (b) shows the same map, with the distances marked
between ionospheric reflection points,

The results of the first year's experimental operation have been reported else-
where 4, 5 but can be summarized briefly as showing encouraging evidence of
ionospheric perturbations being produced by several of the static rocket tests
which were monitored, It appeared that the acoustic output spectra of the various
tests were sufficiently similar to rule out variations in test characteristics as
being the cause of the limited number of successfully detected events, and it seems
likely that either the characteristics of the intervening media or the electron
density configuration at the particular ionospheric reflection heights were
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therefore responsible for this aspect of the observations., The results for
the case of thunderstorm induced interactions were few and inconclusive,
The expected perturbations due to traveling ionospheric disturbances (TID's)
and solar flares (SFD's) were observed in substantial numbers,

The intent of the second year's program was to substantially expand the
observing capabilities, so that a three-dimensional, short-baseline picture
could be obtained of the ionospheric perturbations which the Doppler sound-
ing technique could observe, and to extend the Doppler data processing
procedures to improve frequency resolution and optimize data presentations
for different effects, The use of three frequencies over each of the three
transmission paths shown in Figure ] provided continuous monitoring of nine
different points in the ionosphere at three different heights,

The results of the second year's program are the subject of this report, In
addition to a summary of the experimental operations, detailed discussions

of data taken during static firings, and data showing effects related to local
meteorological disturbances, appendices containing a log of the data collection
periods, and the Fortran listing and description of an acoustic ray-tracing
program adapted for use in this study, are included,




II. EXPERIMENTAL OPERATIONS

A. EQUIPMENT

The principal equipment development effort in this program consisted of
the installation of transmitter sites at the Pulaski County Airport near
Pulaski, Tennessee, and at the Limrock Elementary School, located near
Woodville, Alabama. At each of these sites, two 70-foot towers were
erected, and three inverted vee antennas were installed: two at right angles
to each other on one tower, and one on the second tower. Coaxial cables
were laid and buried in the ground between the antennas and the three
transmitters housed in existing buildings at both sites. Oscillator units,
consisting of power supplies and individual crystal oscillators in shielded
cans,were fabricated for each location.

Heathkit DX-60A transmitters were employed, but they proved to be diffi-
cult to maintain in continuous operation for long periods of time. Utilizing
certain suggestions made by John E. Jones of ITSA/Boulder in this regard,
and after some additional troubleshooting by Michael Thomas of Avco/
Huntsville, they were modified as described in Appendix A. These changes
proved to be adequate for continuous operation for periods of the order of
weeks. Several Viking Valiant transmitters were also placed into service
during the program as replacements for the Heathkits, and these proved

to be more easily adapted to the required mode of operation as well as
considerably more reliable.

Frequency allocations available for this experiment were 6. 185, 5. 735,
4,760, 4,081, 2,732, and 1. 9985 MHz. At the Cotaco Creek site, the
transmitters and oscillators were set to operate at any three of these fre-
quencies, designated hereasf;, f;, and f3. At the Limrock site, the
transmitters were operated at fj + A, f + 84 , and f3+ A, while at the
Pulaski site they were operated at f] - A, f2 - 8, and f3 - A . Values

of A ranged from 10 Hz to 2 Hz, the latter value being adopted in the later
portion of the program when it became apparent that this provided adequate
separation between signals for all except the most drastic Doppler varia-
tions. In this format, a single receiver at the Avco/Huntsville receiving
site, tuned to frequency f), actually received three signals, all of which
were recorded together on a single track of the magnetic tape recorder.
The three transmissions clustered about each frequency were not resolved
into separate signals until the spectral analysis process, where frequency
resolutions of the order of tenths of a Hertz were sufficient to display the
independent variations of each transmission. Also in the latter portion

of the program a 30 second break in all the recorded data was placed at
the beginning of each hour, and this proved to be the simplest and least




confusing method of depositing a permanent time reference on each of the
three data channels.

Figure 2 shows a typical 24-hour sequence of Doppler records taken with
the Cotaco transmissions only, for three different frequencies during
February 15-16, 1968. A log of all the data collection periods in the
operation of this experiment is given in Appendix B.

Two microbarographs of the type developed by Claerbout® were built and
placed at the Limrock and Pulaski sites, to be operated together with a
similar unit built under the earlier RADC program. Several months of
data were taken successfully with the RADC microbarograph, which was
operated at the Cotaco site and later at the Avco/Huntsville plant. Approx-
imately a month of data was collected with the microbarograph at the
Limrock site. Considerable difficulties were encountered with the ink-
type strip chart recorders during unattended field operation, and this
proved to be the limiting factor in the amount of data collected at the Lim-
rock site as well as the total cause of the fact that no data of any signifi-
cance was recorded at the Pulaski site.

A narrowband electronic filter was built with an effective bandwidth of

2 Hz, to be used for separation of the three clustered signals at each
experiment frequency when conducting spectral analysis of the recorded
data at a playback speedup factor of 64 times. This is required for
amplitude variation analysis of the individual transmissions, and is easily
positioned in frequency over the signal of interest during the processing
sequence.

B. DOPPLER DATA RECORDING AND PROCESSING

It developed that the Ampex FR-1107 tape recorder being used to record
Doppler data on magnetic tape at the Avco/Huntsville receiving site was
capable of operation at two slower speeds than the previously employed
15/16 ips. Either 15/32 or 15/64 ips could be achieved by replacing the
existing capstan drive shaft with one having 1/4 the circumference, a
standard item available from Ampex. This was done, producing the
following three significant improvements in recording and processing pro-
cedures:

(a) One 10-inch reel of magnetic tape covered approximately 49
hours of data, instead of the previous 12 1/4 hours, and the re-
ceiving equipment required proportionately less attention for
continuous operation,

(b) Spectral processing at the same playback speed utilized before--
60 ips--increased the effective frequency resolution by a factor of
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four, and expanded the frequency scale of the analyzer output (in
terms of the Hertz/inch of the resultant spectral record) by the
same amount, regardless of the processor involved. This change
aided substantially in identifying small Doppler deviations in the
recorded data.

(c) Spectral processing time for routine analysis was reduced by a
factor of four over that previously required for the same period
of data recording.

The only apparent disadvantage of this approach was that the output of the
spectrum analyzers is then compressed in time by a factor of four. This
has proven to be beneficial in identifying longer-period Doppler variations,
however, and could of course be eliminated by slowing the tape playback
speed anytime fine time resolution is required.

It became apparent that achieving the same increase in resolution and ex-
pansion of the output display for the older data recorded at 15/16 ips would
aid tremendously in its analysis also, so it was arranged to re-record
selected earlier tapes in a fashion which would allow further effective speed-
up in the analysis process. It was then possible to process any of the data
tapes at several different speedup factors, with the resolutions and process-
ing times shown in Table 1 for the two most commonly used RADC DRC
analyzers.

C. RADAR OBSERVATIONS OF STATIC TEST SHOCKS

One of the features of static tests which seems to be important in consider-
ation of possible resultant ionospheric effects is the propagation of the
shock wave generated by the explosive onset of the engine burn. It was
suggested by Dr. Gideon Kantor at Avco/SSD that the work of Allen and
Weiner with the EMAC probe concept might be applicable in this context.
They examined in detail the possibility of utilizing radar returns from
acoustic shock fronts to measure wind velocity, turbulence, and air
temperature--the so-called electromagnetic acoustic probing technique.

Previous tests of this concept performed by the Midwest Research Insti-
tute were severely limited in observable range by the high acoustic fre-
quency used in the experiment (about 20 KHz). Instead of radar reflections
from an acoustic multiple wave train, Allen and Weiner proposed reflections
from a single acoustic shock front by coherent integration of the pulsed
Doppler radar signal. They suggested propagating an acoustic shock wave
generated by a single sinusoidal half-wave pulse whose wavelength corres-
ponds to approximately 100 Hz or lower. At the time of their study, no
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such source at significant power levels was available, but the large static
tests at MSF C provide both a shock wave at ignition and tremendous
energies at the frequency range of interest.

The 15 second firing of an S1B engine on January 25 was monitored using
the 3 cm wavelength CPS-9 weather radar available at the MSFC meteoro-
logical station, but without any positive results. A second attempt to
observe the static test shock, using the MSFC weather radar and the ESSA
10 cm installation at the Madison County Airport, was also unsuccessful.

In their report discussing the problem of obtaining observable radar echoes
from shock fronts, Allen and Weiner indicate that the two most crucial
factors are the range at which observation is attempted and the electro-
magnetic wavelength of the radar. In an example which they compute for
an FPS-20 radar (23 cm wavelength and 5000 kw peak power output), it

is estimated that the maximum range for observation, assuming conditions
of low atmospheric attenuation and with no turbulence or steady transverse
winds, is approximately five miles. The presence of turbulence decreases
the range limit significantly, and transverse winds reduce it drastically.
On the matter of wavelength, they demonstrate theoretically that the radar
wavelength should be longer than the transverse thickness of the shock
front being probed. It is not clear at present what thicknesses are typical
for static tests shocks, but for sonic booms the thickness appears to be on
the order of 1-20 cm8, 9,

Applying these facts to the static test situation, it seems possible that the
MSFC weather radar may operate at too high a frequency (3.2 cm), and
it seems likely that the ESSA radar is too far distant (approximately 10
miles with 60 kw) even though its frequency is more appropriate (10 cm).
Allen and Weiner had also suggested that coherent detection techniques

be employed to enhance observation of any moving fronts, and neither
radar employed here had that capability.

-10-




III. STATIC TEST RESULTS

One of the prime initial motivations of the Huntsville experimental Doppler
sounding program, and the aspect of the study which has been the subject

of the principal effort to date, is the idea that the release of energy during
the static firing of a large rocket engine on the ground might be sufficiently
great to produce a measurable perturbation in the ionosphere, at least
directly overhead the location of the test, The results of several other
earlier experiments encouraged this. In 1966 Marcos 10 reported that it

was possible to generate an ionospheric perturbation, detectable with

vertical incidence Doppler sounding techniques, by flying a supersonic
aircraft in a trajectory which focused the resultant shock front at a point

in the upper atmosphere. In the same year, Barry, Griffiths, and Taenzer 11
reported that substantial, predictable ionospheric perturbations were observed
by vertical incidence phase sounders following the explosion of 500 tons of
TNT at ground level. So the possibility of low frequency waves propagating
upwards into the ionosphere from a source with sufficient energy at the
requisite frequencies was clearly established.

During the course of the first phase of this program, the fact that several
static tests firings had previously been monitored elsewhere for the purpose

of detecting possible ionospheric effects came to light, The details of these
tests and their effects were described in an earlier report ~, but the essence
of these results is repeated here for the sake of completeness. In the winter
of 1964-65 Stanford Research Institute personnel monitored three static firings
of solid fuel, one million pound thrust engines, near San Francisco, California,
using a vertical incidence swept-frequency ionosonde located 48.5 km from the
test stand 12, In each case clear evidence of Sporadic-E-like traces appeared
following tests, at frequencies considerably higher than any background
Sporadic-E otherwise observed. The onset times of this phenomenon varied
considerably, and will be discussed in more detail below. For two of these
tests, fixed frequency vertical incidence phase path sounders were also operated
on several frequencies at varying distances from the test stand, and positive
indications of ionospheric perturbations were obtained in the resultant phase
records, although the details of these variations have not been reported. In
February 1966 a vertical incidence ITT phase sounder was operated at four
frequencies during the static firing of a 3. 6 million pound thrust, solid fuel
engine near Miami, Florida. Notable perturbations appeared in the phase data
on all four frequencies, and unusual and significant Sporadic-E-like echoes
were also observed in the records, which were taken some 60 km from the
test stand.

With these results in mind, the Doppler records taken during 30 static rocket
engine tests at NASA/MSFC have been processed and analyzed in detail in an
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attempt to identify ionospheric perturbations associated with the ground level
firings, The particular booster engines involved are the F1, the S1B, and the
S1C, with 1.5 million, 1,6 million, and 7.5 million pounds of thrust, res-
pectively. It was decided, on the basis of considerable experimenting with
various frequency and time scales for presenting the Doppler records, that
the output of the narrowband Rayspan analyzer at a speedup factor of 128 times
was the most useful for analysis of static test period data, representing an
expanded frequency scale without excessive time compression of the data, and
this processing format was utilized to produce the uniform set of static test
Doppler records presented in Appendix C,

Thirteen of the test records show secondary traces which can be considered

as being possibly due to vertically propagating wave motions generated by the
static tests. For ease of analysis the candidate signal traces have been ex-
tracted from these thirteen cases and reproduced in Figures 3 through 6, with
approximately 50 minutes of record being given in each case from the time of
onset of the test. A great deal of consideration and visual analysis of the data
records has gone into the selection of these candidate effects, Most of the

data sequences were spectrally analyzed a number of times with differing
processing gains in an attempt to positively identify the existence of any small
amplitude secondary traces which may have been present. An illustration of
this process is found in Figures 40 (b) - (d) in Appendix C, in which the same
segment of data is reprocessed with three different gain settings. The candidate
traces selected from these figures are shown in the 10 May 1968 case in Figure
6. Since, as is evident after even a cursory review of the data presented in
Appendix C, any effects which may be associated with the static tests are of
the same or smaller Doppler deviation magnitude than the perturbations which
occur naturally on the Doppler records, and since they may also be of smaller
signal intensity, the selection process leading to the data presented in Figures
3-6 is necessarily subjective and based on the analyst's experience with vertical
incidence Doppler data and his educated judgment of what the various signal
traces and their variations represent. '

With these qualifying statements in mind, it is useful to consider the common
characteristics present in the secondary traces shown in Figures 3-6, in an
attempt to consider what they may indicate collectively concerning their re-
lationship (if any) to the static firings which they follow. First, the frequency
shifts of the candidate traces show a negative Doppler deviation, which is what
should occur for perturbations moving away from the observer. Second, the
secondary traces can be conveniently grouped into three classes: (a) those
which begin with a large negative deviation with respect to the main signal
trace, and then show a decreasing amount of negative Doppler with time until
they merge with the main trace; (b) those which begin at the main signal trace
and show with time an increasing amount of negative Doppler deviation with
respect to the main signal; and (c) those which are never connected with the
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main trace, but which occur for only a brief period and/or have an essentially
constant negative amount of Doppler deviation with respect to the main trace,

The 20 April 1967 data is an example of the first type; the effects in the 3
August 1967 data which begin approximately 20 minutes after the onset of
the test are an example of the second group; and the Limrock data for the
2] February 1968 test exhibits behavior of the third category.

The first two types of effects are suggestive of the presence of an overdense
rising reflecting surface. In the first case a second reflecting raypath is
established (not necessarily at vertical incidence) from the rising surface
before it reaches the height of reflection of the main (and undeviated) signal.
Due to refractive effects, as the height of reflection of this secondary surface
nears that of the undisturbed raypath, the effective Doppler shift is decreased,
until the two signal traces merge when the rising surface passes through the
undisturbed reflecting region. In the second case, the secondary reflection is
not established until after the rising front passes through the undisturbed
reflection region, and it then continues to maintain a second raypath (probably
at oblique angles) as the refractive effects of the reflecting region are diminished
and the Doppler deviation reaches larger values more representative of the
velocity of the frontal surface. This latter situation is similar to the effect
observed when the principal vertical incidence reflection signal is lost at night
due to the decrease of foF2 below the operating frequency, a good example of
which is seen in the 6. 185 MHz data shown in Figure 2 around 2000 CST.

The third class of traces, unlike those of the first two groups, show signal
strength amplitudes similar to those of the main undisturbed traces, and
exhibit a negative Doppler shift which does not meet at any point with the main
trace, These suggest the formation of dense Sporadic-E-like clouds which
move away from the test stands and the Doppler sounding path. It should be
noted in this regard that the Sporadic-E-dlike echoes which were observed by SRI
following the static tests which they monitored increased in apparent range

with time, indicating either vertical propagation or (more likely, given that

the sounder, located 48.5 km from the test stand, was probably receiving the
echoes at oblique incidence) horizontal motions away from the observing region.

One fact to be noted about the data in Figures 3-6 is that none of these secondary
traces is, unfortunately, unique to the static test period data (although their
occurrence in general is rare), and one may draw one of two conclusions from
this fact: either (a) these traces are not related to the static test occurrences,
or (b) there are other sources of vertically propagating waves in addition to
static tests, In any case, these traces are definitely not similar to those
associated typically with horizontally traveling atmospheric waves, sometimes
called traveling ionospheric disturbances (TID's).

