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INTRODUCTION

Measurements of fluid flow speed may be made by utilizing the
Doppler shift of laser Tight scattered from small particles suspended
in the flowing fluid. The principle of the Doppler shift is of course
well known, but only recently was a technique introduced by Yeh and
Cummins (1964) to utilize the Doppler shift of a laser radiation to
successfully measure fluid flow speeds. Since that time there have
been a number of separate investigations reported in the literature
(see references). The instrument utilized in this investigation was
developed by a team of scientists at NASA/MSFC (Huntsville, Alabama),
Raytheon Company (Sudbury, Massachusetts) and Lockheed Missiles and
Space Company (Huntsville, Alabama). Much of the technology used was
originally developed in assembling a system to be used in subsonic and
supersonic gas flows with large quantities of particle entrainment
[Rolfe et al. (1968)]. The system used in this study involved only
aerosols and particulate matter suspended naturally in the atmosphere.

Interest in application of the instrument has broadened currently
(1972) to a variety of practical situations where a remote-sensing
instrument has particular advantages over conventional velocimeters.
Two applications currently under research is for use as an airport
warning system for wake vortex detection and as an air-borne system for
clear-air turbulence detection. A potentially important use of the
instrument is in meteorological investigations of the atmospheric
boundary layer. Further uses of the instrument could be for remote
air-pollution detection and for measurement of mass and momentum fluxes

in a variety of fluid flow fields.



In principle it is possible to measure "point" velocities in the
flow field with complete vector directional resolution. A Tlaboratory
three-dimensional instrument is presently being investigated at
NASA/MSFC (Huntsville, Alabama), where also an atmospheric three-
dimensional arrangement is under research and development. The instru-
ment used in this investigation was a one-dimensional co-axial system,
using a 25-watt COZ laser and back-scattered radiation. The direction
of wind velocity was resolved by utilizing an ordinary wind-vane
direction sensor.

The purpose of this research project was to obtain measurements
of atmospheric velocities and turbulence with the laser Doppler system
and to compare the results with cup anemometer and hot-wire measurements

in the same wind field.

BASIC PRINCIPLES

The frequency of laser light scattered by moving particles in a
flow field is shifted by the Doppler effect. The Doppler shift is
detected by optical mixing of the emitted or incident and scattered
beams. A variety of optical configurations is possible to accomplish
the optical mixing. In the present arrangement the back-scattered
radiation along the axis of the incident beam was redirected into the
laser to combine with the original laser beam. The resultant hetero-
dyne or "beat" frequency is equal to the difference in frequencies of
the emitted and scattered frequencies, and is directly proportional to
the particle speed. If the scatterers are small, and no relative velo-

city exists between the particle and the fluid, then fluid velocity is



measured. An infrared detector was used to convert the Doppler-shifted
frequency to a measurable electrical signal. The arrangement of the
system is shown schematically in Figure 1.

The laser Doppler velocity measurement system (hereinafter referred
to as the laser Doppler velocimeter and mnemonically denoted LDV) is
almost instantaneous and has the advantage that no prior calibration is
required as with other velocity instruments. The range of detectable
velocities is very large. There is minimal perturbation of the fluid
flow field by the laser radiation. The spatial resolution which is
fixed ultimately by diffraction limitations can be controlled to a large
degree by size and optical quality of the lenses and mirrors.

A nonrelativistic derivation of velocity determination from the
Doppler shift frequency follows. A definition diagram relative to the
derivation is shown in Figure 2. For purpose of clarity, the scattered
beam is shown at an arbitrary angle 6 from the direction of particle
motion. In the case of a coaxial system, 8 = «a.

The emitted monochromapic laser radiation of wave length Ao and
speed ¢ illuminates a particle having a velocity V. The direction of
the incident beam is defined by the unit vector Fo. If the particle
is motionless, the number of waves incident on the particle per unit of
time is f0 = c/lo, where ¢ is the speed of the laser radiation and Ao
is the wave length.

I[f the particle is in motion at an angle o with respect to the
incident beam, the frequency of the waves per unit of time relative to
the moving particle is

§ = & * Vcosa
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Figure 1. Schematic arrangement of the laser Doppler velocimeter.
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which is also the frequency of the scattered waves relative to the
particle. The scattered radiation is directed toward a fixed point
along a direction FS from point P. The frequency of the scattered
radiation relative to the particle is fp, but to a fixed observer
along ?5, the wave length appears to be

_ ¢ - Vcos® _ ¢ - Vcoss

Ag = fb ¢ + Vcosa "0

and the frequency of the scattered radiation appears to be

f. =

- € ¢c + Vcosa
" 4 )

s 0 c - Vcos®

;-*l(‘)

which is rearranged to give

1 + Vcosa

fo = S~—veess)
S XO f C0S6
G




The apparent shift in frequency, the Doppler shift, is

fp=f - f,

or,

fD %—[V(COS& + c0s0)]

0

using the approximation that l%L z< L.

For backscatter along the incident laser beam, 6 = a, thus

¢ = 2Vcosa
D A
0
and
V = "D - _C fg

~ 2cosa 2coSa fO

In particular the component of the particle velocity along the laser
beam axis Vo is always determinable from

» f cf

_ P
Vo = Vcosa = =g Zfo

The wavelength of the CO2 laser was 10.6 microns, thus the velocity is

given by

=
n

5.3 x 10~ fD m/sec

or,

v

o .53 cm/sec/KHz Doppler shift.

DESCRIPTION OF THE LASER DOPPLER VELOCIMETER

The optical configuration of the LDV is shown schematically in
Figure 1. It consists of a 25-watt, 10.6y, CO2 laser, beam splitters,

mirrors and attenuators, an f8 12-inch Newtonian telescope and a

liquid-helium cooled Ge-Hg infrared detector.



Based on relative power of 100 percent of the laser output
(nominal 25 watts), the power at the focal region F was about 60 per-
cent. The focal region is the sample space or volume from where the
scattered signal is effectively heterodyned. The relative power at
the detector was about 1 percent.

The laser radiation is focused at the desired range by a 2-in.
focusing lense L. A diagonal, 1-7/8 by 2-21/3? inches mounted on a
spider within the 15-in. diameter tube of the telescope, directs the
beam to a 12-in. diameter schlieren mirror mounted at the end. The
mirror is adjustable on a 3-point mount. Physical limitation of the
focusing lense movement limited the near range of the telescope focus
to about 60 feet from the mirror. The other 1imit of the telescope
focusing range is limited to about 250 feet by the size of the diagonal.
Of course if the power loss from beam "spill over" at the diagonal is
not of concern the range can be extended. A curve of focal distance as
a function of lense movement is shown in Figure 3. The reference posi-
tion of the lense is arbitrary and made relative to 60 feet in the
figure. The range of the telescope relative to "performance" is also
diffraction 1imited [cf. Lockheed Missiles and Space Company (LMSC)
progress report D162417, July 23, 1970].

Spatial Resolution

The spatial resolution of the system is specified in terms of the
signal-to-noise, S/N, ratio. A calculation of S/N was made by LMSC
(cf. Appendix A, Interim Report D225028, June 1971). It has been shown
[Thomson and Dorian (1967)] that only radiation scattered from the

region near the focus of the telescope contributes most significantly
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to the Doppler signal. Nevertheless, there is some amount of heterodyned
signal attributable to scattered returns in the whole space of illumina-
tion. The ratio of S/N from the focal region in comparison to the total
S/N, then, is a method of defining the spatial resolution. A curve of
spatial resolution (axial dimension) as a function of focal range is

reproduced from the LMSC calculations as Figure 4.

Signal Processing

There are several options for discriminating the Doppler shift in
frequency from the detector. These are:

1. Spectrum analyzer

2. Wide-band frequency discriminator
Filter bank

Doppler frequency tracker

(52 B 7]

Phase-locked receiver.

The merits, advantages and disadvantages are discussed by Rolfe et al.
(1968). In this system principal use was made of a spectrum analyzer
and to a Timited extent of a frequency tracker.

Spectrum Analyzer - The Hewlett-Packard Model 8553B/8552A spectrum

analyzer used in this investigation is a swept superhetrodyne receiver.
A simplified block diagram is shown in Figure 5. Essentially the signal
frequency is compared with a harmonic of the local oscillator frequency
and the analyzer displays the signal directly in the frequency domain

as a carrier with its side bands. The center frequency is tuneable,

and a scan of the total band is selectable. The spectrum analyzer
resolution is determined by a selectable IF bandwidth. The scan time

can vary from 1 millisecond to 100 seconds for the selected scan width.
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Figure 5. Spectrum analyzer block diagram.

If time intervals are too small, power output of the signal may be
too small to measure. On the other hand, for large time intervals the
output reflects the spectrum of particle speeds passing through the reso-
lution focal volume of the beam, and can give therefore only a spectrum
of velocities (Doppler frequencies) and not an "instantaneous" velocity
as a function of time. Clearly, for "instantaneous" velocities
the time interval should be consistent with the focal resolution volume,
convected particle speed and S/N ratio of the spectrum analyzer.

In order tb convert spectral information in frequency space to
velocity, use is made of the linear variation of velocity with Doppler
frequency shift. The frequency bandwidth of the spectrum analyzer is
"swept" at a rate consistent with resolution of the analyzer and the
power contained in the bandwidth is recorded on a conventional FM re-
corder in time space. Conversion from time to frequency hence to velocity
in principle is simple, requiring only a reference zero frequency and
known bandwidth or alternatively a calibrated external frequency. The
rate at which the spectral bandwidth is swept is controlled externally
to the spectrum analyzer. A schematic arrangement of the process inclu-
ding preconditioning of the detector signal is shown in Figure 6. A

typical time, frequency trace of the power output is shown in Figure 7.
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Doppler frequency tracker - A device which provides an output

voltage proportional to a given Doppler frequency is termed a Doppler
frequency tracker, or simply frequency tracker. The technique is also
known as "frequency compressive feedback" or "frequency-locked loop"
[cf. Rolfe et al. (1968)]. The Doppler frequency, fD(t), is heterodyned
with a local oscillator frequency. The local oscillator frequency, fLO’
is varied so that the difference fLO - fD is constant and equal to the
center frequency of a discriminator. The driving voltage of the local
oscillator is then proportional to fD‘ hence to the velocity. A sche-

matic representation of the tracker is shown in Figure 8.



fD(”

14

) f”:: fLo"fD Frequency
Mixer B Discriminator
3
fLo
y
Amplifier
VCO <
Integrator

Voltage ~ fp(t)
EOu$

Figure 8. Block diagram of frequency tracker.

TEST FACILITIES

The field site for the experiments was selected at the Colorado
State University airport (Christman field) located approximately three
miles west of the city of Fort Collins, Colorado (see Figure 9). The
test site has a clear field from northwest to northeast, and from south
to southwest. There are buildings and trees in the range from south to
east, although the nearest building is some 1100 feet away. To the west
is the foothills of the Rocky Mountains about a mile distant. The site
was selected on the basis of land and power availability and proximity to
the research center about 1/2 mile away. The dominant wind directions in
the area are north-south, as evident from the alignment of the runway,

although strong winds also blow over the foothills directly from the west.
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The site facilities included two towers and two trailer vans to
house the instruments and the LDV system. The arrangement shown in
Figure 10 was to provide clear wind fields to the north and south. As
winds seldom blow from the east, the instrument vans were located so
as to cause as little interference as possible to the wind field.

The 60-ft high tower was used to mount the wind profiling anemo-
meters. The 40-ft tower was used to mount mirrors to direct the laser
beam and also to mount the comparison instruments, a climet anemometer
and wind vane, and a hot wire for turbulence measurements. Photographs

of the established arrangement are shown in Figures 11 and 12.

INSTRUMENTATION

The arrangement of the various instruments in the laser instrument
van is shown in the photograph of Figure 13. The total instrumentation
for data taking and recording included the following:

Spectrum analyzer - The function and description of the spectrum

analyzer was given in a previous section.

Frequency tracker - This instrument was also discussed in the

earlier section.

Wide band frequency generator - A frequency generator of MHz range

was used to establish a calibration point for the spectrum analyzer.
Depending upon the prevailing wind speed, a calibration frequency was
selected near the extreme of the wind speed range and the scan width of
the spectrum analyzer was selected to contain this calibration frequency.

Frequency counter - A frequency counter was used to determine the

calibration frequency.
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Figure 11. Instrument vans at Figure 12. Towers at test facility.
test facility. Profile tower is at left.

Figure 13. Instrument arrangement inside
laser van.
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Function generator - A stable function generator was used to drive

the sweep of the spectrum analyzer IF at a rate consistent with the
spectrum analyzer scan time. A finite sweep time and "flyback" is
involved. A given combination of sweep duration and scan width has its
optimum IF filter bandwidth. A table of sample rates for various scan
time settings is given in Table 1, and bandwidths as a function of scan
width and scan time is given in Table 2. These tables were reproduced
from the LMSC report No. D162840 describing the operating procedures of
the LDV system.

Mirror position indicator and drive - The upper mirror on the

40-ft tower had a motor drive to rotate the mirror about its vertical
axis. This permitted orientation of the laser beam into nominal align-
ment with the wind direction. The position of the mirror was indicated
by a 357 degree potentiometer. There were 3 degrees of ambiguity from
357 degrees to 360 (zero) degrees. The position pot of the mirror was
oriented so that zero was due east.

Climet wind translator - The translator presented wind direction

and speed as sensed by the cup anemometer and wind direction sensor
into recordable analog signals. The wind direction sensor was oriented
so that zero output coincided with due east. The analog signals were
then monitored on a dual channel strip chart recorder.

FM tape recorders - Two 14 channel FM tape recorders were used to

record the analog signals, one a CP-100 Ampex unit and the second an

FR-1300 Ampex recorder.

Temperature sensor - A standard bridge and amplifier circuity was

constructed for this study to measure the deviations in temperature of

the various thermistors from a reference unit.
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TABLE 1. MAXIMUM SAMPLE RATES FOR SELECTED SCAN TIMES

Spectrum Analyzer Maximum Sample External
Scan Time Rate SYNC Period

(Millisec/cm) (Hz) (sec)
0.5 165 0.006
1.0 69 0.0145

2.0 40 0.025

5.0 18.2 0.055

10.0 5.0 0.200

20.0 3.3 0.303

TABLE 2. MINIMUM BANDWIDTHS IN kHz FOR COMBINATIONS
OF SCANWIDTH AND SCAN TIME

Scan Scan Time, Millisec/Division
Width/cm 1.0 2.0 5.0 10.0 20.0 50.0
0.02 kHz 0.3 0.3 0.1 0.1 0.1 0.1
0.05 kHz 0.3

0.1 KkHz 1.0 0.3

0.2 kHz 1.0 0.3

0.5 KkHz 3.0 1.0 0.3
1.0 kHz 3.0 1.0

2.0 kHz 3.0 1.0

5.0 kHz 10.0 3.0 1.0
10.0 kHz 10.0 3.0
20.0 kHz 30.0 10.0 3.0
0.05 MHz 30.0 10.0

0.1 MHz 100.0 30.0 10.0

0.2 MHz 100.0 30.0 10.0
0.5 MHz 300.0 100.0 30.0

1.0 MHz 300.0 100.0 30.0
2.0 MHz -—- 300.0 100.0

5.0 MHz - --- 300.0 100.0
10.0 MHz —— - 300.0
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Hot-wire anemometer - A constant temperature hot-wire anemometer

was used to measure the atmospheric turbulence. A 100-ft long cable
was used for the probe and a cable capacitance compensator was used
for the long-length cable. The hot wires were calibrated with the
extra cable and compensator.

Time code generator - A time code generator in IRIG B format was

used to synchronize the two tape recorders. Usually the times were

synchronized with the National Bureau of Standards time broadcasts.

RECORDING OF TEST DATA

There were in all 26 separate pieces of continuous information
desired for each test. Two analog 14 channel FM recorders were needed.
However, two recorders were not available for all tests and some infor-
mation was therefore sacrificed. The sample data recording sheet shown
in Figure 14 indicates the data recorded on each channel of each
recorder. They were arranged in such a way that temperature and
humidity data were sacrificed when the second recorder was unavai]ab]el

The data can be grouped into the following sets. On the 60-ft
tower, six levels of wind speed were obtained to establish the vertical
profile of the wind field in which comparison data were taken. These
were grouped in the CP-100 Ampex recorder. Also, on the same tower,
there were six levels of temperature measurements to determine the
temperature profile and four levels of wet bulb temperatures to establish
the humidity profile. These were grouped on the FR-1300 Ampex recorder.
On the 40-ft tower the comparison instruments, the cup anemometer, the

wind vane, and the hot wire were mounted. These data together with the
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Test No.

ATMOSPHERIC LASER DOPPLER VELOCIMETER PERFORMANCE VERIFICATION

J NASA-MSFC Field Test Site, Huntsville, Alabama
0 Airport Field Test Site, Foothilla Campus, Colorado State Univ., Ft. Collins
[0 Other

Test Conducted Between a,m. /p. m. and a.m. /p. m. on

(date)
METEOROLOGICAL DATA
Air Pollution Index: . Visibility: [0 Good; [JFair; [JPoor
Sky Condition: [J Clear; [JLight Clouds; [JMedium Clouds; [JHeavy Overcast
Temperature OF; Relative Humidity % or Dew Point Fi
Barometric Pressure mb; Anemometer(s) Locale
Time into Test (min) 0 15 30 45 60

Mean Wind Speed (knots, mph, ft/sec)
Mean Wind Direction (deg wrt north)

Laser Coolant Temperature (°F)

General Weather Conditions (frontal presence, rain in past 12 hours, etc):

OPTICAL CONFIGURATION

Mirror Orientation deg (wrt north)
Telescope mirror to lower tower mirror distance: ft in,
Distance between top and bottom mirrors on towert ft in,

Total distance from telescope mirror to focus vol: {t

Homodyne configuration: [J Mach Zehnder; [J internal cavity

Laser power into telescope: watts, Power at focal volume: watts; He dewar check [J .
Telescope mirror size: in. diam.; Lens focal length: in; Detector type: *

Comments:

SPECTRUM ANALYZER/AVERAGER DATA
Sweep Rate: ms/cm; Sample Rate: namplel/lac.
Number of sweeps averaged per sample: .

Frequency dispersion: MHz/cm, Filter bandwidth: kHz; Bandwidth: kHz.
Other:

FM RECORUER DATA - MOLEL CP-100 AMPEX FM RECORDER LATA - MOULLL FR-1300 AMPEX
Label Tape Reel with Test No. Label Tape Reel with iest w0,
Tape No. ; Tape Speed__ ips; Response _ hz. Tape No. __ ; lape Spued 1ps; Response 1A
Cha. No. Contents | Eha. So. Tonte~t.  [.aca joner Lata) ;
1 Voice: Test ident. etc. 1 Therm. , vet. aw. te.p. level 2
2 Spect. analy. sync. pulse: 2 'Therm., JifV. d1y air level 3
3 Spect. analy. Y out. Freq. disp. 3 Therm., Jif1_ Jr. air level |
4 hind dir. Climet volts —> wrt 4 |Tnerr., S Ef wlu level 1
5 Wind specd Climet volts — fps | 5 Therm., diti. Jr: air level 4
6 Mirror azimuth volts — wrt | b |Therm., Jiff. «et hulb level d !
7 |Hot wire | 7 |Therm., daiff. dry air lovel 5 h
] Fized tower data - Wind sp. level 1 } 8 Therm. , Jdiff. wet Iovel 5 !
9 hind sp. level 2 | 9 (Therm., G1ff. wrs a:r level © 1
10 Wind sp. level 3 10 |Therm., d:iff. wet “uli level & 1
11 mind sp. lcvel 4 11 [Wind ditvet.on leiel o
12 wind sp. level 5 12 |
13 hind sp. level o 13
14 Time code ident. IRIG B | [ 1a ITime code jgent, [RIG B
| Aux  Voice: Test ident. cte.

AUDIO RECORD

OTest Identification Number; [J Spectrum Analyzer setlings (sweep rate, number samples averaged,
ete.): [OMean Wind, [JDistance from telescope mirror to focal volume; [JVisual quality of signal,
and [ Problems and other comments,

(Signed) Test Engineer

Figure 14. Sample data sheet.
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spectrum analyzer signal and appurtenant data were grouped into the
CP-100 recorder. On one channel of each recorder there was an IRIG B
time code for referencing the two sets of data to corresponding times.
A voice channel (direct record) was reserved for verbal description of
conditions and problems which occurred during a test.

Data with a frequency tracker were taken during a period when the
second tape recorder was unavailable. Since two additional channels

were required to record the signals from the tracker, two Tevels of wind

speed data were sacrificed on the CP-100. These were levels 2 and 4.

TEST PROCEDURE

Pre-Test Preparation

Preparations for recording one-hour of continuous wind data and
associated documentation was elaborate and time-consuming. For any
given test, or attempted test, the following routine was necessary.

Cooling the Ge-Hg detector - The Ge-Hg detector was pre-cooled

with Tiquid nitrogen for a period of about one hour before filling

with 1iquid helium. This procedure was followed primarily to conserve
1iquid helium, which is comparatively many times more expensive than
liquid nitrogen. Just prior to data-taking, after all preparations
were completed, the dewar of the detector was filled with liquid helium.

Optics alignment - Before each test, alignment of the optics was

necessary. A specific alignment procedure progressing outward from the
laser to the tower was necessary. Although the beam splitters and

mirrors did not require frequent adjustment, the optical beam on which
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the focusing mirror was mounted required frequent adjustment. As the
scattered radiation was redirected back into the laser, slight mis-
alignment of the optical axis caused poor to no heterodyning, hence weak
or no Doppler detection. Since alignment of the focusing lense mount is
coupled with the diagonal and the schlieren mirror, a sequence of trial
and readjustment was usually necessary.

After the optical beam was adjusted, the diagonal required minute
adjustment to center the diverging radiation on the schlieren mirror.
The schlieren mirror in turn required adjustment to direct the converging
beam through the end of the 9-ft long tube. Thereafter, the entire
mounting table required movement to center the beam on the Tower external
mirror near the base of the 40-ft tower. If the optics were bumped out
of alignment during this process, then the entire procedure was restarted.

Once the laser beam was centered on the lower mirror, then the lower
mirror was adjusted to center the beam on the upper one, and finally the
upper mirror was rotated to direct the beam as closely as possible either
directly into the prevailing wind direction or downwind along the wind
direction, checking also to see that the beam was parallel with the
ground. To establish the latter, an identification mark on the adjacent
60-ft tower was used to place the line of sight parallel to the ground,
hence the axis of the laser beam was in the horizontal plane of the mean
wind.

Profile tower - The thermistors on the 60-ft tower were arranged in

a radiation shield, with a suction pump arranged to draw 2 ft/sec air
velocity over the "dry bulb" thermistor and 30 ft/sec over the "wet bulb"
thermistors. Distilled water was forced up the tower by air pressure

into water wells with wicks leading to the "wet bulb" thermistors.
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These thermistors were checked before each test and wicks were prewetted
to insure that the distilled water would be drawn up from the wells.

Hot-wire anemometer - The hot-wire anemometer which was dismounted

during a non-test period was remounted. The wire was placed in a verti-
cal axis and the probe was oriented toward the wind and in a Tocation
such that there was no interference from the mirror, the cup anemometer

or the tower itself.

Pre-Test Calibration

Tape recorder - The FM record amplifiers of the tape recorder are

subject to slight deviations from calibrated conditions from day to day.
To account for these deviations, a five-level DC signal was provided as
a calibration of tape-recorded (and playback) voltage against a "true"
voltage registered by a calibrated digital voltmeter (DVM). Since in
the data set, a continuous square-wave signal was recorded, the calibra-
tion set did not include a sinusoidal signal of known rms value.

Climet anemometers - Both climet anemometer translators were

calibrated for zero and full scale 1 volt outputs and recorded on the
tape recorder. Prior to mounting the anemometers in the towers, all

cup anemometers as well as the hot wires were calibrated in the Colorado
State University wind tunnel against a pitot probe of known performance.
Calibrations were performed twice, in February and June 1971.

Mirror position - The mirror position, with zero oriented directly

east for convenience, was calibrated for zero and full scale ouput, with
the assumption of linearity with angular position. Since the position
was indicated by a potentiometer, the assumption seems justified.

Spectrum analyzer - Proper settings of the spectrum analyzer

controls were established consistent with the prevailing wind speeds.
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The sweep of the spectrum analyzer was triggered by an external square
wave from a stable function generator by a change from negative to posi-
tive voltage. A known deviation frequency was input to the spectrum
analyzer and the resultant signal from the IF output was recorded as the
frequency band was swept. This calibration thus provided the reference
for determining velocity from the Doppler shifted frequency of the back-
scattered radiation.

Noise calibration - The final pre-test calibration was made of the

background noise emitted from the detector. With the detector dewar
charged with 1iquid helium, and the main laser beam to the telescope
blocked, the output signal from the detector which consisted only of

noise was recorded.

Data Recording

After completing the pre-test preparations and calibrations, data
were recorded on the tape recorders for nominal periods of one hour
duration. Constant monitoring of the data was provided, and instrument
adjustments when necessary were properly recorded as to time and nature.

The turbulence range of interest extended only to a maximum of 5 Hz,
thus the CP-100 tape recorder was operated at 7% inches per second (ips)
and the FR-1300 recorder at 1-7/8 ips. The higher speed of the CP-100
recorder was necessary to record the Doppler signals from the spectrum
analyzer. At 7% ips the recorder amplifiers are responsive to 2.5 KHz.

Anomalies in the data noticed were recorded on a voice channel
(direct record) of the tape recorder, as well as on the data record

sheet (Figure 14).
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DATA REDUCTION PROCEDURE

A1l data for this investigation were analyzed digitally, the
digitizing being done in prescribed sets in simultaneous sample and
hold mode at the NASA-MSFC computer center. The digitized data were

analyzed at the Colorado State University computer center.

Selection of Digitizing Rates

The turbulent frequencies of interest in this study are less than
5 Hz, thus the digitizing frequency should be at 10 samples per second,
and also, because in general the recorded information should be related
to the same instants of time, a simultaneous sample and hold mode was
used in digitizing. The analog signals were filtered at 5 Hz (real-
time base).

The scan rate of the spectrum analyzer for Doppler frequencies was
16 Hz. Since the Nyquist frequency is equal to one-half sampling

frequency,

the highest frequency information contained in the recorded signal is

8 Hz. However, the usual criterion of digitizing rate to obtain this
frequency information does not apply. The objective in data reduction
was to determine the location (time base) of the Doppler signal with
reference to zero frequency, hence of Doppler frequency and of wind
velocity. The bandwidth and resolution of the spectrum analyzer deter-
mines the nature of the Doppler signal. If we view the peak signal in
the bandwidth as depicting the mean velocity in the prescribed resolu-

tion interval, then the digitizing rate of the Doppler signal is
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independent of the spectrum analyzer settings. Thus with a view to
maximizing the frequency resolution (of the peak) in a given sweep,

a choice of 250 points per sweep was made. The choice of this digiti-
zing rate does however affect the total quantity of digitized data. Two
channels of information, the external function generator and the IF
output of the spectrum analyzer, were digitized at this higher rate,
multiplexed on digital magnetic tape in binary format. The sampling

rate for these channels was thus 4 KHz/channel and the data were filtered

at 2 KHz.

