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l. INTRODUCTION

Our ability te understand and model turbulent flows still
relies heavily on the availability of accurate measurements
of mean and fluctuating quantities within the flow. Until recently,
the hot wire was the only reliable tocl available for the measurament
of fluctuating velocities. In fact, almost all of our present
knowledge about turbulent flows is based on wmeasurements made
with hot wires. 1In relatively simple flows (acderately two-
dimensional with small cross-flows), reliable and accurate hot
wire measurements are now possible with Zfully automated data
acquisition and reduction systems which miririze errors due
to drifts in calibrations. An example of such a gystem is given
in Ref. 2.

Howaver, as we turn our attention towaris more complex
turbulent flows, a need for more sophisticated measurement techniques
has become apparent. These complex flows include those with
compressibility affects, strong threae-dimensionality (with steep
mean gradients), flow reversals, and time-dependent behavior.
Since about the mid-gixties, the most popular alternative tool
for meacuring mean and fluctuating velocities in turbulent flows
has been the Laser Doppler Velocimeter (LDV).

Tha most popular LDV arrangement used for wind tunnel measure-
ments is the dual beam or fringe method. 1In this method, one
of the laser lines is split into two lines of equal intensity
which are then focused through a lens so that thay cross over
at the focal point. The flow is seeded with small particles
(typically less than 3-4 pm in diameter) which follow the fluid
motion. As these particles pass through interferometric fringes
created by the crossed laser beams, light is scattered off them
which is received by a photodetector. The frequency of this
scattered light, z2long with a knowledga of the fringe pattern
formed by the lasur beams, provide the means to calculate the
velocity of the parti:zle. The fringe method, aspecially in

1
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the forward scatter, off-axis mode, generally offers the best
signal-to-noise ratios and spatial resolution.

Although LDV systems are somewhat complex and tiresonme
to saet up, they have certain advantages ovaer hot wires for turbulence
measurenents. The fact that Laser Doppler Velocimetry is non-
intrusive is especially beneficial in the measurement of unstable
flow phenomena which are very sensitive to the presence of measure-
ment probes. In certain situations, LDV systems can also provide
greater spatial resolution and better directional descrimination
than hot wires. This makes it possible to usa LDV systems for
the measurement of separated flows. Since an LDV measures the
velocity directly, independent of the thermodynamic properties
of the flow, it is particularly attractive for velocity measurements
in compressible flows. Furthermore, the calibration converting
the frequency to velocity is linear and easy to implement in
software. This feature also allows for uniform sensitivity
in measuring both moderate and high turbulence intensities.

Two=-color LDV systems capable of measuring two components
of velccity simultaneocusly are now being widely used. Howaver,
the main interest in the presaent investigation was to study
three-dimensional interactions where it is desirable to obtain
measurements of all three velocities. Hence, the first objective
was to develop a laser velocimeter system capable of measuring
all three components of velocity simultaneously so that all
six components of Reynolds stress may be computed. Another
objactive was to compare thesa 1DV measurements diregtly with
these obtained with hot wires in flow fields where both techniges
are expected to perform sctisfactorily. The purpose of this
is to avaluate the performance of the system quantitatively
and objectively.

The approach followaed in the present investigation was
to convert an existing two-component LDV system into one capabla-
of weasuring all three components of velocity simultanecusly.
The system utilizes two wavelengths (488.0 and 514.5 nm) from
a 4-watt Argon-Ion laser., The main four-beam matrix measures
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u and v directly. The greer line in the four-beam matrix is
split (in half) using a dichroic filter and directed over the
top of the traverse mechanism with mirrors, giving the third
beam pair for the measurement of the w-component. This pair
of beams (with rotated polarization) measures w sin 45°+ v cos 45
Scattered light is collected in the off-axis forward scatter
mode using two cellection lenses.

Signal processing is accomplished with single-particle
burst counters, and the validated data are multiplexed through
a "home-built" interface to an HP 9845B desk-top computer.
Some selected first and second order products are reduced on-line,
and tHe raw data is dumped onto floppy disk. An off-line program
reduces tha data, giving up to third order quantities and also
plots histograms of the raw data for each channel. The software
includaes the capability to filter out noise by examining the
histograms.

The optical and signal processing hardware is described
in Section 2. The data acquisition and reduction softwara is
described in Section J and detailed cperating procedures are
given in Section 4. Some problems, inherent to 3-component
LDV systems, are presen.ad in Saction 5. Sample results fronm
an experiment measuring mean and turbulence quantities in a
vortex/mixing layer interaction are compared directly to resvlts
obtained using crossed hot-wire anemometry in Section 6, and
concluding remarks are presented in the fina. section. Complete
software listings written in BASIC and ASSEMBLY languages to
run on the HP 98458 desk-top computer are included in the appendix.

2. OPTICAL SYSTEM AND SIGNAL PROCESSING HARDWARE

The hardware for the 3-component LDV system can be divided
into three categories: the optical system, the signal procussing
instrumentation, and the computer. The LDV optics consist of
the optics table, where the laser beam is split into green and
blue beam pairs, the transmitting optics, where the beams are

3
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directed into the flow field, and the recweiving optics, where
the scattered light is picked up by photcdetectors. The signal
processing instrumentation consists of nplifiers, filters,
burst counters and a computer interface. ' . sampling procedures
are all computer controlled.