One other parameter to note is the length of time elapsing between the static
firing and the onset of the ionospheric effects. The travel time for a vertically
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propagating sound wave to reach an ionospheric height of 200 km from the
ground should be on the order of 10 minutes, assuming an average sound
speed of 300 m/sec, But no consistency is found in the candidate effects in
this regard. Several of the apparent perturbations begin within a few minutes
after the start of the test firing, Some occur within 10 to 20 minutes after

the firing, which would be reasonable for simple acoustic propagation, and

a number appear to onset after a 30 minute delay. Here again it is useful to
consider the results of other experiments, and the data presented schematically
in Figure 7 is intended to show the various delay times of the ionospheric
effects which followed the aforementioned static rocket firings monitored by
SRI and ITT, as well as the data obtained by Barry, Griffiths, and Taenz er of
Stanford Research Laboratories (SEL) following the ground level explosion of
TNT. It can be seen that time delays of the three basic orders observed in
the Huntsville data also occurred in these cases, (The dotted lines extending
from the Eg occurrences in the ITT data are intended to indicate that data
records before and after the intervals covered by the solid lines were not
available for analysis. )

More recently, Kaschak has reported on the times of arrival of low frequency
acoustic waves at long distances from the trajectories of large launched rocket
engine s 13 showing the propagation of acoustic waves with supersonic velocities
(500-1000 m/sec) and subsonic velocities (190-240 m/sec), in addition to the
more usual waves with group speeds of the order of 300 m/sec. Further, any
combination of one, two, or all of the three types of propagated waves may be
observed following a particular launch. (Unfortunately, it has not been possible
to date to detect acoustic waves associated with static rocket firings at long
distances 14,) Thus, although the physical understanding of either the super-
sonic or subsonic wave propagation is at present lacking, it is clear that the
firing of large rocket engines can produce waves of all three speed classes,

and that the existence of these types of propagation can be used to explain the
differing time delays found in the Huntsville observations,

It should be noted here that the Huntsville static firings did not produce
any notable effects in microbarograph records taken during the sixe tests
for which such data was available, This seems reasonable in view of what
is known of the acoustic spectra of static tests, given the 30 second period
upper frequency cut-off of the microbarograph sensors, )

From the preceding discussion, then, it is possible to suggest a model for

the occurrence of atmospheric effects following ground level static tests of
large rocket engines, Since the acoustic spectra of the burn period of static
tests does not show adequate energy at frequencies sufficiently low enough to
support propagation to high altitudes °, it can be concluded that any upper
atmospheric effect must be due to the shock waves generated at engine ignition
and/or cutoff, These waves presumably degenerate into linear acoustic waves
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(with a range of velocities) at some distance from the test location, and
continue to propagate essentially vertically up through the ionosphere 11

On some occasions the vertical temperature profile and the sequence of
horizontal wind shears existing between the ground and the lower ionosphere
are of such a nature that acoustic energy is not permitted to reach E or F
region heights in detectable amounts, (See a discussion of this point in
Appendix D,) On other occasions, conditions are favorable for the formation
of Sporadic-E-like clouds, which move away from a position directly over
the test stand with the wind speed prevalent at their height of formation, On
yet other occasions a detectable wave continues to propagate to F region
heights and produces a vertically propagating reflecting surface as it passes
through the reflection region of the main signal. The velocities of propagation
of the detected perturbations present a physical puzzle, but the SRI, ITT and
Kaschak results present convincing evidence of both subsonic and supersonic
acoustic wave propagation in addition to the expected sound speed motions,

One more interesting point should be considered here, In all the Doppler
records showing perturbations following NASA/MSFC static tests, the candi-
date traces are of a secondary nature, existing in addition to the main and
undisturbed signal return, In the case of the Barry, Griffiths, and Taenzer
phase data, and in the two available cases of phase path records taken during
static rocket tests (the ITT record of the 24 February 1966 test and the Avco
phase-locked loop data of 3 August 1967 given in Figures 46-47 of Appendix C),
the apparent phase perturbations appear in the principal reflected signal, and
no secondary echoes or signals of any type are observed, Also, in these
latter two cases the maximum Doppler shift calculable from the phase data is
less than 0.1 Hz, and in the case of the ground level TNT explosion the
maximum Doppler shift would approach 1.5 Hz (since the explosion contained
rather large energies at much lower frequencies than is the case of static
testsD).,

It seems therefore that if a simple acoustic wave were propagating upward with
normal sound speed from any of the Huntsville static tests, it might not be
observed in the Doppler records due to the small frequency shift which it would
likely produce, Thus perhaps the only effects which might be observed in
addition to Sporadic-E would be the motions of secondary reflecting fronts
whenever they might exist and if they possessed sufficient density perturbations,
This is because the Doppler measurement technique is particularly sensitive

to signals being returned with substantial frequency shift, even though the
signal strength amplitudes of the returns may be small., It seems clear that,
with the difficulties apparent in relating small Doppler perturbations to specific
static tests, a vertical incidence phase sounding measurement approach would
be strongly recommended for any further investigations of this nature,

The evidence amassed in this section for the existence of ionospheric pertur-
bations generated by the static firing on the ground of large rocket engines
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leads convincingly to the conclusion that such coupling can occur, Taken
individually, the Doppler data records collected in the Huntsville experi-
mental program are not adequate to demonstrate this coupling, but taken
together as a group they do permit the conclusion that low frequency acoustic
waves can propagate from the static test event to ionospheric heights and
create observable Doppler perturbations there, It may also be stated that

strong evidence exists for modes of acoustic wave propagation at both super-
sonic and subsonic speeds,
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IV. THUNDERSTORM OBSERVATIONS

As a result of an initial suggestion made by Pierce and Coronitils, one of
the purposes of this experiment has been to look for ionospheric Doppler
variations which might be related to meteorological phenomena. Various
indirect evidence, largely statistical, for relating meteorological and
ionospheric effects has been presented over the years (a summary is given
in Reference 5), but until recently no evidence linking specific disturbed
weather conditions with specific ionospheric events had ever been presented.

The concept of Pierce and Coroniti grew out of the fact that certain fre-
quencies of atmospheric pressure oscillations are preferred for vertically
propagating pressure waves3, and these are present in significant magni-
tudes in the thunderstorm cloud-top oscillation data reported by Andersonlé.
There is now some doubt as to whether the vertical motions of individual
cumulus towers possess sufficient energy (although Pierce and Coroniti
estimate 1017 ergs for a single oscillating cumulus tower) to produce
detectable effects at ionospheric heights. Nor do the thunderclaps occur-
ring in meteorological storms possess sufficient energy at low enough
frequencies to generate ionospheric disturbancesl?. But as a result of
Pierce and Coroniti's suggestion, Georges of ITSA/ESSA began looking in
his steep incidence Doppler sounding records (taken on a network of paths
surrounding Little Rock, Arkansas) for variations related to meteorological
phenomena, and reported twelve instances in which he observed extended
sequences of otherwise rare oscillations with three to four minute periods
And in each case he found strong echoes in weather radar data taken in
the vicinity of his observing stations. According to Georges, these oscil-
lations can persist intermittently for several days, have no apparent
connection with geomagnetic or solar activity, exhibit an apparent upward
phase velocity when seen on multi-frequency soundings, and are sufficiently
localized geographically as to appear only on those paths of his network -
which are themselves located over the radar-indicated disturbance region.
In every case of the appearance of these oscillations on the Doppler records
which he examined, a weather disturbance was also present; the converse
was not true, however,

3,18

The Huntsville Doppler records have since been examined for evidences of
similar three-to-four minute period oscillations, with a number of occur-
rences being found. Figure 8 shows a 2. 735 MHz vertical incidence cw
phase record taken with the Avco phase-locked loop device which was
tested for a short period at Huntsville®. Thunderclouds were visible
shortly after 1400 CDT, as indicated by site personnel on the record, and
the hourly weather radar summary plots for this day show signs of dis-
turbed weather conditions developing over Huntsville between 1345 and 1445
CDT. The phase oscillations exhibit periods between two to three minutes,
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and cease at about 1530; the weather radar records show a removal of the
disturbance from the Huntsville area between 1545 and 1645 CDT. The
vertical incidence Doppler records taken during this period did not give
any positive indication of similar oscillatory behavior, however,

Figures 9(a)-9(d) contain twenty hours of Doppler records which exhibit
the most marked occurrence of 3-5 minute period oscillations observed in
the data collected at Huntsville, The oscillatory behavior begins at about
2200 CDT on 15 May 1968 and lasts to 0630 CDT on 16 May, The weather
radar summary charts first show disturbed regions over the Huntsville
area on the 2245 CDT hourly map for 15 May, and these continue until the
1145 CDT map the following day, There is an abrupt cessation of the
Doppler oscillations at sunrise, even though the storm activity continues
into the morning,

The most remarkable feature of this record is the fact that for each frequency
on which these oscillations are visible, they are in phase (within the 30 seconds
resolution of these particular records) on the two or three transmissions
present, This means that the ionospheric reflection regions under surveillance
at each frequency are moving up and down together under the influence of a
vertically propagating wave, That this effect could not be produced by any
horizontal wave motion can be seen by considering the horizontal separation
distances of the three ionospheric reflection points shown in Figure 1 (b).

Even at the sound speed of 300 m/sec, it would take on the order of 2 1/2
minutes for a horizontally propagating wave to travel between the Pulaski and
Limrock path reflection points, Or in the worst case, if a wave were moving
horizontally in a direction perpendicular to the line between the Limrock and
Pulaski sites, at 300 m/sec it would take 74 seconds for it to pass from the
reflection points of those two paths to that of the Cotaco path (along the line
marked "minimum time delay path'), Thus the oscillations must be due to
vertically propagating wave motions with periods of 3-5 minutes, In contrast,
the oscillations present in the Doppler records before 2000 CST, at which time
the Fredricksburg magnetograms show mildly disturbed behavior, are out of
phase by the order of minutes on any given frequency., The magnetic distur-
bance condition subsides after 2000 CST, and no indication of magnetic activity
is present during the 3-5 minute period oscillations sequence,

Figure 10 contains 5 1/2 hours of Doppler records taken on 11 March 1968,
showing the beginning of a sequence of 3-4 minute period oscillations beginning
at about 1950 CST in the higher frequency records, A tornado was sighted
near Huntsville at about 2000 CST, and the weather radar summary charts
show the first signs of severe weather disturbances in the hourly map issued
at 1945 CST; these continue to at least 2345 CST, (No Doppler data was
recorded after 2302 CST,) No indication of disturbed magnetic conditions is
present in the Fredricksburg magnetograms for this period, and again the
oscillations are in phase for each frequency on which transmission were
recorded,
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Figure 9 (b): Doppler data showing thunderstorm effects,
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Figure 10: Doppler data showing thunderstorm effects,
11 March 1968: Huntsville, Alabama
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It is important to note that without the presence of three simultaneous

and spatially separated transmissions on a single frequency, it would not

be possible to positively identify the existence of vertically propagating
waves, For example, with two paths it could always be conjectured that

a horizontally propagating wavefront was in operation with a fortuitous
directional orientation that caused it to onset at both reflection points at
essentially the same instant of time., But his cannot be the case when the
oscillations show phase concurrence over three different paths with reflection
regions separated by distances between 26 and 48 km. Thus, these data
provide the first positive identification of the vertically propagating nature of
the waves associated with the characteristic 3-5 minute oscillatory periods,

Not all the Doppler data recorded during the entire Huntsville experimental
program has been reprocessed with the expanded frequency scale spectral
analysis which is necessary to detect these small oscillations, so no statis-
tics of occurrence of this phenomenon are available at this reading. The
next step in any further analysis of the meteorological coupling phenomenon
using this data would be to survey all the Doppler records (after they have
been appropriately processed) for occurrences of these oscillations. Then
the hourly weather radar summary charts should be scanned during all the
hours that the Huntsville Doppler sounding experiment was operated, and a
list compiled of all the times during which severe weather disturbances were
present in the Huntsville area, The size of the logical intersection of these
two sets of data, compared particularly with those cases in which Doppler
oscillations were observed when no weather disturbances were extant, would
then provide a measure of the confidence that should be placed in the inter-
pretation that these oscillations are indeed caused by thunderstorms below,
Those periods in which thunderstorm activity occurred without producing
detectable ionospheric oscillations -- and these should be numerous -- would
likely indicate the presence of conditions in the temperature and wind profiles
of the intervening atmosphere which inhibit the upward propagation of acoustic
waves at these frequencies,

The evidence of Georges and the results detailed above, lend considerable
weight to the identification of the 3-5 minute period oscillations in the
Doppler records as indications of tropospheric-ionospheric coupling through
the mechanism of long period acoustic waves, Further analysis along the
lines discussed above, and additional measurements during months when .
storms are characteristically frequent, should aid in evaluating this tenta-
tive conclusion.
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V. OTHER PHENOMENA

Three other types of Doppler perturbations are worth noting, because

their unique appearance clearly signals their presence when they occur.

On some mornings following ionospheric sunrise, a sequence of long

period oscillations is present for an hour or so, as illustrated in Figure 11.
Here the variations have a period of approximately 20 minutes, and persist
for perhaps 70 minutes. On the day previous to this record, no oscillatory
behavior of note is observed during or following sunrise. Both of these days
are among the five magnetically most quiet days in April, and no indications
are present on the Fredricksburg magnetograms to distinguish the two sunrise
periods. The relationship of these apparent motions to the occurrence of
sunrise seems fairly clear, but no explanation is presently available for their
generation or, for that matter, their lack of generation, on any particular
day.

Figure 12 shows some 12 hours of Doppler records, the feature of interest
being the spreading in the Doppler signals occurring on all frequencies
between 0000 and 0300 CST. The magnitude of the spread increases with
signal frequency, and all the traces show the presence of several very long
period oscillations, the amplitude of which also increases with frequency.
One possible explanation of this effect, which has been observed on a number
of different occasions, is the occurrence of Spread-F conditions in the iono-
sphere over Huntsville, Without ionogram data it is not possible to confirm
or disprove this, and the correct explanation is still an open question. March
24 was one of the five magnetically disturbed days of March 1968, and this
correlation appears to prevail in the several other cases of this phenomenon
which have been observed in the Huntsville Doppler records,

Figure 13 shows the simultaneous occurrence of a series of several oscillations
on all frequencies and paths, with a period of approximately three minutes,
beginning at 0010 CST on 2] April 1968. The Fredricksburg magnetograms
show similar oscillations in all components at this same time. Norman Chang
of ITSA/Boulder indicates that this effect is occassionally observed in all
Doppler records, always accompanied by magnetogram oscillations, but that
its nature is not presently understood. 19 He reports that similar oscillations
appear in the ITSA/Boulder Doppler records at the same time on 2] April,
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VI, CONCLUSIONS

It is clear that the results of this study, taken with similar measurements
reported elsewhere, demonstrate that it is possible for ground level sources
to generate acoustic waves of adequate energy and sufficiently low frequency
to propagate upward to ionospheric heights. Some of the resultant electron
density perturbations in the ionosphere are subsequently detectable by hf
vertical incidence Doppler sounding techniques.

In the case of static firing tests of large rocket engines, it has been shown
that, in addition to the expected vertically propagating simple acoustic waves
traveling with the speed of sound in the medium, it is possible on occasion
for the test to generate waves with both higher and lower velocities. In many
instances, however, no Doppler observable ionospheric perturbations are
produced whatsoever,

In the case of local thunderstorms, evidence has been added to a growing body
of data which demonstrates that long sequences of ionospheric oscillations with
periods in the 3-5 minute range may be produced by low frequency acoustic
waves propagating upward from meteorologically disturbed regions. In
particular, data has been shown which proves that these waves are indeed
propagating vertically, as distinguished from the common horizontal wave
motions which are constantly present in the ionosphere,

It can be inferred from the discussions of the difficulties of detecting small
amplitude, slowly varying motions in the ionosphere with the Doppler sensing
technique(primarily because it is a velocity sensitive measurement)that, in
the cases of both static rocket tests and local thunderstorms, it would be of
considerable assistance to employ a radio sensing technique with more sensi-
tivity to the small scale perturbations in electron density occurring in the
radio raypath reflection region. The hf vertical incidence phase sounding
technique has been shown, in other experiments discussed in this report, to
possess a substantial capability in this regard, and it is therefore recommended
that implementation of such instrumentation be seriously considered in any
further experimental programs of this type.
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APPENDIX A

MODIFICATIONS TO HEATHKIT DX60-A TRANSMITTERS

(Prepared by Michael Thomas, Avco/Huntsville)
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The Heathkit DX-60A amateur transmitters selected for use in this experi-
ment proved to be unreliable when operated continuously for long periods
of time in the cw mode. Several minor circuit changes were required to
alleviate this condition. It was also necessary to adjust inductors L2 and
L3 to allow the transmitters to operate at frequencies other than those in
the normal amateur bands (refer to the transmitter schematic drawing in
the manufacturer's manual for the circuit elements described here).

Modifications

1. Resistors R10 and R30 were changed from 4700 ohms and 22K ohms,
respectively, to 12 K ohms and 15K ohms. The purpose of this change
is to shift the bias point of the power amplifier tube from about -40
volts to about -60 volts and thus to prevent the tube from destroying
itself should the drive signal be lost.

2. Resistor R28 was changed from 10K ohms at 2W to 10K ohms at 5W,

since under normal operating conditions this resistor dissipates
about 1.5W,

3. Cathode bias was added to both of the 6CL6 tubes. This was done with
a 330 ohm 1/2W cathode resistor and a 0.1 mf 50V bypass capacitor.
Without this modification the plate current becomes excessive if the
drive signal is removed.

4. Tank coil L2 was removed and replaced with several molded rf chokes
(National type R-1550). These chokes are soldered directly to the
switch wafer, relieving the necessity of tapping a continuously wound
coil. The exact value of the coils depends upon the desired frequencies.

5. The power amplifier tank coil L3 was replaced by a section of Air Dux
#1410T coil stock and then tapped at the appropriate points.




APPENDIX B

DATA COLLECTION LOG
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Tape No. Date Start Time Stop Time Frequencies

96 9/27/67 1526 CDT 0405 (9/28) Cotaco 2.732 MHz
4,081
6.185

97 9/28 0741 1525 Pulaski 4.081
6.185

98 9/28 1529 0406 (9/29)

99 9/29 0747 1538

100 9/29 1545 0400 (9/30)

101 10/2 0745 1610

102 10/2 1615 0430 (10/3)

103 10/3 0750 1600

104 10/3 1610 0425 (10/4)

105 10/ 4 0845 2100

106 10/5 0800 1530

107 10/5 1535 0350 (10/6)

108 10/9 0810 1530

109 10/9 1535 0350 (10/10)

110 10/10 0800 1520

111 10/10 1530 0345 (10/11)

112 10/11 0745 1520

113 10/11 1530 0345 (10/12)

114 10/12 0745 1525

115 10/12 1535 0350 (10/13)

116 10/13 0815 2030

117 10/16 0813 1545

118 10/16 1547 0402 (10/17)

119 10/17 0751 1526

120 10/17 1531 0346 (10/18)

121 10/18 0753 1531

122 10/18 1535 0350 (10/19)

123 10/19 0750 1535

124 10/19 1537 0352 (10/20)

125 10/20 0753 1535

126 10/20 1545 0400 (10/21)

127 10/23 0800 1615

128 10/ 24 0755 1610

129 10/25 0745 1542

130 10/25 1545 0400 (10/26)

131 10/26 0807 1622

132 10/27 0857 1530

133 10/27 1532 0347 (10/28)

134 10/30 0745 CST 1530 v
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Tape No. Date Start Time Stop Time Frequencies
135 10/30/67 1535 CST 0350 (10/31)
136 10/31 0745 1552
137 10/31 1555 0410 (11/1)
138 11/1 0809 2024 (11/2)
139 11/2 0800 2015 (11/3)
140 11/7 0854 2109 (11/8)
141 11/16 1115 2330 v
142 11/30 0759 1534 Cotaco 2.732 MHz
4,081
5.735
143 11/30 1536 0351 (12/1) Pulaski 2.732
4.081
5.735
144 12/1 0750 1545 Limrock 2.732
4.081
5. 735
145 12/1 1543 0358 (12/2)
146 12/2 1145 2400
147 12/ 7 0920 2135 intermittent
148 12/9 1510 0325 (12/10) operation
149 12/11 0843 2058 of
150 12/18 0810 2025 Pulaski
151 12/19 0737 1952 and
152 12/20 0810 2025 Limrock
153 12/21 0756 2011 transmitters
154 12/27 1538 0353 (12/28)
155 1/3/68 1540 0355 (1/4)
156 1/25 1145 2355 Cotaco 2. 723 MHz
Pulask;g 4,081
Limrock ) 5. 735
157 2/ 6 1430 1555 (2/8
158 2/12 0900 1000 (2/14)
159 2/14 1330 1520 (2/16)
160 2/16 1530 1630 (2/18)
161 2/19 0800 1010 (2/21)
162 2/21 1025 1225 (2/23)
163 2/23 1245 1300 (2/25)
164 2/28 0855 1000 (3/1)
165 3/4 1530 1630 (3/6)
166 3/17 0755 0855 (3/9)
167 3/11 0750 0800 (3/13)
168 3/13 0805 1400 (3/15)
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Tape No. Date Start Time Stop Time Frequencies
169 3/15/68 1500 CST 1600 (3/17)
170 3/18 0750 0805 (3/20)
171 3/20 0810 0745 (3/22)
172 3/22 0750 0850 (3/24)
173 3/27 0800 0800 (3/29)
174 3/29 0810 0910 (3/31)
175 4/1 0740 0740 (4/3)
176 4/3 0750 0740 (4/5)
177 4/5 0745 0845 (4/7)
178 4/8 0755 0855 (4/10)
179 4/11 0750 0850 (4/13)
180 4/15 0800 1520 (4/17)
181 4/17 1530 1535 (4/19)
182 4/19 1540 1640 (4/21)
183 4/22 0825 1530 (4/24)
184 4/24 1535 1540 (4/26)
185 4/26 1540 1640 (4/28)
186 4/29 0755 CDT 0810 (5/1)
187 5/1 0815 0915 (5/3)
188 5/3 1500 1600 (5/5)
189 5/6 1510 1610 (5/8)
190 5/9 0740 1530 (5/10)
191 5/10 1535 2205
5/15 0730 0115 (5/17)
192 527 0814 0816 (5/29)
193 5/29 0820 0820 (5/31) |
\
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APPENDIX C

DOPPLER DATA RECORDED DURING STATIC
TESTS AT NASA/MSFC

B




Table 2 lists all the NASA/MSFC static rocket engine tests which have been
monitored by the Doppler sounding experiment at Huntsville, including data
taken under both the preceding RADC program and the present study reported
here,

As discussed in Section III of this report, all the static test Doppler records
were reprocessed with uniform time and frequency scales on the narrowband
Rayspan analyzer at an effective speedup factor of 128 times. This results
in a frequency display with approximately 1.3 Hertz per record inch, with a
processing resolution of 1/12 Hertz. Figures 14 through 41 in this Appendix
reproduce those records,

Figures 40(b) - (d) are reproductions of the same data interval, processed
with increasing gain in the spectrum analyzer, to illustrate the problems
encountered in identifying small amplitude signal traces in the presence of
other strong signals. It should be clear from these three records that
intensity modulating the displayed signal trace to indicate amplitude levels
is an inadequate, though efficient, processing technique when more than a
few decibels of amplitude resolution are encountered.