Multiplexed Data Groups

The 26 channels of analog information were digitized in three
separate groups.
Group 1 - The sweep signal (square wave) and the spectrum analyzer
IF(y) output were multiplexed and digitized at a rate of 4 KHz/channel.
Group 2 - The climet anemometer and wind direction sensor, the
mirror position, the hot wire output and six levels of wind speeds on
the profile tower were multiplexed and digitized at a rate of
10 Hz/channel.

Group 3 - The ten channels of thermistor data were multiplexed and
digitized at a rate of 10 Hz/channel.

The remaining four channels of voice, time codes and wind direction
on the profile tower were not digitized and were retained for reference.
The time code information was of course used to identify the regions of

the analog tape which were digitized.
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Data Format

The A/D converter used at NASA/MSFC generated data words of 10 bits
plus sign. The packed format of the multiplexed data therefore were
written in groups of 11 bits. The CDC 6400 at Colorado State University
is a 60-bit word machine, thus some tape reading problems were presented
with the original format of the generated data tape. In order to reduce
the reading prbb]em, the original data tapes were reformated to give data
words which were 11 bits plus sign, or 12 bit words where a zero was
inserted into the most significant bit. The packed 12-bit data words
were thus conveniently separated and sorted from the 60-bit computer
word.

The data included a record of header information at the beginning
of each data set, and a 24-bit time word at the beginning of each data
record. This time word is a reference digitizing time, and relates to
real time in accordance with the ratio of record to playback tape speed.
However, for records of the order of 60 minutes real time duration, the
time word (expressed in milliseconds) becomes excessively large. Thus
the digitizing clock which recycles after 100 seconds requires accounting
of the cycles to convert digitizing time to real time as well as the

ratio of record to playback speeds.

Data Reduction

Laser Doppler signals - The bulk of data reduction involved the

Doppler signals. The view adopted in computer program formulation was
to devise a general, automatic program. This was successful to a
degree, however sufficient problems with data anomalies were encountered
that some initialization is necessary. Considerable time was spent in

developing this feature of a data reduction program. In retrospect,
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perhaps less automatic, sequential programs would be more economical in
terms of total effort. The flow chart for the program is shown in
Figure 15 and a Tisting is given in Appendix A.

The essential technique is as follows: Data from Group 1 (identi-
fied above), and the first channel of the multiplexed data of Group 2,
are necessary to convert the spectrum analyzer data to wind speed. If
the mirror direction varies in the data period, that information is also
required.

The cup anemometer wind speed, the hot wire data and the profile
information can be processed separately, but because the two groups of
data were arranged on different tapes and had to be read in "simulta-
neously" to analyze the Doppler signal, the program included processing
of these data at the same time. It should be noted here that several
alternative methods were recognized from the outset, and a one-pass
automatic program seemed feasible and most desirable. Ultimately the
profile data program was separated from the others and analyzed in a
separate pass. The flow chart in Figure 15 reflects this variation to
the original technique.

The program first determines the input-output calibration of DC
voltage. This calibration enables conversion of such data as wind and
mirror directions, cup anemometer speeds and hot wire turbulence velo-
cities from tape output voltage to true voltage hence to the physical
quantities. The next step in the analysis is to determine the calibra-
tion Doppler frequency. That is, the known frequency input is identi-
fied in the time space (number of points) from zero frequency, and
since velocity is linear with Doppler frequency, then calibration is

obtained for the velocity component along the laser axis. In order to
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Figure 15. Simplified Flow Chart of Doppler Data Reduction.
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distinguish the Doppler "peak" from the background noise, the noise
calibration established the noise level across the entire frequency
band of the spectrum analyzer. In the program the S/N ratio is a
variable and may be set at any level compatible with the recorded
Doppler signal.

The first step in the data analysis is to read in one record from
the multiplexed Group 2 data. Each digital value is converted to velo-
city, and reference times for each value are calculated. The velocities
and reference times are stored. The cup and hot wire data are digitized
at identical times, thus one reference time serves both channels of
information. Means and variances are calculated. Wind direction voltages
are averaged for 10 seconds (one record) and converted to angle with
respect to the laser beam. The value is temporarily stored. The mirror
azimuth (direction) is averaged and checked. If no change occurred
(i.e. the mirror was not rotated) the information is redundant and
discarded.

The first record of Group 1 is then read in. Each spectrum analyzer
scan, approximately 250 points, is searched for zero frequency (the change
in voltage of the square wave from negative to positive identifies the
beginning of the sweep) and the Doppler signal. The reference time for
Doppler-converted velocity is referenced to the beginning of the sweep.
Successive sweeps and time words at the beginning of each record references
the true time of the calculated Doppler-measured velocity. The first
identifiable Doppler peak is accepted as the measured velocity. To deter-
mine the peak value, comparison is made to successive points, and if the
signal level (voltage) drops, the previous point is accepted as the

Doppler frequency. It is possible that in a given sweep there is no



33

Doppler signal (signal dropout), in that event, the velocity determined
in the previous sweep is recorded. The Doppler-indicated velocity is
then converted to wind velocity by the 10-second average angle of the
wind direction with respect to the laser beam axis (mirror direction).

There are 3000 data points (2 channels) in each record of the
Group 1 data. This corresponds to 6 sweeps of the spectrum analyzer
and 0.375 second in terms of real time. Successive records of Group
1 are read in and analyzed until the real time reference period
exceeds the real time period of the data read in from the Group 2
data. Additional Group 2 data are then read and reduced, and the
process repeated.

The stored values of velocities and reference times are periodically
purged from storage and written on a magnetic tape. Thus the entire test
record is converted to velocity-time history with the same reference
times for the cup anemometer and hot-wire data, but a different reference
time for the Doppler-indicated velocities.

The generated velocity-time history tape is then reprocessed to
obtain the statistical characteristics of the turbulent wind data. These
characteristics are the mean, variance (standard deviation), probability
density and spectral densities (power spectrum).

Velocity profiles - The velocity profiles are calculated in a

straight forward manner, using the other six channels of data in Group
2. Only the mean values are of concern, and ten-minute average velo-
cities are calculated for each anemometer. The calibration data for
voltages, and the prior wind-tunnel calibrations, are all that

are required. A program listing is given in Appendix A.
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Temperature profiles - Temperature and humidity profiles likewise,

are relatively straightforward requiring manufacturer's calibration data
for the thermistors and conversion of average tape voltage to true
voltage. The resistances are calculated from a standard bridge equation,
hence temperatures are determined. The program listing is given in

Appendix A.

EXPERIMENTAL RESULTS AND DISCUSSION

Calibrations

Climet anemometers - Calibration curves of the climet anemometer,

Series No. 828, are shown in Figure 16. The calibration was performed
in a wind tunnel with the translator set for 1 volt output at 1896 Hz
input (signal frequency generated by the cup) for the 60 scale setting
on the translator. Ordinarily, the translator is adjusted to output 1
volt for specific input frequencies on each scale. However, for purpose
of this calibration, adjustment was made for 1 volt output on the 60 scale
only (any frequency would have served as well) and outputs read from both
30 and 60 scales. In setting the translator during an experiment, there-
fore, adjustment was always made only for the 60 scale. The output is
linear with velocity as seen in the figure.

The CP-100 tape recorder has a low input impedance, causing a
loading problem with virtually all the instruments connected to it.
Thus the cup anemometers and hot wires were calibrated with the outputs
connected to the tape recorder.

Hot-wire anemometer - A typical calibration curve for the hot-wire

anemometer is shown in Figure 17. For purpose of this investigation,

the King's law relationship is shown, and it is seen that in the region
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of interest, the curve was linear. A linearizer was not used with the
anemometer. Instead, each digitized data point was converted to actual

voltage and velocity calculated from the calibration.

Measurements of Run 50801 (May 8, 1971)

The data for this test were taken from 1:48 pm to 2:45 pm, covering
a period of approximately one hour. At the beginning of the test the
wind was blowing from the south-southeast (30 &egrees east from south)
which gradually changed to south-southwest (15 degrees west from south)

by the end of the test period. The wind speed was reasonably constant

at about 4 m/sec (9 mph) throughout the test period. Particle counts in
the atmosphere were not available for this test; however, with the pre-
vailing south wind, the pollution from Denver was evident as a blue haze
along the horizon. This was also reflected in the strength of the Doppler
signals on the spectrum analyzer.

Velocity profiles - The velocity profiles for successive 10-minute

periods throughout the test are shown on Figure 18. The velocity profiles
were logarithmic as expected; however, the slope of the profiles differ,
indicating that the effects of accelerating and decelerating winds

(qusts) are reflected in the profiles. It will be seen in the time

traces of velocities that the fluctuations are of the same order of
magnitude as the means, and the mean values change with time. The
analysis to establish the profiles assumes piece-wise stationarity.

Speetrum analyzer settings - The following settings were made on

the spectrum analyzer:
Sweep rate: 5 ms/cm

Sample rate: 16 sweeps/sec
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Frequency Dispersion: 0.2 MHz/cm
Filter Bandwidth: 10 KHz
Bandwidth: 30 KHz

The calibration frequency was 1.007 MHz (5.34 m/sec) which is
pictured in Figure 19. The noise level from the detector is shown in
Figure 20. The photograph is the oscilloscope trace from playback (at
record time) of the recorded signal on the CP-100. The signal is inver-
ted to avoid confusion with the square wave shown at the top part of the
picture. The vertical scale is 200 mv/cm.

Typical Doppler signals are shown in Figures 21 and 22. As noted,
the S/N ratio is large, but the spectral bandwidth is also large. Peaks
in the signal of the kind shown in Figure 21 are relatively easy to
determine; however, multiple peaks are evident in Fiqure 22. In these
instances, the first largest peak is detected, and the others ignored.
There were undoubtedly particles of different sizes in the focal region
with different angularity with respect to the laser beam axis which cause
the multiple peaks in a given sweep.

Veloeity time traces - Time traces of velocity from the cup anemo-

meter, hot wire and the LDV, for two consecutive 4.26-minute periods are
shown in Figures 23 and 24. Mean velocities for each 4.26-minute
interval have been subtracted; the fluctuations thus are referenced to
zero for each plot.

As seen in these traces, there is reasonable conformance between
the cup anemometer, hot wire and LDV outputs. It should be noted here
that the cup anemometer was at a level 11.3 meters above ground, the
hot wire was 0.3 meters below the cup level and the laser beam axis was

at the same level as the hot wire although the focal region was 3 meters
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Figure 19. Calibration frequency 1.007 MHz. Figure 20. Detector noise calibration.
Test 50801 Vertical scale is 200 mv/cm.
Test 50801

Figure 21. Sample Doppler signal. Figure 22. Sample Doppler signal.
Test 50801 Test 50801
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farther upwind. It should be noticed in making visual comparisons that
the vertical scales are different for the traces.

Means and variances - The means and variances from a 34-minute

interval of the total record were analyzed and are shown in Table 3.
The choice of a 34-minute period was based largely on the limitations
of the spectral analysis program. This was also a sufficiently large
period to reflect a reasonable confidence interval for the spectral

densities.

TABLE 3. MEANS AND VARIANCES FOR TEST 50801

4.26-Minute Mean Velocities m/sec Variances (m/sec)?
Intervals Cup Hot Wire LDV Cup Hot Wire LDV
1 4.203 4.232 .044 .612 .604 .689
2 4.486 4,488 253 .539 .524 .672
3 3.762 3.799 .585 .340 .258 . 348
4 4.245 4.270 .247 .458 .355 .596
5 3.976 4.000 .953 .444 . 340 .526
6 3.823 3.847 .693 . 342 . 342 .503
7 3.618 3.642 .489 .623 .598 .573
8 4,212 4.235 .073 461 .361 .674
Averages 4,041 4.064 917 472 .413 .567

The mean wind speeds detected by the LDV is in overall 3 percent
agreement with the cup anemometer, and within 5 percent for any given
4.26-minute interval. The greater spread for smaller time intervals is
to be expected because of the spatial spread of sampling points for the

two instruments.
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The variances for LDV are larger than those detected by either
the hot-wire or the cup anemometer. It is surprising to note also
that the variances for the hot wire are less than that for both the
cup anemometer and LDV measurements. The greater variances for the
LDV results are due in part to the fact that only mean horizontal
angularity of the particle motion with respect to the laser axis is
included in the correction. Thus there are greater variations of
velocities from the mean. This is observed also in comparing the
mean speeds for the three data sets. The mean is lTower for the LDV
as compared to cup speeds.

Probability distributions - The distributions of velocities about

the means for the three instruments are shown in Figure 25. These data
are in terms of standard deviations, and are not normalized so that
straight Tines are drawn from one data point to another. The distribu-
tions are skewed to the right. This skewness is governed by the nature
of the turbulence in the atmosphere rather than by instrument response,
as it can be seen that all three instruments respond similarly. The
percentage of data near the mean is greater for the cup anemometer than
for the other instruments, as was suggested in the preceding paragraph,
the percent of low velocities appear to be greater for the LDV than for
either cup or hot wire measurements.

Spectral densities - The spectral densities for measured turbulence

in the atmosphere are shown in Figures 26, 27 and 28 for the cup, hot
wire and LDV instruments, respectively, and a comparison of the three
are shown on Figure 29.

There are apparent energy concentrations in the spectra for the

cup anemometer and hot wires at 5 Hz which are also noted at 2.5 and
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1.25 Hz. These must be due to mechanical aliased frequencies from the
tape recorder, for they appear in the hot-wire and cup anemometer data
but not in the LDV data. Mechanical aliasing does not appear in the
LDV data because of the manner in which the velocity-time history is
generated (see section on data reduction).

If the aliased spectral densities are ignored, it can be seen that
the hot-wire and cup anemometer have identical spectra up to 0.4 Hz.
Beyond that frequency, the spectrum decreases because of the Timited
frequency response of the cup anemometer. The cup anemometer data may
in principle be corrected by a frequency response function (see Camp
1965), but in this study the correction was not made, as the comparison
spectrum for higher frequency is given by the hot-wire anemometer data.
The response of the constant temperature hot wire used here is up to at
least 1 KHz and the data were filtered at 5 Hz before digitizing.

As it is seen on Figure 29, the spectral densities for the LDV-
measured turbulence is slightly greater for frequencies less than 1 Hz,
but essentially parallel to the hot-wire data. For higher frequencies,
there appears to be more energy contained in the LDV-measured turbulence.
This must be aliased information because the hot-wire data do not show
this trend.

The aliasing must arise from the technique used in data reduction.
While the spectrum analyzer is being swept (sampled) at a rate of 16 Hz,
thereby effectively establishing the Nyquist frequency, the velocity
time data cannot be filtered at 8 Hz before the sampling is done. That
is, turbulence of higher frequency transporting aerosol and solid parti-
cles in the atmosphere are sensed in the resolution volume of the LDV.

Thus in calculating the velocity from the sampled spectrum, the aliasing
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from higher frequency cannot be avoided. What is surprising, however,
is to note the magnitude of the aliased spectrum in the LDV-measured

turbulence indicated by the deviation beyond 1 Hz.

Measurements of Run 32701 (March 27, 1971)

The data for this test were taken from 3:30 pm to 4:18 pm, a period
of 48 minutes. The wind was essentially steady from the north-east (60
degrees east from north) at around 12 m/sec (27 mph). Particle counts
in the atmosphere were not available for this test. There was an arctic
front moving in from the north and the air was "clean." Visibility was
virtually unlimited. The laser beam axis was directed downwind in this
test because the direction of the wind was such that the laser beam axis
would have been close to a vertical leg of the tower.

Veloeity profiles - The velocity profiles for successive 10-minute

intervals are shown on Figure 30. The profiles are logarithmic and the
mean velocities increased in the first 20 minutes of the 50-minute period
and decreased thereafter. The spread of mean velocities for the total
period varied from about 10.7 to 13 m/sec at the level of the focal re-
gion of the laser beam.

Spectrum analyzer settings - The settings of the spectrum analyzer

were as follows:
Sweep rate: 5 ms/cm
Sample rate: 16 sweeps/sec
Frequency dispersion: 0.5 MHz/cm
Filter Bandwidth: off
Bandwidth: 30 KHz
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Figure 30. Velocity profiles. Test 32701
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The calibration frequency was 4.009 MHz (21.2 m/sec) which is shown
in Figure 31. The noise level from the detector is shown in Figure 32.
The vertical scale in the oscilloscope trace is 100 mv/cm.

Typical Doppler signals are shown in Figures 33 and 34. As noted,
the S/N ratio is small and the spectral dispersion is also small. There
were larger periods of signal dropout, that is sweeps when there were
no detectable signals. In these instances the analysis was made assuming
that the velocity indicated in the current sweep was equal to that of the
previously detected velocity.

Veloeity time traces - Time traces of velocity from the three

instruments are shown in Figures 35 and 36 for two representative
4-minute time intervals.

There is reasonable agreement between the cup anemometer and hot-
wire traces in general trend of mean velocities. However, the turbulent
fluctuations in the hot-wire signals are greater than that indicated by
the cup anemometer traces. The LDV signals have several peculiarities.
The fluctuations are clipped at both the upper and lower limits. These
clipped signals are results of the low S/N ratio and the computer pro-
gram. As indicated previously, the low particle concentration in the
atmosphere often caused no detectable signal in a given sweep of the
spectrum analyzer. In such instances the velocity was set equal to the
immediately-previous calculated velocity. At the lower end, the signal
was lost in the noise (see the noise calibration trace of the oscillo-
scope) and a previously higher value was then identified as the velocity
for that sweep. There are noticeable high peaks in the LDV trace. It
is believed that these signals are spurious, resulting from identifica-

tion of high noise peaks as Doppler signals. The trend of mean
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Figure 31. Calibration frequency 4.009 MHz, Figure 32. Noise calibration.
Test 32701 Vertical scale is 100 mv/cm
Test 32701

Figure 33. Typical Doppler signal. Figure 34. Typical Doppler signal.
Test 32701 Test 32701
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velocities is generally identifiable, but the comparison is not as
favorable as for test 50801.

Means and variances - The means and variances from a 34-minute

interval of the total record are given in Table 4.

TABLE 4. MEANS AND VARIANCES FOR TEST 32701

4.26-Minute Mean Velocities m/sec Variances (m/sec)?
Intervals Cup Hot Wire LDV Cup Hot Wire LDV
1 12.041 12.152 11.697 2.686 5.067 4.326
2 13.659 13.835 13.460 4,951 4.281 6.111
3 13.164 13.203 13.990 6.497 7.258 9.897
4 13.973 14.094 14.226 4.117 5.382 5.415
5 13.486 13.575 14.557 5.167 5.429 6.833
6 12.658 12.697 12.441 2.812 3.349 6.620
7 12.417 12.578 11.570 4.000 6.290 3.193
8 11.453 11.:551 10.071 2.934 3.826 2.802
Averages 12.856 12.961 12,781 4.093 5.040 5.448

The average wind speed detected by the LDV in the 34-minute period
is within 1 percent of the cup and hot wire averages. There are larger
variations however for the shorter 4.26-minute intervals, and as the
time traces would suggest, variations become greater for even shorter
periods. As noted in the preceding section, these are undoubtedly caused
by the spurious signals in the velocity calculations. The mean velocities
measured by the hot wire were generally larger than the cup anemometer,
and the variances as expected are definitely greater because the frequency

response of the cup anemometer is limited.
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Over a 34-minute period, the fluctuations (variances) detected by
the LDV are larger than those of the hot wire. This was also true for
Test 50801 which had considerably lower mean wind speeds. Again, the
spurious signals in the LDV velocities contribute significantly to
variances.

Probability distributions - The distributions of velocities about

the means for the three instruments are shown in Figure 37. Turbulence
velocities are skewed to the left for all three instruments. The LDV
data indicated difficulty in tracing the larger velocities. As explained
previously, this could be due in part to the three dimensional nature of
turbulence and only the horizontal angularity was corrected (in the mean)
in these measurements. This feature of the LDV traces was noted also for
test 50801.

Spectral densities - The spectra for the cup anemometer, hot wire

and LDV data are shown in Figures 38, 39 and 40, respectively. For
comparison, the three are replotted in Figure 41. Spikes of high fre-
quency are again noted at 2.5 and 5 Hz in the cup anemometer spectra.
It was noted that the time traces of the LDV data included spurious
spikes of high velocity. These spikes are transformed into the spectra
and are noted particularly as spikes of power near 1 and 3 Hz. These
spikes in the spectra were ignored in replotting on Figure 41.

The spectra of turbulence measured by the LDV and hot wire compare
favorably. This is also indicated by the comparison of variances in
Table 4. The cup spectra however drops off at around 0.2 Hz because
of the Timited frequency response. Response corrections for the cup

anemometer were not made.
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Measurements of Run 101401 (October 14, 1971)

The data for this test were taken from 9:16 pm to 9:55 pm, a
period of 39 minutes. The wind was from the north-northwest across the
clear grassland. The mean wind speed varied from about 4 m/sec at the
start of the test to about 5.7 m/sec at the end. The wind direction
remained constant. With a northern weather front moving in, the air
was clear, (1ittle pollution), and visibility was good.

Spectrum analyzer settings - The settings of the spectrum analyzer

were as follows:
Sweep rate: 5 ms/cm
Sample rate: 16 sweeps/sec
Frequency Dispersion: 0.2 MHz/cm
Filter Bandwidth: 10 KHz
Bandwidth: 30 KHz

The calibration frequency was 1.691 MHz, which 1s shown in Figure 42.
The noise level is shown in Figure 43. It will be noted that reference
zero frequency is shifted slightly from the pulse rise of the square
wave, resulting from a horizontal axis shift of the spectrum analyzer.
An accounting of this shift was made in data analysis.

A sample trace of one sweep of the spectrum analyzer is depicted
in Figure 44. The S/N of the Doppler trace is small but was sufficient
to discriminate from noise. There were drop outs in Doppler signature
as indicated by the time traces of wind speeds.

Veloeity time traces - Time traces of wind speeds from the cup

and hot wire anemometers and the LDV are shown for representative
4-minute intervals in Figures 45 and 46. As with the two previous tests,

the mean trends correspond with apparent differences in turbulence
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fluctuations. The large number of low points in the LDV signature
resulted from the low S/N ratio; particularly by having to set a low

level trigger in the computer program. The spurrious high peaks are
believed to be caused by extraneous signal in the Doppler sweep. There
are not enough of these to cause difficulty with the statistical anslysis.

Means and variances - Means and variances for the entire 34-minute

test period are given in Table 5 for each 4.26-minute segment.

TABLE 5. MEANS AND VARIANCES FOR TEST 101401

4.26-Minute Mean Velocities m/sec Variances (m/sec)?
Intervals Cup Hot Wire LDV Cup Hot Wire LDV
1 5.150 5.154 5.451 .760 .654 .770
2 5535 5.543 5.677 .736 .600 .847
3 5.425 5.479 5.722 .940 .760 .977
4 6.052 6.092 6.463 .813 .744 .856
5 5.381 5.406 5.742 714 .586 .692
6 6.417 6.426 6.698 .822 .809 .879
7 6.417 6.457 6.821 .702 .659 .707
8 5.958 5.996 6.218 .745 .614 .675
Averages 5.792 5.819 6.099 .799 .678 .800

The average wind speed indicated by the LDV measurements is about
5 percent greater than that indicated by the cup anemometer. This is
comparably about the same as for Test 50801. The variance for the LDV
is greater than for the anemometers. Also, the variance for the hot
wire is less than that for the cup anemometer as was the case also for

Test 50801.
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Probability distributions - The distributions of velocities about

the means for the three instruments are shown in Figure 47. The
turbulent fluctuations are more normally distributed about the mean

than was the case for the previous two tests. As before, the probability
distributions compare favorably one instrument to another.

Spectral densities - A comparison of the spectral density distributions

with frequency for the three instruments is shown in Figure 48. The
spectral distribution for the cup anemometer drops off slightly at about
0.5 Hz, the hot wire spectrum decreases on a constant slope and the LDV
spectrum tends to level off for higher frequencies. The 2.5 and 5

hertz spikes were not included in drawing these spectra. The comparisons
are reasonable to about 1 Hz frequency.

Frequency tracker - Considerable difficulty was experienced in

tracking the LDV output with the frequency tracker. The tracker
required frequent adjustments during the test, and tracking was often
lost. Consequently the tape recorded output was too intermittent and
analysis was difficult.

From observations during the test, it was noted that when tracking
was achieved, the D.C. output (although slightly nonlinear) corresponded
with the mean Doppler frequency, hence with the indicated wind speed.
The A.C. output however did not correspond very well with the turbulent
fluctuations. For example, in Figure 49, is shown a simultaneous trace
of the hot wire and the A.C. output from the tracker for Test 101401.
The hot wire leads the laser focal volume by about 3 meters and the
average wind speed was about 6 meters per second. The horizontal sweep

on the oscilloscope was 0.2 sec/cm.
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Figure 49. A.C. Tracker and Hot Wire Traces.
Test 101401

The A.C. output (top trace) resembles noise rather than turbulence,
while the hot wire output is clearly that which traces the turbulence.
The intermittency of the tracker signal created considerable difficulty
with digital data analysis. After considerable effort, this part of the
data analysis was abandoned. The particular frequency tracker used in
these tests (1971) should be modified to provide long-term uninterrupted
velocity-time histories. This of course is related to Doppler S/N
ratio and to the concentration of aerosols which provide the Doppler
shifted signals. With no Doppler signature (signal drop out) there can
bz no tracking regardless of the quality and design of the frequency

tracker.

Measurements of Run 102501 (October 25, 1971)

Test time was from 2:04 pm to 2:45 pm. The wind was from the
south-southeast at about 5 m/sec. There were no active weather fronts
in the vicinity and the sky had been clear for the day. Some pollution

was evident in the air, but visibility was good.
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Spectrum analyzer settings - The settings were as follows:

Sweep rate: 5 ms/cm

Sample rate: 16 sweeps/sec

Frequency Dispersion: 0.2 MHz/cm

Filter Bandwidth 10 KHz

Bandwidth: 30 KHz

The calibration frequency was 1.678 MHz as shown in Figure 50.

The noise level from the detector is shown in Figure 51. The vertical
scale is 200 mv/cm. A sample Doppler trace of one sweep is shown in
Figure 52. As is observable, the S/N ratio is small which made data
analysis difficult.

Velocity time traces - Time traces of velocity from the cup and hot

wire anemometers and the LDV are shown in Figures 53 and 54. There was
much more variability of wind speeds during this test than in previous
tests. The smaller scale turbulence is superimposed on larger scale
variations. Thus, it should be expected, as will be seen later, that
the power spectra would indicate greater power at the Tower frequencies.
Some amount of dropout in signals is indicated for the LDV. In general
comparisons of the time traces appear satisfactory.