2.1 Optics Table

The optics tabls consists of the laser and all the optical
elements needed to provide the necessary four-beam matrix.
Fig. 1 shows a schematic of the arrangement with component numbers
as referred to in this section. A 4-watt Argon-Ion laser (Lexsal
Model 95) is used to produce the main beam. The beam then passes
through a collimator (1), which ensures that the beam waist
occurs at the focal point of the transmitting lens.

The collimated beam is passed through a color separator
box, which consists of a polarization rotator (2), an attenuator
(3), and a pair of high dispersion Brewster angle prisms (4)
which are used to separate the multi-line beam into two colors,
blue (488 nm) and green (514.5 nm). These two beams are then
reflectad across the box by mirror (5), and out of the box by
mirrors (6, 7).

Follow#gg_ggg color separatio.a, tha green beam's polarity
is rdEZEZE”éo horizontal (8), and the beam is split into two
beams in the vertical plane (9). Most beam splitters prefer
this type of perpendicular polarization for maximum efficiency.
Using the beam displacer (10), the blue beam is then moved to
the center of tha optics, and its polarity is rotated to vertical
{(11) . The blue beams are split in the horizontal plane (12).
At this point, the four beams are each displaced 25 mm from
the optical axis.

Two Bragg cells (13, 14) are used to shift the frequency
of one beam from esch pair. The unshifted beam passes through
an optical rod so thzt the path lengths are matched. The frequency
is shifted by a fixed amount of 40 Mhz. This shift creates

4
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a moving systam of fringes at the beam intersection point, allowing
for directional discrimination of the velocity. Frequency shifting
also helps to reduce the parcentage of frequency change in highly
turbulent flow, to reduce fringe bias, and to optinize fraquency,
thus enabling easy removal of the pedestal by high pass filtaring.

The four beams ara then passed through a beam staeering
module (15). The module consists of a set of wedge prisms that
can be independently rotated about the beam axis to steer the
shifted beam in any directicn. This allows a more precise alignment
of the beams. The beams are finally passed through a beam displacar
(16) to reduce the beam spacing to 13 mm and a rotating prism
(17) before leaving the optics table. The rotating prism enables
the four-beam matrix to be rotated independently so that the
beams may be aligned relative to the tunnel axes.

2.2 Transmitting optics

The transmitting optics (Fig. 2) are mounted on a traversing
mechanism with three degrees of freedom. The traverses are
driven by individual stepper motors. The four beams froa the
optics table are diracted by a set of five mirrors through a
dichroic filter befora being focused by a 380 mm (15 inch) focal
length lens. This main four-beam matrix measures u and v directly.
The dichroic filter, set at an angle cf about 30 degrees to
the incoming beams, splits the green beams in half, which providas
the third beam pair for the third velocity component, w. This
third beam pair is directed over the top by mirrors, passed
through a polarization rotator (giving it a different polarity
than the main-axis green beam pair) and then focused at the
focal point of the main beam set. Since this third beam pair
intersects the main measuring volume at a 45° angle to the main
axils, it measures v and w with equal sensitivity, with the measured
component being w, = (v cos 45° + w ain 45%). Since v is measured
directly, w can be evaluated using the equation:
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Wy_= Vv cnsg 45°
W= sin 4%° (1)

Typical p~obe volume dinmensions for each beam pair in the
present configuration are 10 mm in length and 0.2 mm in diameter
(Fig. 3). Howaver, the actual "viewed" dimensions are reduced
considerably, as discussed below, in Section 2.3.

2.3 Receiving Optics

The detector system (Fig. 4) is in the off-axis fcrward
scatter mode. The receiving optics are mounted on a traversing
gear, also run by stepper motors, which moves synchrenously
with the transmitting optics. Scattered light is collected
by two 380 mm (15 inch) focal length lenses. The collimated
light is passed through filters to separate the colors and the
off-axis line is additionally passed through a polarization
filter to avoid collecting light scattered by the main axis
green pair. The ccllected light is then focused by 250 mm (10
inch) focal length lenses onto pin-hole apertures mounted in
front of the three photomultipler tubes. The collection angle
and diameter can be adjuated to select the effective (viewed)
probe length (Fig. 5). In the present set-up, a collection
angle of 30 degrees and an aperture diameter of 0.5 mm were
used to give an effective length of about 1.5 mn.

2.4 Slgnal Procassing Hardware

The signals from the photomultiplier tubes are amplified
and relayed to the signal processors via high-pass filters and
mixers (Fig. 6). The amplifiers used are EIN model 403LA with
a fixed gain of 37 dB and the filters are Allen Avionics F2440
with a fixed high-pass cutoff of 10 MHz. The filtered signals
are nixed electronically with sine waves “rom three Tektronix
SG503 lLaevelled Sine Wave Generators. The mixer is commercially
available from Hewlett-Packard, model 10534A. The mixing procedura

6



is necessary for low-speed flows, where the actual Doppler fie-
quencies are small compared to the Bragg frequency of 40 MHz.
So in order to reduce the effective measured frequency and hence
improve the counter resolution, the incoming signals are mixed
with sine waves of known frequency.