Figures 42 through 48 are reproduced from a report written earlier during
the course of this experimental program 5, They contain Doppler data
processed with different time and frequency scales and resolutions, and are
given here to aid in the interpretation of certain small amplitude traces which
are related to the static firing events (see Section III). Figures 46 and 47
show phase path variations and perturbations recorded with the Avco phase-
locked loop monitoring device 5 operating during the 3 August 1967 test.




NASA /MSFC Static Test Firings Monitored

Table 2

by the Doppler Sounding Experiment

Tape No, Date Start Time Duration Booster
1 4/20/67 1301 CST 40 seconds F1-61
13 5/9 1705:31 CDT 35.3 S1B-46
18 5/19 1328:06 25.004 Fl1-62
20 5/22 1733 145.7 S1B-47
20 5/22 1800:59 46.004 F1-63
32 6/9 1300 4] F1-64
38 6/14 1400 4] F1-65
53 8/1 1500:00 3 S1C
54 8/3 1920:00 40 51C
71 8/16 1352 4] F1-68
88 9/1 1103 46 F1-69
97 9/28 1303 44, 39 F1-70
123 10/19 1300 45,18 F1-71
131 10/26 1311:57 43.70 F1-72
141 11/16 1316 CST 45, 31 F1-73
142 11/30 1313 44,85 F1-74
151 12/19 1640:24 35. 50 S1B-48
156 1/25/68 1708 15.50 S1B-49
157 2/6 1640 15. 46 S1B-50
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Table 2 (Cont'd)

NASA /MSFC Static Test Firings Monitored
by the Doppler Sounding Experiment

Tape No. Date Start Time Duration Booster
159 2/14 1630:01 CST 15.20 S1B-51
161 2/20 1306 0.00* F1-75
161 2/20 1440 25.56 F1-76
162 2/21 1640 3.00 S1B-52
167 3/12 1337 25.75 F1-77
170 3/19 1257 25.44 F1-78
173 3/27 1258 26. 54 F1-79
178 4/9 1639:59 35.39 S1B-53
183 4/23 1640 145. 30 S1B-54
190 5/10 1458 CDT 90.74 F1-80
191 5/15 1535 121. 30 F1-81

st
3

" Test aborted during ignition




April 1967 F1-61
301 CST ~L40 sec

Figure 14: Doppler data record, 20 April 1967: Huntsville, Alabama
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Figure 17: Doppler data record, 22 May 1967: Huntsville, Alabama
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Figure 18: Doppler data record, 9 June 1967: Huntsville, Alabama
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Figure 21 (a): Doppler data record, 3 August 1967: Huntsville, Alabama
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Figure 22: Doppler data record, 16 August 1967: Huntsville, Alabama
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Figure 23: Doppler data record, 1 September 1967: Huntsville, Alabama
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Figure 24 (a): Doppler data record, 28 September 1967: Huntsville, Alabama




T?T“:‘T T Pem*r

3 “';,J’I‘*G" ’,:3 :

A “"f“a»'-":“ R AR
‘-‘NJ”.‘QJ’:“

\

s 0

v |
~'-.'.:§;ch l.‘Al ey .“ Lo
R SN

\ : ;

28 geptember 1967 Fl-”{Q
+*

160 4 )
4'!
HQ {

Doppler data record, 28 September 1967: Huntsville Alabama

Figure 24 (b):




19 October 1967 Fl-T1
45.18 sec

7% % ‘.' v } (‘; . 2.732 MHzZ
!
¢ o i + 1 Hz ‘ TR &
LN 8y | ‘ ; ‘ Noph sl s D Rt |
A $4) -~ i
\ ' ) ap e AT P
’ S i "-Q. AL "
A Egdde " Mlow » ::

Figure 25: Doppler data record, 19 Uctober 1967: Huntsville, Alabama
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Figure 26 (a): Doppler data record, 26 October 1967: Huntsville, Alabama
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Figure 26 (b): Doppler data record, 26 October 1967: Huntsville, Alabama
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Figure 28 (a): Doppler data record, 30 November 1967: Huntsville, Alabama
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Figure 28 (b): Doppler data record, 30 November 1967: Huntsville, Alabama




-OL-

2.732 MHz

1l Hz

S1B-48
35 50 sec

Figure 29: Doppler data record, 19 December 1967: Huntsville, Alabama
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Figure 3] (a): Doppler data record, 6 February 1968: Huntsville, Alabama
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Figure 31 (b): Doppler data record, 6 February 1968: Huntsville, Alabama
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Figure 33 (a): Doppler data record,
20 February 1968: Huntsville, Alabama
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Figure 33 (b): Doppler data record,
20 February 1968: Huntsville, Alabama
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Figure 33 (c): Doppler data record,
20 February 1968: Huntsville, Alabama
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Figure 35: Doppler data record, 12 March 1968: Huntsville Alabama
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Figure 37: Doppler data record, 27 March 1968: Huntsville, Alabama
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Figure 38 (a): Doppler data record, 9 April 1968: Huntsville, Alabama
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Figure 39 (a): Doppler data record, 23 April 1968: Huntsville, Alabama
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Figure 39 (b): Doppler data record, 23 April 1968: Huntsville, Alabama




-88-

Huntsville, Alabama

Figure 40 (a): Doppler data record, 10 May 1968:




Figure 40 (b): Doppler data record, 10 May 1968: Huntsville, Alabama
processed with low analyzer gain
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Figure 40 (c): Doppler data record, 10 May 1968: Huntsville, Alabama
processed with intermediate analyzer gain
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Figure 40 (d): Doppler data record, 10 May 1968: Huntsville, Alabama
processed with high analyzer gain
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Figure 41 (2): Doppler data record,
15 May 1968: Huntsville, Alabama
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5.735 MHz 1l Hz

Figure 41 (b): Doppler data record,
15 May 1968: Huntsville, Alabama
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Figure 41 (c): Doppler data record, 15 May 1968: Huntsville, Alabama
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Figure 42: Doppler data record, 20 April 1967: Huntsville, Alabama
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Figure 43: Doppler data record, 19 May 1967: Huntsville, Alabama
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Figure 44: Doppler data record, 14 June 1967: Huntsville, Alabama
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Figure 45: Doppler data record, 3 August 1967: Huntsville, Alabama
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Figure 46: Phase-locked loop data record,

3 August 1967: Huntsville, Alabama
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Phase Path Perturbation 2.732 MH:z
Huntsville, Alabama 3 August 1967
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Figure 47

Phase path perturbation extracted from Figure 46
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Figure 48: Doppler data record, 16 August 1967: Huntsville, Alabama




APPENDIX D
THE PROPAGATION OF ACOUSTIC-GRAVITY WAVES
THROUGH THE MIDDLE ATMOSPHERE

(prepared by Charles Moo, Avco/SSD)
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The propagation of acoustic-gravity waves to ionospheric heights from the
troposphere is complicated by the presence of temperature and wind gradients
in the intervening medium., These serve to extract energy from the incident
wave, depending on wave frequency ) and the wind velocity and temperature
profiles., The mean atmospheric density decreases with height, and the wave
amplitude is inversely proportional to the square root of the mean density,

so that if energy per unit volume is the same at two heights, the amplitude
will be correspondingly larger at higher altitudes. Hines 2! has estimated
that vertical energy fluxes of the order of 1 erg cm-2 sec~! are required to
obtain waves of the sort tygpically observed in the ionosphere. Gossard 22
and Pierce and Coroniti 1° computed fluxes leaving the troposphere of the
order of 100 ergs cm™2 sec™l, orders of magnitude above that required for
observation at ionospheric heights if the waves were free of dissipation and
reflection through the intervening atmosphere. Thus extensive and significant
mechanisms for attenuation must obtain.

Viscosity and thermal conduction 23 dissipate atmosple ric gravity waves at
thermospheric heights, especially at the high frequency end of the spectrum.
More important for troposphere-ionosphere coupling are the roles of thermal
reflection and wind shear filtering. Hines 24 314 Friedman 2° show that
although thermal reflections at mesospheric heights reduce the energy coupled
to the ionosphere, a major portion of the wave spectrum of acoustic-gravity
waves would pass through to the lower ionosphere,

Of apparent major importance in restricting troposphere-ionosphere coupling
is the possible occurrence of "critical layers', in which the wave frequency
is Doppler shifted to zero, as measured in the reference frame moving with
the background wind of the layer 26, 27, 28 Under the conditions in which
WKB approximations can be applied (i, e. for large Richardson number

where W, is the Brunt frequency and V the horizontal wind speed) Bretherton
showed that, for a travelling wave group with dominant frequency W and
horizontal wave number kj , there is a critical level at which the Doppler
shifted frequency

i ¢ By Wk V

vanishes, and the wave in effect is not propagated above this level. Further -
more, the total wave energy of a wave packet is not conserved but is pro-
portional to J% . ""Changes in the wave energy occur because an upward
propagating internal wave is associated with a vertical transfer of horizontal
momentum, and in a shear flow there is a continual transfer of energy between
the mean flow and the wave, as the momentum is transferred up or down the
mean velocity gradient (Eliassen and Palm 29)n, 26
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APPENDIX E

ACOUSTIC RAY-TRACING PROGRAM

(prepared by Sheldon Weinstein, Avco/SSD)
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A three-dimensional acoustic ray~tracing computer program, originally
developed by Pierce 20 at Avco/SSD, has been modified slightly and re-
written in 2 format suitable for general purpose usage. The principal
change incorporated into Pierce's skeleton code was the replacement of
his rather simple numerical integration method by a standard Adams-
Moulton integration routine with error checking and variable step size,
This was required in order to reduce the errors accumulated when
integrating along a raypath with steps of fixed incremental length.

The following is a brief user-oriented description in outline form of the
essence of the program, the required input data,and its outputs for
operation on the Avco IBM 360/75 computer, utilizing the SC-4020 digital
microfilm plotter. Details of the mathematical approach and its computer
implementation are found in Pierce's report,

L. PurEose

Integration of the three-dimensional atmospheric acoustics ray-tracing
equations in a temperature and wind stratified atmosphere, winds being
considered two-dimensionally within each stratum.

2. Eg uations

i
EE.- .C_E (1)
dz ko
iy
2
2- kX+VXC (2)
dz k,
e
d k, +v c2
S . Y 7 (3)
dz
= kv K v (4)
2 Ko W- 2
k, = —2 - x " K (5)
C

ky = sin O cos ¢ (6)

C




sin 0 sin @
kK = ——0Z
y = (7)

ﬂ1.4 x 8.3144 x 107>

| 29

x (T +273) (8)

0
1}

where (see Figure 49)
t dependent variable time (sec)
’; } dependent variables - horizontal distances (km)
z independent variable height (km)

VXE horizontal wind velocity components (km/sec)
v

y

T air temperature (°C)
¢  sound velocity (km/sec)

) elevation angle, measured down from the vertical

¢ azimuth angle, measured clockwise from north

3. Numerical Integration Method

The solution of the set of three differential equations, (1), (2), and (3), is
performed by Adams-Moulton integration., The method is implemented with

a standard computer library predictor-corrector integration routine, using

a four-point Runge-Kutta corrector scheme, Integration steps (in height)

are of variable length, selected by the predictor-corrector procedure so as

to bring the difference between the predicted and corrected values of t, x, and
y to within error tolerance limits specified by the program user,

The advantage of this approach is maintenance of the required accuracy of the
dependent variables, by checking the differences between the extrapolated and
interpolated results for each incremental step and changing the step size of

the independent variable to control accuracy while optimizing program speed.
Operationally acceptahle error limits have been chosen by requiring the ground
to-reflection and reflection-to-ground halves of the height vs, time raypaths to
be symmetirc about their reflection points, a condition which can be invoked

from the physics of the process, The integration error tolerance limits thusly
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Figure 49: Ray-tracing program geometry
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derived are currently preset in the program in UPBND and DNBND as
follows:

-2
10 , 1,1 (upper bound on errors in t, x, y)

UPBND

10'4, 10'2, 10'2 (lower bound on errors in t, x, y)

DNBND
If the errors in any of the variables exceed UPBND, the step size is decreased

to improve accuracy. If the predicted and corrected values of all the functions
differ by less than DNBND, the step size is increased to reduce computer time,

4, InE ut Data

4,1 Atmospheric Profile

4.1.1 Title Card
Any information in columns 1 - 72,

4.1.2 Profile Data Cards (300 maximum)

Column Contents Remarks
2-11 Height (km) Real - Decimal Point/F10.0
12-21 X component of wind velocity TS
(kmfsec)
22-31 Y - R
32-4] Temperature (°C) -+

4.1.3 End of Profile Data

Column Contents Remarks
1 9 This card signifies the end

of the Profile Data.
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4.1.4 Parameter Cards

The following parameters are input via Variable Field Input. The parameter
name followed by its value is punched in columns 2 - 72. A blank is the
delimiter between parameters and between parameters and their values.

Parameter Description Preset Value*
ITHETAI Initial value of Elevation Angle (Degrees) 1
ITHETAF Final -+ 89
ITHETAST Step —+ 1

PHI Azimuth angle (Degrees) 45

ZS Initial Height (km) 0

TS Initial Time (sec) 100

XS Initial horizontal coordinates (km) 0

YS (km) 0
TMARK Increment for Time Tic marks (sec) 100

on summary graphs

" Note: If parameter is not input, this value is used.

4.1.5 End of Parameters

Column Contents Remarks

1 Any integer This card signifies the end
of parameter input,

4.1.6 End Card*

Column Contents Remarks
1-3 END This card signifies the end
of all data.

* Note: Additional cases consisting of items 4.1.4 and 4. 1.5 may be
placed before the End Card.

Be Output
5.1 Atmospheric Profile Table
5.2 Input Parameter Table
5.3 Ray Table for each specified elevation angle
5.4 Plots of Atmospheric Profile
5.5 Plats of Ray Variables
5.6 Summary Plots of Ray Variables
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Figures 50-55 show program-produced plots of sample input temperature
and wind data, as well as vertical profiles of orthogonal wind components
and sound speed derived therefrom., The particular temperature and wind
profiles represented here were synthesized from the following sources,

using free-hand extrapolations where required,
WINDS
Height Regime Data Source
0-16.3 km MSFC balloon release 30,
1901 UT, 20 April 1967
25-70 White Sands MRN 3! mean
wind direction and vector speed
values for April
85-170 Average midlatitude ionospheric
meridional and zonal wind
patterns, after Rosenberg 32
above 170 Mid-latitude upper atmospheric
wind regimes, after Smith and
Weidner 33
TEMPERATURE
Height Regime Data Source
0-16.3 km MSFC balloon release 30,
1901 UT, 20 April 1967
25-120 Standard atmosphere 34, mid-
latitude spring/fall
34 .
120-300 Model atmosphere ~°, spring/
fall, exospheric temperature

of 800°K.