Means and variances - The means and variances for 8 segments of a

34-minute time period are given in Table 6.
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Figure 50. Calibration frequency 1.678 MHz. Figure 51. Noise Calibration. Vertical
Test 102501 scale is 200 ms/cm.
Test 102501

Figure 52. Sample Doppler signal.
Test 102501
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4.26-Minute Mean Velocities m/sec Variances (m/sec)?
Intervals Cup Hot Wire LDV Cup Hot Wire LDV
1 4.397 4.444 4.298 1.077 .900 .984
2 4.154 4.169 3.946 1.372 1.273 1.418
3 6.025 6.010 5.805 .762 .482 .762
4 4.943 5.000 4.683 1.450 1.162 1.436
5 5.307 5.315 4,989 .992 2 .921
6 4.713 4.748 4.252 .873 .710 .953
7 5.082 5.102 4.878 .933 .702 .968
8 5.278 5.284 5.004 .628 . 385 .666
Averages 4.987 5.009 4,732 1.011 .792 1.01;-

The average wind speed indicated by the LDV is within 5 percent of

the cup and hot wire averages.

The comparison is reasonably good.

Probability distributions - The distributions of velocities about

the means for the three instruments are shown in Figure 55,

velocities are skewed to the right.

same as for the other tests.

Turbulence

The distributions are about the

Spectral densities = The spectral distributions of turbulence are

shown in Figure 56.

As was noted earlier the lower frequency variations

of velocities produced greater power spectral densities at the lower

frequencies. The cup anemometer response drops off at about 0.5 Hz,

and the LDV tends to level off for frequencies greater than about 2 Hz.

The comparison of spectral distributions is reasonably good.
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OBSERVATIONS AND CONCLUSIONS

As a consequence of the comparisons presented, the following

observations can be made regarding the one-dimensional LDV system.

1. The gross features of atmospheric phenomena in the boundary
layer are measured by the LDV system. The time traces show
reproduction of these gross features and comparison with
other anemometers are favorable.

2. Mean values determined from the LDV data are in general within
5% of other anemometer data for long (34-minute) time periods.
The variations are larger for shorter time periods, chiefly
because of larger variations in measured velocities. That the
LDV measures larger velocities is also indicated by the proba-
bility (percent) distributions of the data and by the spectral
distributions with frequency.

3. The confidence of measuring high frequency turbulence (greater
than 2 Hz in atmosphere) is not yet established.

4. The technique for data reduction of the LDV data is cumbersome
in its present form. Immediate improvements can be made by
including on-line analog to digital equipment including a
special purpose minicomputer to calculate the velocities from
the digitized data. Alternatively an analog system to detect
Doppler signals such as an improved frequency tracker could be
used. The frequency tracker used in this study required

very fine tuning, and dependable frequency lock was not achieved.
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APPENDIX A

Computer Program for Analysis of Doppler Signals
Computer Program for Determination of Velocity Profiles

Computer Program for Determination of Temperature and
Humidity Profiles
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Computer Program for Analysis of Doppler Signals
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PROGRAM

LASDOP TRACE

S

PROGRAM LASDOP { INPUT4OUTPUT +TAPES=INPUT+ TAPE63QUTPUTTAPE2+ TAPEL »
+TAPED)
COMMON/BLOCK1/LENARR] +W INDIRE (100) yNHECOR1 oNFILEL s
ZEROTM] +DIRMIQR (100) +VOLT(24100) +WRIDATI
CONRON!RLOCKE!LFNARRCQSYNCI1500)'YLlSERllSODIoNRECORZoNFILEZ.
ZEROTM2 +WRIDAT2NTAPL2
COHMON/BCALIHR/SLODEIBI.iEROTAP!El-SLDPElNolNINTEReSLDPEHio
SLOPEWDs WD INTEE +SLOFEMDSOMINTER
tuﬂvON/aTaPECA/NcnaNIP.NLALvnl-vanltv.actvOLtl:l
COMMON/BINSTCA/NINSCAL W WVARI IN«FULSCAWYZERKOWD s FULSCAMY ZEROMD »
FHSTINT
COMMON/BLnQERJHrLtdaCoNPISRP
COMMON/BLASCAL/NCALREC oNSWHRECS IBEGCHK s CALEVEL yCALVELOsWAVLENS
DEVFREQ
CDMMON/UNOISCA/FLYu&CK-NOI&«LF-&NLtUELla?bI
COMMON/BBUFLAL/NTOTFILle JCLUCK) o IEXIToTIMADASNREC
COMMON/BSOPTI/IHEUSKL e ISKIPLeFACTONR]
COMMON/ZRRUFLA2/JCLOCK2 s TEXTIMF sNREC2sNRECIoNHEC4+TIMADJ L » TIMADIZ»
TIMAD U3 TIMAL Ja
CO““ON/HSOPTe!Iltu%KE-IQK!Pc
COMMON/HSKPEOLZLPACDAL IOENTLoNFLSKP L +WRCSKPI
COMMON/HSKPENZ/LPACDACZY NTOTFI2e IDENT2sNFLSKP2+NRCSKP2y
NTUTAPE« IEXI T2 NTOTRECTIMADY
CO“MON/HCOHQTH{N&VFMIR.hIRiCNO.CHbiIR.lIHEHIR
COMMON/HVOLTAD/ [SCALE
COMMON/HSPFEU/SUMVELD s [SAMPLE  IDATAHW« SUMVOL T TIMRAT1 ¢« CHANNEL »
. DIGWATLI s TIMECHG«VOLTCHGeMULT IME s T IMEHW + DCSUPRE
sFRSTSPD«wWRITAPEPRINTOK
coanoufaavfulN/andet-suM-lun.nuLIIul.rluAu-D.AvEuDi3ooo:
«LASTIHME
COMﬂON/BHUNﬂquTIHElI?GzltvELﬂcelioal
COMMON TIMEZ(200) s VELOLAS(cUD) o IPOINT
COMMON/ZUNPK ] ZITIMEL« ICOMWRU (20D} » IUATWRD(1000)
COMMON/ZUNPK 2/ I TIME2+LCOMWRD (601D s LUATWRD(3000)
READ(Sel) vOLTCHOsWRIDATZ+CALTAPECALINST2CALLASY
CALNIISowRIDATLe JUEr TL o IUENT24LENARR]L +LENARRZ s IBEGSK ] »
ISKIPl e JHEGSK 2 ISR 1OZ e NAVEMIR«NFLYHACS ISCALEsNTOTF12»
NTOTAPE+LPACUDAZyNUHANTP sNCALVAL sLPACOALWNTOTF I1¢+NCALREC
NSWPRFCy IHEGCHK sNUTSHECoNINSCAL + NLASREC+DIGRAT L »
TIMECHGY TIMEAW«SLOP MWy TIMRAT 1 s CHANNE 1 s VARITP s (ACTVOLT
(E)ol=195) « TIMAVWUCALEVEL +FLYBACKsOFLYBACsVARTINS
FULSCAWs ZEROWN s FULSCAMy ZLROMD +DCSUPRE 4 DEVFREU s wAVLENS
CHANNEZ22DIGRATZ2+TIM2ATZ
FORMAT( 9A3s1llan/ sl 1laeSFb.0+/02F0e095(FSa0)sTF6.09/93F6.0+2E9.30
. IF6.0)
READ(S+5) TIMAUDJLTIMADIZ2eTIMAUIIs TIMADJG s TIMADASNRECZ29NRECT
NRECa s WCALF T o NCALTAP+NKEC
ronnarlsrlu 393154212415)
REAN(S.H) FRSTAPE+FRSTINToFPSTLASsFRSTNOSsNTAPFILoNLASFI29NINSFIL»
NOISFI2ewHITAPE » IRUNND s MRCONST

LR T Y T

8 FOQMAT(QI).QI].AJ!I&.!JI

10

WRITE(6+10) IRUNNG

FORMAT (1H]1+5%® [NPUT DATA FUW RUN NUMBER®IT)
WHITE(6+2)vOLTCHGeWRIDAT2sCALTAPE s CALINST+CALLASY

. CALNOISoWHIDATL o IDENT 19 IUENT2«LENARR]L + LENARRZ » IBEGSK 1 »

CDC 6400 FTN V3.0-P261 OPT=0 O2/10/72

13.01.02,
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PROGRAM

LASDOP TRACE CDC 6400 FTN V3.0-P261 OPT=0 02/10/72

ISKIP]1s IBEGSK2s ISKIP2sNAVEMIR«NFLYBACH ISCALE+NTOTFI2e
NTOTAPE s LPACDAZ +NCHANTPoNCALVAL +LPACUAL+NTOTFI19NCALREC»
NSWPREC IBEGCHK s NO ISRECsNINSCAL «NLASREC+DIGRAT 1 »
TIMECHGe TIMEHW s SLOPFHW T [MRATL« CHANNE Lo VARITP« (ACTVOLT
(1)e1=195) s TIMAVWUCALEVEL +FLYBACK»DFLYBACYVARIINY
FULSCAWs ZEROWN«FULSCAMs ZEROMD s DCSUPRE + DEVFREQ« WAVLENS
CHANNE23DIGRATZ2TIMRATZ
FORMAT (1HD+® VOLTCHG =®Au® wHTDATZ =®A4® CALTAPE =wA4®s CALINST =#A
L4® CALLAS =®a4® CALNOLIS =®ps® WRIDAT] =®A4* JOeNT] =®Asue® JODENTZ2 =%
JAL/® LENARW] =®]e® LENADKZ =*Ju® IpEGSK] =%13% ISKIF] =+#]3® [BEGSK
L2 =030 JSkIP2 =e[3% NAVEMIN =%]3% nNFLYJAC =%lav 1SCALE =*12/% NTO
JFI2 =e129 NTOTAPE ==]2& LPACPAZ =+[a® NCHANTP =®]3¢ NCALVAL =*]2
.® LPACDALl =e]a® NIOTFI1l =%]2® NCAL<EC =®[3® NSwPREC =#12/* [HEGCHK
. =%13% NOISHEC =+«]3e NINSCAL =%[<* NLASHEC =*lJ/® DIGRAT] =®FT7,1
«® TIMECHG =oF3.1® Tlubrw =%F9 48 SLOPEHw =*FJ.4* TIMRAT] =*F4.1/
L% CHANNE] =8F5.1% VARITP =eF5,3/0 ACTVOLT(] THHU S) =e5F5,.)/7*® TIMA
VWD =eF5,2% CALFVEL =¢F9,2¢ Fi YBACK =%F>5.1% UFLYBAC =#+5,1* VARIIN
=eFh,3/% FULSCAW =%F%,.3 ® ZEPOWu =%F9,3% FULSCAM =¢F9.3% ZEROMD =
LeF9,.3% DCSUPRE =F7,.,3¢ DEVFrEn =®E]0.3/® WAVLEN =®E]13.6® CHANNEZ =
L2FS,.1® DIGHATZ = ®F9.1% TIM=ATZ =%Fbel)
WRITE(6+6)FRSTAPEWFRSTINT oFRSTLASsFRSTNUSoNTAPF T 1 oNLASH I2eNINSFILe
¥ HOISF 129 TAPE « MALNNST
FORMAT(IH 4o FRSTAPE =®a4® FrsTINT =®A4® FRSTLAS =®A4® FRSINOS =®A
4% NTARFI] =e13e NLASFI2 =#]3s NINSFI1 =2]3% NOISFIZ =*]3* WRITAPE
s = ®A3e MRCONST =%a3)
WRITE(6+9)TIMADIL s T [MADJ29 TIMAD I3 s T IMADJ% s T [MADASNREC2+«NRECIWNRECSH
. oHLCALF IL «NCALTAP yNRFC
FORMAT(IH +¢ TIMAUJL =®F&4.1®¢ TIMADJ2 =eF10.1% TIMADJ3 =eF]0.1* TIM
LADJG =eF 10,1 TIMADA =oF)0.1l/e NkEC2 =#15% NREC3 =#+]6# NREC4 =#]b
«® NCALFIL =®]2% WCALTAP =#]2® NREC = ®*]4)
REWIND 1
REwWIND 2
IF (WRITAPE .EQ. 3HYES) REWIND 3
FRSTPT = 3HYES
TEXTIME
MULTIME
SUMVELD
ISAMPLE
SUMVOLT
JSAMPLE
SUMWIND
CALVELO
NSWPS =
NRECORLI= 0
NRECOR2=0
NTRIG = 1
NFILE]
NFILEZ2
2EROTM] .
ZERDTM2=0.0
IEXIT = 3H WO
IEXIT2 = 3n NO

LI I

(=== == =]
.
=]

oo

=00 | [ [/ T L [ VI 1}

1
1
0.0

SLASTPT = 10,0
ICHANGE = 0
FACTOR] = SQRT(24)/(2.%99=1.0)

13.01.02.
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160

165

OROGRAM LASHOP TRACE CDC 6400 FTN V3,0-P261 OPT=0 02/10/72 13.01.02.

FRSTSPD = 3HYES
NTAPEZ = 1
NEXTPTS = 0
NAVEWD = 0
NDATAPT = |
JCLOCKY = 0
JCLock2 = 0

CIWIND = 1

20

2l

23

24

12

25

26

27

IPOINT = 1
JCOUNT = 0
IF (IDENT1 .€Q. 3HYES) CALL HEADER]
IF (IDENTZ LEQ. 3HYES) CALL HFADERZ
IF (FRSTAPE .EQ. 34 OK) GO TO 20
NFLSKP] = 0
NRCSKP] = )
CALL SKFEOF1
IF (CALTAPE L.EQ. 3HYES) CALL TAPECAL
IF (CALTAPE .EQ. JHNED) READ(3+11) (SLOPE(I)+ZEROTAP(I)sI=1+2)
FORMAT (4F10,.3)
IFINFILE] .GT« NTAPFI1) GO TU 21
NFLSKPY = 1
NPCSKP] = 0
CALL SKPEOF1
IF (CALINST .E0. 3HYES) CALL INSTCAL
IF (CALINST .EQ. 3HNED) REAU(S»11) SLOPEWDsSLOPEMDsWDINTERsDMINTER
IF (NFILE1l .GT. NINSFIL) GO Tn 23
NFLSKP) = )
NRCSKP] = 0
CALL SKPEOF]
IF(FRSTLAS .EQ. 3H 0K) GO TO P24
NFLSKP2 = 0
NRCSKP2 = )
CALL S%PEOF2
IF (CALLAS .EQ. 3HYES) CALL LASCAL
IF (CALLAS .EWQ. 3HNED) READ(S5.12) CALVELOsNPTSWP
FORMAT (F1U,3414)
FLYBACK = FLYBACK = DFLYBAC
IF (NFILEZ .GT. NLASFIZ2) GO Tn 25
NFLSKP2 = |
NRCSKP2 = 0
CALL SKPEOF2
IF (FRSTNOS .EQ. 3H 0OK) GO TO 26
NFLSKP2 = 0
NRCSKP2 = |
CALL SKPEDF?2
IF (CALNDIS LEQ. 3HYES) CALL NOISCAL
IF (CALNOIS «EGe 3HNED) READ(S+4) (XNLEVEL(I)»I=1,202)
FOSMAT((13FB.0))
IF (NFILE2 .6T. NOISFIZ2) GO Tn 27
NFLSKP2 = 1
NRCSKP2 = 0
CALL SKPEOF?2
CALL VOLTADY
IF (MRCONST LEQ. IHYES) CALL CONSTHMR
IF (MRCONST JNE. 3HNED) GO Fu 75
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PRNGRAM
&
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& 170
®

175
-
[ ]

180
9
® 188
[ ]

19n
&
&

195
&
[ ] 200
[ ]

20%
[ ]
@

2in
®
& 21s

|

[ ]

22n
®
&

LASDOP TRACE CDC 6400 FTN v3.0-P261 OPT=0

READ(S+14) CHGMIR+TIMEMIR
READ(S+13) DIRECMR

13 FORMATI(F10,3)

14 FORMAT(A3sF6H.2)
WHRITE(6+15) DIRECMRsCHGMIRs TIMEMIR

15 FORMAT(1HN«SX®*DIRECMR =%F10.7% CHGMR =®A3% TIMEMIR =#F10.3)

75 JCLOCKY = 0
ZEROTM1 = 0.0
JCLNCK2= 0
ZERQOTHMZ
IDATAHW
MULTIM]
IEXTIME
LASTIME
MULTIME
PRINT 16

16 FOPMAT (1H])

100 CALL SPEED
CALL AvEWIND

«0

D -

woWnn

IF(PRINTOK .EQ. 3IHYES) WRITE (A« TINFILE2+NTAPE2
7 FORMAT (1HO4SX®*LASER VELOCITIES®*SX®FILE®12,5X*TAPE®I2/10X*T IME,SEC®

LIOXSVELOCITYsM/SEC*10X*RECORD®)

150 CALL BUFLASZ
IBEGIN = 1

175 DO 200 M=18EGIN+LENARRZ
IF (YLASER(M) .GE. FLYBACK) Gn TO 400

200 CONTINUE
GO T0 150

300 JCOUMT = JCOUNT + 1
M =M « ]

IF (M LLE. LENARRZ) GO TO 500

400 CALL BUFLASZ2
M= ]

500 IF (YLASER(M) .GE. FLYBACK) Gn TO 300
IF (JCOUNT .GT. 15) GO TO 600
JCOUNT = 0
IBEGIN = M
IF (M LE. LENARHZ2)GO TO 175
Go TO 150

600 M = M + IBEGCHK = 1
IF (M .LE. LENARR2)GO TO 650
CALL BUFLAS2
M = M - LENARRZ

650 JCOUNT = 0
LAST = NPTSwP=NFLYBAC
DO B00 I= IHEGCHK» LAST

IF (YLASER(M) .GE. XNLEVEL(I) * 2.)GO TO 900

M= M o+ ]
IF (M +LE« LENARR2) GO TO 800
700 CALL BUFLASZ
M= ]
800 CONTINUE
IBEGIN = M
IF (FRSTPT LEQ. 3HYES) GO TO 175
VELOLAS(IPOINT) = VELOLAS(IPOINT = 1)
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PROGRAM

LASDOP TRACE

810

ezo
B25
8BTS

500

925

TIME2(IPOINT)= TIME2(IPOINT=1)+(NPTSWP®*CHANNE2®*TIMRAT2) /DIGRAT2
IF (TIME2(IPOINT) «GT. IWINU®TIMAVWD)IWIND =IWIND + 1

IF (AVEWD(IWIND) .NE,0.0) GO TO 829

IF (1EXIT LEQ. 3HYES) GO TO #70

IF (WRITAPE .EQ. 3HYES) CALL LASWRIT

IPOINT = 1

CALL SPEED

CALL AVEWIND .

IF (PRINTOK .EQ. 3HYES) wRITE(6+T)NFILE2sNTAPEZ2

G0 TO 825

IWIND = IWIND = 1

IF (AVEwWD(IWIND) .EQ. 0.0) GO TO 820

IF (PRINTOK JNE. JHYES) GO TO 875
WRITE(6+3)TIMEZ(IPOINT) + VELOLAS(IPUINT) +NRECOR2

IPOINT = IPOINT + 1

GO TO 175

IF (YLASER(M+l) «LT. YLASER(M)) GO TO 925

I =1 «1

M =M+ ]

GO TO 900

TIME2(IPOINT) = TIMRATZ®((ITIME2-ZEROTM2) 710000+ ((M )*CHANNEZ)/
o DIGRAT?)

FRSTPT = 34 NO

IF (TIME2(IPOINT) oGE. TIMEMIP .A. CHGMIR +EQs 3HYES) CALL CONSTMR
IF (TIME2(IFOINT) .GT. IWIND = TIMAVWOD) IWIND = IWIND ¢ |

IF (AVEAD(IWIND) «NE. 0.0)GO0 TO 935

IF (IEXIT .EQe 3IHYES) GO TO 930

IF (WRITAPE .EQ. 3HYES) CALL | ASWRIT

IPOINT = 1

926 CALL SPEED

CALL AVEwWIND
IF (PRINTOK .EQ. 3HYES) WRITE(6+TINFILE2sNTAPE2
GO TO 935

930 IWIND = IwWIND = 1

IF tAVEWD(IWIND) .EQ. 0.0) GO TO 930

935 wDIREC = AvEwD(IwlnD) = DIHECWR

3
1000

WDIREC = (wWOIREC * 2, ® 3.l%)/ 300,
VELOLASUIFPOINT) = ((] + &)®*CALVELO)/COS(WDIREC)
IF (PRINTUK L NE, 3HYES) GO TO 1000
WRITE(693)TIME2(IPOINT) « VELOLAS (IPUINT) +NRECORZ2
FORMAT(IH + BAFB.3+15XKF6.30lexl4)

IPOINT = IPOINT + 1

IBEGIN = M

IF (M .LEs« LENARRZ2)GO TO 175

GO TO 150

END

CDC 6400 FTN V3,0-P261 OPT=0 D2710/72
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TAPECAL TRACE COC 6400 FTN V3,0-P261 OPT=0 02/10/72

SUSROUTINE TAPECAL
COMMON/HBTAPECA/NCHANTP s NCALVAL s VARITP+ACTVOLT (5)
COMMON/BLOCK]/LENARR] +WINDIRE (100) s NRECORL+NF ILEL»
ZEROTMI+DIKMIRR(100) 4 VOLT(2+100) +WRIDATI
COHMONIBC‘LIBRISLDPEIZl-ZERUTnPlZIoSLOPtaN.nNIN?tRoSLOFEHU'
SLOPEWD+WDINTEQ+SLOPEMD+DMINTER
DIHENSION SUMCAL (2)sSUMTAP(2) + SOVALUE 12) +SUMACT(2) +ACT X TAP(2)»
SUMSQO(295) yHECMEAN(2) s TOTMEAN(295) s TEPMEAN(2) » SUMEAN(2) »
TEMPSUMI2) «STANDEV(?#5)

ICHECK = 0
NSAMPLE 0
LASTCAL 0
ICALVAL 1
DO 100 I= 1+NCHANTP
SUMEAN(I) = 0.0
TEMPSUMI(I) = 0.0
SUMCAL (1)
SUMACT (1) .
SUMTAP (1) .
SQVALUE(I) = D
ACT X TAPLI) =
TEPMEANII) = O
0
A

wonon

0.0
0.0
0.0
«0

RECMEANI(]) =
DO 100 J=1eNC
TOTMEANILsJ) =
100 SUMSQ(]e+d) = 0,
110 CALL BUFLASI1
GOTOBUF = 3H NO
IF (ICALVAL .EQ. NCALVAL) LASTCAL = LASTCAL + 1
DO 120 1=1+NCHANTP
DO 120 K=1.LENARR]
120 SUMCAL(I) = SUMCALII) * VOLT(]+K)
IF (ICHECK .GT. 0) GO To 151
NSAMPLE = NSAMPLE + 1
DO 140 I=1+NCHANTP
RECMEANIT) = SUMCALI(I) /LENARR]
IF (NKECOW]1 .EQ. 1) GO TO 125
IF (RECMEAN(I) .GT. TOTMEAN(I,ICALVAL) + VARITP .0. RECMEAN(I)
. «LTe TOTMEAN(I+ICALVAL)= VARITP) GO TO 150
125 DO 130 K=l.LENARR]
130 SUMSOUT+ICALVAL) = SUMSO(IsICALVAL) + VOLT([.K)ue2
SUMEAN(]) = SUMEAN(I) + RECMEAN(I)
SUMCAL (I} = 0.0
TOTMEAN(T s JCALVAL) = SUMEAN(I)/NSAMPLE
IF (1 .EQ« 1)
<WRITE A6+ 1 INRECOR]L » ICALVAL +ACTYOLT( ICALVAL)

1 FOEMAYT (1HO+SX2RECORYU MFANS®4X®*RECORD NUMBER®[4+TX*CALIBRATION®]IZ2»
LaX® INPUT VALUE®FS.1/11XeCHANNFL®10X*MEAN®] 3IX*CUMULATIVE MEAN® 6X
«®*NUMBER RECURDS FOR CUMULATIVE MEAN®)

140 WRITE(692) 14RECMEANC]) o+ TOTMEAN (T o ICALVAL) oNSAMPLE
2 FORMAT(IH 412Ke 12+ ]10XsFR.usluxsFB.ue25Xe13)
GO TO 110
150 NSAMPLE = NSAMPLE = 1
ICALVAL = ICALVAL + 1
151 IF (ICALVAL .GT. NCALVAL <A. | ASTCAL «GT. 3) GO TO 180

LVAL
0

0
0
0
0
v
0
0
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SUSROUTINE

TAPECAL TRACE CDC 6400 FTN V3.0-P261 OPT=0 02/10/72

ICHECK = ICHECK + 1
WRITE(6+SINRECOR] + [CALVAL+ACTYOLT(ICALVAL)

S FORMAT (1HD+SX®TEMPORARY MEANS®*SX®RECORD NUMBER®I&4s 10X®*CALIBRATION
JHI2.4 X% INPUT VALUE *FS,.1/11X®*CHANNLL®10X®*MEAN®)
DO 170 I=1+NCHANTP
RECMEAN(I) = SUMCAL (1)/LENARR]
WRITE(6+6) 1 +RECMEAN(T)

6 FORMAT(1H 412X12+10XFB.4)

© SUMCALI(I) = 0.0

IF (ICHECK LEQ. 1) GO TO 160
DO 155 K=1l.LENAKRI

155 SUMSQ(I+ICALVAL) = SUMSQ(I+ICALVAL) + VOLT(I.K)®#2
TEMPSUMIT) = TEMPSUMII) + RECMEANL])

160 IF (RECMEAN(I) .6T. TOTMEAN(I.ICALVAL=1) + VARITP .0« RECMEAN(I)
. WLTe TOTMEAN(Is ICALVAL=1)=-VARITP) GOTOBUF = 3HYES

170 CONTINUE
IFCICHECK 6T 3) GO TO 180
IF(GOTORUF .kQ. 3nYES) GO TO 110
DO 175 1=1+NCHANTP

TEMPSUMITI) = 040

175 SUMSDIT-ICALVAL) = 0.0
ICHECK = 0
ICALVAL = [CaLVAL = 1
GO T0 110

180 1END = ICALVAL - 1
WRITE(6+8) TENDsACTVOLT(IEND)
B FOHMAT(1HO./+5X*STANDARD DEVIATIONS#10X*CALIBRATION®12+SX® INPUT VA
LLUESFS5,1/1 1 XeCHANNEL® 10X ®RMS*)
DO 190 I=14NCHANTP
STANDEV(I+1END) = SQRT(SUMSQ(Te[END)/ INSAMPLE®LENARR]L) -
. TOTMEAN(I+ IEND) ®#®2)
190 WRITE(6+9) 1+STANDEV (I IEND)
9  FORMAT(LH +12X12+7XF9.3)
NSAMPLE = JCHECK = 1
DO 195 I=1«NCHANTP
SUMEAN(T) = TEMPSUML])