The mixed signal is fed into single particle burst counters
(Macrcdyne model 2096-2 and 3003) via high~-pass/low-pass filters
and an amplifier (x10). The counters measure the zero crossings
of the Doppler signal, which is related to the Doppler frequency
by the range set on the Macrodyne. The range is set manually
based on expected flow velocities, sinca it limits the frequencies
that the processor can see for the given 10 bits of resolution.

The processors use two checks to validate a Doppler signal.
The first check is the usual 5/8 comparison, where the processor
checks the frequency for S5 zaero crossings against that for 8
crossings. The sacond check is the multi-sequence check. Positive
and naegative threshalds are set on the signal, and a validated
output is permitted only if, for all eight fringe crossings,
the signal passes through a positive threshold, a zero level,
and a negative threshold in the proper sequence. Tha digital
data (consisting of a 10 bit data word with 3 bits giving the
ranga) and a sync pulse (produced every time the front end of
a valid burst is detected) are passed to the computer interface.

2.5 Computer Interface

A NASA LDV-A/D ccmputer interface (CI) is used to transfer
data from the LDV signal processor to the computer (Fig. 7).
The CI can interface either digital or mixed analog and digital
data to an HP 9845B desk-top computer. The CI consists of an
eight-channel multiplexer, a four-channel A/D convertei, and
an avent synchronizer with time interval counter.

For use with the LDV, tae inputs to the CI are all digital.
Six of the eight words come from the processor, and two are
time and status wcrds from the synchronizer. The inputs are

7
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multiplexed to a single digital data channel output.

The CI can accept data from the three processors in either
random moda or sync mcde. In random mode, the CI willi accept
data inputs when an event occurs on any of the thrae channels.
A dead time (between 5 and 50 p3) is set in this wode, which
controls the minimum time between samples to ensure that a given
particle is sampled only onca. In sync mode, the CI will accept
data inputs when all three processors sample simultaneous events.
In this mode, a coinciaence time (between 5 and 50 us) has to
be set, which determines the time window within which all three
events must occur. A detailed description of the CI can be
found in Ref. S.

ry

2.6 HP 9845B Desk-top Conmputer

Multiplexed data are passed to the HP computer from the
NASA LDV=-A/D using the HP 98032A high-speed 16-bit parallel
interface. Jumpers labeled "2,B,D" are connaected inside the
98032A for proper operation with the LDV-A/D. A select code
of 10 (screw setting on the 98032A) 1s set lfor use with the
software described in the appsndix. A data bhuffer of 24 kbytes
is provided in the memory of the HP 9845B desk-top computer
for storage of up to 2900 samples obtained frcm one measureitent
location. Sinca three o2 the six data words passed for each
sample ara merely monitored and discarded as described above,
12 kbytes of raw data remain to be stored for each point. An
HP 9895A floppy-disk drive is used for archival storaga of raw
data. The buffaered data are written in real time to a sequent.al-
access floppy-disk file. Enough header information is written
to each filae to identify the run, and to reproduce calibration
tables.

3. DAYA ACQUISITION AND REDUCTION SOFTWARE

Data aquisition and reduction on the HP 9845B is done via

8
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twe programs. The data acquisition program controls the processor
sampling. The program accepts heading ard initialization paramaters
provided by the operator, performs a fast I/0 handshake to acguire
the raw data from tha LDV-A/D computer interface, and writes
the raw data and iaitialization parametsrs onto floppy-lisk.
In addition, the data acquisicion prograa has a limited capability
for on-line data raduction s that key results may be monitored
3uring 2 run. The off-lire data raduction program converts
the raw data into inscantuneous velocities and computes al®
the statistical quantities. The off-line program also has options
to plot histograms of tha raw data, to plot profiles of the
raduced data, and to filtver out noise. )

3.1 Da*a Acquisition Program

The data acquisitisc program structure can e divided inco
four areas: (1) initializaticn of variables, (2) data azquisition,
(3) lini_.ed data reduction, and (4) raw data storace _s2e tha
block diagram in Fig. 8). During the initialization stuge of
the program, relevanr test parameters are input to he saved
along with tha data. 7Ti:esa parameters include the spatial coord-
inates, Braggq and mixing frequencies, and angla of the third
beam pair. Fringe spacings and probe dimensions are alsc calcu-
lated at this tima.

Data is acquired from the LDV computer interfave by means
of a fast I/O aandshake. The operator requests tnat a certain
number of dJdata samplas be taken and stored in the data Luffe:r
as described in Section 2.6. The 1i6-bit data words are put
into an integer array, three words wide, containing values for
+hae three velccity components The number acquired from the
countar occup.es only bits 0-Z o2 the data word. Bits 10-13
spacify the range, and bits 14 and 15 are uvnused. The data
array, along with the initializaticn parameters given by the
operator, ara stored in a floppy-disk fila. As ar optior sonme
of the data can be reduced on-line, kafora tue rzw data is we.tten

9



to floppy-disk. This on-line reduction featurs uses tha sane
algorithms as the off-line data reduction program, but is faster
since it computes fewar guantitites. Data acquisition timus
depend on many factors other than the software, but an-lina
data reduction takass about 30 seconds per point on the 4HP 98458,
and each file write to the floppy-disk requires about 20 seconds,
assuming 2000 samples are taken per point.