Figures 56-61 show computer drawn summary output plots of raypaths traced
at an azimuth of 45°, using the above data, through a series of elevation angl
between 1° and 81°, in 10° steps, (The small numbers at the ends of the ray
trajectories give the launching elevation angle for the particular raypath,)
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Figure 50: Acoustic ray-tracing input data:

height vs, temperature
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Figure 51: Acoustic ray-tracing input data:
height vs. sound speed
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Figure 52: Acoustic ray-tracing input data:
height vs, total wind velocity
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WIND PROFILE 1A, 20 APRIL 1967, HUNTSVILLE
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Figure 53: Acoustic ray-tracing input data:
height vs, wind direction
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Figure 54: Acoustic ray-tracing input data:

height vs, x-component of wind velocity
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Figure 55: Acoustic ray-tracing input data:
height vs, y-component of wind velocity
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Figure 56: Acoustic ray-tracing output data:
height vs, x-distance
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Figure 57: Acoustic ray-tracing output data:
height vs, y-distance
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Figure 58: Acoustic ray-tracing output data:

y-distance vs, x-distance
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Figure 59: Acoustic ray-tracing output data:

x-distance vs, time
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All the plots shown in Figures 50-61 are drawn and annotated automatically

by the SC-4020 plotter, Detailed tabular printouts of the raypath trajectories
are also optionally available,

6. Computer Program

A Fortran IV listing of the program for the Avco IBM 360/75 computer and

detailed flow charts of each section of the program are included at the end
of this appendix,
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FORTRAN IV LISTING OF
ACOUSTIC RAY-TRACING COMPUTER PROGRAM




ITMPLICIT REAL *8(A-H,0-7) MANNDO 1O
C S i : MANOOQOQ20
C ACNUSTIC RAY-TRACING MANNDOOD3D
C I i S i S— . MANOOD4O
c L8074 FR1748210000 7230 DFTERT/WEINSTEIN 1768 MANODOS50
C MON, OF L8032 i IO AL S . e i MANODOKD
C RFF— GFOMFTRICAL ACQUSTICS' THENRY 0OF WAVFS FROM A 90INT SNOURCE MANQOCTO
C IN A TEMPFRATURE AND WIND-STRATIFEIED AIMOSPHERE MANQQOSO
C PY ALLAN PIFRCE AVYSSD-0135-646-CR  2AUGHKE MANNODRD
C e —————— y S MANOC 100
C SURRNUTINES MANON11D
C . ————— . I MANOCQ120
C PARAM MANDO130
C DNDIST . - — - MANDO140
SKNIST MANOO150
ARTLU e — I - MANQCO160
NERED

ADM4RK - -

MANDDLITO

i MANQCO180
COMMON/FAYE/CT(300),VXT(300),VYT(200),Z1(200),PLXT(A00),PLYZ(600),4ANOC190

1 PLYX(600).PLYY(A00) — MANCO200
COMMNON/ JANFT/NMAX,NPLT MANDO210
COMMON/PEARL/ZZTOP ¢ TTOP o XTOP o YT(OP ¢ T2 4 X2 4Y2 MANCO220
DIMENSION TITLE(S),VTIX(£N0),,VTI(300),wWDTI(300),PLOCD7(300) MANDO230
DIMENSION. TEMQ(3200), NRNTM{I) y MANOD240C
EOUTVALENCFE (VTIX{1),VTI(1) ), (VTIX(301),TEMQ(]1)) MANOO250
NIMENSION ABSCP(9]1,000PX(9),0RDPY(I),0RIPT(9),0RNPC(9),ABSCT(9)y, MANOD26D

] ARNZZI(D) ,NANXX(2) ,NRNYY(2) ,ABWN(9) ,ABVT(9) ,ABK(9),NRNC(T) MANND270
REAL %4 INTABQ(300) . ! MANQD 280

MANNDOD 290
CALL_MIBCOM - MANQO300
CALL IDFRMY('S WEINSTEIN ','P1%,'L8074 "3 MANCO310
REWIND 172 i MANDO320

MANDQ33N
NATA ABSCP/2%! 1407 LWL v/ MANOO340
NATA NRDTM/ 2% v LITEMp v A% vy MANNC2§0
NATA _ORDPX/2% ! UPLATA YL L '/ MANDO 360
NATA DRDOPY /2% 1,YY 1 A% 1/ MANNO37N
NATA QRDPC/2%? Lt 2ab2? S 4 MANOD380
NATA /\,}Q(‘T/‘);‘;l l'lr!uf' l’gf,:l LV MANNG3AQN
DATA. DRD72 /2% atl Yo£%1 ' MANOD 400
NATA ORNYY/2%1 ",'Y VA% v/ MANON4 1D
DATA ORDXX/2%? LD ¢ LIPYE L '/ MANOD420
NATA ABRK /2% 1 K VA% vy MANDNATID
DATA ABMHD/2x%! ' o tuD Py L v/ MANDQ 440
DATA ARPYT /2% 'L YT 1oRXDN 1/ MANNDDN4S0
NATA. CRDC/2%! 'L.tDC/N? 6% v/ MANOD4 AN
NDATA KXPyKYP NP NYP JNSP NCPZNSPZNXOIP,NYOPY/ MANONG TN

1 Cs Co Ly 2 Lo 42, 1, 1, 1/ MANDO 4RO
NATA TNCPL 1/R2R]Y AANNNLSD
TMARK = 1.0082 MANDOSOC
ITEST=0 MANDONSTIN
CCONST=1.4D0%8,31£4D=3/2C, 000 MANOOS20
NCARDS=1 MANODS30
DEGRAD=0.017452280D MANDCS4D
',‘\r)nr‘r*:rv.w~:77'wr'\* IANANEEN
TCK=273,000 MANQCS6D
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-]

112

—
)
(&)

12(\

1

NTAB=1 MANQOE
JTHETI=1 MANDOS
JTHETE=RO MANDOS
[THETS=1 AANNNA
'J:‘DT’U:! A k|h06
LN=1 MANCOE
) S=1 MANDONA
PHII=45,0070 MANQODS
7=, 0N0 MANCC
TS=C..0NC MANOQO/
XS=0,0n0 MANQOD
ve=n_,1N0 MANNDCH
CALL WHESE(INTAQ) MANON
MANCO
CALL SCTUP(RSHITHETAT L4, TTHETT ) MANOND
CALL SETUP(BHITHETAF 44 ,ITHETE ) MANQD
CALL SETUP(RUTTHFRTACST, 4,TTHETS \ MANDCC
CALL SETUP(8HPYHI 18y PHIT ) MANDC
CALL SETHyP (/7S 98,78 ) MANDOD
CALL SETUP(HTS 12518 ) MANOD
CTALL SETHD(RHXS s P9 XS ) HANON
CALL SETUP(EHYS 2 S2YS ) MANDO
CALl SETHD{RHNIPTN 9 4o NOIDTN ) MANDD
CALL SETUD(SHTMARK s B TMARK ) MANQC
MANND
2FEAD AND WRITE INPUT TABLE - - - MANOQO
MANQO
ARITE(A, 1) MANODO
REFAD(5,2) TITLF MANOC
WRITE(A,2) TITLE - MANQO
MANCO
DEAN(Sg4) ITEST,ZI(MNCARDS) $VXI(NCARNS) 4VYT(NCARDS) ,,TEMQ(NCARDS) MANCO
IF{ITEST.EQ.%) 6O TO 139 MANOD
. - B . e - MANCO
CT(MOCARDS)=DSORT(CCONSTX(TFMO({NCARDS) & TCK)) MANDO
VXISQ = VXI{MNCARDS)I*VXI(NCARDS) S MANON
VYISO = VYT{NCARDS)%RVYTI (NCARDS) MANOO
VTII(NCARDS) = _ SORT(VXISQ & VYISQ) MANQO
WNTINCARPDS) = DATAN2(VXT(NCAPNDS),VYT{NCARDS)) *RADDEG MANO
WRITE(Ae5). NCARDS «ZI(NCAPDS) ZVXT(NCARDS) (VYT(NCARDS ). . . MANO
TEMO(NCARDS)Y,CT(NCARDS) MANO
NCAPDS=MCARDS. £ 1 - S e MANO
TF(NCARDS,LF.30D) GO 10O 110 MANO
< e _MAND
URITE(646) MANO
L 8 T 5 T 1 0 S, —— . MANO
MANCQ]
N AR SN AR o bt ———— —.._MANO
MAND
DO 120 1=2.NMCARRS . - i ARSI R Y S s S - MANO
J=1=1 MANO
PLOCRELEY = =0 i)} B CILENIZIZVLYY — 73800 e MANO
CONTINUE MAND
S S N £ 7 e S NSNS MANO
PLDCDZ(MCARDS) = PLOCNZ(NCARDS - 1) MANO
L I W A fns S L5 e s — i MANQ
NMAX=MCARDS MANO
e Bttt et e e R . MANQ
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2000

$

b

+

t

T

b

!

. qp?n\i;v,\y

MED =

NCXP=16,0NN

NCYP=164007

fﬁLL @yfﬂr?(((u'gvﬁ Uyl,
ﬁ_|’“"\‘vl'

"“.L »\‘rr\Tz(,(yﬁ'(yﬁ' Vv{, 7
(.\(‘»‘\y' A“.('{“y\’\:r' )'~"~__-\.:."“x’;':\

CALL ATFRTI(KXP ,KVP, €T,
'\\"‘D('

CALL ATCRTR(KXP 4KYP, VTT,

ABYT, ARSCP,NFO,

CALL AICPT3(¥XP,KYP, W01,
/‘I:y_,‘ﬁ

rALl ATCRT2(KXP ,KYP, 71420L0C
ABSCP, 0RDC,

CAIL ATCRTI(KXP,KYP, TEM],
NROTM,NRNZZ,

CONTINUE
WRITE(4,7)
CALL

REANTN(INGO 1, $1000)

PHI=PHIT*DEGRAD

LOOP FOR THETA

TNCREMENTED
nnN 1}_‘,«‘\ l:[TqCT[,[THCTﬂ,]THCTQ
AI=T%DEGRAD

CALL ARTILUINTAR,ZS 471 4£7,C1)
AKX=DSIMN(AIL)*DCAS{PHUTI)/C7Z
AKY=DNSIN(AT)*NSIN(PHT)/C7

LS=1
NDIL T=0
CALL SKDIST(NOP

IFILS.LTL.0) . GO TI0.132

7SN = PLYZ(NPLT)
MPLT = NPLT & 1
OLYZ(NPLT) = _770P
7|-\('(n"\l'r, = TTNOP
PLYX(NPLT) = XTOP
PLYY(NPLT) Y100
NPLT = NPLT & 1
PLYZ(NPLT) = 7SN
PLYXTINPLT) = TIDTS
PLYY(N21T) = XTOTS
PLYY(NPLT) = YT2TS
L=LS

AKOQ =AK X

AKS=AKY

CALL DNN 7 SD"

ZT1 JNPPyNDP SNVPZNSP,L,NEP,
I JNPPSNDP ,NVP,NSP,NCP,
71 ,NPD,NDP,NV2,NSP,NCP,
71 4NOPZNDP G NVP,NSPLNCP,
71 ¢ NPPyNIPZNVOLZNSPyNCP,
N7 4NPP,NIP,NVP,NSP,NCP,

-'I o\':’Do“’?D"'IVC‘-\JQDﬁ»IfD'
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TITLE,

A
ABSCP yNFPJNGPGDLY P, DLYPZNXOP ¢ XL P o XUPLNYOQP,YLP,YIIP)

TITLF,

CYPyNXDP o XL Py XUPLNYDP,YLP,YUP)

TITLF,

ABSCP o NFPGNGP ,OCXP ¢ DCYP o NXDP 4 XL P o XUP,NYDP,YLP,YUP)

TITLF,

NCPgDEXP o DLYP ¢ NXOP o XL P XUPNYOP,YLP,YUP)

TITLF,

v ABSCP yNFPRNG2,OCXP,DCYP G NXOP XL P o XUPeNYOP,YLP ,YUP)

TITLF,

NEP G NGP ZDCXDyDCYP JNXOP XL P o XUPZNYOP,YLP,YUP)

TITLE,

NEPJNGO 4 DCXPsDLYP 4 NXCOP o XL P4 XUPLNYQP,YLP,YUD)

Ny 7S eTS e XSaYS pAKXHAKY y TTOTS o XTOATS,YTOTS,HLS)

ly TTOTS, XTOTS, YTOTS yAKR , AKS, TTOTS, XTATS

MANN1150
MAND1160
MANGT Y 70
MANQ1180
MANO1190
MANO1200
MANOQ1210
MAND1220
MAND 1220
MANQ1240
MANO1250
MAND126C
MANQO1I270
MAMNOD1280
MANNT 200
MANO1300
MANG] 310
MAND132D
MANQ1330
MANNT 340
MANN] 3&7
MAMC1360
MANATI 37O
MANN]380
MANNY 39N
MANDYI 400
MANC1410
MAND142N
MAND1430
MANC1440
MANN] 48N
MAND1460
MAND1ZTD
MANDT1 4RO
MAND1490
MANOQLIS0ON
MANO1S1N
MANO1520
MANO1E30D
MANND1540
MAND1550
MANNLEAD
MAND1ISTN
MAND15 80
MANO1F9N
MANO1AQ0
MANGIALND
MAND1620
MAND1 6130
MANC1649
MANDTASO
MAND1660
MANMNN16TN
MAMNT1 680
MANNDTAQD
MAND170C
MANOTTIO
MANQLIT20



137 CONTINUF
THETA=T — :
WRTTE(6y2) THETA,PHIT,TTATS, XTATS,YTNTS

NDP=NPLT

nOLT=T

CALL ATCRT3{KYP,KVD, DLXT, DLY7,NPD,NDD,NVP,NSP,NCP, TITLF,
§ A3SCT, NA0ZZ,NF2,NG2.DCX40CYP,NXIP XL L XUPYNYIP,YLP . YUP)
CALL POINTV(3,'CL ',718,41715)

CALL LA&[V(D“LT 7504101845451 44)

CALL PRINTV{ Ryt NEGREEST,,375,1015)

CALL PRINTV(3,'AZ ',7183, _993) .

CALL LAPLVIPHIT 750,3934,1,44)

CALL PRINTV(R,' DEGREES!,305, 999
r

CALL AJCRT3(KXP yXKYP, PLXT, _PLYXJNPDP,NDOP ¢NVPJNSP,NCPy TITLE,

S ABSCT s NRDXX g NEDNGMOD,NCXDGNCYP JNXNP L, XL D.X'!P,NY"ND,YLP,VHD)

CALL PRINTV(3,'SL ',718,10158)

CALL LABLVINPLY ,75N,1N15,5,1,4%)

CALL PRINTV( 34! DEGREES',805,1015)

CALL PRINTV(2,1A7 ',71R%, 9993)

CALL LAEBLVI(PHII, 750,999,631,44)

CALL PRINTV(R,' DFRRFESY,3N6, 2G9)

CALL AICRT2(KXP 4XYP, PLXT, PLYYJNPP,NDP yNVPZNSPL,NCP, TITLF,

3 ABSCT,y 2RNDYY JNEP JNGP 3 DCXP,NCYP 4 NXOP XL Py XUPSNYIPLYLP,YUP)

CALL PRINTVI3,'FL ',718,1015)

CALL LASBLVI(DPLT ¢ 750,1C015,48,1:4) s

CALL PRTINTVY( 34" DFEGRFES',R05,1015)

CALL PPTNTV(3,%'AZ ',718,.999) -

CALL LABLV(PHIT 750,998 46491,44)

CALL PRINTVI(2,' NEGREFS! ,306,.399)

CALL AICRTZ[KXP 4KYP, PLYX, PlYYNPPJNDP JNVPNSP NCP, TITLE,

* MRNYY y NRDOYYyNFPGNGPZDNCXPyNCYP Gy NXOD XL P, Y IP,NYDP,YLP,YUP)
f\ -—— - — - m—

CALL PRINTVI(3,'FL ,71R 1“19)

CALL LARLVI(DPLT 475041015344 144) ; _ _

CALL PRIMTVI G, DEGREFSY,B804,101F)

CALL PRINTVI(3,'AZ ',718,.,..8%2°2) . — : R

CALL TABLV(PHIT,750427996491,4)

CALL PRIANTV(B,' DEGREES! 804, 099) N
-

TALL ATCRTI(KXD,KYP, PLYX, PIYZ,NPP,NDPJNVP,NSPJNCP, TITLE,

. IRNXY, ORN77 ,NEPGNGP 4 DCXPyDCYP G NXAP X1 Py XUP,NYNP,YLP, YD)
(‘ - a B I ST S —

CALL PRINTV(3,'FL 71q 1n015)

CALL LAELVIDPLT, 7"“.lﬁl54-¢l4AJ.

CAVL PRINTV( Ryt NFGREFSTY, 804 IOIw)

C\lL pQIHTV(E;'AlZ[Lll34ﬁ3931_whvw

CALL LARIVIPHIT,757,0QC,A,1,4)

CALL PRINTV(8,' DEGREES! 80K, 999)

CALL AICRT2(KXP ,KVP, PIYY, DIYZ NPP,NOP,NVP,NSP,NCP, TITLE,

¢ DNYY,y DCRDZZGNFPGZNGP ZNCXPZDCYPZNXOP ¢XLP 4y XUPZNYNP,YLP,YUP)
CALL. PRI 3 VL 1 T A O e i
ratL L\FlV(QD[T 7q~,]ﬂ1§ byly4)
CALL P2INTVI ' DEGREESY,,205,1018) et
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132

135

137

140

16n
-

CALL PRINTV(3,'AZ *,718, 999)

CALL LABLVI(PHII,750,999,£,1,4) i
CALL PRINTVI(8,' DFGRFEST',206, 999)
NN 133 11Q=1,4NPLT

PLYXSQ = PLYX(IIQ)I*2LYX(IIQ)
PLYYSQ = PLYY(IID)*PLYY(IIN)
VTIX(IIQ) = SQRT(PLYXSQ & PLYYSQ) _
CONT INUF

CALL ATCRT3I(KXP,KYP, VTIX, PLYZJNPP,NDP,NVP,NSP,NCP, TITLF,
ABK,y ORDZZ JNFEPJNGPDLXP{NCYPJNXOP XL Py XUIP,NYOP,YLP,YUP)

CALL PRIMTVI3,'EL *,7183,1015)
CALL LABLVI(DPLT 3750431015465 144%)

.CALL PRINTVL _ _8,°' DEGREFES!,.806,1015]

CALL PRINTV(3,*AZ ',718, 999)
CALL LABLVIPHII,750,59%4641s%)
CALL PRINTV(8,"Y DEGRFESY,805, 999)

TFUTNELITHETI) GO TN 12€

PLYZMY = PLYZ(1)

PLYXMX = PLYX(1) =S
PLYYMX = PLYY())

PLYSBE B ERECLE i
PLYZMN = PLYZ(1)

PLYXMMN = PLYX(1) . —
PLYYMN = PLYY(1)

OLYVMN = VTIX(1) i
XTMAX = PLXT(NP?P)
XTMIN. = PLXTC1Y
GO TO 127

CONTINUF

XTMAX = OMAX1(XTMAX,PLXT{NPP))
XTMIN = DMINT(XTMIN,PLXT(1))
CONT INUE ’

nNa 140 IY=1;N°P

PLYZMX = OMAXI(PLYZ(IT),PLYZMX)
PLYXMX = DMAXI{(PLYX(IT),PLYXMX)
PLYYMX .= DMAXI(PLYY(IT),PLYYMX)
DLYVMX = DMAXT(VTIX(TT),PLYVYMYX)
OLYZMN.= DMINI(PIYZ(I1)aPLYZMN)
PLYXMN = DMINT(PLYX(IT),PLYXMN)
PLYYMN = DOMINI(PLYY(TIT),PIYYMN)
CLYVMN = DMINT(VTIX(TT),4PLYVMN)
CONTINUE

WRITZ(12) NPPGPLXT,PLYZ,,PLYX,PLYY,VTIX

CONT INUE

MANN2310
MANQ2320
MAND2330
MANC2340
MANO?2359
MANQO2360
MANC2370
MAND2380
MAND2290
MAND2400
MANO?410
MAND2420
MANQ2430
MANO2440
MANQO2450
MANO24690
MAND2470
MAND2480
MAND2490D
MAND2500
MANO?2S510
MANQ2520
MANO2530
MANO2540
MANN2SK0
MANQO2560
MANO2570
MANOQ25 80
MANO2590
MANC2600
MAND2610
MANO2620
MANN2630
MANO2640
MAND2650
MANGC2660
MAND26T0
MANO2680
MAND269N
MAND2700
MANO2T710
MANQ2720
MANN2T720
MAND2740
MAND 2750
MANQ2T7 60
MANQ2T770
MAND?278C
MANO?2790
MANDS210
MANOKR22C
MANOS5230
MANOS240
MANDOS2 52
MANNS260
MANOS5270
MANQOS5280
MANDJ5290




r DY T CNA :*w‘w(:YT ~E \D 41

FAD S[LF 12
i{“_l[',ft_ 1'1

MEDP=]

XD
NYND=2

YLP = XTMIN
XUue = XTMAX
YLP = DPLYT7MN\
YD = DI YyZMYX

Do 20C I=ITHETI,ITHCTELITHEIS

TF(TGTLITHETT) NED=D

READI13) NPPyPLXToPLYZ PLYXSPLYY,VTIX

CALL ATCRTI(KXP YD, PLXT, PLYZZNPP MNP ,NVP,NSP,NCP, TITLE,
% ABSCET, ORNDZZ JNFP GNP ¢DLXPoDCYPZNXIP # XLP, XUPZNYOP,YLP,YUP)

207 COMTINUF

"’rl,‘:!‘l"\ 1-’

CALL PRINTV(34'AZ ',718,1015)
CALL LARLVIPHIT,Z750,10158,5,1,4)
CALL PRINTV(R," DEGREES!,806,4,1018)
MEP=]

yLp
Yup

PLYXMN
PLYXMX.