TOTMEANIT» ICALVAL) = TEMPSUMI(T)/NSAMPLE
195 TEMPSUMI(I) = 0.0
ICHECK = 0

IF (ICALVAL LE. NCALVAL) GO 7O 110
WRITE(6+10)NRECOR]
10 FORMAT(1H0+5x®ACTUAL VS TAPE VvOLTAGE®10X®*LEAST SQUARE METHOD®#SX®NU
.MBEQ RECORDS USED FOR CALCULATIONS=I3)
DO 210 I=1+NCHANTP
DO 200 J=1+NCALVAL
SUMTAP(]) = SUMTAPI(L) ¢+ TOTMEAN(IL+J)
SOVALUE (1) = SQVALUE(L) + TOTMEANI(]»J)ee2
ACT X TAP(I) = ACT X TAP(I) + TOTMEAN(I+J)®ACTVOLT(J)
200 SUMACT(I) = SUMACTI(I) + ACTvOLT(J)

SLOPE(T) = (SUMACT(I) =SUMTAP(I) =NCALVAL® ACT X TAP(I))/
. (SUMACT (1) ®®2- NCALVAL®*SQVALUE(]))
ZEROTAP(I) = (SUMACTI(1)®ACT X TAP(]) = SUMTAR([)®SQVALUE(I))/

i (SUMACT(T)®==2= NCA| VAL®*SUVALUELTL))
WRITE(GOs 11 1o (ACTVOLT () s TOIMFAN(TsJ) v J=1sNCALVAL)
11 FORMAT(1H0.10X®C H A N N E L®[3/15x*VALUES USEU FOR LEAST SQUARE C

13.01.02.
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SUBROUTINE TAPECAL TRACE CDC 6400 FTN V3.0-P261 OPT=0 02/10/72 13.01.02, PAGE k]

«ALCULATIONS#10X® INPUT VALUE®SX®TAPE VALUE#/(09XF&.lellXF6.3))

210 WRITE(6+12)SLOPE(I) »ZEROTAP(])
12 FORMAT (1HO+1SX*VALUES OBTAINED FROM LEAST SQUARE CALCULATIONS® TX* -

13

«SLOPE®dX® INTERCEPT®*/68BXFS5.3¢11XF5.3)
PRINT 13

FORMAT (1H1)

RETURN

END
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SUBROUT INE

INSTCAL TRACE

SUBROUTINE INSTCAL
CO“HON/BlNSTCiINlNS?A%chRIlNuFULSCIHoZEROUD-FUtSCiHoZEROHDO
FRSTIN
COMHONIBLOCKI/LENA“RI'iINDIREIIOOI-NRECORI.NFILEI-
ZEROTM] +DIRMIRR (100) +VOLT (25100} +WRIDAT]
COMMON/BC&LIBR/SLDPE(Z].ZEROYlPtZl.SLOPEAN-nnlnTLR.SLOPEHI.
SLOPEWD s WDINTER s SLOPEMDsDMINTER
DIMENSION SUMSOWU (3) «SUMSQMO (3) s TMEANWD (3) s TMEANMD (3) » STDEVWD(3) »
. STDEVMD( )
LEVEL = 10HZEROD INPUT
NRECOR] = 0
IF (FRSTINT JEQ. 3HYES) NRECOR] = )
SUMWD = 0.0
SUMMD = 0.0
SUMAVEwW 0.0
SUMAVEM 0.0
NSAMPLE 0
INSCAL
TEMPWD
TEMEMD
ICHECK
Do 100 1N
SUMSOWDI(I) = 0
=0
E

. .
oo

wonwonn

heooom

SCAL

100 SUMSQMDII)

IF (NRECOR] .
150 CALL BUFLAS]

GOTORUF = 3H NO

IF (NFILELl .GT. 1) GO TO 850
17S DO 200 K=]+LENARRI

1) 60 70 175

SUMwD = SUMwWD ¢ WINDIRE(K)
200 SUMMD = SUMMD + DIRMIRR(K)

AVEWD = SUMWLD/LENARRI]

AVEMD = SUMMD/LENARRI]

SUMWD = 0.0

SUMMD = 0.0

IF (NRECOR] .EQ. 1) GO TO 300
IF (ICHECK .GT. 0) GO TO 600
IF (AVEWD .GT. TMEANWD(INSCAL) +« VARIIN) GO TO 500

300 SUMAVEW = SUMAVEW ¢ AVEWD
SUMAVEM = SUMAVEM + AVEMD
NSAMPLE = NSAMPLE + 1
TME ANWD L INSCAL) = SUMAVFW/NSAMPLE
TMEANMD (INSCAL) = SUMAVEM/NSAMPLE
WRITE(641)INRECOR] sLEVEL ¢ AVEMUD . TMEANMD { INSCAL ) s NSAMPLE s AVEWD»

TMEANWU (L INSCAL ) s NSAMPLE

1 FuRwﬁrllHO.bx*leIRUMENT CALIARATION®SX®*RECORD MEANS*SX*RECORD®*I3»
JSX®INPUT ®A10/10X® INSTRIUMENT#)0X*RECORD MEAN®LOX®CUMULATIVE MEAN®
.I01°NUH5EH OF RECORDS IN CuMU_ATIVE MEAN®/TX®*MIRROR DIRECTION®9XF6&
eeds19XAF6,3,304127 BXewlnD DIRFCTION®10XF6.3+19KFb.3+30X12)
U0 400 K=l.LENARR]

SUMSOWD L INSCAL) = SUMSQWU(INSCAL) + WINDIRE(K)@®2
400 SUMSUMD(INSCAL) = SUMSUMDIINSCAL) + DIRMIRRIK) ee2
GO TO 150

S00 INSCAL = IMSCAL + 1
600 ICHECK = ICHECK + |

CDC 6400 FTN V3.0-P261 OPT=0 02/10/72

13.01.02.
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SUBROUTINE INSTCAL TRACE CDC 6400 FTN V3.0-P261 OPT=0 02/10/72 13.01.02.

IF (ICHECK .LT. 2) GO To 150
TEMPWD = TEMPWD ¢ AVEWD
TEMPMD = TEMPMD + AVEMD
IEND = ICHECK = 1
60 LEVEL = 10HFULL SCALE
WRITE(Ay2)NRECORL+LEVEL y AVEMD , TEMPMD ¢ IEND s AVEWD +» TEMPWD s 1IEND
2 FOHRMAT (1HO 4SX®*TEMPORARY SUMS*J0X*RECORD®*I3410X#* INPUT ®AL10/ L0X*INS
LTRUMENT®* 1 0X8RECCRD MEAN®)0X®SyM OF RECORD MEANS®*10X®NUMBER OF RECO
LRDS IN SuMe,/ TX®MIRROR DIRECTION®*SXF6.3+20AF6.3+25212/8X *WIND DIR
65 LECTION®#10AF6,3+204F6,3+25K12)
! 00 700 K=1+LENARRI]
! SUMSOWD (INSCAL) = SUMSQWD(INSCAL) « WINDIRE(K)=®2
! 700 SUMSOMD I INSCAL) = SUMSQOMU(INSCAL) ¢ DIRMIRR(K)®®2
BOO IF (AVEWD ,GT+ TMEANWD(INSCAL=-1) ¢ VARIIN) GOTOBUF = 3HYES
7 IF (ICHECK .GT,. 3} GO To 900
IFIGOTOBUF LEQ. 3nYES) GO TO 150
SUMSQWOD (L INSCALY = 0.0
SUMSUMD(INSCAL) = 0.0
0

! ICHECK =
i 1S TEMPWD = 0,0
i TEVPMD = 0.0
¢ INSCAL = INSCAL = 1
' 60 TO 150
: 850 INSCAL = INSCAL + 1 H
i An 900 IEND = INSCAL = 1
LEVEL = 10HZERQ INPUT
! IF (IEND .F0. 2) LEVEL = 10MFULL SCALE
STOEVWD(1END) = SQRT (SUMSOWD(TEND) / (NSAMPLE®LENARRL) -
& TMEANWD (IEND) ®##2)
as STOEVMDUIEND) = SURT(SUMSOMD I TEND) 7 INSAMPLE®LENARRL) =
. TMEANMD (IEND) ##2)
WRITE (6+3) TEND+LEVEL +STDEVMU(TEND) « STDEVWD {IEND) .

3 FORMAT(IHO.SX®STANDARD DEVIATJONS®*10X*CAL IBRATION®I2+10X® INPUT @
JATO/Z1OXK®INSTRUMENT®10X®*RMS®/Tx *M [RROR DIRECTION® 6XFS.3/ 8X*WIND D
an LJIRECTION®7XF6.3)
LEVEL = 10HFULL SCALE
NSAMPLE = JCHECK = 1
1 SUMAVEwW=TEMPWD
1 SUMAVEM = TEMPMD

95 TMEANWD (L INSCAL) = SUMAVEW/NSAMPLE
THEANMD(INSCAL) = SUMAVEM/NSAMPLE
TEMPWD = 0.0
TEMPMD = 0.0
ICHECK = 0

100 IF (INSCAL .LE. NINSCAL) GO Tn 150

SLOPEWD = (FULSCAW=ZEROWD)/(THEANWD(2)~TMEANWD(1))

SLOPEMD = (FULSCAM=/EROMD)/ (TMEANMD(2)=TMEANMD (1))

DMINTERP = FULSCAM - SLOPEMD®*TMEANMULZ)

WDINTER = FULSCAW = SLOPEWD®*TMEANWU(2)

h 10s WRITE (64 )NHECORL s TMEANMD (1) + ZEROMD » THEANMD (2) « FULSCAM» SLOPEMD »

JOMINTERsTMEANAD (1) s ZEROWD s TMEANAD (2) s FULSCAW+SLOPEWD s WDINTER
4 FORMAT(1HOSX® INSTRUMENT CaL [=RATION®SX*NUMBER OF RECORDS USED®13/

. 1UxeMIPROR DIMECTION®/19X®vA) UES USED FOR CALIBRATION®10X®INPUT®*S
LA *TAPE VALUE®SX®ACTUAL VALUE®/ S3X®ZERO®*6XFO.3+10XFT7.3/ 49x*FuULL

11n CSCALE®4AF6,34104F7,3/ 1SK®*VALIES OBTAINED®#22XSLOPE®SX* INTERCEPT®/




PvS—— "

e i

(:

L &

SUBROUT INE

INSTCAL TRACE CDC 6400 FTN V3.0-P261 OPT=0 02/10/72
S1XFT.3+6XF5.3//10X*WIND DIRECTION®/ 1S5X®VALUES USED FOR CALIBRATI
LON®*10X® INPUT*SX ®TAPE VALUE®SX®ACTUAL VALUE®/S3IX®*ZERO®6XF6.3+10XFT7

3/ G9IXSFULL SCALE®4xXF6,3+10XFT7,3/15X*VALUES OBTAINED®*22X®SLOPE®SX
«*INTERCEPT#*/S1IXFT43+6XF7.3)

RETURN

END
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SUSROUTINE LAS

100
150
S0

200
300

%00

500

600

700

CAL TRACE CDC 6400 FTN V3,0-P261 OPT=0 02/10/72

SUBROUTINE LASCAL
COMMON/BLASCAL/NCALRECsNSWPREC IBEGCHK + CALEVEL + CALVELO»WAVLENY

. DEVFREQ
COMMON/BLOCK2/LENARRZ ¢ SYNC (1500) » YLASER (1500) +NRECOR2+NF ILE2#
§ ZEROTH2+WRIDAT2 ,NTAPE2

COMMON/BLASER/NFLYBACINPTSWP
DIMENSION NPTRIG(Z0)

NEXT = 0
NPTSWP = 0
SLASTPT =
CALVELD =
NSAMPLE = 0
NSWPS = O
LASTPT = 0
GO = 3H NO
LEFTOVR = 0

CALL BUFLASZ

IF (NHECORZ .GT. NCALREC) GO 1O 900

NTRIG = ]

DO S0 I=1+20

NPTRIG(I) = 0

DO 500 K=14LENARRZ

IF (K .GT« 1) GO TO 200

IF (SYNC(K) «GTe 0a0 «A. SLASTPT +LTe 0.0) GO TO 300
GO TO S00

IF (SYNCIK) o«GTe 040 «A. SYNC(K=1) 4LTe 0.0) GO TO 300
GO TO 500

IF (G0 .EG. 3H NO) GO TOD 400

NPTSWP = NPTSWP + K = LASTPT « LEFTOVR = 1

NSWPS = NSWPS + 1

LEFTOVR = 0

NPTRIGINTRIG) = K =1

NTRIG = NTRIG #+ 1

LASTPT = K = 1

L0 = 3HYES

CONT INUE

SLASTPT = SYNC(LENARRZ2)

LEFTOVR = LENARRZ = NPTRIGINTRIG=1)

LASTPT = 0

NEXT = 0

NTRIG = 1

NAVEPTS = MPTSWP / NSWPS

ISTART = NPTRIGINTRIG) + IBEGCHK

LAST = NPTRIGINTRIG) + NAVEPTS = NFLYBAC

IF (LAST .GT. LENARR2) NEXT = LAST = LENARRZ

IF (LAST «6T. LENARRZ)ILAST=LEnARRZ

DO 700 1 = ISTARTSLAST

IF (YLASER(I) «GT. CALEVEL) NFAT = 0

IF (YLASER(I) .GT« CALEVEL) Gn TO 800

CONT INUE

IF (NEXT <FQ. 0) GO TO 750

CALL BUFLAS2

DO 725 J=1+NEXT

IF (YLASER(J) JLE« CALEVEL) Gn TO 725

I=J+LENARR?

13.01.02.
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SUSROUTINE LASCAL TRACE CDC 6400 FTN v3.0-P261 OPT=0 02/10/72 13.01.02,

GO TO 800
725 CONTINUE
IF (NRECORZ .GT. NCALREC) GO TO 900
GO TO 150
TS0 NTRIG = NTRIG + 1
IF ( NPTRIGI(NTRIG) +GT. 0) GO TO 600
IF (NRECOR2 .GT. NCALREC) GO TO 900
GO TO 100 .
800 IF (YLASER(I+1) .GT. YLASER(I)) I=] el
CALVELD = CALVELO + I = NPTRIGINTRIG)
NSAMPLE = NSAMPLE + 1
NTRIG = NTIRIG + 1
IF (NRECOR? .GT. NCALREC) LO TO 900
IF (NEXT +GT. 0) GO TO 150
IF (NPTRIGINTRIG) .GT« 0) GO TO 600
GO TO 100
900 CALVELO = CALVELO/NSAMPLE
NPTSWP = NPTSWP / NSWPS
WRITE (69SINRECORZsCALVELOYNPTSWR
5 FOuMAT (1H] +SX*DEVIATION FREQUFNCY CALIBRATION®SX®*NUMBER OF RECORDS
. USED FOR CALIBRATION®T3/95K*wAVELENGTH X DEV. FREQ.*/10X*AVERAGE
JNUMRER OF POINTS TO DEVIATION FREQUENCY®SX®AVERAGE NUMBER OF POINT
WS/ SWP AR e e e ~—-==%; 95X®#2 X POINTS TO DEV. FREQ.*/
e 32XFS.1439K13)
CALVELO = (WAVLEN®DEVFREQ)/(22CALVELO)
WRITE(6+6)CALVELO
6 FOIMAT(IH*4104XF5.4)
RETURN
END

PAGE 2
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NOISCAL

PAGE

TRACE CDC 6400 FTN V3.0-P261 OPT=0 02/10/72 13.01.02.
SUBROUTINE NOISCAL

COMMON/BNOISCA/FLYBACKsNOISRECXNLEVEL (275)
COMMON/3LOCK2/LENARR2sSYNC(1500) s YLASER (1500) +NRECORZ+NF ILE2»

. ZEROTM2+WRIDAT2.NTAPEZ

COMMON/BLASER/NFLYBAC+NPTSWP

DIMENSION SUMPTS(300)

DO 100 I=14NPTSwP

SUMPTSI(I) = 0.0

CALL BUFLASZ2

K =1

JCOUNT = 0

DO 200 I=K+LENARRZ

IF (YLASER(I) .GT. FLYBACK) Gn TO 300
COMNT INUE

IF (NRECOK2 .GE. NOISREC) GO 70 800
G0 TO 150

DO 400 J=I+LENARRZ

JCOUNT = JCOUNT + 1

IF (YLASEH(J) JLTe FLYBACK) GO TO 450
CONTINUE

IF (NRFECORZ JGE. NOISREC) GO TO 800
CALL BUFLAS2

1 =1

Lo TO 300

IF (JCOUNT .G6T. 15) GO TO 500

JCOUNT = 0

K=J

IF (K.LE. LENARR2) GO TO 175

IF (NRECORZ2 .GE. NOISREC) GO TO 800
GO TO 150

M=]

ISTART = J = 1 . .
DO 600 K=ISTART.LENARRZ

SUMPTS (M) = SUMPTSI(M) + YLASERIK)
M=M+]

IF (M .GT. NPTSWP = NFLYBAC) GO TO 700

CONT INUE

IF (NRECOR2 .GE. NOISREC) GO TO 800
CALL BUFLASZ

J= 1

GO TO S50

NSAMPLE = NSAMPLE + 1

JCOUNT = 0

IF (K .LE. LENARRZ) GO TO )75

IF (NRECORZ2 .LT. NOISREC) GO TO 150
LAST = NPTSwWP = NFLYBAC

DO 900 1 = LlsLAST

ANLEVEL(I) = SUMPTSI(]) / NSAMpLE
WRITE (6s1) (XNLEVEL(I)sI=1+LAST)

FORMAT (1HO«/9+® NOISE LEVELS*./s(1Xs15(FB.3)))
DO 1000 I=9+LAST :
XNLEVEL (1) = 40,0

RETURN

END
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BUFLASI1 TRACE

100

200
1

300
400

2

500

600

700
3

800

SUBROUT INE BUFLASI
COMMON/BBUFLAL/NTOTFIle JCLOCK) o JIEXIToTIMADASNREC
COMMON/BLOCK1/LENARR] »WINDIRE {100) s NRECOR1 sNFILEL»

. ZEROTM1+DIRMIRR(100) 4VOLT(2+100) +wRIDATI
COMMON/BSKCEQL /LPACDAL» IDENT 1 +NFLSKP1sNRCSKP]
COMMON/UNPK1/ZITIMEL » ICOMWRD (201) » IDATWRD(1000)

CORTIM] = 3H NO ’

BUFFER IN(ls)) (ITIMEL»ICOMARDILPACDAL))

IF (UNIT(1)) S00+200+400

WRITEL6s1) NHECORLNFILEL

FORMAT (1H0+# THERE ARE®I5® RECORDS ON FILE®I3® UNIT 1. ENCOUNTERE
.D IMN BUFLAS]®)

NRECOK] = 0

NFILEL = NFILELD 1

IF (NFILEl 0T, NTOTFILl) GO To 300

IF (IDENT] JEQ. 3HYES) CALL HFADER]

GO TO 100
IEXIT= 3HYES
RETURN

NRECOH] = NHRECOR] + 1

LEN = LENGTHI(L)

WRITE(S42) NHECORL#NFILEL#LEN

FOQMAT (1HO.® PARITY ERROR ON NEXT DATAs RECORD®*IS5* FILE#I&s5X* NU
LMBER OF COMPUTER WORDS*14)

IF(LEN o«NE. LPACDALY GO TO 100

CALL UNPAK]

CALL SORTI

IF (WRJUAT] JEQ. 3H NO) CALL NATWRI1

GO TO 600

NRECOR]1 = NRECOR1 + 1

LEN = LENGTHI(])

IF (LEN .NE. LPACDALl) GO TO 700

CALL UNPAK]

CALL SORTI

IF (NRECOR) LEQ. 1) ZEROTM] = ITIME]L

IF (ITIMEL1=999999 .GTe =12000) CORTIMI=3HYES

ITIMEL =ITIMEL +JCLOCK1#999999 « TIMADA/(NREC=1)*(NRECOR1~-1)
IF (CORTIM] LEQ. 3IHYES) JCLOCk]l = JCLOCK] + 1

RETURN

WRITE(6+3)NRECOR] oNFILET#LEN

FORMAT(1HO,* RECORD ENCOUNTERFD OF IMPROPER LENGTH ON UNIT 1. RECO
RkD®l4® FILE®]2®* NUMBER OF COMPUTER wWORDS®*I4)

GO TO 100

RE TURN

END

CDC 6400 FTN V3.0-P261 OPT=0 O02/10/72
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200
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2
300
3

CDOC 6400 FTN V¥3.0-P261 OPT=0

SUBROUTINE HEADERI
COMMON/BLOCK1/LENARR] s W INDIRE (100) yNRECOR1 oNFILELw

ZEROTMI+DIRMIRR (100) sVOLT(2+100) ¢ WRIDAT1
CO“MON/BHEAD1/10(9)

BUFFER IN(1+0)(ID(1)+ID(9))

IF (UNIT(1))300+200+100

PRINT 1sNFILEL .

FORMAT (1HO,® EOF READ IN HEADER ON FILE®I2* UNIT 1*)

GO TO 50

PRINT 2+ NFILE1

FORMAT (1HO® PARITY ERROR IN HEADER ON FILE®I2® UNIT 1)
LEN = LENGTHI(])

PRINT 3¢ NFILEL«(IDUI)»1=1s2)4LEN

FOSMAT (1HO«® ID ON UNIT 19 FI_E®#I2e [S #2A10* NUMBER OF COMPUTER
JORDS*]4)

RETURN

END

0z2s10/72

13.01.02,
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SUSROUTINE SORTI TRACE

100

SUBROUTINE SORTI1

COMMON/BSORT1/1BEGSK]1» ISKIP1+FACTORI]

COMMON/BLOCK1/LENARR] oW INDIRE (100) ¢ NRECORLsNF ILEL»
ZEROTM1+DIRMIRR(100) »VOLT(2+100) +wWRIDATY

COMMON/UNPK1/1TIMELs ICOMWRD (201)+ IDATWRD(1000)

M= TBEGSKI]

DO 100 I=1+LENARRI.

WINDIRE(I) = IDATWRD(M) * FACTORI .
VOLT(1s1) = IDATWRO(M+#1) ® FACTORI
DIRMIRR (1) = IDATWRD(M+2) * FACTOR]
VOLTI(2+1) = IDATWRD(M+3) #* FACTOR]
M= M+ JSKIP]

IF (WRIDAT1 .EQ. 3HYES) CALL NATWRI1
RETURN

END

CDC 6400 FTN V3.0-P261 OPT=0 02/10/72
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ROGRAM LASDOP TRACE COC 6400 FTN v3.0-P261 OPT=0 o0zs10/72
1=l £l

SUBROUTINE DATWRII TRACE CDC 6400 FTN V3.0-P261 OPT=0 02/10/72 13.01.02. PAGE 1

SUBROUTINE DATWRIL
COMMON/BLOCK ] /LENARR]L +WINDIRE (100) ¢y NRECORL sNFILEL»
. ZEROTM] +DIRMIGR(100) 4 VOLT(2+100) s wRIDATI
COMMON/UNPK]1/ITIME]L» ICOMWRD (201) » IDATWRD(1000)
< WRITE (6+1) NRECORI1+ITIME]

1 FORMAT (1Hls* RECORD NUMBER #*[&+6X* JTIMEI®*16)
WRITE (6+2) (VOLTUleI)eI=1sLENARR])

2 FORMAT (1HOw/Z+ (1Xe10(F1045¢2X)) )
WRITE (6+2) (VOLT(2#1)sI=1+LENARRL)

1n WRITE (642) (WINUDIRE(I)sI=1sLFNARR])
wRITE (642) (DIRMIRR(1)4I=1sLFNARRL)
RETURN
END

"
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SUBROUTINE BUFLASZ
COHHON/BBUFL!Z/JCLOCK?OIE!TIHEONRECZ|NRECJ|NREC§;T!"!DJ1oTlHlDJZO
TIMADJ3I»TIMADJG
OHHDNIBLOCKZILﬁnaRREoSYNClIbnOlnvLASERllSQODoNﬁEcoﬂzoNFILEZo
ZEROTM2+WRIDAT24NTAPE2
coMHON/bSKDEDEJLP&cDIZo NTOTFI2s IDENT2sNFLSKPZ2+NRCSKPZ2y
NTOTAPE+ IEXIT2.NTOTRECe TIMADY
COHHONquPEEn/SUHUELD-lanPLh IDATAHW s SUMVOL T« TIMRAT 1 » CHANNEL »
DIGRAT ]+ TIMECHG,VOLTCHGeMULT IME» TIMEHW+ DCSUPRE
sFRSTSPDWRITAPEPRINTOK
COHHON/B!RITE/I1HE8I1500}-V:LOLASIISOBIOIPOINT
COMMONZUNPK2/1TIME2+LCOMWRD (601 ) »LUATWRD (3000)
CORTIMZ = 3H NO
100 HUFFER IN(2+1) (ITIMEZ2+LCOMWRD(LPACLAZ))
IF [UNIT(2)) “«00+200.300
200 WRITE(6e]1) WRECORZsNFILEZsNTAPEZ
1 FORMAT (1HO+% THERE ARE#lo#* RFCORDS ON FILE*I3# TAPE®]12)
NFILEZ = NFILEZ + )
NRECORZ = 0
IF (NFILE2 «GT. NTOTFI2) GO Tn 250
225 IF (IDENTZ JEQ. JIHYES) CALL HEADERZ
GO TO 100
250 NTAPEZ = NTAPEZ + 1]
IF INTAHEZ .GT. NTOTAPE) GO Tn 600
NFILEZ = 1
NTOTFLI2 = 1
CALL UNLOADw(2)
JCLOCKZ = 0
IEXTIME = [STORTM
260 GO TO (220+230+240)sNTAPE2
220 NTOTWEC = NWECZ
TIMADJ = TIMADJZ2
60 TO 225
230 NTOTREC = NREC3
TIMADJ = TIMADJI
GO TO 225
2640 NTOTREC = NREC4
TIMADY = TImMADJG
G0 TO 225
300 NRECORZ2 = NRECORZ +]
LEN = LENGTH(2)
WRITE (6+3) NRECOR2sNF ILE2+NTAPE2sLEN
3 FORMAT (1HOs® PARITY ERROR ON RECORD®I6® FILE®]13® TAPE®[2® NUMBER
LOF COMPUTER WORDS*14)
IF (LEM JNE. LPACDAZ2 ) GO TO 100
CALL UNPAK?2
CALL SO&TZ2
IF (WRIDAT2 .EQ. 3H NO) CALL DATWRIZ2
GO TO 300
400 NRECORZ = NRECORZ + |
LEN = LENGTH(2)
IF (LEN .EQ. LPACDAZ2) GO TO 450
WRITE(bea) LENsNRECORZ2+NF ILE2yNTAPEZ2
4 FORMAT(1HOs® ENCOUNTERED RECORD OF IMPROPER LENGTH. LENGTH WAS®]3*®
. COMPUTER wWORDS. THIS OCCURRED ON RECORD®*IS® FILE=I2* TAPE®=[2* ON
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SUBROUT INE

BUF_AS2 TRACE

+UNIT 2%)

GO TO 100
450 CALL UNPAK2

CALL SORT2

500 IF (NTOTREC .EQ. 0) RETURN

1F (NRECOR2

« * IEXTIME

550 IF (CORTIM? .En. 3HYES) JCLOCk2 = JCLOCKZ + 1

ISTORTM = [T
IF (NRECOR2

.EQ. 1) ZEROTM2 = ITIMER2
IF (ITIMEZ - 999999 .GT. =935) CORTIMZ = 3HYES
ITINE2 = ITIME2 + JCLOCK2#939999+(TIMADJ/ (NTOTREC=1))® (NRECOR2=1)

IME2

«LE. NTOTREC)RETURN

WRITE(H+2INRECORZsNTAPEZ

2 FORMAT (10 +5SX®REACHED RECORD®[5® ON TAPE®I2® WITHOUT EOF®)

GO TO 200
600 IF (wWRITAPE
LEMNARRZ = 1
CALL LASWRIT
700 ENDFILE 3
ENDFILE 3
ENDFILE 3
ENDFILE 3
REwlIMD 3
CALL ExIT
RETURN
END

«NE. 3HYES) CALL FXIT

CDC 6400 FTN V3.0-P261 OPT=0 02/10/72

Y




SUBROUTINE HEADERZ2 TRACE CDC 6400 FTN V3.0-P261 OPT=0 02/10/72 13.01.02,

SUBROUTINE HEADERZ2

q COMMON/BLOCK2/LENARR2+SYNC(1500) s YLASER(1500) sNRECOR2+NFILE2»
. ZEROTM2+WRIDAT2 (NTAPEZ2
COMMON/BHEAD2/1D1(9)
[l 5 S0 BUFFER IN(2+0) (ID(1)+ID(9))
IF (UNIT(2)) 300+100,200
100 PRINT 1+NFILE2+NTAPE2
[ 1  FORMAT(1HO,* EOF IN HEADER ON FILEwI2® TAPE®#I2# ON UNIT 2.%)
GO TO S0
i 10 200 PRINT 2+ NFILE2+NTAPEZ2
| 2 FORMAT(1HO,® PARITY ERROR IN WEADEk ON FILE®I2e TAPE®[2% UNIT 2#)
4 300 LEN = LENGTHI(2)
I PRINT 3 NFILE2s NTAPE2+(ID(IVeI=142)sLEN
- 3 FORMAT(1HO.® ID ON FILE#I2e TaPE®lge UNIT 2 IS ®2A10®* NUMBER OF CO
1s MPUTER WORDS®I«4)
RETURN
[ END
L]
!
o
'
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i
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SUBROUTINE SORTZ2 TRACE

100

CDC 6400 FTN V3.0-P261 OPT=0

SUBROUTINE SORT2

COMMON/BSORTZ2/IBEGSKZ2s ISKIP2

COMMON/BLOCK2/LENARRZsSYNC(1500) + YLASER(1500) +NRECOR2+NF ILE2»
ZEROTM2+WRIDATZ«NTAPEZ2

COMMON/UNPK2/ITIME2+LCOMWRD (601) o LUATWRD (3000)

M=]BEGSK2

DO 100 I=1.LENARRZ

SYNC(I) = LDATWRDIM)

YLASERI(I) = LDATWHD(M+]1)*(=1.n)

M=Me+ ISKIP2

IF (WRIDATZ2 .EQ. JHYES) CALL DATWRIZ
RETURN

END

02/s10/72

13.01.02.
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SUSROUTINE DATwRIZ2 TRACE CDC 6400 FTN V3.0-P261 OPT=0 02/10/72
SUBROUTINE DATWRIZ
COMMON/BLOCK2/LENARR2+SYNC(15n0) ¢ YLASER(1500) +NRECORZ2eNFILEZ»
. ZEROTM2+WRIDAT2.NTAPE2
COMMON/UNPK2/ITIME2LCOMWRD(601) s LOATWRD (3000}

5 WRITE (6+1) NRECORZ2sITIMEZ

1 FORMAT (1H1+*® RECORD NUMBEK®[s4* ITIMEZ=®]6)
WRITE (6+2) (SYNCUI)sI=1eLENARRZ)
2 FORMAT (JHO+/+(1Xs10(FLO.5+1X)))
" WRITE (6+2) (YLASER(I)sI=1+LENARRZ)

in RETURN

END

13.01.02.
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SKPEOF1 TRACE CDC 6400 FTN V3.0-P261 OPT=0 02/10/72 13.01.02.