3.2 Data Reduction Program

A separate off-line program is used to rsduce the complete
data. The data reduction program has four major sections:
(1) data read from floppy~-disk, (2) conversicn of raw data to
instantaneous velocities, (3) calculation of sums of instantanaeous
velocity conmponents, and (4) calculation of moments from tha
sums (see the block diagram in Fig. 9). <S£ince the HP 9845D
is a relatively slow micron-computer, the bulk of the calculation
routines are written in ASSEMBLY lanquage to reduce computation
time.

The program reads the initizlization parameters and raw
data which were written on floppy-disk by the data acguisition
program. The raw data is used together with the mixing frequencies,
Bragg shift fraqueucy, third beam crossing angle, and frinqge
spacings to calculate the thrz:e velocity components for each
sample. The velocities for each sample are calculated in turn,
and a running sum is maintained. After the samples have baen
summed, the average values of the various moments ars computed,
and the mean velocities and turbulence quantities are calculated
from tham. Reading from the floppy-disk takes about 20 seconds,
while the data reduction including histogram plots requiraes
about 90 seconds per point on the HP 984SB.

The procedura for data reduction is fairly straightforward.
The raw data 13 converted to frequencies using the range set
on the processor. The measured frequency is given by the relation

10
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frag = 3.2 * 104 7/ 2R « p (2)

where D = raw data.
The velocities are then calculated from the resultant frequen-
cias, by the relation:

-

velocity = dg * ((fpragg~ fmix)~ fres) (3)

Once tha vslocities have been evaluated, avarage valuas of the
various moments are computed as defined below:

Su = S<u(i)> / Ns

Sv = S<v(i)> / Ns

Sw = S<w(il)> / Ns

Suu = S<u(iju(i)> / Ns

Suv = S<u(i)v(i)> / Ns

Suw = S<u(i)w(i)> / Ns
Svv = s<v(i)v(i)> / Ns
Svw = Sc<v(i)w(i)» / Ns (4)
Sww = S<w(i)w(i)> / Ns
Suuv = sS<u(iju(i)v(i)> / Ns
Suuw = S<u(iju(iyw(i)> / Ns
Suvv = s<u(i)v(i)v(i)> / Ns
Suww = S<u(i)w(i)w(i)> / Ns
Suvw = S<v/i)v(i)w(i})> / Ns

Using thesa definitions, the signal statistics are then calculated
assunming nearly infinite sample size:

= Su

= Sy

= Sw

ltl <l gi

[+
N

= Suu ~ SuSu

<
N

w 3vyv = SvSv . (S)
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wW!® = Sww = SwSw

u'v' = suv - Susv
u'w' = Suw = Susw
V!w' = Syw - SVSwW

u'zv' = Suuv = 25uSuv = SvSuu + 2SvsSuSu

u'zw' = Suuw

WuUSuw = SwSuu + 2SwSusSu

u'v'? = suvv - 25vSuv = SusSvv + 25uSvSv

u'w'® = Suww

2SWwSuw = SuSww + 2SuSwSw

u'v'w'! = Suvw

SusSvw = SvSuw = SwSuv + 2SuSvSw

The implementation of the data reduction scftware is somewhat
more complex. In order to achieve reasonable running times,
the ASSEMBLY code is optimized for speed rather than clarity
of operation., Operations which do not change between sanmples
ara performed only once. Thus,

velocity = dgs * ((fpragg - fmix) = fres) * 108  (6)
becones

fint = foragg - fmix ¢ dint = dg * 108 (7
hence, velocity = dint * (fint = fres) (8)

Additional calculations are required to obtain the w component
velocity. Since the third sat of beams measures w, = w sin 45°
+ VvV cos 45°, to find w, we must also perform the calculation:

W= (W, = v cos 450) / sin 45°. (9)

Tha raw data output of the digitizer is in the form of

a 10 bit data word, giving a range of possible values (counts)

from O to 1023. Since 2000 samples are normally taken for each
point, a given value may be encountered many times. Accordingly,
each time a new value of the raw data is encountered, the cor-
responding velocity is calculated and stored in a look-up table.
The next time that value is encountered by the program, the

12
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proper vaelocity caa be easily looked up, eliminating the need
for another time-consuming real variable calculation. The exact

running procedure of the data reductiocn program therefore, is
as follows:

1. Reads header and all raw data for a particular point from
floppy disk.

2. Strips bits 10-13 from three .aw data words corresponding
to the three different velocity components, and uses tham to
calculate the three ranges set on the A/D.

3. Calculates various intermediate values which ramain the
sane throughout the point.

4. Reads a data word, strips off bits 0-9, and uses this raw
datum as an index to look up its corresponding velocity.

5. If it is a new value, the program calculates the velocity
using the raw datum, and stores it in the appropriate place
in the look-up table.

6. For the w velocity component, it finds the actual velocity
from w = (W, = Vv cOS 45°) / s8in 45,

7. Performs steps 4, 5, and 6 three tires-~once for each velocity
component of the sample.

8. Updates the running sums of the velocity components and
products of the velocity componants.

9. Performs steps 4 through 8 for all samples.

10. Uses the sums %o obtain the average velocities, Reynolds
gtraessas, and third order products, and then prints these quantities.

13
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11 Flots histograms of the raw data for all three channels.,
12. Performs steps 1 through 11 for each profile point.