N0 210 I=ITHETI.ITHETF,ITHETS

TF{T.GTLITHETT) NFP=?

REAC(12) NPPLPLXTo2LYZ,PLYX,PLYY,VTIX S

CALL ATCRT3(KXP,KYP, PLXT, PLYX,NPP,NDP,NVP,NSP,NCP, TITLF,

$ ABSCT, NROXXNFP,NGPLaDCXPeNCYP ZNXOP X1 Py XUPSNYOP,YLP,YUP)
2110 CONMTINUF

REWIND 13

CALL PRINTV(34'AZ *,718,1015)

CALL LARLVIPHIT,750,10154649144)

CALL PRINTV( 8, DEGREESLL804,1018) o

NFP=1 O
YLP=PLYY|N
YUP=PLYYMX R S

DO 220 I=TTHET Y o L THE TE o L THE Y S e Snva———

TF(TGCTLITHFTT) NED=2

READL YY) NP P X T P YT P Y X P Y Y e N

CALI ATCRT3(KXP 4,KYP,y, PLXT, PLYYZNPP,NDP,NVPyNSP,NCPy TITLF,

$ ABSCT, ORDYY  NED GNGP oDCXPoDCYP 4 NXAP X P XUP4NYDP,YI P, YUP).
220 CONTINUE

()

REWIND 13
CALL PRINTV(2,'AZ ',718,1215) e

CALL LABLVIPHII,750,101544414%4)

CALL_P2INTV(8," DEGREES',8048,1018) e

NFR=1
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MANCS3
MANDS 2
MANNS
MANDS52
MANOS 3
MANOS 3
MANNG
MANOS 3
MANNS3
MANCS3
MANOS4
MANOS54
MANCS &
MANOS4
MANNS4
MANOS&
MANOS4
MANDS4
MANOS&
MANOS4
MANOSS
MANOS 5
MANDSS
MANOS5S
MANOSS
MANOSS
MANDSS
MANQSS
MANOSS
MANOS5S
MANCS 6
MANDS
MANDS
MANOS
MANOS
MANOS5
MAN QOS¢
MANOS
MANDS
MANOS
MANDS
MANOS
MANOS
MANOS
MANOS
MANDS
MANOS
MANOS
MANOS
MANOS
MANOS
MANOS
MANDS
MANDS
MANODS
_MANQS
MANCS
___MANOQS




@)

"’]/’

J
N
o o>

W

o

YLP = ')lv\/?\”\}

yyp PLYZMX

XLP = PLYXMN

XUP.= PLYXMX ____ I }
DO 230 I=1THETI,JITHETE,ITHETS

IF(T.GTLITHETI) NFP=?

PEAN(L3) NP PLXT,PLYZ,PLYX,PLYY,VTIX )

CALL AICRT3(KXP,KYP, PLYX, PLYZ,NPP,NDP,NVP,NSP,NCP, TITLF,
ORDXXy. DRDZZ 4JNEP (NGPRDCXD (DCYP JNXOP 4 XL P, XUPGNYOP, YL P, YUPR)

TMARKD = PLXT(NPP)

TMARKX TMARK - s i ’
IF(TMARKX .GE.TMARKND) 6N TO 23¢

CALL ARTLUL 2, TMARKX 4 PLXT o YMARK,PLYZ,,XMARK,,PLYX])
CALL PLOTVINXV(XMARK) NYVIYMARK),16)

TMARKX =_TIMARKX & TMARK W
AN T 224

CONT INUE

CONTINUE

DEWIND 12

CALL PRINTV(3,'AZ ',715,1C15)

CALL LARLVIPHIT 750,101596,41,441)
CALL PRIMNTV(S8," DEGREES'.8(A,1015)
CALL PRINTV(6A,yYTMARK ',718,920)

CALL LABLVITMARK, 774,997,

,ulv/fl

NEP=1
XLP = DPLYYMN
XUP = DPLYYMX

YY) 240 ],ITNFT]. !T,4':TL" JTHETS

IF(1.GT,ITHETI)

READI13) NPPPLXTyPLYZyPLYXyPLYY,ZVTIX

ANFD =2

CALL AICRT3(KXP KYO, D1 YY, PLYZ 4NPP JNDP ,NVYP4NSP,NCPy, TITLE,
N20YYy NRN77 4 NFP NGO, NCXYP ,NCYPZNXOP ¢ XLP 4 XUPZNYNP,YLP,YUP)

TMARKQ = PLXT(NPDP)

TMARKX = TMARK

IF{TMARKX .GE ., TMARKQ) GO 10 245

CALL ARTLU{ 2, TMARKXPLXT s YMARK,PLYZ ) XMARK,PLYY)

CALL PLOTVINXVIXMARK) (NYVIYMARK),15)

TMARKYX = TMARKX £ TMARK

GO T3 244

COANTINUFE

CONTINUE

REWIND._13

CAL! PRINTV(3,'A2 '17"p1"17)
CALL LABLVIPHITY 750,101546,1,44)
r"\" DTI\'TV“;'I 'W(‘,f_“'.';‘l,."".'.,l“l-?)
CALL PRINTV(4A,*TMARK *,712,59¢)
CALL LAPLVITMARK ,774,4909,A4144)
NED=]

Y|_D = LYV

vl - I YVMY
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MAND5880D
MANOS58R90
MANDS900
MANQSQ10
MANNSQ20
MANDOS920
MANNS5940
MANO5950
MANQS960D
MANOCS2TO
MANNOSgEN
MANQS5990
MANDGKOC O
MANOAC10
MANDAKO20
MANQAKC3D
MANOSO4D
MANDGKOSO
MANODADAD
MANQKCTO
MAMNCH0RO
MANGA090
MANQATINAN
MANQAK110
MANDATI20
MANO6K1 30
MANDAI140
MANOQOSK150
MANOALTAROD
MANOGK170
MANDALRD
MANCAL1CQ
MANOK20
MANQA210
MANNGK220
MANOAK230
MANNA24D
MAMNDA? 5N
MANNA2AN
MANDE2T7D
MANNDA2RD
MANQG62QD
MANCA3QCD
MAND6310
MANOK32D
MANNAR2N
MANDARALD
“‘AN((~2F&
MANNARAN
,,u.‘\‘\\:’\l.\"!7r\
MAMNOAIRN
AANCARON
AANDELNN
6410
MAMOGL D

) A
(A-

AIAND AL RN

AANC 6440
. n - A
AANDELS




b}

i K

(g

e }

OO D

()]

MANNAL AT

N0 250 T=ITHETI,ITHETELITHETS . : MANCALTC
IFITIATLITHETT) NF2=2 MANO&4L RS
PTAD(13) NPP,PLXTyPLYZPLYXGPLYY,VTIX MANOK4GE
CALL  AICETI(KXP,KYO, VYTIX, PLY/,NPP,NND ,NVD,NSP,NCP, TITLF, MANOASOC
¢ ABK, DRNZZGNFPZNGP,OCXPaDCYP ZNXIB yXLPy XUPNYIP,YLP,YP) MANTA51C
27510 CONTIN!IE MANCAKR2C
MANOKS2C
REWIND 12 MAND 654(
CALL PRINTV(2,'AZ '47183,1015) MAND&SS
CALL LABLV(PHIL 750, 10154%,1,%) MANNKS6
CALL PRINTV(R,' DECRELS!,R05,1215) MANDGST
MANDGS R
NEP = 1 MANOAS9
XLP = DLYXMN MANOKED
XUP = PLYXMX : MANOE61
Vi P = PLYYMN MANC66?
YUP = PLYYMX MANO663
MANCE64
M 250 I=ITHETI,ITHETFITHETS ; MANOKES
IF(T.GTLITHETT) NFP=2 MANOAE 6
READ(13) NPP,PLXTyPLYZ4PLYXPLYY,VTIX MANDKET
CALL AICRT3(KXP,KYP, PLYX, DPLYY,NPP,NOP ,NVP,NSP,NCP, TITLF, MANDA6R
$  NRDXXs ORDYYNFPGMGPDCXP,DCYP ZNXOP o XLP,XUPGNYOP,YLP,YUP) MANDE69
26N CONTINUE MANDSTO
: - MANDATY
REWIND 13 MANDGKT?
CALL PRINTV(3,"AZ ',718,1015) _ - MANC6T3
CALL LARLVIPHIT,750,1015,6,1,4%) MANOET

CALL PRINTV(8,' DEGREES!',806,1015) MANCHTS
MANDATA
G2 TO 2000.. P — R MANOAT
MANQATH

309 CONTINUE. . e e —— S MANDOATY
CALL FRAMFVY(D) MANOAKRS
CALL PLTAND ! e e : MANQC68
MANNAR

1 FORMAT('1ACCOUSTIC RAY-TRACING®,/* ¢y N— MANO 68
2 ENRIMAT(QAR) MANCG6E8BY
3 FORMAT('C'gOABy /LY T 1aZX o' 71" o 8X o ' UXIToTXs VYL ¢SX o "TEMP!,,3X,'CI"MANDESS]
3 YARRE MANDAK 8
4 FORMAT(I1,4F10.C) . it R e e MANQG B
5 EORMAT(1X,13, F‘?.l":] e34F 10 %) MANOAL 8
A FORMAT(//'*% _T0O MANY C%LQSQ OR _TABLE') _ . S S MANOQO6 89
7 FORMAT("17?) MANOA9
9. FORMAT(*QTHETA 3Bl 05 - S . 1 ' 10 ]
1 ' PHIT Y2 F10:197 MAND6S
2 0 1 I 6 5 S o 8 0 L A s S S S, . 0\ . |$ ! L
3 ' TOTAL X Ve E1QG149/ MANQOEQ
4 B 5 5 B L TR R R B e e L R e R e ik o . MANQ6Q
MAND69

STOP. e 2 T T e Sl L SR i it MANODA9
END MANOG6©C
INPLICIT RFAL%XS {(A-H,0=27) — ... PARQOO
SH”P?UTI“F PARAMAKX AXY 3C 4 VX, VY, DTUP, NXUP, DYUD AK?SQ) PARODOO
ATRb o B D LT N G S ST SRR S T W e S SO St N (| (Gt
NTUP=ROM /L *%D PARNDCO
DXURLAKXENEEDITUID e e e S et R i i werrenrer DL 020
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WHP=AKYSVYYRNTYD
Y

A7 S)=ANMANTUP AKX XX 2-AKY%R%2
RETIIRA

END

"“qurIT ur‘/\‘._'\_.‘. (”_.:',7‘_7)

SUBROUTINF SKNDTISTINOPTN, 7S, TSyXSsYS AKXy AKY,,TTOT,,XTOT,YTOT,41)

MODIDIED FOR PRENICTOR CORRECTNR

DAROOOAD
D/“C":‘{"\f;'f'f\
PARNONRD

SKDOO0O030
SKDCQ040
SKDO0O0S0

COMMON/FAYE/ZCI(300) ,UXT(300),VYT(300),77(300),PLXT(6Q0)4P1YZ(600),SKDCO0CED

PLYX(600)4PLYY(ACD)

.”T”%TU/JKYLT/N’\X.‘DLT :
rrf!".i’]‘j/oﬁ‘g:L/?Y['];",TTJD'\(1';[‘,yT"|D,T‘)’\(’7 ,Y’)
DIMENSTION VALUFE(3),NERN(3),UPBRND{3) ,DNBND{3)

COMMON/JUL TA/DAK X, QAKY
RADDEG =.527.295779513100
AKXKY = AKY%RAKX & AKYXAKY
DAKX = AKX

NAKY = AKY

IF(ZS.1 TLZT{NMAX)) GN TN 110
ARITE(6,1) SeZI{NMAX)
CALL EXIT

CONTINIE

NN 120 1=2,NMAX

IF{ZS.LELZI(I))GO TO..120
CONT INUF

[F(7S.FD.71(1)) T=T1&)
IXX=1

TF(7S.6T.71(1)) GO TN 135
VY = VvXI(1) .
vy yvyTtT(1)

C =CcItl)

O TN 136

SONT INUE

CALL APTLUI347S,3 7T, VXaVXT VY, VYT ,(C,CT)

CONTINUE .
TMY = (1,.,0D0 = AKX®:VYX = AKY®VY)/C
AK 1SS0 = TMI1*TM1 = AKXKY

IFIAK1SQ.GT.0.0D0) GO TO 140

Sw e : |
,\lef(,,_")) ]1
!:—1 ———————————
RETURN

TE(A,T) AKX,AKY

I
RITE(6,3)

INITIAL CONDITIONS

= 3
YATA UPRNN/1.0N=2,2%1, Y0/
MD(1) = .1.00=4
2) = 1,00-2
\--,—\(1) = 1‘r\_’\
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SXNONOTO
SKDONC8O
SKNONOYN
SKDOC100
SKNDNN110
SKDCO130C
SKNNN140
SXDO0150
SKDNO16D
SKD0O0170
SKNNDY1 RN
SKDOC199
SKDO0200
SKNQ0Gc210
SKNON?220
SKDON?230
SKNO0240
SKDQ0250
SKNON2&0D
SKDQO270
SKDON28N
SKD(C0290
SKDON3INN
SKDO0220
SKD00N230
SKNND340
SKN00350
SKNDON3AN
SXDNE370
SKNN0380
SKD00390
SKNON&ON
SKDON410
SKDN0420
SKPON &40
SXDNN0450
SKD0N460
SKNNO4T0
SKN004RO
SKNDNN4AN
SXDO0S00
SKNOOS1N
SKDQ052¢C
SKNNNE2N
SXD00540
SKDOO550

SKNONGAD




[

O

@]

e 5DO - - » - - SKDOCS 7

FACTAR =
7IND = 7S s Sy g SKDODS §¢
NFLVIT = 2,000 SKNNAG A
VALUFLY)Y = TS e : SKD206D
VALUFE(2) = XS SKN00DAK]
VALUF(2) = ¥YS . S . - , SX D006 ?
TE(6e %) ZTIND, V’\LUr SKDNND62
. — : : . SKDQOCk4
NN 160 T=TXX,NMAX SKNNN6S
HLI#TIT = ZI(1) — . SKDO0KkE
NFL = DARS(HLIMIT- 7‘““) ¥ 1.0D-1 SKNQ0AT

FREQ = 10.000%DEL. SKD00KE
LOX = SKD0O0&Y

[FUELIMITLGGTLZIC1)) GO TO 145 - , _ o _ SKDQNT0
VX = VXI(1) SKDONT1
VY = VvYI(1l) . S . .. SKD0o72
C=CIt]) SXD00T3
6O TO 146 , . . o - SKN0O74
145 CONTINUE SKDON7TS
CALL ARTLULZ, HLUIMIT ,Z1,VX UXI4VY, VYT ,CWoCI) SKDCC7
146 CONTINUF SXNONT
TM1 = (1.000 - AKX*VX = AKYXVYY/C . . ... o SKDOD7T
AX2S0 = TMIXTM] ~ AKXKY SKNON7
IF(AK?2SQ.LE.C.NDO)_ GO TD. 120 o _ SKDOOR
150 CONTINUE SKDOONE
155 CALL ADM&2RK(NEG,DFL,VALUE,DERN,UPRND,DNAND,FACTOR, FREQ,HLIMIT, SKD0OO8

157

150

18"

‘f T01155415551875) 5731800860 Q0. e SKDOOS

LOX, ZIND ﬁrL”IT) SKNOEe8

“’IT“(A o) NDEL SKDQNRE
L= -1 [ . R B . SKDQO0S8
RETURN SKDNOK

I o SKDNOS§
CONT INUF SKNQO8
NPLY = NPLT & . 1 e i N ... SKDOC9

PLXT(NPLT) = VALUE(1) SKDnON9
PLYXINPLT) = VAVUF{?2Y . e SXDC09
PLYY(NPLT) = VALUE({3) SKDPOC9
PLYZ(NPLTY = ZIND SR R . — e SKDODOO9
CALL ARTLUI2,7IND,7T1,VXyVXI,VY, VYI) SKDODY9
VTI. = DSQRTLVXAVX £ VYx\Y) T e SKDBOY
WD = 0.0D0 SKND09
VYVT = VvYy/NT RS - - S S _ SKDOO9
ITF(VYVT.LT.1.2D7) WD = DARCOS(VYVT) % RANDEG SKDON9
WRITE[A,4) ZIND,VALUF ,VT,WD,AKISQ,AK2SQ oo .SKDC1O
AX 1SN = AK2S9 SKD0O10
CONTINUE e e e e e e e D DO 1L O
SKD0O10O
WRITE(645) . R e __.SKDQ1Q
TTOT = VALUF(1)
XTOT = VALUE(2) ; [ S R
YTAT = VALUE(3)
L = -1 S . ; — - e . SKDQ1
RETURN SKOE
— e . — e SKDOE
CONTINUF SKNDO1
CALL INTEFRP{AKISQAK2SD 421 (1—-1) 7T (1) AKX AKYVALYF)  _~_ SKDQO1
SKDO1
TTNT = T2 S . SKDO1
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wm

20 L N>

o

XTNT = X2
YYOT = Y2
1 =1

CALL ARTLU(24ZT02P 4Z1,VXTOP VX1 VYTORP,VYI)
VT= NSNRT(VYXTNPXRYYTNP £ VYYTNPXYYTNP)

WO =0,0D0

VYVT = VY/VT

TF{VYVT.LT.1.000) WO=DARCOS(VYVT)*RADIEG

AR TTE(A1D)ZTOPyTTOAP JXTNP,YTOP,VT 4 WD

FRRMATI(Y %% 70 = ¥ ,G15,542%X,Y7MAX = ',G15,.5)
FORMAT(* *% NO SAY AT AVTITUDE OF ',G15.5)

F i'D‘A.\T("‘“'"7X,"~{CY_‘,}'7"I]X,'TT"F',]’?X"Y'\[QT"]{"X’
11X VT 413X, "WNDY,
'L AF15,4,2G15,5)
NOT ENQUGH DATA')

DFLZ = *4G15.5)

'YDIST?®,
QX ¢ IKZ1SQ" 410X, 'KZ2SQ%,/" ')
FORMAT(
FORMAT(®
ENDPMAT (Y X%
FORMAT (" 1',12X,'RAY
FNEMAT(? %Xk SR
FOPMAT(* *% DEL 7 TOO
rnquﬁ*{(v'\l'gr]ﬁ_{,,’)x'
RETUPN