SUBROUT INE SKPEOF1
COMMON/BLOCK 1 /LENARR] +WINDIRE (100) 4 NRECOR1sNFILEL» -
ZEROTM]sDIRMIRR (100} +VOLT(2+100) +WRIDAT]
COHMON/UNPKIIITIHEI.ICOMHRO(EGIIoIDiTﬂRDllBOOI
COMMON/BSKPEOL/LPACDAL» IDENT1sNFLSKP1sNRCSKPI -
NREC = 0
IF (NFLSKP) .LE. 0) GO TO 500
NFILSKP = ]
100 HBUFFER IN(1ls ll{ITIME101CDNURDGL9hculIlI
IF (UNIT(1)) 300,400,200
200 LEN = LENGTHI(1)
NREC = NREC + 1
NRECOR1 = NRECORL + 1

WRITE(6+2) NYECORI«NFILELsNFLSKPLaNRECSLEN -
2 FORMAT (1HO+® PARITY ERROR IN RECORD#[4® FILE#I2# ON UNIT 1. ENCOU
LNTERED WHILE SKIPPING FILE®*1J3, SX* NUMBER RECORDS SKIPPED®13®.
. LENGTH OF RECORD®]4* COMPUTFR WORDS*) =
GO TO 100
300 LEN = LENGTH (1)
NREC = NREC + 1 -
NRECOR 1 = NRECORL + )
IF (LEN .NF. LPACDA]) WRITE(6s3) LPACDAL sLEN+NRECOR]L o+NFILEL»
NREC -

3 FD&H&TI!HO-' A RECURD WAS ENCOUNTERED WITH LENGTH NOT EQUAL TO®ls®
. COMPUTER wWORDS. LENGTH WAS®*14®,®/S5XK® RECORD®I14* FILE®*I2®* ON UNIT
«ls NUMBER OF RECORDS SKIPPEL=I4) -
GO TO 100

400 WRITE(6+4)NRECOR]L#NFILEL sNRECNF ILSKPsNFLSKPL

4 FORMAT(1HOWSX*THERE WERE®*15¢ RECORUS ON FILE®I2% UNIT 1.#/5X]3* RE -~
.CORDS SKIPPED ON THIS FILE. TOTAL NUMBER OF FILES SKIPPED®I2* TOT
+AL NUMBER TO BE SKIPPED#12) #

0

NFILE 1= NFILELl + 1 .
NFILSKP = NFILSKP + ]

NREC = 0

NRECORI= 0 o
IF (ICENT1 .EQ. 3HYES) CALL HEADER]) .

IF (NFILSKP .LE. NFLSKP1) GO TO 100 : !

IF (NRCSKP] .GT. 0) GO TO 500 -
RETURN

S00 DO 900 I=]1.NRCSKPI
BUFFER IN(1+1) (ITIMELl+ICOMWRD (LPACDAL)) -

IF (UNIT(1))B00+T700+600

600 LEN = LENGTH (1)
NHEC = NREC + 1
NRECOR] = NRECORL + ]
WRITE(6+45) NRECOR1+NFILE)+NRECsNRCSKPL+LEN

S FORMAT(1HO® PARITY ERROR IN RFCORDe#l&4® FILE®I2® ON UNIT l.2/5X® NU
.MBER RECORDS SKIPPED®I4* NUMBFR RECORDS TO BE SKIPPED®=13s, LENGTH
. OF RECORD WAS®[4® COMPUTER WORDS.*)
G0 TO 900

TOO0 WRITE (6+6) NRCSKPL1+NREC+NRECORLWNFILEL

6 FORMAT(1HO.® EOF READ WHILE TRYING TO SKIP*#[3% RECORDS.®*I14* RECORDS
.S HAVE HEEN SKIPPED. RECORD NUMBER®14® FILE®I2® ON UNIT 1®)
GO TO 900

BOO0 NREC = NREC + 1



SUHBROUT INE

60

65

SKPEOF] TRACE CDC 6400 FTN V3.0-P261 OPT=0 02/10/72

NRECOR 1= NRECORY ¢ ]

LEN = LENGTHI(])

IF (LEN «NE. LPACDAl) WRITE(6+3)LPACDAl+LENsNRECORLsNFILEL
NREC

900 CONT INUE

7

WRITE(6+7) NREC+NRCSKP1sNRECOR1+NFILE]

FORMAT(1HO+* COMPLETED SKIPPING*I4® RECORDS. NUMBER OF RECORDS TO
. HAVE BEEN SKIPPED®I4/5X*® RECORD NUMBER®]5* FILE®I2® ON UNIT 1%)
RETURN

END

13.01.02.
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SUSROUTINE SKP

100
200

2

300

3

6400
&

450

475
4B0

485

EOF2 TRACE ' CDC 6400 FTN V3,0-P261 OPT=0 02/10/72

SUBROUTINE SKPEOF2

COMMON/BSKPED2/LPACDAZ, NTOTF 12+ IDENT2sNFLSKP2sNRCSKP2»
NTOTAPES IEXIT2,NTOTREC» TIMADJ

COMFON/BBUFLAZIJCLOCKZ'IERTIHECNRECZuNREC]oNREC&.YlﬂhDJIuTlHQDJZQ
TIMADJ3+TIMADJS

COHKDN/HLOCK?/LENARRZ-SYNCIlSqolu?LlsERIISOOIoNRECORZ.NFILEZt
ZEROTHMZ2+WRIDAT2.NTAPEZ

CO"HON/UNPKZ!lTIKEEoLCDHHRUlbnlIrLDlIURDiJOﬁOl

NREC = 0
IF (NFLSKP2 JLE. 0) GO TO 600
NFILSKP = |

BUFFER IN(2+41) (ITIME2+LCOMWRNILPACDAZ))

IF (UNITt2)) 300+4004200

NREC = NREC + 1

LEN = LENGTH(2)

NHECORZ = NRECOKZ + )

WRITE(642) NFILE2eNTAPE2+NRECOR2+NRECHLEN

FCRMAT (1HO,# PARITY ERROR OCCURRED WHILE SKIPPING RECORDS ON FILE
JNUMRER#12®* OF TAPE®Ig+® UNIT 2,%/5X® THE RECORD NUMBER IS®*]15,2X13*
LRECORDS HAVE HEEN SKIPPED. THE RECORD LENGTH WAS®*14® COMPUTER WOR

J05%)
GO TO0 100
NREC = NREC « 1

NRECORZ = NHRECORZ + ]

LEN = LENGTH(2)

IF (LEN «NE. LPACDAZ2) WRITE(6+3)LPACDAZ2+LENsNRECOR2sNFILE2sNTAPE2»
NREC

FOP“ATIIHG-“ LENGTH OF A RECORD WAS NOT EQUAL TO®*14* COMPUTER wORD

.S« IT CONTAINEU®I4® COMPUTER WORDS.*/5X® THIS OCCURRED WHEN RECOR

.D®15* wAS SKIPPED ON FILE® I2+ TAPE®I2® UNIT 2. TOTAL NUMBER
. OF RECORDS SKIPPLD®#IJ)

Go TO 100

WRITE(694) NRECOR2+NF ILEZyNTAPE2sNRECsNF ILSKPsNFLSKPZ2

FORMAT(1H0+5X® THERE WERE®IS5® RECORDS ON FILE®*I2® TAPE®I2¢ UNIT 2.%/
L/5213% RECORDS SKRIPPED ON THIS FILE « TOTAL NUMBER OF FILES SKIPP
LED®I2® TOTAL NUMSBER TO BE SKIoPED®[2)

NFILE2 = NFILE2 + 1

NFILSKP = NFILSKP + ]

IF (NFILEZ .LE. NTOTFIZ2) GO Tn 500

NTAPEZ = NTAPEZ2 +« 1

IF (NTAPEZ .LE. NTOTAPE) GU Tn 450

IEXIT2 = 3HYES

RETURN

NTOTFIZ = 1
CALL UNLOADW(2)
NFILE 2= 1
NRECOR 2= 0
NREC = 0

GO TO (4B0+4B5:490) +NTAPE2
NTOTREC = NREC2

TIMADJ = TIMADJ2

GO TO 495

NTOTREC = NREC3

TIMAUY = TIMADJ3

GO TO 495
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SUBROUTINE SKPEOF2 TRACE

490 NTOTREC = NREC4
TIMADY = TIMADJG
495 IF (IDENTZ2 .EQ. 3HYES) CALL HFADERZ
IF (NFILSKP .LE. NFLSKPZ2) GO TO 100
IF (NRCSKP2 .GT. 0) GO TO 600
RETURN
500 NRECORZ2 = 0
NREC = 0 .
IFINFILEZ2 .EQ. NTOTFI2)GO TO 4TS
IF (IDENT2 .EQ. 3JHYES) CALL HEADER2
IF (INFILSKP .LE. NFLSKP2) GO TO 100
IF (NRCSKP?2 .GT. 0) GO TO 600
RETURN
600 DO 1000 I=]«NRCSKP2
BUFFER IN(2+s1) (ITIMEZ2+LCOMNRNILPACDAZ))
IF (UNIT(2)) 900+800,700
700 LEN = LENGTH(2)
NREC = NREC + 1
NRECORZ = NRECORZ2 + 1
WRITE(6+5) NHECORZsNF ILE2+NTAPE2 +NRECSLEN
S FORMAT(1HO+® PARITY ERROR OCCURRED WHILE SKIPPING RECORDS. RECORD
« NUMBER®#]1S# FILE=IZ2® TAPE®*]Z2* ON UNIT 2.%/5X14% RECORDS HAVE BEEN
JSKIPPED. LENGTH OF RECORD WAS®*[4®* COMPUTER WORDS.#)
60 TO 1000

B00 WRITE(6s6) NRECNRECORZNFILEZsNTAPE2

5 FORMAT (1H0® AN EOF WAS ENCOUNTERED wHILE SKIPPING RECORDS.* 15% RE
.CORNS HAVE HEEN SKIPPED,.®/Sx® RECOKD NUMBER®#1Se OF FILE®#]2® ON TAP
LE®[2® OF UNIT 2.%)

GO TO 1000
900 NREC = NREC + 1
NRECORZ = NRECORZ + 1
LEN = LENGTH(Z)
IF (LEN «NE. LPACDA2) WHITE(693)LPACOA2+LENsNRECNF ILE2+NTAPE2»
u NRECORZ
1000 CONTINUE
WRITE(6+7) NREC+NRCSKP2.NRECOR2+NF [LEZsNTAPEZ2 ’

7 FOIMAT{1HO+* COMPLETED SKIPPInNG®[4® RECORDS. NUMBER OF RECORDS TO
« HAVE BEEN SKIPPED®]4w RECORD NUMBER®IS#® FILE®I2# TAPE#IZ®* ON UN
LT 2%)

RETURN
END

CDC 6400 FTN V3,0-P261 OPT=0 02/10/72

13.01.02.
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SUBROUTINE CONSTMR TRACE CDC 6400 FTN V3.0-P261 OPT=0 02/10/72

SUBROUT INE CONSTMR
COMMON/BCONSTM/NAVEMIRsDIRECMR+CHGM IR TIMEMIR

COMMON/BLOCK ) /LENARR] s WINDIRE (100) s NRECORL oNF ILEL»

. ZEROTM1+DIRMIRR(100) +VOLT(2+100) +WRIDAT]
COMMON/BCAL IBR/SLOPE (2) + ZEROTAP(2) » SLOPEANS ANINTER» SLOPEHW »
. SLOPEWDsWDINTER+SLOPEMDsDMINTER
AVEMIR = 0 i

NRECOR] = 0

CALL BUFLAS]

100 CALL BUFLAS]

DO 200 K=l+LENARR]

200 AVEMIR = AVEMIR ¢ DIRMIPRIK)

IF (NRECOR] .LE. NAVEMIR) GO 7O 100
DIRECMR = AVEMIR/ (LENARRI®NAVEMIR)
LAST= NAVEM[W « 1]

DO 300 I=1,LAST

BACKSPACE 1

300 CONTINUE

1
2

3

READ(Ss1) CHGMIR»TIMEMIR

FORMAT (A34Fba2)

wRITE(5+2)NECOR] +DIHECMR + SLOPEMD+ UM INTER

FORMAT (1HO+SX*MIRROR DIRECTION®SX*NUMBER OF RECORDS USED FOR AVERA
LGE®*13/ 10X*AVERAGE VOLTAGL®SK#SLOPE®*SX® INTERCEPT*SX®*DIRECTION+DEGR
JEES®/1GAFT 3+ IXFT.345XF5,3)

DIRECMR = SLOPEMD*DIRECMR ¢ DwINTER + 180

WRITE (643D [RECHR

FORMAT (1H® 4 SYAFT.3)

NRECORY = 0

RETURN

END

13.01.02. PAGE 1 -~
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Computer Program for Determination of Velocity Profiles
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ANEVEL TRACE CDC 6400 FTN V3.0-P261 OPT=0 O02/10/72

100

PROGRAM ANEVEL ( INPUT,OUTPUT « TAPES=INPUT s TAPE6G=0UTPUT+TAPEL +F ILMPL)
COMMON TIME(101) «VELOC(6+100) NCHANNCoLENARRNF ILE+NRECORW IEXIT
COMMON /BCAIHR/ NCALVALs ACTVOLT(S)+SLOPE(6)+»ZEROTAP (6],

. STANDEV (6+5) s VARI

COMMON/BBUF ANE/TDENT« IPARITY o PACDAT+EOFMUL «NTOTFIL»PLOT
COMMON/RBSORT/IBEGSKPywRITDAT» [SKIP+FACTOR

COMMON/BVOL TAD/ ICHANGE ¢ SCALE (A ) « ZEROACT (6) s VOLTCHG» T IMECHG»

. ISCALE(6) '
COMMON/BPLOTVE/ZELEV(6) s SUMAVE (6) o ISAMPLE s LABEL X (4) s LABELY (%)

. LTITLE (&) «MULTIMEy IDATAPT
COMMON/RSK IPEO/NF ILSKP o NRECSKP

COMMON/ZUNPx /# TTIME« ICOMWRD (2001 s IDATWHD(1000)

DATA LABELX/40H VELOCITYs M/SEC /

. sLABELY/40H FLEVATIONs M /

" +LTITLEZGOH VELNCITY PROFILE /
REWIND 1

READ(S41) TOENT yWwRITAP¢EOFMUL s WRITOAT s WRITPAP+PLOT # VOLTCHG

LFACDAT«NCHANNC o NCA| VAL » [SKIP+ IBEGSKP s LENARRINTOTFIL»
PLOTIMEsAVETIME s LISCALE (L) o 1=196) o (ELEVII) o I=146)eVAR]»
DIGRAT s (ACTVOLTUI) 9 1=195) o TIMERAT»CHANNEL » TIMECHG»
INSTCALs TAPECAL

FORMAT (3X37a33T1642F5.3:6012)0/96(F6.2)92F5.245(F5.1)93F3.1/2A3)

WRITE(&+3) TUENT oWRITAPSEOFMUL s wRITODAT o WRITPAPsPLOT o VOLTCHG
LPACDAT o NCHANNC +NCAL VAL » [SKIP s IBEGSKP+LENARReNTOTFIL
PLOTIMEsAVETIMEs (ISCALECL) o I=1oB) o (ELEVII} s I=1s6) s VAR]»
DIGRAT« (ACTVOLTUID #1=095) s I IMERAT+CHANNEL s TIMECHG»
INSTCALS TAPECAL

FORMAT (1HD e IDENT =eA4e WHITAP =®a4® EQFMUL =®A4®* WRITDAT =#A4* W

LRITPAP =#A4® PLOT =#p4® VOLTCHG =#*a4/* LPACDAT =#[4® NCHANNC =e]2e

. NCALVAL =#]2% ISK[P =#]3% JdrGSKP =e]3® LENARH =%]4® NTOTFIL =#[2

/% PLOTIME =oFS.1% AVETIME =%FS5.1® ISCALE(]l THKRU 6} ==6]12/% ELEVI(I]

. THRU 6) =86F6.2% VARL =*F4.2% DIGRAT =#FS.1/% ACTVOLT(]l THRU S5) =

«*5FS,1® TIMRAT =#F4,]* CHANNE| =*F4.]1* TIMECHG =®%F3.,1/% INSTCAL =%

JAL® TAPECAL =*A4)

IF (IDENT.EQ. IHYES)CALL HEAUFR

IEXIT = 3 NO

CORTIME = 31 NO

JCLOCK = 0
ZEROTIM = 0.0
ICHANGE = 0
FACTOR = SORTI(2.)/(2,%%9 = l.0)
MULTIME = 1
NRECOR = 0
HADDATA = 34 NO
NEXTPTS = 0
NFILE =1
IPARITY = 0
ISAMPLE = 0

D0 100 I=1+NCHANNC

SUMAVE (L) = 0.0

IF (TAPECAL LEQ. 3HYES) CALL CALIBRA
IFCINSTCAL .NE, 3AYES)GOTO 102
NFILSKP = ]

NRFCSKEP = 0

CALL Sk IPROF

12.53.49.
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PROGRAM ANEVEL TRACE CDC 6400 FTN V3.0-P261 OPT=0 02/10/72 12.53.49. PAGE

102 CALL VOLTADY
103 CALL BUFANE
IF (IEXIT .EQe IHYES) TIME(IDATAPT=1) = TIME(IDATAPT~1) + 0.1
IF (IExIT .EN. JHYES) CALL PLNTVEL
L1 IF (NRFCOR .EQ.]1 +AND. ITIME _NE. 0) ZEROTIM = ITIME
IF ((ITIME = 999999) 4GT. =~12n00) CORTIME = 3HYES
ITIME = ITIME + JCLOCK * 999999
IF (CORTIME LEQ. 3IHYES) JCLOCKk = JCLOCK + ]
CORTIME = 3H NO
65 . IDATAPT = )
105 00 110 I=1.NCHANNC
VELOCU]+IDATAPT)=SLOPE(T)*VELNC(1+IDATARPT) + ZEROTAPLI)
110 VELOCUI+IDATAPT) = (VELOC(1+INATAPT)®SCALE(I) +ZEROACTI(I))®=D,.3048
TIME(INATART)= TIMERAT®((ITIME =ZExOTIM)Z10000.+((IDATAPT=]1)"*
7 . CHANNEL ) /DIGKRAT)
IF (TIME(IOATAPT) .GE. TIMECHG .ANUs VOLTCHG <EQ. 3HYES)
. CALL VOLTADY
IDATARPY = IDATAPT + |
IF (AVETIMFeMULTIME LE. TIME(IDATAPT=1) .AND. PLOT
. +EN. IHYES) GO TO 120
IF  IDATAPT JLE. LENARR) GO TO 105
IF (WRITPAP LEQ. JHYES) GO TO 134
IF (WRITAP LEQ., 3HYES) GO TO 135
GO TO 103
8n 120 DO 130 I= ]1+NCHANNC
130 SUMAVE (1) = SUMAVE(I) + VELOC(I+IDATAPT=1)
ISAMPLE = ISAMPLE + 1
IF ( TIME(JDATAPT=1) .GE. PLOTIME®*MULTIME) CALL PLOTVEL
IF (IDATAPT .LE. LENARR) GO Tn 105
BS IF (WRITPAP LEQ. 3JHYES) GO TO 134
IF (WRITAP ,EQ. JIHYES) GO TO 135
GO TO 103 .
134 ARITE(A42)
2 FORMAT (1Hl44X® TIMESSECS*#10X® VELOCITIES+M/SEC®4X® LEVEL 1%4X
90 N ® LEVEL 2%«x® LEVEL J®sX® LEVEL 4%4X® LEVEL S*4X® LEVEL 6%
" 77
WRITE (Hss) (TIME(J) 2 (VELOC(IoJ)sl=1e6)sJ=1+LENARR)
& FORMAT(1H +100(4XsFl0.3+2BKe6(F6.346X)7))
GO TO 103
95 135 CONTINUE
140 CONTINUE
END

15




in

2n

25

30

as

“n

45

sn

55

SURROUT INE

CAL 1BRA TRACE

SUBROUTINE CALIBRA

COMMON TIME(101)+VELOC(6+100) sNCHANNCsLENARRsNF ILE+NRECORs IEXIT
COMMON /BCAIHR/ NCALVALs ACTVOLT(S)+SLOPE(6)+ZEROTAP(E),
. STANDEV(695) e VAR]

DIMENSION SUMCAL (6) +SUMTAP (6) +SQOVALUE(6) s SUMACT(6)sACT X TAPI(6) s
. SUMSQ(6+5) yRECMEAN(4) s TOTMEAN(6+5) s TEPMEAN(6) s SUMEAN(6) »
. TEMPSUM(6)
ICHECK = 0
NSAMPLE = 0
LASTCAL = 0
ICALVAL = 1
.