13. Plots profiles of the reduced data.

14. Tabuiates normalized data profiles.

15, Writes a summary file containing the reduced data to disk.

The data reduction program also has a routine to filter
noise and spuriocus data. Each of the 2000 data samples has
3 counts corresponding to the 3 velocities associated with it.
The filtering routine causes the data reducticn prcgram to ignore
sanples associated with counts which are excessively far from
the mean.

The £iltering routine first sorts the data into three frequency
tables, ona for each channel. In a table, each count, 1, has
associated with it a number, Sj, which is the number of samples
with that particular count.

The filtering routine finds the average count for aach
channel by going through the frequency tables and using the
formula

1&4
Cy = 1..1_Ni§_x_§1j (10)

where Jj = 1,2,3 = channel number
Cj = average count
Ns = number of samples.
Next, the fiitering routine finds the standard deviation by

performing the summation
1024

042 = jé-'l_.ﬁ&j.(.i.:_&jlz (11)
8
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where U4 = standard deviation.

An input variable called Sgey 1s read by the filtering
routine. All counts further than Sgey standard deviations away
from the mean will be filtered ocut. This is done by multiplying
Sdev bY (Tj for each channel, and going through the frequency
tables one more time. If the magnitude of (i = Cy) > Sgev * 0§
then Si4 is set equal to zero.

The routine which calculates the statistical quantities
takes each sample ona at a time. The three counts associated
with each sample are found and looked up in the frequency tabla.
If for any count the table entry (sij) is zero, then the sample
is discarded. Thus any sample which is excessively far from
the mean in any-one-.-of its three counts is not used.

4. OPERATING FPROCEDURE
4.1 Alignment Procedure

To achieve the best possible beam crossing and the most
effactive measuring volume, each module in the optics system
must be carefully aligned. Detailed alignment instructions
for individual optical componants are given in Ref. 3. The
overall alignment procedure is deuscribed in this report. Component
numbers in this section refer to those shown in Fig. 1.

The first step 1is to check that the laser output beam is
parallel to the optics table at the specified height, using
the system alignment blocks. The collimator (1) should be positioned
so that the laser beam goes through the center of the lens,
and focused so that the beam waist occurs at the cross-over
point. The aligned beam then passes through the polarization
rotator (2) and into the color separator box. The attenuator
(3) ensures that the beam has horizontal polarity at this point.

Each comporent of the color separator must be aligned separ-
ately. Tha dispersion prism (4) should be aligned so that the
path length 1s the same in both prisms and is parallel to the

15



base of each '.»ism. Several beams emerge from the prism, with
the two brigh+sst ones being green (514.5 nm) and blue (488
nm). The two beams are reflected out of the box using mirrors.
The beams should be centered on mirrors (6) and (7). As the
beams come out of the box, alignment blocks ara used to check
the beam positions. 1If both beams are off-axis in the same
direction, mirror (5) is used to align them. If only one beanm
is off, the appropriate mirror, (6) or (7), is used for the
adjustment. Beam splitter efficiency is maximized when the
beam polarization is perpendicular to the plane of the split
beams. This is achieved through components (8) and (11). The
bean splitters (9) and (12) cannot split the beam intensity
exactly in half, so one beam of each pair is always slightly
brighter. Since the Bragg cells (13) and (14) normally attenuate
the shifted beam, the brightest beam is frequency shifted so
that the cutput beam pairs have nearly equal intensities. Detailed
instructions for aligning the Bragg cells are given in Ref. 4.
After passing through the Bragg cells, directional wedges are
used to project the beams onto a distant surface (~ 3 m). Any
beam misalignments are more easily saeen this way, and with the
use of a marked mask, the beams can be adjusted to the correct
orientation. Mirrors (6, 7) ara used to adjust the unshifted
beams, and the beam steering modules (15) are used for rotating
the shifted beams along twoe circular arcs.

The next check is to ensure that the beams are parallel
to sach leg of the traverse mechanism on tha transmitting optics
table, so that beam alignment is maintained while traversing.
The dichroic filter (Fig. 2) is adjusted so that the ygreen beam
pairs ara split equally. Once the beams pass through the trans-
mitting optics, the four beams must be arranged so that they
all cross at the same position. A microscope objective 1is used
to view tha beam crossing. If the four beams are not symmetric
about the optical axis, mirrors (6) or (7) can be adjusted to
correct this. The beam steering modules (15) are used to ensure
that the beams cross at the same point along the axis. The

16
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third pair of beams are now aligned (by eye) so that they also
cross at the same point as the main line beams.

To align the receiving optics, a piece of translucsnt tape
is placed at the beam intersection point to scatter the laser
light. By tracking the scatterea light, the recaeiving optics
are aligned to give a sharp image at the pin-hole aparature
in front of the photomultiplier tubes.

4.2 Signal Processing

The sensitivity of the photomultiplier (PM) tubes used
in the receiving optics can be varied by varying the applied
voltage. Typically, a voltage of about 1000 volts is applied.
This voltage can be increased to make the PM tubes more sensitive,
as long as the threshold levels on the processors are increased
accordingly, since the amount of noise picked up is also in-
creased.