PARAMETERS = KX = "4F12.4,42X4'KY _=
NHPCH = THLF = *,14)
SMALL = OFL 7 = ',G15.5)
IREFILECTINNY, /v V)

EanpD

IMPLICIT REAL*8 (A=H,0-7)

SUSEOUTINE JNDISTINOPINGZS, TSy XS)YS AKX AKY 4 TTOT 4 XTOT,YTOT,HL)

FOR _PREDICTOR CCRRECTOR

COMMON/FAYE/ZCIL300) ¢VXI(2300) 4VYI(300),Z1(300),PLXT(500)4PLYZ(600),

PLYX (61N 4 PLYY (AN0)
COMMON/JANET/NMAXY,NPLT
CIMMNN/PE r\'wL/]T-\'),YTf"'.)'Y'] P,YTNP
NIMENSION VALUF({3),DERN(2),UPSND(2),DNEND(3)
CNMMON/JIILTA/ZQAKX  DAKY

RADNED = 57,29587792513100
AKXKY = AKXHAKX & AKY*AKY
VAKX = AKX
NAKY = AKY

[C(2S.LT.ZI(NMAX])) GO TO 110
RITE(Ay1) 7S,ZT(NMAX)

CALL EXIT

CONTINUE

N0 120 1=2,NMAX
IF(7S.LF.ZI(I)) GO0 TD 13
CONTINUE
‘:lTIt I
T¥YYy = T=1
r 1! A T) ) ( "k"Y.\r' YY,/\/'.!VT’ .(l)
rvl = (V1. ) - Y - ‘'Yeyv) /T

1 ] = TMIXTUY] = WV
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Y+F12.4)

SKno1120
SKD01130
SKD01140
SKDQO1150
SKNN114N
SKDD01170
SKNN118N
SKP01190
SKNN12N0
SKDo1210
SKNO122n
SKknQ1220
SKDN124N
SKPO1250
SKDN1260
SKDC1270
SKDO12R0
SkD01290
SKDN130N
SKD01310
SKNN1220
SKD(1330
SKNN13240
DNDNOCLN
DNNDNNQ2C
ONDNOC2N
NNDOONL(C
DNDOQOSC
INNRONCAD
DNDQOOTO0
DNDNoCAn
DNDANOCD
‘j\:hf\l‘t! nn
DNDOC110
NNDPOC12D
DNDNQ1 40
NNNND16(
DNDOO1 60
INNNNYT TN
ONPOO18C
UM IsR K la
ANDODO20DD
INNON2 TN
aNDNN22N0
INNDO2 3N
DNDON240
INDAN 25N
DNPOO2AN
nNnNe 270
INDOD250
SLLalsla P A-Tp
aLlialal ann
nNNNOoN2YN

WNANAON

WWNAN AN
T iaTalalr Y2
ANNANRSN

IINDACRLD




1465

146

IFIAK]ISO.GTL,2.000) T 14
YT"(."") /1
L= -1
ETHI2N

CONTINUF

INITIAL CONDITTIONS

A ~ _ -
JFO 3

DATA UPBND/1.0D=2,2%1.000/
NATA DMNRNN/ZY ,ON=4,2%1,0N=2/
FACTOR = 500

7IMD = 78S

DELMIT = 0,0D0

VALUE(1) = TS

VALUFE(?2) = XS

VALUR(3) = YS

™ = TS

¥ = XS

Y1 = ¥Y€¢

J7 = TXX & 1

WRITF(6,5) ZIND,VALUE

"

nn 160 1
17 = JZ -1

HLIMIT = Z1(J42)

NFL = (HLIMIT=-ZIMD) %1, 0D=-]

FRED = 1C.0DO%XDEL

LOX = )

IF(HLIMITLGTLZI(1)) GO T0O 145

VX = VXT(1)

VY = VYI(1l)

C =CT1(1)

GO T 14¢

CONTIMNUFE

CALL APTLULR,ELIMIT o771 VX, VXTI VY,VYI,C,aCl)
CONT IMUF

TM1 = 1.0D0 = AKX*VX =_AKYXVY)/C . s ———
AK 2SN = TUIHTM] — AWXKY

IE(AK2S0.LE.0.0D0) 6O _TA 180

Lo IXX

CALL ADMARK(NEQ,DFl VAL IE,DFRN,UPBND, DNIND,FACTOR FREQHLIMIT,

LAXy ZIND,DELMIT)

! ’
GO JD(1554155+:157,157:1555,156).410X

WRITE(L,4)
Lt = -]
2 ETURN

CONTINUE
MPLT = MPLT & )

Tl = T1 - E 471 =_VALU1IEL1]))
X1 = X1 & (X1 = VALYUE(2))
Yl = Y1l & (Y1 - vALUuCL2))
VALUETL1Y = T1

VALUE(2?) .= X1
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NNONO2T(
NDNn2ar
AN RARROR
NNDDCG ]
INNDC 4 21
DNDNO 43
INNDANLY T
NNIDONL R
NNNOD4LA]
DNDOG4A7
NDNNO04R

NN DO Q4O

NNNNONSND
ONDOOS 14
ONDONS 2
ONDQOS3
INNONEL
NNDCOSS
DNDONK &
NNNDNNET
DNNOCS 8
ONDNC59
DNNONAD
DNDNO6 ]
NNDONK2
DNDO0A3
INDONGL
DNDCCAHSE
NDNDNOAE
DNDOQ6
DNDOCA
DNDOOS
NNDNO T
DNDCOCT1)
DNNONT
ONDOQ7?
NDNDNANT
DNDOQOT!
NNNNOT
DNDR2C7Y
DNNOOT
DNDOO7
INDNOR
DNDOCS
INN00R
DNDOCS
nanﬂQ
DNDONA
NNNANRK
DNDOOR
NMNO0R
ONDOOR
NNNONQ
DNDQOS
"\\H")"Cq
ONDQO9
NNNNDG
DNDQOQ9




AL

IN/JPFARLZZTOP,TT

NZEAYE/ZCT(200) VXTI (300) VYT (300) ,Z1(300) ,PLXT(600),PLYZ(600),

JALIIT() = Y
LXTI(NPLT) = VALUE(])
vy (MO T) = {2)
LYY (NPLTY) = v {2)
JLYZ(NPLTY = 77
[F{7INDLETL71(1)) ! ]
IX = \ 1(1)
VY = vYT(1l)
~ | &
L Y: !u
CALL AL T (2,71 2 LTy VX, ¥XT VV,VVYT)
s TI I
IT = < T{VYY /X VY *=\YVvY)
N = .
VYVT = VY/VT
TF(VYVTaLTLla202) = A SLYyYvrY)
YITE(645) 7INDGVALYIE,VT, A '
(152 = AK2S
AN TALF
TTNT = VALUF(
XTOT = VALUE(2)
YTAT = VALYE(3)
L =1
nETIID
ITE(AE) AK2SOZHLIMITY
FNEMAT(* 2 19 = YeGlB 502XV ZHAAX. =
FOARMAT(Y %% A "AY AT ALTITHNE PFE 9
F AAT (' %% DEL Z T00 SMALL YY)
EARMAT(? ¢, AT1R,4,2015,5)
FORMAT(® #% X2SQ NEGATLIVE = K250 =
DCTIIDN
(%%
IMPLICIT REAL%XR (A=-H,N=7)
SURRAUT INE IMTERP(AK]SQ,AK2S0
CAMMT

PLYXL620),2LYYL(5600)

JIANETINMAX,NPLT

P asal:)
i . Alld

[ON VALIE(])

VAL UF(1)
VALUE(2)
VALIJF ()
ARTLU(2,2),7
PAPAM(AK X .

Ay
ARTLU(3,22

|
] i
l\!\v\‘\"a(‘,\y\"}yv'

= =1.0D0C

- Tl|ﬁlg}-(7ﬁ_7!)

Col Tl o VX VYXI,VYaVYIL)
CoVXaVY,TUPL , X1JP1,Y!IP]1 ,AK]1SD)
.C.CI.V.\‘.VXI.VY,VY[) .
CoVXaVY,TUP2,XUP2,Y!JP2,AK2S0)

o YTOP 3 T2.0X2 ,¥Y2

971977 yAKX,AKY,VALUE)

wn

YWNOONGARN
nNNDNNGac
DNROCL1CON
DNDD101ND
INDOLO20
DNDO1C 3(
INDOTNGN
NNDD1050
DNNOYNAD
DNDO1CTO
DNDO10RN
DNDO1090
NNDN1107
ONDO1110
ALYIaTaR IS Beds
INDO11 20
INDN1140
NNNDOY1Y SN
NNNDDY11AD
INDO1170
DNNN118N
nNnNNl1l19en
ONDO1200
DNDO121C
INDO1220
DND01240
ONNO1250
DNDO126C
DNDO1270
NNDO01280
NND288RN
DND28890
INTOON1D
INTGO0020
INTANN 3D
INT00040
INTOOOSO
INTOQQ0&C
INTDOOTO
INTO0OOR0
INTOO09N
INTOC1NO
INTOO110
INTO0120
INTONT 2N
INT00140
[NTNO180
INTO0140
INTOO170D
INTN0180
INTON1Q0
INTO0N200
!\IT jf ‘)1 ~
INTO0220
INTON230

INTO0240




TUPAY = D.5DOx(TUP1 & TUP2) - .5D0%({TUP1-TUP2)%RAT
XUPAV. = 0.500% (X101 £ XUP2) = ,800%(XUP1=XUP2)*RAT
YUPAV = 0,5D0%(YUP1 £ YUP?) = SD0OX(YUP1-YUP2)*RAT

EQU = &4,0D0%AK1%(Z22=71)/DENOM —

2T0P = 71 & (AK1SOQO*(72=-71)/DENDM)

TTOP=_T1 & .SDO*EQUXTUPAV __ S
XTNAP= X1 £ LS5NOXEQNEXYPAV

YTOP= Y1 £ .SDO*EQUXYUPRPAV —
T2 = T1 & EQUXTUPAV

X2 = X1 & EQU*XUPAV . R - S— .
Y2 = Y1 & EQUXYUPAV

IF(T2-T1) 110,120,120 : . e

110 WRITF(6,41)
] FORMAT( ' %%
1,F12.4)

TUP1, TUPAV
TIME

T2=T1 & DABS(EQUXTUPAY) O —

120 CONTINUF

RETURN

END

IMPLICIT REAI %8 (A-H,0=2)

SUBRAOUTINE DEREQ(IVALUELZINDJDERY (L QAX) -
DIMENSTON VALUELL1),DERY (1) _
COMMNON/ZJULT A/ AKX g AKY

COMMON/FAYE/ZCI(300),VXI(200),VYI(300),Z1({300),PI XT(600),PLYZ(600),

] PLYX(6N0),PLYY(ACC)

IF(ZIND.GT.ZTI(Y1)) GO TO 10C. B

VX = VXT(1)
VY =_VYI(1l)
C = CI(1)
GO TO 110 ———
102 CONTINUFE
CALL
117 CANTINUE
OMEGA =
TP =
Xup
Yup =
\KZSQ=
AK7 =
DERY (1)
NFRY(?2)
DERYI(3)
RETURN

CAID

1.0D0 = AKX*VX = AKY*VY
NMEGA/C**?
AKX & VX*TUP
AKY & VYXxTUP
OMEGA* TUDP = AKXXAKX = AKY*AKY ___
NDSQRT(AK7SND)
TUPLAKY - .
XUP/AKZ
~YUPZLAKZ

il

inou

-138-

PEVERSAL IN INTERP',.5X,'TUP].

I\Q.TLU.( 33,11."13.& ll._\LX..;.V.‘{l :.V.Y.o vYI! ] Cn C L‘ e ea—

'2F12.4,3X,'"TUPAV"

INT0O025

INT0026

INTO027
INTO028
INTD029
INT0030
INTOC3]
INTC032
INTO033
INT0034
INTNO35
INTO0D26
INT0027
INTOC38
INTON3
INTOO04%
INTCO4
INTOO4
INTO004
DERO2C
NDERNOND
DEROCO
DERNCO
DEROOO
NDERNNC
DEROCO
NDEROOO
DERQQOO
DERONI Y
DEROO1L
NERNO]
DERQO1
NEROO]
DERCC]
NFPNO01




FLOW CHARTS OF ACOUSTIC
RAY-TRACING COMPUTER PROGRAM
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[ IMPLICIT REAL «8 (R-H, 8-2) |

zlpleleielielele]

ACOUSTIC RAY-TRACING
L8074 AR1748210000 Z230 DETERT/WEINSTEIN 1/68
MOO. OF L8032
REF- GEOMETRICAL ACOUSTICS® THEORY @F WAVES FROM A POINT SOURCE
IN A TEMPERATURE AND WIND-STRATIFIED ATMOSPHERE
BY ALLAN PIERCE AVSSD-0135-66-CR 2RAUGE6
SUBROUTINES
PARAM

DNDIST
SKDIST
ARTLU
DERED®
ADMURK

wrlelelele]

v

COMMON/FARYE/CI (3000 ,VXI (300),VYI (300) ,Z1 (3001 ,PLXT (6001 ,PLYZ (600),
PLYX (6001 ,PLYY (600)

AvJ
COMMON /JANET/ NMAX,NPLT, IPRTX
COMMON/PEARL/ZTOP,TTOP,XTOP,YTOP,T2,X2,Y2

DIMENSION TITLE (8) ,VTIX (600),VTI (300),KWDI (3001 ,PLOCDZ (300)
DIMENSION TEMG (3001, ORDTM (9)

EQUIVALENCE (VTIX(1),VTI (1)), (VTIX(301),TEMB (1))

v
DIMENSION ABSCP (9] , ORDPX (8) , ORDPY (8) , BROPT (8) , ORDPC (9) ,ABSCT (9) ,
ORDZZ (9) , BROXX (9) , BROYY (9) ,ABKD (9) ,ABYT (9) ,ABK (9) , ORDC (8)

A",

DIMENSION 1DFRMZ (3)
AEARL =4 INTABSG (300)

v

CONT. ON PG 2
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[CALL MIBCOM |

[CALL IDFRMV (IDFRAMZ, *P1°, *L807Y4

7]

I

l

REWIND 13

DATA ABSCP/2x° Yo '2 L ‘/
DATA ORDTM/2x° ', "TEMP LA 4
DATA ORDPX/2#»° “+ VX L '/
DATA ORDPY/2x" Y. VY L 4
DATA ORDPC/2x° W 'C LA 4
DATA ABSCT/2x° ', "TIME LA */
ORTA DRDZZ/2x° ‘. ' L W4
DATA ORDYY/2x'® Yo *T ‘. 8n® i
DATA BRDXX/2x° Yo *X L Ex? Y/
DATA ABK /2x° W K L K 4

DATA ABWD/2x* ‘., ‘KD LA i 4

DATA ABVT/2x° ‘s N1 3L */

DATA BRDC/2x° *, '0C/DZ ‘,Ex° ‘/

o, 0, 1, 2, 1,

uz,

1,

CATA KXP,KYP,NDP,NVP,NSP,NCP,NGP,NXOP,NYOP/

1, 1/

v

DATA INCOL1/8688/

DATA 1DFAMZ /‘LOKWELL

2230%/

AV}

»

DHT? IPRT, IPLT, IPLTS, INNDX, IWND
1/

v

CONT. ON PC

3
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IPRTX = O

DATA WINDY /'WIND YES'/

DATA WINDN /'WIND NO */

TMARK = 1.00+2

ITEST=0
CCONST=1.4D0O~8.3144D-3/28.000
NCARDS=1

DEGRAD=0.0174532800

RADDEG=57.295779500
TCK=273.000

NTAB=1

ITHETI=1

ITHETF=89

ITHETS=1

NOPTN=1

LD=1

LS=1
PHII=U5.000
2S=0.000
TS=0.000
XS=0.000
YS=0.000

[ CALL WHERE (INTABQ) |

[CALL SETUP (BHITHETAI ,4,ITHETI

)]

I

%1

|

[CALL SETUP (BHITHETAF 4, ITHETF ) |
- o
v
v

CONT. ON PG “
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|

| CALL

SETUP (BHITHETAST, 4, ITHETS

ih—

{ CALL

SETUP (8HPHI .8,PHII

v

L
l,.
|
|
[ CALL SETUP (8HZS I .8.2S ) |
i
J,
{ CALL SETUP (8HTS [ .8, TS ) |
i
|
[ CALL SETUP (BHXS I .8, XS ) |
{ﬂ
J,
[ CALL SETUP (8HYS [ .8,YS )|
4#
[ CALL SETUP(BHNUPTN[ .4, NOPTN ) |

R

l
J,

[ CALL SETUP (BHTMRRK  , 8, TMARK

) ]

|

°1

v
CONT. ON PG S

BG4 QF

33
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[CALL SETUP (‘IPRT ', 4, IPRT ) |
- —

|

[CALL SETUP (“IPLT ' 5. IPLY ) |
- ~

J,

[CALL SETUP ('IPLTSUM *,4,IPLTS ) |
: —

;

| CALL SETUP (‘IPRT *,4,IPRTX ) |

| —

[ CALL SETUP ("IWND .4, IWND ) |
",
[C READ AND WRITE INPUT TRBLE |

WRITE (6, 1)
RERAD (5,2) TITLE
WRITE(6,3) TITLE

A1He

110
[READ(S5,4) ITEST,ZI (NCARDS) ,VXI (NCARDS) , VYI (NCARDS) , TEM@ (NCARDS) |

v

CONT. ON PG 6
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IF (ITEST.EG.8)

[Go T8 130 i

[

[C1 (NCARDS) =DSG@RT (CCONST= (TEM@ (NCARDS) + TCK)) |

VXIS@ = VXI (NCARDS) »VXI (NCARRDS)

VYIS@ = VYI (NCARDS) »VYI (NCRRDS)

VTI (NCRRDS) = DSQRT (VXIS@ + VYISQ)

NDI (NCARDS] = DATANZ2 (VXI (NCARDS) ,VYI (NCARDS)) =RADDEG

WRITE (6,5) NCARDS,ZI (NCARDS) , VXI (NCARDS) ,VYI (NCARDS) ,
TEM@ (NCARDS) ,CI (NCARDS)

[ NCRRDS=NCARDS + 1 |

IF (NCARDS.LE.300)

[C8 16 110 >op2—

[RRITE (6,67 |

CONT. ON PG 7
EC € OF 33
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l

[Go 16 1000 <

6 1R2

130
[ NCRRDS=NCARDS - 1 |

-------------- { DB 120 1=2,NCARDS >

v

J=1-1
PLOCDZ (J) = (-CI(J) + CI(I))/(ZI(I) - ZI(J))
_________________ 1
CONTINUE
AV,
PLDCDZ (NCARDS) = PLDCDZ (NCARRDS - 1)
NMAX=NCARDS
NPP=NMAX
NFP=1
DCXP=16.000
DCYP=16.000