SUMEANI(T)
TEMPSUMIT) =
SUMCAL(IY = 0
SUMACT (I} = 0
SUMTAP(I) = 0
SGVALUELL) =
ACT x TAPL])
TEPMEANI(T) =
RECMEANI]) =
DO 100 J=ls N
TOTMEAN(T J)
100 SUMSI(TI«J) =
105 CALL BUFANE
GOTOBUF= 3H NO
IF (1CALVAL .EN. NCALVAL) LASTCAL = LASTCAL + |
DO 110 K=1«LENARR
DO 110 I=1+ NCHANNC
110 SUMCAL(I)= SUMCALKI) + VELOC(TsK)
IF (ICHECK .GT., 0) GO To 131
NSAMPLE = NSAMPLE + ]
DO 125 1=1, NCHANNC
HECMEAN(T)= SUMCAL (1)/LENARR
IF (NKECOR .EQ. 1) GO TO 120
IF (RECMEANI(I) .GT. TOTMEAN(I.ICALVAL) + VARI .OR. RECMEAN(I) .LT.
. TOTMEAN(IsICALVAL) - VARI) GO TO 130
120 IF (] LEMNe 1) w=I1TE{&« )l INRECORs ICALVAL+ACTVOLT(ICALVAL)

1 FORMAT(IHOSX®*RECORD MEANS®uXeRECOHD NUMBER® 14+ TA*CAL IBRATION®12+4
LEETHPUT VALUE®FSL 1/ 1 XeCHANNE * I OX*MEAN® 1 3X®CUMULATIVE MEAN®O6X®NUM
JBER RECORUS FOR CUMULATIVE MEaN®)

DO 123 K=]l+LENARR
123 SUMSOI(T+ICALVAL) = SUMSQ(I+I1CALVAL) + VELOC(IsK)®#2
SUMEAN(L) = SUMEAN(I) + RECMEAN(I)
SUMCAL(I) = 0.0
TOTMEANIIsICALVAL) = SUMEANLI)/NSAMPLE
125 WRITE(A+2) 1 4RECMEANT]) « TOTHMEAN L]+ ICALVAL) sNSAMPLE
2 FORMAT(IH o 12XAs 12+ 100sFH 4 luxsFBaus25X13)

GO TO 105
130 NSAMPLE= NSEMPLE = ]
ICALVAL = JCALVAL + )

131 IF (I1CALVAL .GT, NCALVAL «AND, LASTCAL «GT. 3) GO TO 160
ICHFCK = ICHFCK « 1
WHITE(os IINRECOH ICALVAL +ACTYVNALT(ICALVAL)
3 FORMAT(1HO +SA®TEMPORARY MEANSeHX®*RECORD NUMBER®l4s JOX®CAL IBRAT ION®

CDC 6400 FTN V3.0-P261 OPT=0 02/10/72

12.53.49,
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SUHROUTINE CALIBRA TRACE CDC 6400 FTN V3.0~-P261 OPT=0 02/10/72 12.53.49. PAGE 2

JI206 X INPUT VALUE®FS, 1/) 1 X*CHANNEL®#10X®*MEAN®)
DO 140 I=l+ NCHANNC
RECMEANITI) = SUMCALILI)/LENARR
WRITE(6e4) [+RECMEAN(I)
6n 4 FORMAT(1H 412X12+10XFB.4) .
SUMCAL(I) = 0.0 !
IF (ICHECK LEQ. 1) ‘GO Tn 135
DO 137 K=1+LENARR .
137 SUMSO (T ICALVAL) =SUMSQ(T+ICALVAL) + VELOCIIsK)®e2 -
&5 TEMPSUMIT) = TEMPSUM(II) « RECGEAN(L) .
135 IF (RECMEANI(I) .GT. TOTMEANCI,ICALVAL=1) ¢ VARI .OR. RECMEAN(I)
. LTe TOTMEAN(IsICALVAL=1) = VARI) GOTOBUF=3HYES
1640 CONTINUE
IF tICHECK.GT. 3) GO TO 160 ?
™ IF (GOTOBUF LEQ. JHYES) GO IO 105
DO 150 I=1e NCHANNC
TEMPSUMIL) = 0.0
150 SUMSQ(T+ICALVAL)=0.0
ICHECK = 0
75 ICALVAL = ICALVAL = 1
GO 1D 105
160 1EHD = 1CALVAL - 1 s
WRITE(6+5) TENDSACTVOLT(IEND)
S FORMAT(1H0«SX*STANDARD NEVIATJONS*JOX®CAL IBRATION®12+SX®INPUT VALU
KN LEOFS L1/ I XOCHANNEL *10X®RMS*)
DO 170 I=1s NCHANNC
STANDEV (T ICALVAL=1)= SORTISUMSQII+ICALVAL=1)/ (NSAMPLE®LENARR) =
. TOTMEAN(TI+ ICALVAL=1)®#2)
170 WRITE(E+6) T+STANDEV(I1sIEND)
BS 6 FORMAT(IH +12R12+7XF9.3)
NSAMPLE = JCHECK = |
DO 175 I=1+NCHANNC .
SUMEANIT) = TEMPSUMLI)
TOTMEAN(ISICALVAL) = TEMPSUMI([)/NSAMPLE
9n 175 TEMPSUMIL) = 0,0
ICHECK = 0
IF (ICALVAL .LE. NCALVAL) GO TO 105
180 WRITE(6+7) WRECOR
7 FORMAT (1HD+5A®ACTUAL VS TAPE yOLTAGE#1O0X*LEAST SQUARE METHOD®*SX®*NU
9= LMBER RECORDS USED FOr CALCULATIONS#13)
DO 200 I=1+ NCHANNC
DO 190 J=1e NCALVAL
SUMTAP(T)=SuMTAP(I) + TOTMEANII+J)
SOVALUFE (1) =SOVALUE(T)+TOTMEAN(LsJ) ne2
100 ACT X TAP([) = ACT X TAP(l) + TOTMEAN(I»J)®ACTVOLT(J)
190 SUMACT (1) = SUMACT(I) + ACTvOLT(J)
SLOPE(]) = (SUMACT(I)*SUMTAP(T) =NCALVAL®ACT X TAP(IN)/
5 (SUMTAP (1) ®®2-NCALVAL® SUVALUEI(I))
ZERNTAP(T) = (SUMTAP(I)#ACT X TAP([) = SUMACT(I)®*SQVALUELL))/
108 N (SUMTAP([)ee2= NCALVAL®*SQVALUE(T))
WRITE(6+8) 1+ (ACTVOLTUJ)#TOTMEAN(LsJ) =] oNCALVAL)
8 FORMAT (1HO+10Xx2C A A N N E L*I3/15X®VALUES USED FOR LEAST SQUARE
LCALCULATIONS®10X® INPUT VALUE®CX®TAPE VALUE#*/(69XF4,1+11XF6.3))
200 WRITE(%39) SLOPE(I)+ZEROTAPLL)
11n 9 FORMAT(IH +1SXevALUES ORTAL<EN FROM4 LEAST SQUARE CALCULATIONS®=7xeS




SUAROUTINE CALIBRA TRACE CDC 6400 FIN V3.0-P261 OPT=0

LLOPE®AX® INTERCEPT#*/6BXFS.3s11xF5.3)
RETURN
END

02s10/72

12.53.49.
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SUBROUTINE BUF ANE

100
105

110
115
120
125
130

135

136

140

1
2

3
150

TRACE CDC 6400 FTN V3.0-P261 OPT=0 02/10/72

SUBROUTINE BUFANE

COMMON TIME (101) ¢ VELOC(69100) «NCHANNCsLENARRsNF ILEsNRECORs IEXIT
COMMON /BRUF ANE # TDENT s IPARITY s LPACDAT s EOFMUL +NTOTFIL#PLOT
COMMON/UNPK/ITIME» ICOMARD(200) » IDATWRD(1000)

DO 105 1=1+LPACDAT

[COMWRDII) = 0

LUNPDAT

= LPACDAT = 5

DO 110 I = 1eLUNPDAT
IDATWRO(I) = 0

NRECOR

= NRECOR + 1

BUFFER IN (1+1) (ITIMEs ICOMWHD (LPACDAT))
IF (UNIT(1)) 14041304135

NRECOR

= NRECOR = 1

WRITE (H+l) NRECORs NFILE

NRECOR
NFILE =

=0

NFILE +1

IF (NFILE .GT. NTOTFIL) GO TO 136
IF (IUDENT LEG. JIHYES)ICALL HEADER
G0 TO 100

IPARITY

= [PARITY ¢ |

WRITE (6+2) NRECORs NFILE

NRECOR

= NRECOR = 1

WRITE (643) [PARITY

GO TO 115

IF (PLOT .FQ. 3HYES) IEXIT = 3IHYES
IF (PLOT .EW. 3IHYES) GO TO 150

CALL EX

1Y

CALL UNPAK
CALL SORTANE

FORMAT
FORMAT

FORMAT
RETURN
END

(1H0+® THERE ARE ®*I4* RECORDS ON FILE NUMBER®I3)

{1HNs* PARITY ERROR OCCURRED ON RECORD NUMBER®[4® FILE NUMB
ER*]3)

(1HOs* THERE HAVE BEEN#[3®* PARITY ERRORS®)




1n

SUBROUTINE HEADER TRACE CDC 6400 FTN V3.0-P261 OPT=0
SUBROUT INE HEADER
COMMON TIME(10))+VELOC(69100) sNCHANNCsLENARRsNF ILE+NRECORS IEXIT
COMMON/RHEADER/IDI(2)
HUFFER IN(1+0)(IDLL1)IDC2))
IF (UNIT (1)) 10041104110

110 WRITE(6+2) NFILE

2 FOIMAT(1HO+® PAHITY ERROR OR FOF OCCURRED IN HEADER OF FILE NO®
. 13)

100 WRITE(691) IDeNFILE

1 FORMAT(1H]l.# HEADER IN BINARY #*2Al0* ON FILE NUMBER *12)
120 RETURN
END

0zs10/72

12.53.49.

PAGE
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SUBROUTINE SORTANE TRACE

100

SUBROUTINE SORTANE

COMMON TIME(101)+VELOC(69100) 4NCHANNCsLENARRsNF ILEsNRECORs IEXIT
COMMON/RSORT/ IBEGSKP +WRITDAT» ISKIPsFACTOR

CDC 6400 FTN v3,0-P261 OPT=0 02/10/72 12.53.49. - PAGE 1

COMMON/UNPK /1 TIME+ ICOMWRD (200) + IDATWRD(1000)

M= IBEGSKP

00 100 I=1.LENARR

VELOC(1.1)
VELOCI(2+ 1)
VELOC(3+1)
VELOC(4s1)
VELOCI(S+1)
VELDC(6+1)
M =M + [SKIP
IF ( WRITDAT

RETURN

END

(I T VA T 1)

IDATWRD (M) * FACTOR
IDATWRD(M+1) ® FACTOR
IDATWRD (M+2) ®*FACTOR
IDATWRD (M+3) * FACTOR
IDATWRD (M+4) * FaCTOR
IDATaRD(M+S) ® FACTOR

+ENe IHYES) CALL DATA4RI




i

¢ © 0 O

SUSROUTINE DATAWRI

SUBROU
COMMON

TRACE CDC 6400 FTN V3.0-P261 OPT=0

TINE DATAWRI
TIME(101) o VELOC(692100) ¢ NCHANNCsLENARRsNF ILE+NRECOR» IEXIT

COMMON/UNPK /1 TIME » ICOMWRD (2001 » IDATWRD(1000)

Do 10
10 WRITE
1 FORMAT
PRINT
2  FORMAT
RETURN
END

I=1sNCHANNC

(601) Is(VELOC(IvJ)sJ=14LENARR)

(1HO+10Xs® ANEMOMETER VFLOCITY DATAs LEVEL NUMBER®12/101
(10F11.57))

2+ ITIME
(1HO, 10X+ *ITIME AT BEGINNING OF RECORD®*110)

02710772

12.53.49,

PAGE
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SUBROUTINE SKIPEQF TRACE CDC 6400 FTN V3.0-P261 OPT=0
SUBROUT INE SKIPEOF
COMMON TIME (101)+VELOC(6+100) yNCHANNCsLENARRoNF ILE +NRECOR IEXIT
COMMON/BBUF ANE/ IDENT s IPARITY +LPACDAT+EOFMUL s NTOTF IL +PLOT
COMMON/ZUNPK /1TIME» [ICOMWRD (200) +» IDATWRD(1000)
5 COMMON/BSKIPEO/NF ILSKP s NRECSKP
NREC = 0
IF (NFILE .GT« NFILSKP) GO TO 125
100 BUFFER IN(1+)1) (ITIME, ICOMWRD (LPACDAT))
IF (UNIT(1))115+1204110
In 110 NREC = NREC + 1
LEN = LENGTH(])
NRECOR = NRECOR » ]
PRINT 24NFILE ¢NPECOR4NRECWLEN

02s10/s72

2 FORMAT(1HO+SX®PARITY ERROR OCCURRED WHILE SKIPPING FILE*I2* RECORD

15 L#16/7X13% PECORDS HAVE HEEN SwIPPED. LENGTH WAS®14)
GO TN 100
115 LEN = LENGTHI])
NREC = NREC + 1
NRECOR = NRECOK + 1
20 IF (LEN «NE. LPACDAT + 1) WRITE(6+3) LEN«NRECORsNFILEsNREC

) 3 FORMAT (1HO,SX*RECORD SKIPPED OF IMPROPER LENGTH. LENGTH WAS®*]&4/7X

Le*RECORD®* 4% FILE®I2,2X12® RECORDS SKIPPED®)
GO T0 100
- 120 WHITE (6s4) NRECsNF ILE+NRECOR

2s L3 FORMAT (1HD,SX®*SKIPPED®*I3® RECHROS ON FILE®#I2® THERE WERE®I4® RECOR

DS ON THIS FILE®)
B NFILE = NFILE + 1
IF (IDENT LEQ. 3HYES) CALL HFADER
NREC = 0
3n NRECOR = 0 :
IF (NFILE JLE« NFILSKPIGO TO 100
125 IF (NRECSKP LEQ. 0) RETURN
DO 160 1=1«NRECSKP
BUFFER IN (le1) (ITIME+ICOMWRDI(LPACDAT))
s IF (UNITCL3)130+150+140
130 NRECOH = NHECOR + 1
NREC = NREC + 1
LEN = LENGTHI(L)
IF (LEN NE. LPACDAT ¢ 1) WRITE(6+3) LENsNRECORsNF ILEsNREC
4n GO TO 160
140 NREC = NREC + 1
- NHECOR = NRECOR + 1
LEN = LENGTH (1)
W ITE(6+5) NHECSKP+NFILE sNKECOR+»LENSNREC

- WS 5 FORMAT(1H0,SX®*PARITY ERROR OCCURRED WHILE SKIPPING®I2# RECORLS ON

LFILE®I2/TK*RECORD®* [4® LENGTH®14% RECORDS SKIPPED®I3)
GO TO 160 f
150 wRITE (Aeb)NFILE+NRECORNREC

6 FOHRMAT(1HO0.SX®EOF OCCURRED WHILE SKIPPING RECORDS ON FILE®I2/7X®LA

5n .ST RECOWD®*14+2X13% RECORDS HAVE BEEN SKIPPED®)
160 COMNTINUE
WRITE(6+T) NRECNFILE
7 FOWRVAT(1HO04SXs[3* RECORDS HAVE BEEN SKIPPED ON FILE®*I2)
RE TURN
55 END

12.53,49, -
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SUBROUT INE

VOLTADJY TRACE

20
30
il

32

33

40
41

42

43

S0
51

se

53

60
61

62

63

70
71

72

73

CDC 6400 FTN V3,0-P261 OPT=0

SUBROUTINE VOLTADJ

COMMON TIME(101)+VELOC(6+100) 4NCHANNCsLENARRsNFILE+NRECOR IEXIT

COMMON/BVOLTAD/ ICHANGE + SCALE (6) » ZEROACT (6) o VOLTCHG» T IMECHG
ISCALE(6)

IF (ICHANGE +GT. 0) READ (Sel)(ISCALE(I)sI=196)sVOLTCHGTIMECHG

DO 90 I= 146

GO TO (30+40+50+60+T0+80) 1

GO TO (31+32+33)+ISCALE(D)

SCALE(]I) = 40.166

ZERCACTILI) = 2.799

GO0 TO 90

SCALE(]) = Tn.367

ZERQACT(I) = 2.413

GO TO 90

SCALE(D) = 0.0

ZERQACT(I) = 0.0

60 TO 90

GO TO (4let2s43) s ISCALE(D)

SCALELI) = 424161

ZERNACTII) = 2,183

GO 10 90

SCALE(]) = Bl.437

ZEROACTI(I) = 2,281

GO TO 90

SCALE(I) = 0.0

ZERDACT(I) = 0.0

GO 10 %0

GO TO (51+52+53) 9 ISCALE(])

SCALE(I) = ~42.9381

ZERQACTI(I) = 2.057

GO TO 90

SCALE(I) = 83.606

ZEHOACT(I) = 1.883

GO TO 90

SCALE(]I) = 0,

ZEROACT(]) =

GO TO 90

GO TO (5)1+62+63)+ISCALEC(T)

SCALE(]) = w2.869

ZEKOACTI(I) = 3,674

GO TO 90

SCALEL]) = 81.224

ZEROACT(I) =3.065

GO 10 90

SCALE(I) = 0.0

ZERQACT(1) = 0.0

GO TO 90

GO TO (71s72+73) 9 ISCALE(Y)

SCALE(]) = &T7.070

ZERDACT(I) = 0,075

GO TO 90

SCALE(]) = 93.300

ZERQACTI(I) = 0,330

GO TO 30

SCALE(I) = 0.0

0
o.o

02710772

12453449«

PAGE




SUBROUTINE VOLTADJ TRACE CDC 6400 FTN V3.0-P261 OPT=0 02/10/72 12.53.49,

ZERQACTI(I) = 0.0

- GO TO 90
B0 GO TO (B1+82+83)+ISCALE(I) -
Bl SCALE(I) = w0.217
60 ZEROACT(I) = 3,764
GO TO 90 -
82 SCALE(I) = 77.313
_ ZEROACTII) = 3.639
GO TO S0 -
65 83 SCALE(I) = 0.0
) ZEROACT(I) = 0.0
90 COMTINUE -
‘ ICHANGE = JCHANGE + 1
_ 1 FORMAT (6(12)9A34F5.3)
1 70 . WRITE(6s2) -
2 FORMAT(IHO,SX®ACTUAL VOLTAGE vS VELOCITY®SX®*REGRESSION VALUES®=/10X
- «PLEVEL®SX®*SLOPE®3A® INTERCEPT®)
1 DO 100 I=1+NCHANNC -
100 wRITE(643) [+SCALE(TI)+ZEROACT(I)
. 75 3 FORMAT(IH +11X11eTAF6.3+6KF5.1)
RETURN =
4 END
- -
{ - -
- -
e -
- -
- -
e -
- -
- -



2n

SUBROUTINE PLOTVEL TRACE

SUBROUTINE PLOTVEL

COMMON TIME(101)+VELOC(6+100) NCHANNC+LENARRsNF ILEsNRECOR IEXIT
COMMON/BPLOTVE/ELEVI6) »SUMAVE (6) 9 ISAMPLE » LABEL X (%) o LABELY (%)

. LTITLE (4) sMULT [ME» IDATAPT

DIMENSION AVEVEL (H)

MULTIME = MULTIME + |

WRITE(6+1) TIME(IUATAPT=1)+NRFCOR

FORMAT (1HOSX®*VELOCITY PROFILF PLOVTED AT TIME®F9.3+Sx*RECORD NUMB
LER®[4/10X®VALUES USED FOR PLOT®SX®LEVEL*SX®*ELEVATIONs M, *S5X*VELOCI
«TYs M/SEC®)

00 100 1 = 1+NCHANNC

100 AVEVEL(I) = 0.0

2

DO 110 I=14NCHANNC

AVEVEL (1) = SUMAVE(I)/ISAMPLE
WRITE(6+2) I+ELEVII)SAVEVELID)
FORMAT (IH 436X[1s10XF6.34134F6.3)

110 SUMAVE(T) = 0.0

CALL 1UIOT (AVEVELsELEVs6+29DUMsLASELXsLABELYsLTITLE++1)
ISAMPLE = 0

IF (IeXIT .EQ. 3IHYES) CaLL EXTIT

RETURN

END

CDC 6400 FTN V3.0-P261 OPT=0 02/10/72

12653.49,
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20

25

30

35

40

UMPAK

10

11
11

311
1750
7170000001
. 7100004000
43214

5110000000 C
6160000310 C
6170002260
6150000060
6110000074
5011000001
6166000001
11621
67515
22656
67515

11760

0307000011 +
15660

14666

21601
56660
0467000000
0550000014 «
6150000060
43214
0400000005 «
20260
6155777763
0400000006 «

46302

IDENT UNPAK

COMPASS - VER 2.0 M 02/10/72

. INSERT LENGTHS OF PACKED AND UNPACKED ARRAYS

LENGTHA  SET 201
LENGTHB  SET 1000
-

USE /UNPK/

NE B8SS LENGTHA
B BSS LENGTHB

USE
ENTRY UNPAK
UNPAK 4SS 1

SXT 1B

SAO0 40008
Mx2 12

SAl NE

586 A=l

All) === FIRST WORD OF ARRAY (TIME WORD) IS IGNORED

B(J) BASE

S87 A+LENGTHB=] BILAST)

SBS 48
S581 w0
GET60 SAL alel
GET12 SHb A6+l
BAe x2exl
SH5 H1=-dS
LX6 RS.X6
SHS RAl=-8S

BXT x6*x0

ZR xT+STURB

HX6 =X0%Xb
BXe X6

STORB BSS 0
AXe )
SAG R6

GET A(D)

MASK QUT 12 BITS
RIGHT SAIFT
BUT

AVOID SIGN EXTENSION

CK FOR SIGN BIT

MASK OUT SIGN BIV

DELETE ZERO=-BIT RIGHT=-FILL

STORE IN B(J)

EQ R6+BT+DONE-
NE AS+B0,INMID

58S w8

Mxe 12

EQ rET60
INMID LX2 4d

SHS HS=)2

EQ rET12
DONE EGU  NPAK

END

STORAGE USLD
6400 ASSEMBLY

44 STATEMENTS
0.341 SECONDS

10 SYMBOLS
23 REFERENCES




APPENDIX A-3

Computer Program for Determination of Temperature
and Humidity Profiles
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1n
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2n
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n

as

an

L5

an

SS

PROGRAM

cs
cs

TEMPHUM TRACE

3

PROGRAM TEMPHUM ( INPUTsOUTPUT ¢ TAPES=INPUT s TAPEG=0UTPUT,TAPEL s

. FILMPL)

DEBUG

ARRAYS

COMMON NF ILE +NRECOR » LENARRsNCHANNS TEMP (10+100) o WRITDAT
COMMON/BSORT/IBEGSKP+FACTOR ISKIP
COMMON/BINSTCA/NINSCAL + VARIINJEXCITVOSRESIS(10+2) +CALRES(10+2) s
. GAIN(10)

COMMON/RCAL TER/SLOPE(10)+ZEROTAP(10)

COMMON/HBBUF TEM/ IDENT ¢ MULEOF » IEXIToNTOTFILoPLOT o IPARITY+ZEROTIM»
. JCLOCK
COMMON/UNPK/ITIME s ICOMWRD (200) + IDATWRD(1000)

COMMOMN/HSKPEOF /BADATASLPACUAT JNRECSKP o NF ILSKP
COMMON/BHUMID/SIGMA+BARPRES «HFATLATSCPsCPV2HUMIDI(10)
COMMON/BTAPECA/NCALVAL +VARITP,ACTVOLT(S)
COMMON/BPLOTEM/AVETEMP (10) o TIMESELEV(6) +LABELX (%) s LABELY (4)sLTITLE
. (a)

DIMENSTON RESISRI10)4SUMTEMP(10)

DATA LABELX/4DH TFMPERATUREWC /
" +LABELY/40H FLEVATIONWM /
sLTITLE/4OH TEMPFRATURE PROFILE /

READI(S+1) CALTAPE+CALINST+WRITDAT s IDENT+MULEOF +PLOT+NCHANNsLENARR»
MAVERFC s IBEGSKP s ISKIPsNINSCAL +LPACDAT oNTOTFILSEXCITVO,
PESISAIL) sAsBaCoDsELTIMRAT«VARIIN:SIGMAsBARPRES+CPy
HEATLAT»CPVeVARITP y (ACTVOLT (1) 2 1=145) 9 (RESIS(Is1)el=1+s10
Yo (RESIS(I+2)+1=1910) s (CALRES(I9s1)ol=1910)s (CALRES(I+2)>»
1=1o10) 9 (ELEVII)9]I=106) +NCALVAL

FORMAT(6A348149 IFB 3/4FR,342F542+15F703/1F5.2+5(F5.21910(F5.2)/

. 10(F5.2)1 90 F5.2)/74(F5,2)1+10(F5.2)/6(F6.3)+13)

REwIND 1

PRINT 3

FORMAT (1HO +5X®NOTE . o JCHANNEL 1 IS LEVEL 2y AMBIENT TEMPERATURE®/12

JX®CHANNEL 2 IS LEVEL 3+ DRY®/)2X®CHANNEL 3 IS LEVEL 1+ DRY®/12X*CH

JANNEL & IS LEVEL l+ WET®/12X®rHANNEL S IS LEVEL %» DRY®/]12X*CHANNE

L 6 IS LEVEL %y WET®/12X*CHANNEL 7 IS LEVEL S+ DRY®/12A®CHANNEL 8

LIS LEVEL S5+ WET®#/12X®CHANNEL @ IS LEVEL 6+ DRY®/12X*CHANNEL 10 IS

JLEVEL 6y WET®)

PRAINT 49 CALTAFE+CALINST+WRITDAT IDENTsMULEQF «PLOT+NCHANNLENARR
NAVEREC IBEGSKP» ISKTPyNINSCAL'LPACDATsNTOTFILSEXCITVO»
RESISRUL) vAsBeCoUsE+TIMRAT s VAR I IN«SIGMA+BARPRES+CPs
HEATLAT+CPVeVARITP» (ACTVULT (1) 2 1=145) s (RESISIIs1)01=1s10
Yo (RESIS(T42)0I=101n) o (CALRES(1a1)sI=1010) o (CALRES(Is2)»
I=1+10) s LELEVII)al=146) s NCALVAL

FORMAT(1HO+# CALTAPE =wp4w Ca INST =eA4e WRITOAT =eA4s [DENT =eAs

.® MULEQOF =+#A4® PLOT =%A4/® NCHANN =®#]3® LENARR =®]4@ NAVERLC =#[5

.* IREGSKP =e[2# [SKIE =e]3® NINSCAL =*[2® LPACUDAT =o]4® NTOTFIL =*

L2798 EXCITVO =8F5,.3% RESISR(L) =#F5.2% A =#Fd.2% B =*F7,3% C =*F7

Le1% D=oF5,3% F=eF6,3/% TIMRAT =sf4, 1® VARIIN =eF5,2% SIGMA =#F1.5

.® SARPRES =9FH,2% CP =ef5,3¢ RKEATLAT =#F6,1® CPY =#F5,3e VAQ[TP =+

JFa 2/79ACTVOLTIL THRU S)=25FS.1/% ReSIS(L THAU J0+1) =®]10FS.2/% RES

LIS(1 THRU 10+2) =#10FS.2/7% CALRES(] THRU 1041) =#10FS5.2/% CALRES (1

L1 THRU 10+2) =#10FS.2/* ELEV(] THRY 6) =#6F7.32 NCALVAL =%12)

IEXIT = 3n NO

JCLOCK = 0

BADATA = 3H NO

. s s

CDC 6400 FTN V3.0-P261 OPT=0 02/10/72 08.46.42.
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TEMPHUM TRACE CDC 6400 FTN V3.0-P261 OPT=0 02/10/72

100

200

300

4«00
500

600
700

2

FACTOR = SQRT(2.0) /(2.0*%9-1,0)

NFILE = 1
NRECOR = 0
ZEROTIM = 0.0

IPARITY = O
MULREC = 1
DO 100 I=1+NCHANN
SUMTEMP (1) = 0.0

IF (CALTAPE .EO. JHYES)CALL TAPECAL

IF (CALINST .EQ. 3HYES) CALL INSTCAL
NFILSKP = 1 .

NRECSKP = 0

IF (NFILE .LEs 1) CALL SKIPEOF
JCLoOCKk = 0
ZEROTIM = 0.0
NRECOR = 0
REANIS+SIFRSTREC
FORMAT (A3)

IF (FRSTREC .NE. 3IHBAD) GO TO 200
NFILSKP = 0
NeECSKP = |
CALL SKIPEOF
CALL BUFTEMP

IF (1EXIT .EQe 3HYES) GO TO 400
DO 300 I=1+NCHANN .

DO 300 K=1,LENARR ,

SUMTEMP (1) = SUMTEMP(I) + TEMP(IsK)

IF (NRECOR J.LE. NAVEREC*MULREC) GO TO 200
GO TO 500
NAVEREC = NRECOR=(NAVEREC® (MU_LREC=1))

D0 700 I=1+NCHANN .