The measured signal is mixed electronically with the signal
from a sine wave generator. The frequency of the sina wave
(the mixing frequency) is chosen based on the expected flow
velocities. The mixing frequency is chosen such that the difference
between it and the Bragg shift is about twica the maximum expected
Dopplar frequency. This allows enough margin for fluctua:ions
about the expected Doppler frequency and still have a rema'ning
nonzero resultant frequency (fres = fbragg ~ fmix ~ fQQpp)'
If fpix is too high, a biasing results, similar to the fringe
biasing caused by stationary fringes. The number of fringes
crossed by a particle per second (as seen by the processor)
is proportional to At(fpragg - fmix)s where At is the time taken
by a particle to cross one fringe. Noting that At is only determined
by the fringe spacing and the flow speed, if fpiy is increased,
the number of fringes crossed by a particle ig effectively reduced.
This means that signals from particles which cross the fringes
at an angle may not have enough fringe crossinys (8) to ba validated,
and hence a bias towards particles movirg perpendicularly to

17
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the fringes (higher velocity) results. This gives a higher
mean vslocity but a lower fluctuation level.

The amplitude of the sine wave must be chosen sc that an
adegquates signal-to-noise ratio is maintained. Typically, a
peak-to-peak amplitucde of 1 volt is required.

The mixed signal is then fed into single particle burst
(Macrodyne) processors. The high pass and low pass filter frequen-
cles are set so that the processor frequency is centered between
the two. Usually the high pass filter is set at 0.5 Mhz, which
is the lowest non-zero setting, and the low pass filter is set
anywhere from 2 to 16 Mhz, depending on the magnitude of the
vaelocity component being measured. The filter bandwidth should
be broad enough so that no parts of the fluctuating signal are
attenuated.

The gain on the processor is normally set to 10. The output
of the processors is displayed on an oscilloscope, and the Doppler
signals should read about 1 volt peak-to-peak. The PM tube
voltage can be adjusted so that the signal is at the desired
level. Signal levels of more than about 1 volt end up being
clipped and will therefore not be validated by the processor.

The comparator accuracy for the 5/8 signal validation tast
can be set between 0 and 10 count variation. The 0 setting
is the most accurate, and 11 is off. The processor manufacturer
reconmends that this level be usually set to 9.

The ranga or the processor scts the bandwidth of frequencies
that the processor can see, according to Table 1. For each
range, a particular frequency corresponds to a count, from ¢
to 1023. The processor fregquency should be matched to a number
in the central column in Table 1, and the corresponding range
should be set on the Macrodyne processor. An additional check
can be made on the range setting by monitoring the analog output
from the Macrodyne on a DC voltmeter. The output ranges from
0 to 10 volts, which correspondes to the counts from 0 to 1023.
The correct range setting is that which gives about 5 volts
on the voltmeter at the cperating velocity.

18
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The threshold is then set for the multi-sequence check.
The threshold should be set so that the data rate is about half
of the data rate at zero threshold. Another check is to block
one beam in each color pair. The data rate on the corresponding
channel should be zero when one beam is blocked.

To obtain good data rates in air, the flow must be seeded
with uniformly sized particles. Smoke, obtained from burning
mineral oil or incense, provides particles of approximately
2 pm.

The computer interface should be set up as shown in Fig. 10.
First choose the coincidence mode. If shear stresses are to
be evaluated, coincidence on all 3 channels must be selected.
The coincidence time (5 to 50 us) sets the window width during
which coincidence is defined. This should be set at 5 us.
If only the individual velocities are desired, then the random
mode can be saelected. The dead time (5 to 50 us) should then
be saet so that data from one particle is not recorded twice.
A setting of about 25 us is recommended for low-speed flows.

The number of words that must be multiplexed can be calculated
as follows: #words = #inputs + 2. This n"mber should be rounded
to the nearest even number. In the present case a setting of
six is used. The event mode is set to LDV (digital data only).
The LDV-A/D switch enables both digital and analog data to be
interfaced simultaneously. The counter clock fregquency is set
to equal the approximate data rate, and the computer select
is set to HP.

5. INHERENT PROBLEMS

Some design problems inherent to 3~component LDV systems
are discussed in this section. One main problem with some of
the earlier daesigns which called for splitting a color to create
the third beam pair had to do with cross-talk. This is w.aere
signals from the two channels bearing the same color could not
be adequately separated. In the original design of the present
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set-up, the polarization of one of the gresen beam pairs was
rotated relative to the cther, so that the receiving optics
could distinguish betwean the two signals. However, using a
relatively large angle for tne off-axis beams (45°) and two
separate collection lenses, cross-talk between the two green
channels has been almost eliminated, thus making the polarization
rotation dispensable.

Some earlier designs of 3-~ccmponent LDV systems measuraed
the u + w velocity component with the off-axis third beam pair.
It is shown in Ref. 1 that measuring the v + w component ins=zead,
as done in the present system, reduces the uncertainty in the
w component relative to the uncertainty in w from these earlier
systems.