CALL RICRT3 (KXP,KYP,
ORDPX, ABSCP,NFP,.N

vXI, Z1,NPP,NDP,NVP,NSP,NCP, TITLE,
GP,DCXP,DCYP, NXOP, XLP, XUP,NYOP, YLP, YUP]

l

°i

l

CALL ARICRT3 (KXP,KYP,
ORDPY, ABSCP,NFP,N

¥Yii. Z1 ,NPP,NDP,NVP,NSP,NCP, TITLE,
GP,DCXP,DCYP,NXOP, XLP, XUP,NYOP, YLP, YUP)

|

'

CONT. OGN PG 8
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l

CALL RICRT3 (KXP,KYP, Cl, Z1,NPP,NDP,NVP,NSP,NCP, TITLE,
ORDPC, RBSCP,NFP,NGP,DCXP,DCYP,NXOP,XLP,XUP,NYOP,YLP, YUP)

L

l

CALL ARICRT3 (KXP,KYP, VTI, Z1,NPP,NDP,NVP,NSP,NCP, TITLE,
ABYT, RABSCP,NFP,NGP,DCXP,DCYP,NXOP,XLP,XUP,NYBP,YLP, YUP)

o —

;

CALL ARICART3 (KXP,KYP, WDI, Z1,NPP,NDP,NVP,NSP,NCP, TITLE,
ABWD , ABSCP,NFP,NGP,DCXP,DCYP,NXOP,XLP,XUP,NYOP,YLP, YUP)

: -+

;

CALL RICRT3 (KXP,KYP,  21,PLDCDZ.NPP,NDP,NVP,NSP,NCP, TITLE,
ABSCP, ORDC, NFP,NGP,DCXP,DCYP,NXOP,XLP,XUP,NYOP,YLP, YUP)
L >
CALL RICRT3 (KXP,KYP, TEMQ, Z1,NPP,NDP,NVP,NSP,NCP, TITLE,
ORDTM, ORDZZ, NFP,NGP,DCXP,DCYP,NXOP,XLP,XUP,NYOP, YLP, YUP)
[ >
A3
2000
CONTINUE
AV
[WRITE(6,7) |
[CALL REACIN (INCOL1,$1000; |
' =1
CONT, ON PC 8
BC E OF 33
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v,
[PHI=PHII«DEGRAD |

IF (INND.GT.0.AND. IKNDX.EQ.0 )

[Go 10 320 10

IF (IWND.EG.O.AND. IWNDX.GT.0 )

[Go 10 320 10

I1F (1KND.GT.0)

.
- 10

[Go 70 305 A
INNDX = |

AV,
[ XHND = 1.00-6 |

\
CONT. ON PG 10
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J,

[GB 70 310
{)
2 1Ay

3
CONTINUE
A

XHND = 1,006
IWNDX = 0

3
CONTINUE

AV
VXI (11 = VXI (1) %XKWND
VYI (1) = VYI (1) xXKND
________________ 9
CONTINUE
= 2>
e— AS

v

[C LOOP FOR INCREMENTED THETA |

(DB 150 1=ITHETI,ITHETF,ITHETS > - - - D 20
\%

CONT. ON PG i1
BC 10 OF
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A",
[R1=1=DEGRAD |

[CALL ARTLU (NTRB,2S.21,CZ,CI) |

9

4__

AKX=DSIN (A1) %D
RKY=DSIN (RI] %D
LS=1

NPLT=0

COS (PHI) /CZ
SIN(PHI) /CZ

[CALL SKDIST (NBPTN,2S,TS,XS,YS,AKX,AKY, TTOTS, XT0TS, YTOTS,LS) |

L -

IF(LS.LT.O)

[C0 10 132 >otle

[

[ ZSDN = PLYZ (NPLT) |

NPLT = NPLT + 1
PLYZ (NPLT) = ZTOP
PLXT (NPLT) = TTOP
PLYX (NPLT) = XTOP
PLYY (NPLT) = YTOP
NPLT = NPLT + 1
PLYZ (NPLT) = ZSDN
PLXT (NPLT) = TTOTS

CONT. ON PG 12




-151~-

l

PLYX (NPLT) = XT@TS
PLYY (NPLT) = YTOTS
L=LS
AKR=AKX
AKS=RKY
CALL ONDIST (NBPTN, ZSON, TTOTS, XTBTS, YTOTS, AKR, AKS, TTOTS, XTATS
,YT0TS, L)
l o
THETR=]
WRITE (6,9) THETA,PHII,TTOTS,XTOTS,YTOTS
NPP=NPLT
DPLT=1
IF (IPLT.EQ.0)
[Co 1o 130 >0kl
CALL RICRT3 (KXP,KYP, PLXT, PLYZ,NPP,NDP,NVP,NSP,.NCP, TITLE,
ABSCT, ORDZZ,NFP,NGP,DCXP,DCYP,NXOP,XLP,XUP,NY®P, YLP, YUP)
[ >
[CALL PRINTV (3, ‘EL *,718,1015) |
CONT. ON PG 13
BG 12 OF 33
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[CALL LABLV(DPLT,750,1015,6,1,4) |
‘ °

l

[CALL PRINTV( 8, DEGREES',806,1015) |
| ‘

J,

[CALL PRINTV (3, ‘AZ *.718, 999) |
| °

l

[CALL LRBLV (PHII, 750,999,6,1.,4) |
| JJ]

J,

[CALL PRINTV (8, ' DEGREES',806, 999) |
‘ .

;

CALL ARICRT3 (KXP,KYP, PLXT, PLYX,NPP,NDP,NVP,NSP,NCP, TITLE,
ABSCT, ORDXX,NFP,NGP,DCXP,DCYP,NXOP,XLP,XUP,NYOP,YLP, YUP)

L T

J,

[CALL PRINTV (3, ‘EL *,718,1015) |
' o

;

[CALL LABLV (DPLT, 750,1015,6,1.4) |

' o
Y

v
CONT. ON PG 14
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l

[CALL PRINTV( 8, ' DEGREES',806,1015) |

N

T

[CALL PRINTV(3,'RZ ',718, 999) |

°|

K

[CALL LABLV (PHII, 750,998,6,1.4) |

7

——

GREES*, 806, 999) |

°|

[ CALL PRINTV(8,"' D

;

CALL RICRT3 (KXP,KYP, PLXT, PLYY,NPP,NDP,NVP,NSP,NCP, TITLE,
ABSCT, ORDYY,NFP,NGP,DCXP,DCYP,NXOP,XLP,XUP,NYOP,YLP, YUP)

] >

—m

[CALL PRINTV (3, *EL *,718,1015) |
T ‘ﬂ
| CALL LRBLV (DPLT,750,1015,6,1.4) |
; -
[CALL PRINTV( 8,' DEGREES',806,1015) |
| .
CONT. ON PG 1S
BC 14 OF 33
e el IS R ot g, 8 iU o o et e AR i et Dt p i e o R it L L ____________________J




[CALL PRINTV (3, *AZ *,718, 999) |

[CALL LABLV (PHII,750,999,6,1,4) |
‘ #

;

[CALL PRINTV (8, ' DEGREES',806, 999) |
| —

l

CALL AICRT3 (KXP,KYP, PLYX, PLYY,NPP,NDP,NVP,NSP,NCP, TITLE,
ORDXX, ORADYY,NFP,NGP,DCXP,DCYP,NXOP, XLP, XUP,NYBP, YLP, YUP)

| o]

[CALL PRINTV (3, ‘EL *.718,1015) |
' =

;

[CRLL LHBLV(UPLT.?SO.IUlS.S.l.Ul]
| o

;

[CHLL PRINTV ( 8," DEGREES‘.BU&.lUlS)]
' o

l

[CALL PRINTV (3, ‘AZ '.718, 999) |

' —

CONT. ON PG 16
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| [ CALL LRBLV(PHII,750,999,6,1.4) |
' .

l

[CALL PRINTV (8, * DEGREES',806, 999) |
‘ ﬁ

;

CALL RICRT3 (KXP,KYP, PLYX, PLYZ,NPP,NDP,NVP,NSP,NCP, TITLE,
ORDXX, ORDZZ,NFP,NGP,DCXP,DCYP,NXOP,XLP,XUP,NYOP,YLP, YUP]

L o

[ CALL PRINTV (3, EL ',718,1015) |
' .

;

[CALL LABLV (DPLT,750,1015,6,1,4) |
| o

;

[CALL PRINTV( 8,' DEGREES',806,1015) |

l

l

[CALL PRINTV (3, ‘AZ *.718, 999) |

"t o

:

[CALL LABLV (PHII,750,999,6,1,4) |

| .

v
CONT. ON PG 17
BC 16 OF
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J,

[CALL PRINTV (8, * DEGREES', 806, 999) |
' —

l

CALL RICRT3 (KXP,KYP, PLYY, PLYZ,NPP,NDP,NVP,NSP,NCP, TITLE,
ORDYY, ORDZZ,NFP,NGP,OCXP,DCYP,NXOP,XLP,XUP,NYOP, YLP, YUP)

T 5

J,.

[CALL PRINTV (3, ‘EL '.718,1015) |

' —

[CALL LABLV (DPLT,750,1015,6,1.4) |

‘ .
[CALL PRINTV( 8, DEGREES',806,1015) |
I =
[ CALL PRINTV (3, *AZ *,718, 999) |
‘ .
[CALL LABLV (PHII,750,999,6,1,4; |
; .

J,

[CALL PRINTV (8, ' DEGREES',806, 999; |

' .

v

CONT. ON PG 18
eG 12 aF 233




v
|= = = = === === -~ { DB 133 110=1,NPLT >

1
1
1
| AV

PLYXSG = PLYX(IIQ) »PLYX(1IQ)
' PLYYSO = PLYY (IIQ) »PLYY (I1IQ)
I VTIX(11Q8) = DSGRT (PLYXS@ + PLYYSQ)
1
1
1
________________ 1

iCONTINUEI
A,

C CALL RICRT3 (KXP,KYP, VTIX, PLYZ,NPP,NDP,NVP,NSP,NCP, TITLE,
C $ ABK, ORDZZ,NFP,NGP,DCXP,DCYP, NXOP XLP XUP,NYOP, YLP, YUP)
C CALL PRINTV (3, *EL *,718,1015)
C CALL LABLV (DPLT,750,1015,6,1,4)
C CALL PRINTV( 8, ' DEGREES®,806,1015)
C CALL PRINTV(3,'RZ ',718, 889)
C CALL LABLVI(PHII,750,9989,6,1,4)
C CALL PRINTV (8, ' DEGREES"', 806, 999)
ZR7

IE% %
CONTINUE

IF (I.NE.ITHETI)

1C
[GO T8 135 £
<F
[PLYZMX = PLYZ (1) |
%
v

CONT. ON PG 19
BC 18 OF
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PLYXMX = PLYX (1)
PLYYMX = PLYY (1)
PLYVMX = VTIX (1)
PLYZMN = PLYZ (1)
PLYXMN = PLYX (1)
PLYYMN = PLYY.(1)
PLYVMN = VTIX (1)
XTMAX = PLXT (NPP)

[ XTMIN = PLXT (1) |

(GO T8 137

19

\/
CONTINUE

XTMAX = DMAX1 (XTMAX,PLXT (NPP))
XTMIN = DMIN1 (XTMIN,PLXT (1)

&

1
CONTINUE
v
(DO 140 1I=1,NPP > - - - D20

v
PLYZMX = DMAX1 (PLYZ (110 ,PLYZMX)
PLYXMX = CMAX1 (PLYX (I11),PLYXMX)
PLYYMX = OMAX1 (PLYY (113 ,PLYYMX)
PLYVMX = CMAX1 (VTIX(IIJ,PLYVMX)
PLYZMN = OMINI (PLYZ (II),PLYZMN;
PLYXMN = OMIN1 (PLYX (111 ,PLYXMN
PLYYMN = CMIN1 (PLYY (II3,PLYYMN)
PLYVMN = DMIN1 (VTIX(II),PLYVMN)

CONT. ON PG 20




[c

v,
PLBT COMPBSIT GRAPHS |

v

END FILE 13
REWIND 13
NFP=1

NXOP=2
NYOP=2

XLP = XTMIN
XUP = XTMAX
YLP = PLYZMN
YUP = PLYZMX

WINDL = WINDY

IF (IKND.EQ.O)

-
[ WINDL = WINDN |
v
CONT. ON PG 21
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IF (IPLTS.EQ.0)

(GO TO 2000

A3

[

----------- { D0 200 I=ITHETI,ITHETF,ITHETS )

[RERD (13) NPP,PLXT,PLYZ,PLYX,PLYY,VTIX |

AY,
CALL ARICRT3 (KXP,KYP, PLXT, PLYZ,NPP,NDP,NVP,NSP,NCP, TITLE,
ABSCT, ORDZZ,NFP,NGP,CCXP,DCYP,NXOP,XLP,XUP,NYOP, YLP, YUP)

[

----------------- 2
CONTINUE

—D

REWIND 13

v

CONT. ON PC 22
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[CALL PRINTV (3, *AZ ',718,1015S) |

9

[ CALL LABLV(PHII,750,1015,6,1,4) |
[CALL PRINTV (8, * DEGREES',806,1015) |
: -

l

[CALL PRINTV (08,WINDL,718,999) |

I

:

NFP=1
YLP = PLYXMN
YUP = PLYXMX

v

(D@ 210 1=1THETI, ITHETF,ITHETS > - - - D 23

[ RERD (13) NPP,PLXT,PLYZ,PLYX,PLYY,VTIX |

\%
CONT. ON PG 23
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l.

CALL RICRT3(KXP,KYP, PLXT, PLYX,NPP,NDP,NVP,NSP,NCP, TITLE,
ABSCT, ORDXX,NFP,NGP,DCXP,DCYP,NXOP,XLP,XUP,NYOP, YLP, YUP)

| —

CONTINUE

REWIND 13

v
[CALL PRINTV (3, 'AZ ',718,1015) |

[CALL LABLV (PHII,750,1015,6,1,4) |

' o

l

[CALL PRINTV (8, * DEGREES',806,1015) |
- *I
[ CALL PRINTV (08, WINDL,718,999) |

NFP=1
YLP=PLYYMN
YUP=PLYYMX

v
{ DO 220 1=1THETI,ITHETF,ITHETS > - - - D2y

v
CONT. ON PC 24
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IF(I.GT.ITHETI)

[ READ (13) NPP,PLXT,PLYZ,PLYX,PLYY,VTIX |

CALL AICAT3 (KXP,KYP, PLXT, PLYY,NPP,NOP,NVP,NSP,NCP,

ABSCT, ORDYY,NFP,NGP,DCXP,DCYP,NXOP,XLP, XUP,NYOP, YLP, YUP)

TITLE,

L -
3 23 - - - b,
CONTINUE
REWIND 13
A
[ CALL PRINTV (3, ‘RZ *,718,1015) |
[ CALL LRBLV (PHII,750,1015,6,1,4) |
' .
[CALL PRINTV (8, * DEGREES",806,1015) |
- .
CONT. ON PG 25
BG 24 OF 33
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[ CALL PRINTV (08, WINDL, 838,999) |
' .

l

NFP=1
YLP = PLYZMN
YUP = PLYZMX
XLP = PLYXMN
XUP = PLYXMX
{ DO 230 1=1THETI, ITHETF,ITHETS > - - - ©D 26

IF(I.GT.ITHETI)

\/
[ RERD (13) NPP,PLXT,PLYZ,PLYX,PLYY,VTIX |

CALL AICRT3 (KXP,KYP, PLYX, PLYZ,NPP,NDP,NVP,NSP,NCP, TITLE,

ORDXX,

ORDZZ, NFP,NGP, DCXP, DCYP, NXOP, XLP, XUP,NYOP, YLP, YUP)

PLXT (NPP)
THMARK

TMARKQ
THMARKX

CONT. ON PG 28
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IF (TMARKX. GE. TMARKQ@)

[GB T8 236

2

[ CALL ARTLU (2, TMARKX,PLXT, YMARK,PLYZ, XMARK,PLYX) |
T =

l

[CALL_PLBTV (NXV (XMARK) , NYV (YMARK] , 16 |

‘ o

v
| TMARKX = TMARKX + TMARK |

A
(GO T 234

2
CONTINUE

25 - - - D,
CONTINUE

REWIND 13

Y

\"
CONT. ON PG 27

BC 26 OF

33
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l

[CALL PRINTV (3, ‘RZ ',718,1015) |
1 .
[ CALL LABLV (PHII,750,1015,6,1.4) |

|

J,

[ CALL PRINTV (8, * DEGREES',806,1015) |
| :

|

[CALL PRINTV (6, ‘TMARK *,718,999) |
| 5

;

[CALL LABLV (TMARK,774.999,6,1,4) |
| .

l

NFP=1
XLP = PLYYMN
XUP_= PLYYMX

v
{ DO 240 I=ITHETI,ITHETF,ITHETS > - - - D28

IF(I.CT.ITHETI)

B2

TONT. ON PG 28
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21 B1

NFP=2

2>
21 B2

v,
[ RERD (13) NPP,PLXT,PLYZ,PLYX,PLYY,VTIX |

v
CALL RICRT3 (KXP,KYP, PLYY, PLYZ,NPP,NDP,NVP,NSP,NCP, TITLE,
ORDYY, ORDZZ,NFP,NGP,DCXP,DCYP,NXOP,XLP,XUP,NYOP, YLP, YUP)
b -
TMRRKO = PLXT (NPP)
TMARKX = TMARK
B3 29
F
lF(TMHHKX-if;IEEEEEL////,
T
v,
29
[GO TO 246 £
<¥

AV
[ CALL ARTLU (2, TMARKX,PLXT, YMARK,PLYZ,XMARK,PLYY) |

' o

l

[CALL PLOTV (NXV (XMARK) ,NYV (YMARK) , 16) |

L ]

\v
[ TMRRKX = TMARKX + TMARK |

v

CONT. ON PG 29
BC 28 OF 33
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[Go 70 2uu 28 |

B3
28 BU
2
CONTINUE

21 - - - >,
iCONTINUEI
[REWIND 13 |

v

[CALL PRINTV (3, *AZ *,718,1015) |

I

|

[CALL LABLV(PHII,750,1015,6,1.4) |

T

J,

[ CALL PRINTV (8, * DEGREES"',806,1015) |
! o

J,

[CALL PRINTV (6, *“TMARK *,718,999) |
[ .