AVETEMB (1) = SUMTEMP(I)/(NAVEREC®LENARR)

SUMTEMP L] 0.0

AVETEMP (1) (SLOPE(I)=AVETEMPI(]) + ZEROTAP(I)N)/GAINLD)

FACTYOR] = AVETEMP(I)/ZEXCITVO
FACTOR2= RESIS(I+1)/(RESISRUI) + RESIS(Isl))

AVETEMPIT) = RESIS(I4+2)/(FACTOR2=FACTORI)= RESIS(Is2)

1F t1 .6T. 1060 TO 700
DO 600J=2sNCHANN
RESISR(J) = AVETEMPI(])

AVETEMP (1) = A+BSAVETEMP(I) + CoAVETEMPLI)®#2 +D®AVETEMP(1)®*#]3 +
- ESAVETEMP (1) wed

TIME = (TIMRAT®#(ITIME=ZEROTIM)/10000.)

wHITE(Ee2) TIME 4+ NHECOR » (AVETEMP LT ) » =1 sNCHANN)

FO~MAT(1HO+® TEMPERATURFS AVERAGED OVER 10 MINUTE INTERVALS. TIME
. ®F3.3% SECS. HECUORD NUMHER® [4//2X%CHANNEL )®4X®CHANNEL 2%4X®CHAN
JNEL 3%4xeCHANNEL 494X ®CHANNEL S®4X*CHANNEL 6%4X®CHANNEL Te®4X®*CHANN
LEL Be4xeCHANNEL 9%4XeCHANNEL 10®/3x*LEVEL 2*6X*LEVEL 3*6X®*LEVEL 1*
LEX®) EVEL leaX®LEVEL 4%AXeLEVEL 4®AX®LEVEL S*AX#LEVEL S*saXeLEVEL 6%
LOXSLEVEL 62/ 3X%AMEIENT#SXSDRY . LOX®DRY® | OXOWET® | OX®DRY®JOX*WET®]0X®
JORYC | OX*WET® | 0X®)HY® | OX*WET®/IAFb. 3* C®SKF6,3* C®*5)KFb.3® C*SAFL,I*
o« C*SAFE.3® (C95AF6.3® Co5XFb.3» CeSAF6.3% Co*S5XF6.3% Ce*5XFH,3® CH)
CALL HUMID

IF (PLOT «EN. 3HYES) CALL PLOTEMP
MULREC = MULREC + ]
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IF (IEXIT .NE. 3HYES) GO TO 2n0
END
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SUBROUT INE

TAPECAL TRACE

SUBROUTINE TAPECAL

COMMON/BTAPECA/NCALVAL+VARITP,ACTVOLT(5)

COMMON/BCAL TRR/SLOPE(10) +ZEROTAP(10)

COMMON NF ILE +NRECORsLENARRsNCHANNSTEMP (1045100) s WRITDAY

DIMENSTON SUMCAL (10)»SUMTAP(1N)+SAVALUE (10)sSUMACT(10)sACT X TAP(1

i 0)«SUMSQIL0+5) s RECHMFANILO) s TOTMEANT(LO»5) « TEPMEANILL0) »5U
. MEAN()O0) s TEMPSUMIL0) »STANDEV(104+5)
ICHECK = 0
NSAMPLE
LASTCAL
ICALVAL 1
DO 100 I=1+NCHANN
SUMEANITI) = 0.0
TEMPSUMIT) = 0,0
SUMCAL (1) = 0.0
SUMACT(I) = 0.0
SUMTAP(T) = 0.0
SOVALUE(L) = 0.0
ACT X TAPIL) = 0.0
TEPMEANIT) = 0.0
RELMEANIT) = 0.0
DO 1004=1+NCALVAL
STANUDEVIIs ) = 0.0
TOTMEANILsJ) = 0.0
100 SUMSQII+J) = 0.0
200 CALL BUFTEMP
GOTORUF = 3H NO .
IFf (ICALVAL «EN. NCALVAL) LASTCAL = LASTCAL + 1
DO 300 K=1+LENARR
DO 300 I=1+NCHANN
300 SUMCAL () = SUMCAL(L) + TEMP(]sK)
IF (ICHECK .GT. 0) GO To 800
NSAMPLE = NSAMPLE + |
WHITE(G6+1) NRECORs ICALVAL+ACTVOLTU(ICALVAL)

1 FORMAT(1HOSX*RECORD MEANS®*4X#RECORD NUMBER® 14, 7TX®CALIBRATION®]29
LHXTINPUT VALUESFS,1/11X2CHANNFL® 10X ®MEAN® ] IXSCUMULATIVE MEAN® 6X
+*NUMHBER RECUHDS FOR CUMULATIVE MEAN®)

D0 €00 I=14+NCHANN
RECMEANII) = SUMCALITI) / LENARR
WRITE(692) 1o HECHMEANLT)
2 FOHMAT(IH 412X+12+10X+FR.4)
IF (NRECOR .tEQ. 1) GO TO 400
IF (RECMEAN(I) .GT. TOTMEAN(L,ICALVAL)+ VARITP .0, RECMEANLI)
. oLTs TOTMEAN(I+ICALVAL) = VARITP) GO TO 700
400 D0 SO0 %X=]l.LENARR
S00 SUMSQUI+ICALVAL) = SUMSO(I+ICALVAL) + TEMP(IsK)®®2
SUYEAN(T) = SUMEAN(I) ¢ WECMEAN(I)
SUMCAL (1) = 0.0
TOTHEANCI S ICALVAL) = SUMEANLI)/NSAMPLE
600 AFITE(Gs4) TOTMEAN(L . ICALVAL) «NSAMPLE
4 FORMAT (e oubXsFBLb925K413)
GO TO 200
700 NSAMPLE = NSAMPLE = 1
ICALVAL = [CALVAL + ]
BOOD IF (ICALVAL .GT. NCALVAL <A, LASTCAL «GT. 3) GO TO 1300

CDC 6400 FTN V3.0-P261 OPT=0 02/10/72

08.46.42.
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ICHECK = ICHECK + 1
WRITE(6+5) NRECORs ICALVALACTVOLT(ICALVAL)
5 FORMAT (1HO +SX*TEMPORARY MEANS*BA®*RECORD NUMBER®I4»10X*CALIBRATION
L2124 X*INPUT VALUE ®#FS,1/11X®CHANNEL®10X*MEAN®)
DO 1100 I=1+NCHANN
RECMEANI(I) = SUMCAL (I)/LENARR
WRITE(6+6) 1+PECMEANIT)
6 FORMATI(IH +12X12+s10XFB.4)
SUMCAL(IY = 0.0
“IF (ICHECK .EQ. 1) GO TO l000
DO 900 K=1+LENARR
900 SUMSQIT+ICALVAL) = SUMSQ(I+ICALVAL) + TEMP(IsK)®e2
TEMPSUMIT) = TEMPSUM{I) + RECMEANI(])
1000 IF (RECMEAN(TI) .GT. TOTMEAN(I,ICALVAL=-1) + VARITP .0. RECMEANI(I)
» oLTe TOTMEAN(I+ICALVAL=1) =VARITP) GOTOBUF = 3HYES
1100 COMTINUE
IF (ICHECK .GT. 3) GO TO 1300
IF (LOTORUF LEQ. 3HYES) GO TO 200
DO 1200 I=1+NCHANN
TEMPSUMIT) = 0.0
1200 SUMSQIT+ICALVAL) = 0.0
ICHFCK = 0
ICALVAL = ICALVAL =1
GO TO 200
1300 IEND = ICALVAL = 1
WHITE(6+8) IFNDsACTVOLT (IEND) J
B FORMAT (1HO4/+5X*STANDARD DEVIATIONS®10X*CAL IBRATION®I2+5X® INPUT VA
JLUE®FS, 1 /1 1 X*CHANNEL® 1 OK®RMS*®)
DO 1400 1=1+NCHANN
STANDEV(1s ICALVAL=1) = SQRTI(SUMSQ(I+ ICALVAL=1)/(NSAMPLE®_ENARR) =
. TATMEANC I« ICALVAL=]1)®#2)
1400 WRITE(6+9) 1oSTANDEV (T 1END) "
9 FORMAT(IH 212XI2+7XF5,.3)
NSAMPLE = [CHECK = 1
DO 1500 I=1+NCHANN
SUMEAN(T) = TEMPSUM(I])
TOTHEAN(L» ICALVAL) = TEMPSUM(T) /NSAMPLE
1500 TEMPSUMII) = 0.0
ICHECK = 0
IF (I1CALVAL .LE. NCALVAL) GO TO 200
1550 wRITE(6+10) NRECOR
10 FORMAT(1HO,Sx®ACTUAL VS TAPE VOLTAGE®10X®LEAST SQUARE METHOD®SxeNU
LMEER HECPRDS USED FOr CALCULATIONS®*13)
DO 1700 I =1+NCHANN
DO 1600 J=1+NCALVAL
SUMTAP(I) = SUMTAP(I) + TOTMEAN(I+J)
SOVALUE (1) = SOVALUE(I) » TOTHMEAN(LeJ)®e2
ACT X TAP(I) = ACT X TAP(I) + TOTMEAN(I+J) ® ACTVOLT(J)
1600 SUMACT (1) = SUMACT(I) + ACTVOLT(J)
SLOPE(T) =(SUMACT(I) ® SUMTAP(I) = NCALVAL®ACT X TAP(I))/
. (SUMTAP () ®®2-NCALVAL®*SOVALUE(I))
ZERKOTAPII) = (SUMTAP(I)®ACT X TaP(]l) = SUMACT(I)®SQVALUE(I))/
. (SUMTAP () ®*2-NrALVAL®*SQVALUE(]))
WRITE(G&s1)) T (ACTVOLT ()« TOTHMEANCLsJ) »J=19sNCALVAL)
11 FORMAT(IH 410X*C H A N N E L®*13/15XA*VALUES USED FOR LEAST SQUARE C

08.46.42. PAGE
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SUBROUTINE TAPECAL TRACE CDC 6400 FTN V3.0-P261 OPT=0 02/10/72 08.46.42, PAGE 3 P '

+ALCULATIONS®#10X® INPUT VALUE®SX®*TAPE VALUE®/(69XF&4.1+11KF6.3))

1700 WRITE(6512) SLOPE(I)+ZEROTAP(])
12 FORMAT(1H0+15X®VALUES OBTAINED FROM LEAST SQUARE CALCULATIONS® TX#* e r

+SLOPE®AX® INTERCEPT®/6BXFS+3+11XF5.3)
11= RETURN >
END
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SUBROUT INE

INSTCAL TRACE CDC 6400 FTN V3.0-P261 OPT=0 02/10/72 08.46.42.

SUBROUTINE INSTCAL
CORHDNIBINSTC&INITSCALOVARIIN.E!CITVO.RESIS‘IU-ZItClLRESlIGOZIU
. GAINI(10)

COMMON/BCAL IBR/SLOPE(10) +ZEROTAP(10D)

COMMON NF ILE «+NRECORyLENARRyNCHANNs TEMP (104100) »WRITDAT
COMMON/BSKPEOF /BADATA+LPACDAT JNRECSKP s NF ILSKP

DIMENSION SUMAVE (10)+TSUMAVE(10) +SUVALUE(L10) »STANDEV (104200

. TOTAVE (10+2) +SUMTEMP (10) s TSUMSQ(10) s ACTUAL (10D,

W AVEREC(10)

NRECOR = 0
BADATA = 3HYES

DG 100 I=1+NCHANN
SUMAVE(I) = 0.0
TSUMAVEI(TI) = 0,0
TSUMSOI(I) = 0.0
SQVALUEILT) = 0.0
SUMTEMPIT) = 0.0
DO 100 x=1+NINSCAL

STANDEVIIsx) = 0.0
100 TOTAVE(I«+K) = 0.0

INSCAL = 1

ICHECK = 0

NSAMPLE = ]
LEVEL = 10HZERO INPUT
200 CALL BUFTEmP
IF (NFILE .GT« 1) GO TO 1050
GOTOHUF = 3H NO -
DO 400 I=1+NCHANN
DO 300 K=1.LENARR
300 SUMTEMPR(I) = SUMTEMP(I) + TEMP(]IsK)
AVEREC(I) = SUMTEMPI(I)/LENARR
400 SUMTEMPII) = 0,0
IF (ICHECK .GT. 0) GO To B0O
IF (NRECOR LEQ. 1) GO Tn S00
IF (ABS(AVERECU(])) .GT. ABSI(TOTAVE(1lsINSCAL)) + VARIIN) GO TO TOO
500 wRITE(6+3) NRECORs INSCALSLEVEL
3 FORMAT(1HO+SX®*RECORD MEANS®*uX#RECORD NUMBER® 14, 7X*CALIBRATION®I2+4
JX®INPUT #A10/1 1X*CHANNEL® 10X *MEAN® | 3X*CUMULATIVE MEAN®6X®NUMBER OF
. RECORDS FORP CUMULATIVE MEAN®)
DO 600 I=1+NCHANN
SUMAVE(]) = SUMAVE(I) + AVEREC(I)
TOTAVE (I+INSCAL) = SUMAVE(I) s NSAMPLE
WRITE (£+2) 1« AVERECET) + TOTAVE (T INSCAL) #NSAMPLE
2 FORMATIIH o178 s 120 )l0ReFR.%sltnsFBake25Ke13)
DO K00 X=1sLENARR

600 SOVALUF(I) = SAVALUE(L) » TEMR([+K)®e2
NSAMPLE = KNS8MPLE » |
GO TO 200

700 INSCAL = INSCAL + 1
LEVEL = 10nFULL SCALE
RO0 ICHFCK = IChECK « |
IF (ICHECK LEQ. 1) GO TO 200
IEND = ICHFCK - 1 i
WHITE(Bsse) NHRECOH» INSCALSLEVEL
& FORMAT (1HO+5X®TEMPORARY SUM OF MEANS®*4X®RECORD NUMBER®I4.TX®CALIBR
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SUBROUT INE

INSTCAL TRACE CDC 6400 FTN V3.0-P261 OPT=0 02/10/72

LATION®I2+4X*INPUT ®A10/]11X*CHANNEL®10X®*SUM OF MEANS®*]3X®*NUMBER OF
+RECORDS IN SUM®)
DO 900 I=14+NCHANN
TSUMAVE(T) = TSUMAVE(I) + AVERECI(I)
WRITE(&+5) T+ TSUMAVE(T) » TEND
5 FORMAT(IH +13Xs12016XF6,3027X12)
DO 900 K=1,LENARR
900 TSUMSO(I) = TSUMSQ(I) + TEMP(I.K)®e2
IF (ABS(AVEREC(1)) «GT+ ABS(TNTAVE(1+INSCAL=1)) ¢ VARIIN)
4 6GOTORUF = 3MYES
IF (ICHECK .GT« 3) GO TO 1100
IF (GOTOBUF LEQ, 3IHYES) GO TO 200
DO 10001=1+NCHANN
TSUMAVE (1) = 0,0
1000 TSUMSGIL) = 0.0
LEVEL = 1047ERO INPUT

ICHECK = 0
INSCAL = INSCAL -1
60 TO 200

1050 INSCAL = INSCAL + 1
NSAMBLE = NSAMPLE = |}
1100 IEND = INSCAL = 1
LEVEL = 10HZERO INPUT
IF (IEND «EN. 2) LEVEL = 1OHFULL SCALE
WRITE (6+6) TENDLEVEL
& FOQMAT (1HO,SX*STANDARD DEVIATJONS®LOX®CAL IBRATION®[2+s5K® INPUT =Al10
/11 X®CHANNEL®LOX®*RMS®) -
DO 1200 1=1+NCHANN
STANDEV(Is INSCAL=1) = SORT(SQVALUE (I1)/ (NSAMPLE®LENARR)~= TOTAVE(I»
. INSCAL=1)®2e2)
1200 WRITE (6« T) I «STANDEV(I+ IEND)

7 FOSMAT(IH 412X12+7%XF9:3)
NSAMPLE = ICHECK = 1
DO 1300 I=1+NCHANN
SUMAVE (1) = TSUMAVELD)

TOTAVE(1+INSCAL) = SUMAVE (1) /NSAMPLE
SQVALUE(]) = TsuMmsQl(l)
TSUMAVE(T) = 0.0
1300 TSUNSQ(I) = 0.0
ICHECK = 0
NSAMPLE = NSAMPLE + 1
LEVEL = 10HFULL SCALE
IF (INSCAL .LE. NINSCAL) GO To 200
1400 D0 1600 I[=1+NCHANN
U0 1500 x=1+NINSCAL
1500 TOTAVE(IsK)Y = SLOPE(I) # TOTAVE(Isx) ¢ ZEROTAP(I)
ACTUALCE) = EXCITVO® ((RESIS(I+1)/(RESIS(I+1)+CALRES(I+1)))} = (RESI
. SU1+2)7(RESIS(1+2) ¢ CALRES(I+2))))
GAINIIL) = (TOTAVE(1+2) = TOTAVE(I+1))/ACTUALLT)
1600 wHITE(A+B) ToTOTAVE(Tsl)eTOTAVE(Ie2) s ACTUAL(I)»GAINC(I)

8 FO~MAT(1HO,10XeC H A N N E L®*73/15Xx#VALUES USED FOR GAIN CALCULATI
LONS®10X® [NPUT®SXETAPE VALUE#SX®ACTUAL VALUE#*/S9X*ZERO#TXF6.3+12X%0
Le02/SEXPFULL SCALE®4XF6,30lIXF6,3//15X2GAIN COMPUTED®*F10.3)

RE TUHN
END
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CDC 6400 FTN V3.0-P261 OPT=0

SUBROUT INE BUF TEMP
COMMON/BBUF TEM/ IDENT yMULEOF » IEXIToNTOTFILsPLOT+ IPARLITY+ZEROTIM»
. JCLOCK
COMMON/BSKPEOF /BADATAsLPACDAT yNRECSKP o+ NF ILSKP
COMMON NF ILE sNRECORsLENARRyNCHANNSTEMP(10+100) +WRITDAT
COMMON/UNPX /1 TIME» ICOMWRD(200) » IDATWRO(1000)
IF (IDENT LEQ. 3HYES <A, BADATA .EQ. 3H NO .A. NRECOR .EQ. 0)
. CALL HEADER
CORTIME = 34 NO
HADATA = 3H NO
100 NRECOR = NRECOR + |
BUFFER IN(141) (ITIME, ICOMWRD (LPACDAT))
IF(UNIT(1))1500+200+400
200 WRITE(691) NRECORWNFILE
1 FORMAT(1HO+* THERE ARE®]S5®* RECORDS ON FILE®I3)
NHECOR = 0
IF (MULEOF .MmE. 3HYES) GO TO 300
NFILE = NFILE + 1
IF (NFILE .GT. NTOTFIL) GO TO 300
GO TO 100
300 IF (PLOT +EQ. 3HYES) IEXIT = 3IHYES
IF (PLOT 4EQ. 3HYES) RETURN
CALL EXIT
400 WRITE(6+2) NRECORsNFILE i
2 FORMAT(1HO+® PARITY ERROR IN DATAs RECORD®IS* FILE#13)
IPAQLTY = [PARITY + |
WRITE (643) IPARITY
3 FORMAT(1HO,* THERE HAVE BEEN®[3® PARITY ERRORS*)
CALL UNPAK .
CALL SORT
IF (WRITDAT LEQ. 31 NO) CALL DATWRIT
GO TO 600
500 CALL UNPAK
CALL SORT
600 IF (NRECOR .EQ. 1 «A, ITIME «NE. 0) ZEROTIM = ITIME
IF (ITIME=999999 .GT, =12000) CORTIME = 3HYES
ITIME = ITIME + JCLOCK * 999999
IF (CORTIME .EQ. 3HYES) JCLOCx = JCLOCK +« 1
RETURN
END

02710772 08.46.42.
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SUBROUTINE HEADER TRACE CDC 6400 FTN V3.0-P261 OPT=0
SUBROUT INE HEADER
COMMON NF ILE+NRECORsLENARRyNCHANNsTEMP (10,100) s WwRITDAT
DIMENSION ID(2)
BUFFER IN(1,0) (ID(1)sID(2))
IF (UNIT(1)) 200+4100,100

100 wRITE(6+1) NFILE

1 FORMAT(1HO+® PARITY ERROR OR FOF IN HEADER OF FILE NUMBER®I3)

200 WRITE(6+2) NFILELIDII)sI=1e2)

2 FORMAT(1HO,* HEADER ON FILE®=I?® [S «2110)
RETURN =
END

02/10/72 08.46.42,
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SUBROUTINE SORT

COMMON NFILEsNRECORyLENARRsNCHANNSTEMP(10+100) +WRITDAT
COMMON/BSORT/IBEGSKP+FACTOR ISKIP
COMMON/UNPK/ITIME « [COMWRD(200) » IDATWRD(1000)
M = IBEGSKP

L=20

DO 200 1= 1+LENARR

DO 100 K=1yNCHANN

TEMP(KysI) = IDATWRDI(M + L) * FACTOR

L=L +«1

L=20

M=M + [SKIP

IF (WHITDAT .EQ. 3HYES) CALL DATWRIT

RE TURN

END




(]

CDC 6400 FTN V3.0-P261 OPT=0 02/10/72 08.46.42. PAGE

SUBROUTINE DATWRIT TRACE

SUBROUTINE DATWRIT
COMMON/UNPK/TITIME » ICOMWRD (2001 » IDATWRD (1000)
COMMON NF ILE +NRECORsLENARRsNCHANNS TEMP (105100) 4WRITDAT
WRITE(S5+1) NRECORs ITIME
= 1 FORMAT(1HO+* RECORD NUMHER®*ISe [TIME IS*110)
D0 100 I=1yNCHANN
100 WRITE(6+2) I+ (TEMP(I+K)sK=1sLFNARR)
2 FOAMAT(1HO,# TAPE CHANNEL NUMBER®13+/»(16FB8,3))
RETURN
1n END

o & o
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SUBROUTINE SKIPEOF
COMMON/BSKPEOF /BADATAsLPACDAT {NRECSKP o NF ILSKP
COMMON/BBUF TEM/ TDENT ¢MULEOF s IEXIToNTOTFIL+PLOT o IPARITY»ZEROT IM»
. JCLOCK
L COMMON/UNPK /ITIME» ICOMWRD (200) » IDATWRD(1000)
COMMON NF ILE +NRECOR s LENARR o NCHANNS TEMP (10+100) s WRITDAT
NREC = 0
IF (NFILE .GT« NFILSKP) GO TO S00
100 BUFFER IN(1+1) CITIME«ICOMWRD (LPACDAT))
1n IF (UNIT(1))300+400+200
200 LEN = LENGTAI(])
NREC = NREC + 1
NRECOR = NRECOR s+ |
WRITE(6+]1) NFILE+NRECORNRECs|LEN

1= 1 FORMAT(1HO,SX*PARITY ERROR OCCURREL WHILE SKIPPING FILE=I2%* RECORD
.*lue,®]3* RECORDS HAVE BEEN SkIPPEV. LENGTH OF RECORD®[4)
GO TO 100

300 LEN = LENGTH(IL)
NREC = NREC + 1
2n NHECOR = NRECOR + 1
IF (LEN .NE. LPACDAT + ]) WRITE(6+2)NRECOReNF ILE+LENSNREC
2 FORMAT (1H0,5X*RECORD ENCOUNTERED OF IMPROPER LENGTH. RECORD®I4® F]
JILE®I2® LENGTH®l4e2X|3* RECORDS HAYE BEEN SKIPPED*)
GO TO 100
s 400 WRITE(6+3)NRECeNF ILE+NRECOR
3 FORMAT(1HO+5Xx13® RECORDS HAVE BEEN SKIPPED ON FILE®*l2%., THERE WER
LE®]4® RECOXDS ON THIS FILE®)
NFILE = NFILE + 1
NREC = 0
n NRECOR = 0
IF (IDENT .EQe« 3IHYES) CALL HEADER
IF (NFILE JLE« NFILSKP) GO TO 100
500 IF (NRECSKP LEQ. 0) RETURN
D0 500 I[=1+NREC3KP
3 BUFFER IN(lel)(ITIME, ICOMWKRD (LPACDAT))
IF (UNIT(1))BO0+700+600
600 NREC = NREC + 1
NRECOR = NRECOR + 1
LEN = LENGTH(1)
&n WHITE(644) NRECORSNF ILE«NRECWLEN
o FOXMAT(1HO+5X®*PARITY ERROR OCCURRED WHILE SKIPPING RECORD®i4® ON F
JILE®[2e,02x 3% RECORDS HAVE BFEN SKIPPED. LENGTH®[4)

S e P v

GO TO 900
700 WRITE(&+5)NAECORWNFILEsNREC
[ - FOYMAT(1H0«SK®EOF OCCURRED WHILE SKIPPING RECORDS. LAST RECORD WA
JS®lu® ON FILE®IZ2+2X13% RECORUS HAD BEEN SKIPPED.®)
- GO TO 900
BOO NHRECOR = NReCOR + ] -
NREC = NWKREC + |
& S0 LEN = LENLTH(1) -
IF (LENNE, LPACDAT + 1) WRITEL6+2)NRECORsNF ILE+LENsNREC
900 CONTINUE
J wRITE(As6)NRECoNF [LE +NRECOR ‘
6 FOMMAT (1M0+5K13* RECORD(S5) HAVE BEEN SKIPPED ON FILE®]I2*%, RECO4D
55 «NUMBER [5%]4)
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RETURN
END
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HUMID TRACE CDC 6400 FTN V3.0-P261 OPT=0 02/10/72 08.46.42.