Another problem has to do with signal coincidence. Details
of the probe volumes for the present system are shown in Fig. 3.
It is clearly illustrated how the cross-over region between
the three sets of beams forms a very small fraction of the overall
probe volume. Thus, with heavy seeding (necessary for threa~channel
work), the electronics may validate data received from different
particles which are not necessarily in the cross-cver region
but are within the coincidence time window set on the interface.
This results in a lack of correlation between the measured veloc-
ities, and causes the evaluated shear stresses to be inaccurate.
Two schemes have been used in an attempt to minimize this problem.
First, the coincidence time was made so short that measurements
from different particles may be considered instantaneous. The
minimum setting of 5 pus available in the present hardware was
used; this 1s equivalent to about half the flight time of a
particle passing through the probe volume. The second procedure
involved reducing the effective "viewed" probe length and thereby
reducing the probability of this "apparent coincidence" (Fig. 5).
A collection angle 8 of 30° and an aperture diamster of 0.5 mm
were used to give an effective length of about 1.5 mn.

20




_“vv—ww.v'—'\-v-r v

2 e b —— — . - m— o

vrer v ————pgy T~
*

ey

ey
T IR P TEAIRI O MRS OV P e e L

PR

- ————

.
Iy
H
i

6. S8AMPLE RESULTS

As an initial checzk on the accuracy of the present system,
some preliminary measurements have been made in a vortex/mixing
layer interaction, praviously investigated using the cross-wire
technique (Ref. 6). Since the induced cross-flow anglaes in
this interaction are only 5°-10°, cross-wire measurements are
expaected to be accurate to within about S5%. A schematic of
the experimental set-up is shown in Figs. lla and b. LDV measure-
ments of the secondary flow velocities at one streamwise station
(x = 229 mm) are presented and compared to the cross-wire measure-
ments in Figs. 12a and b. LDV and cross-wire measurements of
the turbulence quantities at one spanwise position (z = 13 mm)
are compared in Fig. 13.

The secondary flow velocities are qualitatively similar,
although the LDV measurements indicate a somewhat higher w.
The normal intensity-;"_2 also seems slightly high. The higher
¥ measurements are more likely caused by a slight misalignment
of the beams relative to the tunnel axis rather than by remnants
of the apparent coincidence problem (discussed above in Section §5),
since the latter would not affect the w measurements. V'Z2 seems
to agree very well whereas u'? is a bit low, and since u was
a bit high, this was probably a result of fringe biasing caused
by too high a mixing frequency (as iiscussed abova in Sectiocn 4.2).
(The mixing frequencies used for these measurements were 37.5 Mhz
for the u channel, and 38 MHz for the v and w,, channels.) However,
the normal stress measurements agree to within 10%, and the
shear stresses are consequently affected. u'v' is somewhat
low (about 20%) whereas u'w' is low by almost a factor of two.
The measurement of u'w' with the present system seems to be
very sensitive. This 1is due to the fact the wy * u is of the
same order as u * v cos 45°, so any small error in the measurement
of these velocities or the off-axis angle can result in large
errors in u'w'. v'w' in vortex affected flows is generally
of the same order as u'w' and this seems to be the case with
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the present measurements. With a cross-wire, v'w' has to be
evaluated from measurements made in four different planes about
the probe axis, and hence was not measured here. The comparisons
clearly demonstrate the potential of the system in measuring
detailed mean flow and turbulence quantities in three-dimensional
flows. Work is in precgress on optimizing the problems discu sed
ahove so that the measurement accuracies may be improved.

6. CONCLUDING REMARKS

A 3~-component LDV system, capable of measuring all three
components of velocity simultaneously has been developed for
use in low-speed three-dimensional flows. All the six components
of Reynolds shear stress and higher order products of interest
can hence be evaluated. The approach followed was to convert
an existing 2-component system by splitting one of the colors
to produce the third beam pair. The additional optical hardware
required for this process is relatively minor.

For the first time, three-component measurements made with
an LDV system have been compared directly with thosa cbtained
with the cross-w.re technique, in a three-dimensional flow field
where both techniques are expected to perform satisfactorily.
The preliminary measurements are encouraging and work is in
progrest on improving the system accuracy.
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APPENDIX
SOFTWARE FCR THE HP 9845RB DESK-..P COMPUTER

Complete listings of two programs written in BASIL and
ASSEMBLY languages are included in tais appendix: “LDV" for
aata acquicition, some or-line data reduction, and storage of
data on floppy disks; and "STAT" for complete off-line data

reduction from fiies written to disk.
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REM PROGRAM LDV

“he program aiks for 1mitralization data

toQetner with the calibration constants.

' if desired,

QOPTION BARSE 1

ICOM 16608

IDELETE ALL

IARSSEMBLE Find_ve)

IASSEMBLE Data -rans

IARSSEMBLE Draw_hist

COM IMTEGER Dat 1(3,2009>,D1¢(2000,6),Ns,Nn
COM REAL Df1,Df2,Df3

COM RERL Theta,Nub,Numixi,Numix2,Numix3
COM REAL Su, Sv, 3w, Suu, Suv, Sww, Suv, Suw, Svu
DIM Dates$(80],Fi1les(6],Names{4),Tit1s(80]
REAL Xpos,Ypos,2pos,Pos(30,3)

INTEGER A, B,Rangel,Range2

INTEGER Run,DBn,hss, N

REAL Phi1,D,F,Ph2

REAL Laml,Lam2,l.am3,Db,Prwidl,Prient

REAL Re,Ue

REAL Prwi1d2,Pruid3,Prien2,Prien3

REAL Nfri ,Nfr2,Nfr3

REARL U,V,HW

Ns=2800

DEG

PRINT

PRINT " ## << PROGRAM LDV : 3-COMPONENT VELOCITY DATR >> #»+

PRINT
PRINY "PROGRAM STRUCTURE"