J,

[CALL LABLV (TMARK, 774, 998,6,1,4) |

: o

CONT. ON PG 30
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[CALL PRINTV (08, WINDL,838,999) |
' *1

l

C NFP=1
C XLP = PLYVMN
C XUP = PLYVMX
> DO 250 I=ITHETI,ITHETF, ITHETS
C IF(I.GT.ITHETI) NFP=2
c READ (131 NPP,PLXT,PLYZ,PLYX,PLYY,VTIX
C CALL RICRT3 (KXP,KYP, VTIX, PLYZ,NPP,NDP,NVP,NSP,NCP, TITLE,
C $ ABK, ORDZZ,NFP,NGP,DCXP,DCYP,NXOP,XLP, XUP,NYOP, YLP, YUP)
C 250 CONTINUE
C REWIND 13
C CALL PRINTV (3, *AZ *,718,1015)
C CALL LABLV (PHII,?750,1015,6,1,4)
C CALL PRINTV (8, ' DEGREES"',806,1015)

NFP = 1
XLP = PLYXMN
XUP = PLYXMX
YLP = PLYYMN
YUP = PLYYMX
AV
(D0 260 1=ITHETI,ITHETF, ITHETS > - - - D 31

F 37
IF(I.CT.ITHETI)

CONT. EN PG 31




30 851

[ RERD (13] NPP,PLXT,PLYZ,PLYX,PLYY,VTIX |

CALL RICRT3 (KXP,KYP, PLYX, FPLYY,NPP,NDP,NVP,NSP,NCP, TITLE,
ORDXX, OBROYY,NFP,NGP,DCXP,DCYP,NXOP,XLP,XUP,NYOP, YLP, YUP)

| -

26
CONTINUE

REWIND 13

v
[CALL PRINTV(3,'RZ *,718,1015) |
T —

;

[ CALL LRBLV (PHII,750,1015,6,1.4) |
L o

;

ICHLL PRINTV (8, * DEGREES‘.GOG.IOIS)]
' -

|
1
* ;
|
|

[ CALL PRINTV (08,HWINDL,718,999) |

| .

[co T8 2000 >

CONT. ON PG 32




B6

| CANTINUE

[ CALL FRAMEV (0) |

[ CALL PLTND ]

i
[FORMAT (" 1ACCOUSTIC RAY-TRACING'./" *) |

2
[ FORMAT (9A8) |

3 AV

FORMRT(‘O‘.Q?B.//‘ 1,7, *Z1*,8X, "*VXI*,7X, *VYI*,SX, *TEMP*,8X, 'CI"®
./\ .

Y v
| FORMAT (I1,4F10.0) |

S v

[FORMAT (1X, 13,F10.1,3F10.3,F10.9) |

5 v

[ FARMAT (//*wx_TA@ MANY CARDS FAR TABLE") |

4

2
[ FORMAT ("1 ") |

v

CONT. ON PG 33
BGC 32 OF

33
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.

FORMAT ('OTHETR L FI
" PHI ‘L F1
* 16TAL TIME *,F1
* 107AL X "L F1
' TOTAL Y 'L Fi

o000
Y
NNNN

e w w w

\/

END
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IMPLICIT REAL~8 (R-H,0-2)
SUBROUTINE SKDIST (NOBPTN,ZS,TS, XS, YS,RKX,RKY, TTOT, XTAT, YTOT, L)

v

[ C MODIDIED FOR PREDICTOR CORRECTOR |

v

COMMON/FAYE/CI (300) , VXI (300),VYI (300) ,Z1 (300) ,PLXT (600) ,PLYZ (600] ,
PLYX (600) ,PLYY (600)

o

COMMON /JANET/ NMAX,NPLT, IPRTX
COMMON/PERRL/ZTOP, TTOP, XTOP,YTOP, T2, X2,Y2
DIMENSION VALUE (3),DERN (3) ,UPBND (3) ,DNBND (3)
COMMON/JULIRA/QGRKX, BRAKY

RADDEG = 57.285779513100

AKXKY = AKXxAKX + AKYAKY

@RKX = AKX

QRKY = RAKY

IF(ZS.LT.ZI (NMAX))

A

[Co 18 110 2

<

v,
[ WRITE (6,1) ZS,ZI (NMRX) |

CALL EXIT

»

CONT. ON PG 2
EC 1 OF

10
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) v,
CONTINUE

IF(ZS.LE.ZI (1))

130

IF (2S.EQ.ZI (1)

I=1+1

IXX=1

IF(ZS.GT.Z21 (1))

CONT. 6N PG 3

se
n




L
v
(GO T8 135
.
< A3
v
[vX = vxI(1) |
VY = VYI (1)
C = CI(
(GO TO 136
1 J
CONTINUE

\/

[CALL ARTLU (3,2S,Z1,VX,VXI,VY,VYI,C,CD) |

7

T
1
CONTINUE
AV

TM1 = (1.000 - AKXx«VX - AKY=VY)/C
AK1S@ = TMI=TM1 - AKXKY

IF (RK1S@.GT.0.000)

CONT. ON PG 4

BC 3 OF

10




SR

A4

[Co T8 140 >

RS

[ WRITE (6,2) Z1 |

\/

<

140 @
[ WKRITE (6,7) RKX,RKY |

[ WRITE (6,3) |

[C INITIAL CONDITIONS |

\
NEQ = 3
DATA UPBNC/1.00-2,2%1.0C0/
DNBND (1) = 1.0D-4
DNBND (2) = 1.00-2
DNBND (3) = 1.0D-2
FACTOR = .5D0
ZIND = ZS

DELMIT = 0.000

VALLUE (1) = TS
VALUE (2 = XS
VALUE (3) = YS
WRITE (6,4) ZIND, VALUE

CONT. ON PG S

BC Y4 OF

10
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v
{ DB 160 I=IXX,NMAX > - - - D g

A

HLIMIT = ZI (1)

DEL = DABS (HLIMIT-ZIND) » 1.0D-1
FRE@ = 10.0D00xDEL

LOX = 1

IF (HLIMIT.GT.ZI (1))

[GO TO 145

[vX = vxI(1) |

Y = VYI(1)
CI (1)

o<
]

[GO T 146

HE

1

\/
CONTINUE

\/

[CALL ARTLU (3,HLIMIT ,ZI,VX,VXI,VY,VYI.C.cD) |

l

CONT. ON PG €
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—D
21 A6

ltf ﬁ
CONTINUE

v
TM1 = (1.000 - AKXxVX - RAKY=VY]/C
AK2SO = TMIxTM1 - RKXKY

F
JF(nxzsa.Ef;E;EEEL,/,/,
T

v 5
[Go TO 180 A5
G
iS
CONT INUE
15 ¢

CALL RADMYRK (NEQ, DEL, VALUE, DERN, UPBND, DNBND, FRCTOR, FREQ,HLIMIT,

LOX. ZIND, DELMIT)
I

.J,

[Ge T@(155,155,157,157, 155, 156) , LAX |

2%

156
[WRITE (6,9) DEL |

L= -1

RETURN

CONT. ON PG 7
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1

CONTINUE
\/
NPLT = NPLT + 1
PLXT (NPLT) = VALUE (1)
PLYX (NPLT) = VALUE (2)
PLYY (NPLT) = VALUE (3)
PLYZ (NPLT) = ZIND

[ CALL ARTLU (2,ZIND,ZI,VX,VXI, VY, VYD) ]
- =

l

= DSORT (VXxVX + VYnVY]
= 0.000
VYVT = VY/VT

IF (DABS (VYVT) .GT.1.000)

[ VYVT = DSIGN(1.0D0,VYVT) ]

[ND = DKRCOS (VYVT) »RRDCEG |

IF (IPRTX.GT.O)

CONT. ON PG 8




-180-

79717

[WRITE (6,4) ZIND,VALUE, VT, WD, AK15G, AK25Q |

L R8
[RK1S@ = AK23Q |
5 - - =D g
[ CONTINUE
v

WRITE (6,5)

TTOT = VALUE (1)
XTOT = VALUE (2)
ETO . VALUE (3)

-
® fpg

[ CONTINUE

!

[ CALL INTERP (RK1SQ,RAK2SQ,ZI (I1-1),Z1 (1) ,RKX, AKY, VALUE; |

: .
:

1707 T2
XT0T = X2
YTOT = Y2
L=1

[CHLL ARTLU (2,ZTOP,ZI,VXTOF, VXI,VYTOP, VYD) |

- —
l

CONT. ON PG 9
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J,

VT= DSQRT (VXTOP=VXTOP + VYTOPxVYTOP)
WD =0.000
VYVT = VY/VT

IF(VYVT.LT.1.000)

v,
[ WD=DARCAS (VYVT) xRACDEG |

G

AV,
[WRITE (6,10) ZTOP, TTAP, XTOP, YTOP, VT, KD |

v

1
[FORMAT (* w» 20 = ',G15.5,2X, "ZMAX = ',G15.5) |

A,
[FORMAT (* »» NO RAY AT ALTITUCE OF *,G15.5) |

3
FORMAT (*0*,9X, *HEIGHT*, 11X, *TIME", 10X, *XCIST", 10X, *YDIST"®,
11X, *VT*,13X, "WC"*, 9X, "KZ1S@"', 10X, ‘KZ25Q@"',/' ")

y v
[FORMAT (* *,6F15.4,2615.5) |

s v

[ FORMAT (* s« NBT ENBUGH DRTA') |

¢

\Y
CONT. ON PG i0
. BC 9 OF
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3 \vi
[FORMAT (* »» DELZ = *,G15.5) |

1 v
[FORMAT (*1°, 12X, 'RAY PARAMETERS - KX = *,F12.4,2X, 'KY = *,F12.4) |

s ¢

[ FORMAT (* w» SUB DHPCG - IHLF = *,14) |

s ¢

[ FORMAT (* w» DEL Z 700 SMALL - DEL Z = ‘,G15.5) |

10 v
[ FORMAT (*0*,6F15.4,2X, ‘REFLECTION',/* ") |

END
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IMPLICIT REAL%8 (A-H,0-Z)
SUBROUTINE DNDIST (NBPIN,ZS, TS, XS, YS,AKX,AKY, TTOT, XTOT, YTOT,L)

v
[C MODIFIED FAR PREDICTOR CORRECTOR |

AV,
COMMBN/FRYE/CI (300) , VXI (3000 ,VYI (300),Z1 (300} ,PLXT (600) ,PLYZ (600),
PLYX (600) ,PLYY (600)

V
COMMON /JANET/ NMAX,NPLT, IPRTX
COMMON/PERRL/ZTOP, TTOP, XTOP, YTOP
CIMENSION VALUE (3) ,DERN (3) ,UPBND (3) , DNBND (3)
COMMON/JULIR/QRKX, GRKY
RADLEG = 57.295779513100
AKXKY = AKXxAKX + AKY=AKY
QAKX = AKX
GRKY = RAKY

1ths.LT.ii:ffffll,,,,,,
T

. %
(6o 7@ 110

<

v
[ WRITE (6,1) 2ZS,ZI (NMAX) |

CALL EXIT

»>

CONT. ON PG 2
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1At
1

CONTINUE

{ D0 120 I=2,NMRX >

IF(ZS.LE.Z1I (1))

(GO TO

130 >

IXX =

[ CALL ARTLU (3,2S,Z1,VX,VXI,VY,VYI,C,CD) |

|

41

v

TM1 =

(1.000 - AKXxVX - AKYwVY) /C

AK1S@ = TMIxTM1 - RKXKY

v

CONT. ON PG 3
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IF (AK1SQ.GT.0.000)

[GO T@ 140

[HRITE (6,2) Z1 |

RETURN

CANTINUE

v
(C INITIAL CONDITIONS |

v,
NE@ = 3
DATA UPBNC/1.0D-2,2%1.000/
DATA DNBNC/1.0D-4,2x1.00-2/
FACTOR = .5DC

ZIND = 7S
CELMIT = 0.000
VELUE (13 = TS

VALUE (23 = XS

[ VALUE (33 = YS |

CONT. CN PG B
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l |
|
IXX_+

JI = 1
WRITE (6,5) ZIND,VALUE

Tl = TS
X1 = XS
Y1 = YS

(DO 160 I = 1,IXX > - - - D8

v

JI = JZ - 1

HLIMIT = Z1I (JZ)

DEL = (HLIMIT-ZIND) «1,.0D~-1
FREQ@ = 10.000%DEL

LEX =1

IF (HLIMIT.GT.ZI (1))

S
[GO T@ 145 2>
¢

v
[vx = vx1(1) |

Avi
VY = VYI (1)
C = CI()
V

[Go 70 1ue e

CONT. ON PG S
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\/
CONTINUE

[CALL ARTLU (3,HLIMIT,ZI,VX,VXI,VY,VYI,C.CI) |

| o
1 'A3
146 v;

CONTINUE

TM1 = (1.000 ~ AKX#VX - AKY=VY]/C
AK2S0 = TMIxTM1 - AKXKY

IF (RK2SQ.LE.0.0DQC)

8
[GB TG 180 fe

155 l?

CALL RADMUYRK (NEG,.DEL,VARLUE, CERN, UPBND, DNBNC, FARCTOR, FREQ, HLIMIT,
LOX,ZIND,DELMIT)

l :

[GO 10 (155,155,157,157, 155, 156) ,LGX |

156
[WRITE (6,45 |

CONT. ON PG 6
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lL = -ll

1
CONTINUE
\/

NPLT = NPLT + 1

Tl = T1 + (T1 - VALUE (1))

X1 = X1 + (X1 - VALUE (2))

Y1 = Y1 + (Y1 - VALUE (3))

VALUE (1) = T1

VALUE (2) = X1

VALUE (3) = Y1

PLXT (NPLT) = VALUE (1)
PLYX (NPLT) = VALUE (2)
PLYY (NPLT) = VALUE (3)
PLYZ (NPLT) = ZIND

IF(ZIND.GT.ZI (1)

[Go 70 158 L

[vx = vXI(1) |

CONT. ON PG 7
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v
[vYy = vr1i(1) |

[GO TG 158 >

1Ay

1
CONTINUE

v
[CALL ARTLU(2,ZIND,Z1,VX,VXI, VY, VYD) |

| .

<
15
CONTINUE
v
VT = DSORT (VX¥VX + VYuVY)
WD = 0.000
VYVT = VY/VT

IF (DABS (VYVT) .GT.1.0CO)

[ VYVT = DSIGN(1.000,VYVT; |
Q;

[ WD = DRRCQAS (VYVT) »RADDEG |

v
CONT. ON PG &

BG 7 OF g
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IF (IPRTX.GT.0)

[ WRITE (6,5) ZIND,VALUE,VT,WD,RK1S@,RAK25Q |
<t

| AK1S@ = AK25Q |

6
[ CONTINUE

VALUE (1)
VALUE (2)
VALUE (3]

TT0T
XT0T
YT0T
L =1

\/
RETURN
21 AS

180 W
[ NRITE (6,6) AK2S@,HLIMIT |

L4

[ FORMAT (* =% Z0 = *,G15.5,2X, ‘ZMRAX = ',G15.5) |

2 v
[ FORMAT (* »» N@ RAY AT ALTITUDE OF *,G15.5) |

CONT. ON PG 8
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Y
[ FORMAT (* w» DEL Z 70O SMALL') |

S
[ FORMAT (* *,6F15.4,2G15.5) |

6 v
[FORMAT (* w» K2S5@ NEGRTIVE - K2SG = ',G15.5,° Z = *,G15.5) |

END
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IMPLICIT REAL»8 (R-H,08-2)
SUBROUTINE INTERP (RK1SQ@,RAK2S8,2Z1,7Z2, AKX, AKY, VALUE)

v

COMMON/FARYE/CI (3003 , VXI (300) ,VYI (300),Z1I (300) ,PLXT (600) ,PLYZ (600),
PLYX (600) ,PLYY (600)

:

COMMON/JANET/NMAX ,NPLT
COMMON/PERRL/ZTOP, TTOP, XTOP,YTOP,T2,X2,72
DIMENSION VALUE (1)

VALUE (1)

VALUE (2)

VALUE (3)

<5< —

1
1
1

[CALL ARTLU(3,21,ZI,C,CI,VX,VXI,VY, VYD) |
‘ .

;

[CRLL PRHRM(RKX.RKY.C.VX.VY.TUPl.XUPl.YUPl.RKlSOl1
| o

;

ICHLL HHTLU[3.22.21.C.CI.VX.VXI.VY.VYI)]
‘ o

l

[CRLL PRRRM(RKX.RKY.C.VX.VY.TUPZ.XUP?.YUP?.RK?SQ]]
| o

V

PLUS = -1.000
DSIG = TUPIm (22-Z1)

CONT. ON PG 2




-193-

IF (DSIG.GT.0.00D)

[PLUS

1.000 |

$

v
[AK1 = PLUSx SGRT (RK1SQ) |

A4

DENOM

ENUM
RAT

TUPA
XUPA
YUPA
EQU

270P

v
v
v

AK1S8-AK2SE

AK2S@ + RAK1SG/3.000
ENUM/DENOM

0.500% (TUP1 + TUP2)
0.500% (XUP1 + XUP2)
0.5C0= (YUP1 + YUP2)

.SC00» (TUP1-TUP2) ~RAT
.S00% (XUP1-XUP2) »RAT
.SC0x (YUP1-YUP2) RAT

U.0D0xAKIx (Z2-Z1] /DENOM

Z1 +

(AK1SA= (Z2-Z1) /DENGM)

TTOP= T1 + .SDOEQUx=TUPAY
XTOP= X1 + .SDOxEGU»XUPAY
YTOP= Y1 + .SDONEQU=YUPRV
Té = T1 + EQUxTUPRAY
X2 = X1 + EQUxXUPRY
Y2 = Y1 + EQUxYUPAV

IF (T2-T1)

110,120,120

G

[WRITE (6,1) TUP1,TUFAY |

v

CONT. ON PG

3




-194-

. %

FETSRJ;‘ wn TIME REVERSAL IN INTERP',6X, ‘TUP1 = ‘,F12.4,3X, ‘TUPRV"®

v
| T2=T1 + DABS (EQU»TUPAV) |

$
£ A1

CONTINUE

\/




-195-

IMPLICIT REAL»8 (R-H,0-Z)

SUBROUTINE DEREG (VALUE,ZIND, DERY,L@X)
DIMENSION VALUE (1), DERY (1)
COMMON/JULIA/RKX, RKY

COMMON/FARYE/CI (300) , VXI (300),VYI (300} ,Z1 (300) ,PLXT (600) ,PLYZ (600) ,

PLYX (600) ,PLYY (600)

F'
IF (ZIND.GT.ZI (1))
(GO T8 100 >
<t
A
[vX = vXI(1) |
v
VY = VYI (1)
C = CI(1)
v
(GO T8 110 £
ﬁ
10
CONTINUE

AV,

[ CALL ARTLU(3,ZIND,ZI,VX,VXI,VY,VYI,C,CI) |

L

7

J,

CONT. ON PG 2
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U v
CONTINUE

OMEGR = 1.000 - AKX»VX - RAKY=VY

TUP = OMEGR/Cxx2

XUP = AKX + VX=TUP

YUP = AKY + VY«TUP

AKZSA= OMEGAx TUP - AKXxAKX - AKY=AKY
AKZ = DSORT (AKZSA)

DERY (1) = TUP/RKZ

DERY (2) = XUP/RKZ

[ DERY (3) = YUP/RKZ |

\/




-197-

IMPLICIT RERL~8 (RA-H,0-Z)

SUBROUTINE PRRAM (RKX,RAKY,C,VX,VY,DTUP,DXUP,DYUP, RKZSQ)
BOM=1.,0-AKX*VX-AKY«VY

DTUP=BOM/Cxx2

DXUP=RKX+VYX%DTUP

DYUP=RKY+VY=DTUP

AKZSO=BOM®DTUP-AKXxx2-AKY»n2

\/

END