SUBROUTINE HUMID
COMMON/BHUMID/SIGMA»BARPRES+HEATLAT+CP+CPVsHUMIDI(10)
COMMON/BPLOTEM/AVETEMP (10) 9 TIME+ELEV(6) »LABELX (4) sLABELY (4)oLTITLE
. (4)

M =]

D0 1001=4»10,2
RHOS = 10.2(10.%#((22.5518% (AVETEMP (1) +273.16)-2937.4)/ (AVETEMP (1)
. +273.16) ) )/ L(AVETEMP (1) #273,16)%%4,924]3)

WMIXRA = (SIGMA®RHOSSAVETEMP(1))/ (BARPRES- RHOS®AVETEMP(I))

HUMIDI (M) = WMIXRA®HEATLAT-(AVETEMP(I=1) = AVETEMP(I))®CP /

(CPV® (AVETEMP(I=1) = AVETEMP(I)) + HEATLAT)

WRITE(G6e1) (HUMIDI(I)eI=194)

FORMAT (1HO+ SX®*HUMDITIES®#/SKk® | EVEL 1#Sxe LEVEL 4*5Xxe _LEVEL S5#5X® L
LEVEL 6#/4(54FB8,3))

RETURN

END



SUSROUTINE PLOTEMP TRACE

SUBROUTINE PLOTEMP -
COMMON/BPLOTEM/AVETEMP (10) o TIME+ELEV(6) sLABELX (4) sLABELY (4)oLTITLE

.DIH[NSIDN

5 TEMP (1)
TEMP (2)
TEMP ()
TEMP (&)
TEMP (5)
1n TEMP (6)

(%)
TEMP(6)
AVETEMP (3)
AVETEMP(])
AVETEMP(2)
AVETEMP(S5)
AVETEMPI(T)
AVETMEP(9)

WRITE(691) TIMES (ELEVII)+TEMP(1)eI=1s6)
1 FOHMAT(1HO+* TEMPERATURE PROF [LE VALUES®/3X® AVERAGE OF POINTS OVE
R TEN MINUTE INTERVALS. TIME OF PLOT ®F10.3® SECS®*/3X® ELEVATION»

M

TEMPERATURE+C#/6 (6X9Fb,3010KF6.3/))

1s CALL IDIOT (TEMP+ELEVs6+]1sDUM,LABELXsLABELYSLTITLEs+1)

RETURN
END

CDC 6400 FTN V3.0-P261 OPT=0 02/10/72 08.46.42.
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15

20
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30

35
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UroAK

on & W ~n

-4

10

12
13
16

15

311
1750
7170000001
7100004000
432146

5110000000 C
6160000310 C
6170002260
6150000060
6110000074
5011000001
6166000001
11621
67515
22656
67515

11760

030700001)
15660

14666

0467000000
0550000014 +
6150000060
632146
0400000005 »
20260
6155777763
0400000006 «

46302

LENGTHA

LENGTHB
=

NE
B

UNPAK

GET60
GET12

STORB

INMID

DONE

COMPASS = VER 2.0 M 02/10/72 08.47.10,

IDENT UNPAK

INSERT LENGTHS OF PACKED AND UNPACKED ARRAYS
SET 201
SET 1000

USE /JUNPK/

BSS LENGTHA

BSS LENGTHB

USE

ENTRY UNPAK

BSS 1

SX7 18

SX0 «oOO0O0B

Mx2 2

SAl nNE All) === FIRST WORD OF ARRAY (TIME WORD) IS IGNORED
S86  B-1 B(J) BASE

SHT A+LENLTHB=-1 BILAST)

SHS 4B

SBl &0

SAl  alel GET ALD)

SBe PR6e]

BXe x2sXl MASK OUT 12 BITS

SBS BR1-85 RIGHT SHIFT

LA&6 RS«X6 BuT

SBS RAl1-8BS AVOID SIGN EXTENSION .

BX7 x6%X0 CK FOR SIGN BITY
ZR xT7+STORB

BX6 -=X0%X6 MASK OUT SIGN BIT
BX6 -4A6

BSS 0

AXG 1 DELETE ZERO=-BIT RIGHT=FILL
SA6 R6 STORE IN B(J)
EQ R6.87,D0NE

NE  RS+BO,INMID

SBS 48

Mxe 12

EQ GET60

LX2 4B

SBS AS5-12

EQ  GET1Z2

EQU UNPAK

END

STORAGE USED 44 STATEMENTS 10 SYMBOLS
6400 ASSEMBLY 0.340 SECONDS .23 REFERENCES

PAGE
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SUBROUTINE VOLTADJ TRACE CDC 6400 FTN v3.0-P261 OPT=0 02/10/72

SUBROUTINE VOLTADJ
COMMON/BVOLTAD/ ISCALE
COMMON/BCALIBR/SLOPE (2) +»ZEROTAP (2) y SLOPEANs ANINTER » SLOPEHN »
. SLOPEWD+WDINTER+SLOPEMD+DMINTER
s GO TO (100+,200+300) 4+ ISCALE
100 SLOPEAN = 47,736
ANINTER = =0.411
WRITE(6+1) ISCALE+SLOPEANSANINTER .
1 FORMAT(1HO,SX®ANEMOMETER VALUFS#SX* SCALE®*I2/10X®*SLOPE®*SX®INTERCEP
19 Jd*/710XF6.346%F6,3)
RETURN
200 SLOPEAN = 93,02)
ANINTER = 0,451
WRITE(A+1) ISCALE+SLOPEANIANINTER

15 RETURN
300 SLOPEAN = 0.0
ANINTER = 0.0
WRITE(6s1) ISCALE+SLOPEANANINTER
RETURN
2n END

13.01.02,
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45
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55

SUBROUTINE SPEED TRACE

s
W A s I

_‘ﬁu—ﬂ‘-w‘ﬂ‘

SUBROUT INE SPEED
COMMON /BSPEED/SUMVELO » ISAMPLE . IDATAHW s SUMVOL T TIMRAT1 o CHANNEL »
. DIGRAT1 s TIMECHG. VOLTCHGsMULTIME « TIMEHW » DCSUPRE
+FRSTSPDsWRITAPEPRINTOK
COHRDN/BBUHPUPJTIHEIITU?I'VELOCZI?UZI
COMMON/BLOCK1/LENARR] +»WINDIRE(100) «NRECORLoNFILEL s
ZEROTM]L sDIRMIRR(100)sVOLT(25100) +WRIDATI]
couMON/BCALlaa/SLOPEtzl.ZERoTaPtei.5L09EAN.AN1N1tR.5L0PEHu.
SLUPEWD s WDINTER+SLOPEMD+DMINTER
COMHDN!UNPKI/lTIHElolCOMIRU(aollclulllﬂDtloonl
COMMON/BBUMP/WRITIME (100) s VELNCL(100)
COMMON/BBUFLAL/NTOTFI1sJCLOCK) « [IEXITsTIMADASNREC
PRINTOK = 3H NO
KFIRST = 1
IF (FRSTSPD .Ew. 3HYES .A. NRFCORL .NE. 0) GO TO 25
CALL BUFLAS1
1IF (IEXIT .EN. 3HYES) GO TO 2n0

25 DO 100 IDATAWS = KFIRST+LENARRI

SLOPE(1)® VOLT(1+IDATAWS) + ZEROTAP(1)
VELOCI(IDATAWS) (SLOPEAN® VFLOCL(IDATAWS) + ANINTER) #0.3048
VELNCZ2 L IDATAHW) SLOPE (2)*vOLT(2+]DATANS) + ZEROTAP(2)+ DCSUPRE
IF (FRSTSPD LEQ. 3HYES) GO TO 50

SUMVELQ = SUMVELO + VELDCIU(IDATANS)

ISAMPLE = [SAMPLE + |

SUMVOLT = SUMVOLT + VELNCZ2(I0ATAHW)

VELOC1 (IDATAWS)

SO0 TIMELI(IDATAHW) = TIMRAT1®* ((ITIMEL=ZEROTM1)/10000 + ((IDATANS )

L*CHANNEL)/DTGRATY)

IF (TIMEJ(IDATAHW) JGE. TIMECHG .A. VOLTCHG +EQ. 3HYES)
. CALL VOLTADJ

IF (TIMEL(IUATAHW) .GE. MULTIME®TIMEHW) GO TO 200

100 IDATAHW = JUATAHW + ]

FRSTSPD = 3H NO

ISTART = IDATAHW = LENAPRY*XFIRST=]
D0 115 1=KFIRST+LENARRI]

WRITIME(L) = TIMELLISTART)

115 ISTART = [START + |
120 IF (NRECOR) .GE. 2 +A. NRECOR) LE. 8) GO TO 125

I = NRECOR1 = 1
IF (MODI(1+30) .EQ. 0)GO TO 125
GO TO 160

125 PRINT 3+NRECOR]

3 FORMAT (1HD.* ANEMOMETER VELOCITY RECORD NUMBER®I4//2X*TIME«SEC
.S*SX® VELOCITY M/SEC®*10x® TIMFE+SECS®5X® VELOCITYsM/SEC®10X® TIME+S
LECSeSX® VELOCITYsM/SEC®/)

PRINTOX = 3HYES
WRITE(6+1) tWwRITIME(TI) s VELOCL (1)« I=1+LENARR])

1 FORMAT(IH o 1XFB.3+11XF6.3+15KFB.3s11XF6.341S5AFB.3+11XF6,.3)
IF (wRITAPE JNE. 3HYES) HETURN

160 WRITE(As12) NRECORI1
12 FORMAT(IH +# NRECOR]=%I5)

BUFFER OUTI(3+1) (WRITIME(L1)eVFLOCL(100))
IF (UNIT(3)) 400+180+190

180 wRITEUL&695) NHECORLWNFILEL
6 FORMAT({IH +# EOF ON RECORD NUMBER®I10* FILE NUMBER®*[3)

60 TO 400

CDC 6400 FTN V3,0-P261 OPT=0 02/10/72

13.01.02.
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SUBROUTINE SPEED TRACE COC 6400 FTN V3.0-P261 OPT=0 02/10/72 13.01.02,

190 WRITE(6s7) NRECORL+NFILE]L
7 FORMAT(IH ,* PARITY ERROR INPyUT ON RECORD NUMBER®110* FILE NUMBER
+*1I5)
GO TO 400
60 200 AVEVELO = (SUMVELO/ISAMPLE)/0,3048

AVEVOLT = SUMVOLT/ISAMPLE [
KFIRST = IDATAWS ¢ 1
DO 250 JK = 1+IDATAWS i

250 WRITIME(JK)Y = TIMEL(IDATAHW=-IDATANS + JUK)

65 SUMVELO = 0.0
SUMVOLT = 0.0
ISAMPLE = 0
MULTIME = MULTIME + 1|
HWINTER = SQRT{AVEVELO)=-SLOPEHW®AVEVOLTee2
70 DO 300 I=1+1DATAHW
300 VELOC2(I) =((SLOPEHW®VELOC2(1)*#2+nWINTER) ®22)20,3048 .
IF (NRECOR] .GE. 2 «A. NRECOR] .LE. B) GO TO 305 }

1 = NRECOR] = 1
IF (MOD(I+30) JEG. 0)GO TO 305
75 G0 TO 310
l 205 WRITE(6+2) TIMEL(L)+TIMEL (IDATAHW) sNRECORL o {TIMEL(I)+VELOC2(1)» I=
L1e IDATAHW)
2 FORMAT(1HO+= HOT WIRE VELOCITys CALCULATED FOR TIME PERIOD FROM®
JF7.2® TO®F7,2* RECORD NUMBER®*[3//% TIME+SECS®5X® VELOCITY+M/SEC®10
Bn JA® TIMESSECS®SX® VELOCITY+M/SEC®*10X® TIME+SECS®SK® VELOCITYsM/SEC®
A lll.-FB.JolElan.!olhlth.3.lélth.J.lbltFﬂoSolZIoFb.]II
IF (WRITAPE .EQ. 3HMYES) GO TO 310
IF (IEXIT LEQ« 3HYES)RETURN
307 IDATAHW = ]

8s IF (KFIRST ,6T. LENARRL)GO TO 120
’ GO T0 25
310 M = 1 "
PRINT 13+NRECOR1+ IDATAHW
13 FORMAT(IH +#* H, W. NRECORI=®110® NUMBER OF WORDS = #1]10)
' 9n LAST = 2

IF (IDATAHW .LE. 301)LAST = 1
DO 370 I=14LAST : [

N =M « 300
h IF (1 .EQ. LAST) N = [DATAHW
9s BUFFER OUTI(3+1) (TIMEL(M)+TIMELIN))

IF (UNIT(3))340+330+320

320 WRITE(45+8) NRECORLsNFILELsMsN

B FORMAT(1H »® PARITY ERROR ON HW TIMEs RECORD®I10* FILE®[3* M=®]5®
N=2]5)

100 GO TO 340

330 WRITE(6+9) NRECORI«NFILELls#MsN

9 FORMAT(IH +® EOF ON HW TIMEbs RECORD®*I10® FILE®#]3® M=#]5® N=*]5)

340 BUFFER OUT(3+1) (VELOCZ2(M)+VELOC2IN))
IF (UNIT(3)) 37043604350

105 350 WRITE(5410) NRECORI+NFILELsMen s
10 FORMAT(IH +# PARITY ERROR ON WW VELOCITYs RECORD®I10%* FILE®#]3® M=®
. I5% N=e]5)
GO0 TO 370
360 WRITE(6+11) NRECORIoNFILELsMoN
1n 11 FORMAT(IH .® EOF ON Hw VELOCITY, RECORD® I10® FILE®I3® M=e]Se N=®]




4 - SUBROUTINE SPEED TRACE CDC 6400 FTN V3.0-P261 OPT=0 02/10/72 13.01.02. PAGE 3 -
1
1 .5)
J - 370 M = M « 301 -
IDATAHW = 1
IF (IEXIT .EQe 3HYES) RETURN
] : 115 IF (KFIRST .GT. LENARR1)GO TO 120 -
GO TO 25
3 400 RETURN
4 - END : ®
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SUBROUTINE AVEwWIND TRACE CDC 6400 FTN V3,0-P261 OPT=0 02/10/72

1s

2s

an

SUBROUTINE AVEWIND
COMMON/BAVEW IN/JSAMPLE s SUMWIND o MUL T IM1 o TIMAVWD  AVEWD (3000)
” +LASTIME
COMMON/BSPEED/SUMVELO ISAMPLE s IDATAHNW e SUMVOL T+ TIMRAT 1 o CHANNEL »
DIGRAT] s TIMECHGVOLTCHGsMULT IME s TIMEHW + DCSUPRE
. +FRSTSPD+WRITAPE PRINTOK
COMMON/BBUMPUP/TIMEL (T02) s VELNC2(T02)
COMMON/BLOCK 1 /LENARR] o WINDIRE 1100) ¢ NRECOR1oNFILE]L
ZEROTMLyDIRMIRR(100) o VOLT(2+100) 4 WRIDATI
COMMON/BCAL IBR/SLOPE (2) « ZEROTAP(2) o SLOPEANS ANINTER » SLOPEHW»
- SLOPEWUsWOINTER s SLOPEMDsHMDINTER
= IDATAHW - LENARR] = |

DO 100 K=14LENARRI

J = J e-]

JSAMPLE = JSAMPLE + 1

SUMWIND = SUMWIND +« WINDIRE(K)

IF (K JLTe LENARR]I)IGO TN 100
150 AVEWD(MULTIML) = SUMWIND/JSAMELE

AVEWD (MULTIM]) = SLOPEWD®*AVEWD (MULTIM1) + WOINTER

MULTIMY = MULTIMLI + ]

SUMWIND = 0.0

JSAMPLE = 0
100 CONTINUE

IF (ARITAPE LEQ. 3HYES)IRETURN

WRITE (6s1) TIMAVWDsMULTIMLs (AVEWD(I) o I=LASTIMEMULTIMI)
1 FORMAT(1H +® WIND DIKECTIONS [N DEGREESs MEANS OF DATA FOR®FS5.1%

LSEC INTERVALS. THIS IS INTERVAL NUMBER®I&/(10F10.3))

LASTIME = MULTIM]

RETURN

END

13.01.02, PAGE 1 -
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SUHROUT INE

LASWRIT TRACE

SUBROUTINE LASWRIT
COMMON TIME2(200)+VELOLAS(200) » IPOINT
COMMON/BLOCK2/LENARR2+sSYNC(15n0) s YLASER(1500) s NRECOR2sNF ILEZ»
N ZEROTM2+WRIDATZ NTAPEZ
WRITE(6+5) NRECURZs IPOINT
5 FORMAT(1H ,# NRECOR2=#110® NUMBER OF WORDS =#*]10)
S50 M =1
N = IPOINT = 1 -
BUFFER OUT(341) (TIMEZ(M)+TIMEZ(N})
IF (UNIT(3)1)300+200+100
100 WRITE(%s)) NRECORZsNFILEZsMaN
1 FORMAT(IH +® PANITY ERROR ON _ASER TIME RECORD NUMBER®*I10%FILE WUM
JBER®[3® M=e]5% N=#]5)
G0 TO 300
200 WHITE(6+42) NWECORZWNFILEZ2sMaN
2 FORMAT(1H ,# EGF ON LASER TIME RECORD®110® FILE ®13® M=®]5®* Nx®]5)
300 BUFFER OUT(3s1) (VELOLAS(M)sVFLOLASINY)
IF (UNIT(3)1600+500+400
400 ARITE(6+3) NRECORZsNFILEZeMeN
3 FORMAT(IH +® PARITY ERROR ON LASER VELOCITYs RECORD®*I10® FILE®I3*®
JMz=e]58 N=#2]5)
G0 T0 600
S00 WRITE(Ss4) NRECOHZ+NFILEZ2eMsN
4 FORMAT(IH ,® EOF OM LASER VELOCITY, RECORD*I1O0*FILE®*I3* M=®]5% N=*®

. 15)

600 TIMEZ2(1) = TIMEZ(IPOINT)
VELOLAS(1) = VELOLAS(IPOINT)
RETURN
END

CDC 6400 FTN V3.0-P261 OPT=0 02s10/72
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UNPAK]

312

—

10

11
11
12
13
14
15
16

312
1750
7170000001
7100004000
43214

5110000000 C
6160000311 C
6170002261
6150000060
6110000074
5011000001
6166000001
11621
67515
22656
67515

11760
0307000011 «

21601
56660
0467000000
0550000014 -«
6150000060
43214
0400000005 -
20260
6155777763
0400000006 »

46302

LENGTHA

LENGTHB
.

NE
B8

UNPAK]

GET60
GET12

STORB

INMID

DONE

STORAGE USED
6400 ASSEMBLY

COMPASS = VER 2.0 M 02/10/72 13.01.56.

IDENT UNPAKIL

INSERT LENGTHS OF PACKED AND UNPACKED ARRAYS
SET 202
SET 1000

USE /UNPKL/
BSS LENGTHA®
BSS LENGTHB

USE

ENTRY UNPAKIL

BSS 1

SX7 18

SA0 40008

MX2 12 -
SAl nE All) === FIRST WORD OF ARRAY (TIME WORD) IS IGNORED
sBe  F=1 B(J) BASE

SHT A+LENGTHB=1 BILAST)

SHS B

581 #0

SALl  alel GET ALI)

SBe R6e]

Bxe x2+*X1 MASK OUT 12 BITS

585 A1-85 RIGHT SHIFT

LXE HS.X6 BUT

S84S5 H1=-8S AVOID SIGN EXTENSION

BXT x6*X0 CK FOR SIGN BIT

IR x7+STORB

BX6 -X0*X& MASK OUT SIGN BIT

BX6 -X6

BSS 0

AXE ] DELETE ZERO-BIT RIGHT-FILL
SA6 R6 STORE IN B(J)

EQ b e87,DONE
NE AS.B0,INMID
SHS u¥

Mz 12

EQ GET60

LXZ2 &b

SB5 W5=12

EQ GETLZ

EQU 1INPAK]

END

44 STATEMENTS
0.338 SECONDS

10 SYMBOLS
23 REFERENCES
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UNPAK 2

11
11
12
13
14
15
16

1132
5670
7170000001
7100004000
43214

5110000000 C
6160001131 C
6170007021
6150000060
6110000074
5011000001
6166000001
11621
67515
22656
67515

11760
0307000011 »
15660
14666

21601
56660
0467000000
0550000014
6150000060
43214
0400000005 «
20260
6155777763
0400000008 -«

43417

LENGTHA
LENGTHB

-
NE
B

UNPAKZ2

GET60
GETI12

STORB

INMID

DONE

COMPASS = VER 2.0 M 02/10/72 13.01.57.

IDENT UNPAK2

INSERT LENGTHS OF PACKED AND UNPACKED ARRAYS
SET w02
SET 13000

USE /sUNPKZ/

BSS LENGTHA

ASS LENGTHE

USE

ENTRY UNPAKZ

BSS 1

SX7 18

SX0 40008

M2 12

SAl NE All) === FIRST WORD OF ARRAY (TIME WORD) IS IGMORED
sd6  B-1 B(J) BASE

SH7  ReLENGTHE=] B(LAST)

SHS ad

sBl 60

SAL alel GET A(I)

SB6 RBbe]

BX6 x2%X1 MASK QUT 12 BITS

sS85 @al-85 RIGHT SHIFT

LX6 R54X6 BuT

SHS R1-85 AVOID SIGN EXTENSION

BXT x6#X0 CK FOR SIGN BIT
IR xT+STORB

BAG -XD®X6 MASK OUT SIGN BIT
BX6 X6

BSS 0

LI | DELETE ZERO=-BIT RIGHT=FILL
SAG HO6 STORE IN BtD)
EQ H6+H T+ DONE

NE RSB0, INMID

SHS 48

M2 12

£Q GET60

LXZ a8

5HS RS=-12

EQ GET12

EQU UNPAKZ

END

STORAGE USED 44 STATEMENTS 10 SYMBOLS

6400 ASSEMBLY

0.339 SECONDS 23 REFERENCES

PAGE




UNLOADW COMPASS - VER 2.0 M 02/10/72 13.01.59.

s 1DENT UNLOADW P
ENTRY UNLOADW L
USE DATA.
- 246 03111720000000000000 cloc vFD 1B8/3LCI0»2/1+40/0 -
5 247 15230700000000000000 MSGC vFD 18/3LMSGs42/0
250 01022401000000000000 ABTCS VFD 18/3LABT»6/1+36/0
- 251 01022400000000000000 ABTC vFD 18/3LABT 4270 O
252 15051500000000000000 MEMC vFD 1A/3LMEMs42/0
253 22031400000020000000 RCLC vFD 18/3LRCL+42/0
b 10 254 05160400000000000000 ENDC vFD 18/3LENDe42/0 -
255 01030520000000000256 « CNTCC vFD 18/3LACE«2/1+22/041B/CNTCCB
256 00000000uU00000000000 CNTCCB DATA 0 . 108 READ FORWARD 408 FOR BACKSP
o 257 0h111405552701235522 NSO DATA C*FILE WAS RrWwOUND BEFORE RETURN ® o
263 55251614170104551716 MSG2 DATA C® UNLOAD ON NON=TAPE FILE * 1
15 266 55251614170104551716 MSG63 DATA C* UNLOAD ON UNDEF INED FILE # ’
o 271 55202217072201155503 M5 G4 DATA C* PROGRAM CONTINUED * o
274 55222516550102172224 M5065 DATA C®* HUN ABDRTED WITH SPEC PROCESSING #
300 55222516550516241122 MSGh DATA C* RUN ENTIRELY ABQRTED = DUMpP *®
L ] 04 55222516550102172224 MSGT DATA C* RUN ABOHRTED wITHOUT DUMP # ®
20 307 55270111241116075500 MS0L9 DATA L* WAITING FOR NEXT REEL = GO TO CONTINUE®
314 55222516550516040504 MSGH DATA C®* RUN ENDED WITH ND DUMP =NORMAL CC STREAM *
L) 321 00000000000000000000 SAVEW DATA 0 Y
| USE .
® ®
1
® @
” 30 CALLPP MACRO A
L] IFC NEs®ep®, ] i ®
BAT RaeA
3 . SAS 1
i a9 NZ ASe® @
s + SAT AS .
. SAS AS : !
9 N2 XSe® @
ENDM
{° o
=
45 3 CLOSER MACRO
= LOCAL LOPE @
SA3 B2+2
SAs Adel
] 1x5 XI=Xbk °®
S0 IR KSsLOPE « IN EQ OUT
MX0 18
® LX0 18
SA] =74 e
BAT -X0*Xx] :
] 55 BXre AO*X3 &
SX1 k1]
HBA3 -X1®X&
B . A &
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55

UnLOADW

LOPE

REWIND

WAITER

ZR
SX1
IR
SX1
BXI
NZ
SXo
BA&
SX5
BRE
BX&
SAb
Ské
SAS
BX7
CALLPP
BSS
ENLM

MACHO
CLOSER
SAS
MX0
LXO
BX6
SX0
BXS
Ska
BRS
Bre
SA6
Sk6
SAS
Bx7
CALLPP
SKe
SAS
BAT
CALLPPR
ENDM

MACRO
LOCAL
Sk
SAS
BR7
CALLPP

A3sLOPE
48
A3+LOPE
5008
xleXs
X3+LOPE
28
X0=X4
248

Kb+ XS
KTeX6
ge

d2

clocC
x5+X6

0

B2
18
18
-X0*XS

xS*X0
so0B
A4e XS
x6+X5
de

B2
clocC
AS*X6

MSG1
M5GC
A6+X5

LOP
MSG9
MSGC
K4+ XS

COMPASS - VER 2.0 m  02/10/72

« FILE NOT OPENED
« WRITE MASK
«NOT OPEN FOR wRITE

« SPECIAL FUNCTION CODE

WRITE CODE

ADD PARITY BIT

ADD LOGICAL FILE NAME
RESET FIRST wORD FET

L L

« ADD FET ADR TO CALL WORD

END INSTRUCTION IN MACRO

«SAVE FILE NAME

«REWIND CODE
«ADD PARITY BIT
«ADD FILE NAME

«GET WAIT DAYFILE MESSAGE
«GET PP CALL WORD
+ADD ADDRESS TO CALL wORD

13.01.59.
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55

Un_ OADW

w MN=o

5021000001

0302000003 »

10722

53220

LOP’

UNLOAD

PMSG

UNLOADW

L

SX0
SAS
BX6
SAG
SA2
CALLPP
SAS
BXS

NZ
ENDM

MACRO
CLOSER
SAS
MX0
LXo
BX6
SX0
BXS
SXa
BX5
Bro
SAb
Ské
SAS
BXT
CALLPP
ENDM

MACRO
Ske
SAS
Bx7
CALLPP
ENDM

LIST
BSSZ
SA2
R
SAZ
8X7

100008
B0
XS+X0
AS
RCLC

e

‘B0

RS*X0
KSsLOP

d2
18
18
=X0%X5

xS*X0
(1]}
K4+ XS
X6+X5
T4

ciocC
KS+Ab

MSGC
X6+XS

Als+l
KZ2o%e]
r2

x2

COMPASS = VER 2.0 M

«SAVE FILE NAME

«UNLOAD CODE
+ADD PARITY BIT
«ADD FILE NAME

02/s10/72

13.01.59.
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as

40
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55

UL OADW

a5
51
104
105

106
106
141
142

143
145

147
150

151
152
153
154
155
156
157
150
151
166
157
174

200
201
206

212
213
220
221

222
226
ee27

231
234
2wl

2usS
322

5170000321

67202

0100000000 X

0720000105

5152000001

0325000106

7140000307
5132000002
0400000000
7160000266

0400000142 +

5132000002
7150000261
5150000247

Ll

5132000002

*
Ll

L d
L4

12765

5150000001
5150000321

63250

5130000005
0632000151

66200

0220000153
0400000000
0400000161
0400000167
0400000201
0400000217
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NTDEF
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CONT.

XITl

ExIT2

EXIT3

EXIT4
LOOP

EXITS

SA7
sBz
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SAS
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UNLOAD
WAITER
REwIND
EQ
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bBSS
REwIND
SX6
SAS
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CALLPR
SAS
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sHe
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EQ
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EO
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PMSG
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SAS
CALLPP
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SAS
CALLPP
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SKe
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CALLPP
SAS
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CALLPP
Ps
PMSG
SA¢g
CALLPR
PS

END
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SAVEW
xl+BoO
B0-B2
=XGETBA
H2+80sNTDEF
B2+1
XSeNTTAPE

UNLOADW
M5G3
CONT.

0

MSG2
MSGC
RG*XS

SAVEW

S

58
HisB2e®e]
8o

JMP+B2
UNLOADW
EXIT]
ExiTZ
EXIT]
EXITa
EXITS "
UNLOADW
MSG4
UNLOADW
MSGS
ABTC

-

MSGH
ABTCS
5

MSGT
CNTCC
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CNTCCB
™

708
ASsLOOP
ENDC

Z

M506H
ENDC
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