PRINT * 1. INITIALIZE VYARIARBLES AND CALCULATE PARAMETERS" _

PRINT * 2. ACQUIRE DATR FROM A-D"

PRINT " 3. WRITE TO FLOPPY DISC*

PRINT

'

I #% CHECK HISTNGRAMS »#

'

Anss="N"

INPUT "DO YOU WISk TO LOOK AT HISTOGRAMS °
IF Anss=*¥Y" THEN GOSUB Hist

i

I #% INITIALIZE RUN #*#

]

PRINT * ## INITIALIZATION #*# "
Ruri=}

PRINT " ENTER RUN PARAMETERS:"
PRINT

INPUT "Enter da-e and ti1me:",Dates

D1 1s data buffer

¢(YsN, DEFAULT N)",Ans$

INPUT "Enter i-Line Name For Profile :",Titls

INPUT "No. of dita sanples per point (200@
]

! BEAM SPACING 3 IS FIXED
'

D=.013
'

! FOCAL LENGTH F IS FIXED
24

maxm. ) 3

",N‘

PRGGRAM TO ACNUIRE DATA FROM THREE-COMPONENT LDV SYSTEM
and calculates the
calibration constants from them. It reads 3 channels of raw

LV data from -he LDV A/D Cl and writes them to a disk file

The program can reduce
the data and Jdisplay real-time histograms of the raw LV data



e 610 |

’ 620  Fs, 381

R 630 |

1 2;2 ! WAVELENGTHS OF 3 BEAMS ARE FIXED
. ]

660 Lamiw4, 88E~-?

670 Lam2=3, {45E-~-7

680 Lam3=5, 145E-7

690 !

! REFERENCE VELOCITY SET TO ZERGC
710 !
720 Ue=0d
730 t

. 740 t CRLCULARTE HALF-ANGLES FROM BEAM SPACINGS AND FOCAL LENGTH
750 '
769 Ph1sATNC(D/2/F)
7?8 Ph2=Phl+2

~¥“

[ T IELE AR
~
[~3
[

ST gL,

¥ 780 !
£ 799 | CALCULATE FRINGE SPRCINGS FROM WAVELENGTHS AND HALF-ANGL:
L see !
E; 810 Dfi=Laml/2/SINCPh1)
- 820 Df2=Lam2-2/SINCPh1)
F < 830  Df3=Lam3/2/SINCPhD)
P 848 !
e 8%0 ' BEAM DIAMETER Db IS FIXED
-3 gée !
L 5 870 Db=1.205-3

889 '

890 t CALCULATE FPO3E VOLUME WIDTH AND LENGTH
900 '

910 Pruidisd*Lamt *F -P1-Db/COSC(Ph!>
920 Prieni=4xLami*F ‘Pl DbsSINCPh1)>
9308 Prutd2=d4+Lam2#F ‘P1-DbsCOSC(PHhL>
940 Prien2=4#L “m2%#F ‘Pl Db/SINC(Ph!)
950 Prui1dl3=Pruid

960 Prlen3sPrlen2

370 Nfri=Prui1dl- Df1

sge Mfr2aPrui1d2/Df2

990 Nfr3=aNfr2

1eee !

1019 ' GET MORE RUN PRRAMETERS

1020 !

1839 INPUT "Enter Bragg shift frequency (MHz)> !",Nub
1840 K11l _u=3

10%9 INPUT "Is this a two-channel or three-channel run (2,3, default 3> 2", K1}

"

1060 IF Ki111_w=3 THEN GOTO 1110

1079 INPUT "Enter mt<ing frequency (MHz, 2 nos.)",Numixl,Numix2
1980 Numi1x3=0

1998 Thata=0

1108 GOTC (138

1118  INPUT “"Enter micing frequency (MHz, 3 nos. '",Nur <1, Numix2, Numix3
1120 INPUT “Enter 3rd beam angle (degrs)> :",Theta

1130 INPUT "Enter tunnel reference vaoitage (volts)",Vraf

11490 PRINTER IS ©

115¢ !

1160 | PRINT HEADER

1176 !

1180 PRINT Titls

1190 PRINT "TEST DATE AND TIME :",Dates

1200 PRINT "BEAM SPARCINGS fm) =", D

25
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1219
1220
1230
1240
1250
1260
1a?
1280
12990
1300
1310
1320
1330
1340
1330
1360
1370
1389
139¢
1409
1430
14290
1438
1440
1450
1460
1470
1480
1430
1508
1519
1520
1539
1549
1550
1569
ts5ve
1560
1599
1600
1619
1620
1630
1640
163580
16690
1670
1680
1599
1790
1719
1720
1730
1740
1730
1760
1770
780
1790
1800

————— L L, 'S U A U ———

PRINT *TOTAL ANGLE BETWEEN BERMS (Degrs)> =2",Ph2
PRINT “FRINGE SPACINGS (m)> =",Df1,Df2,Df3

PRINT "PROBE WIJTHS (m> =*,Prwidl,Pruwid2,Pruid3
PRINT “PROBE LENGTHS (m) =" ,Prienl,Prien2,Priend
PRINT "NO. OF FRINGES = * ,Nfrl,Nfr2,Nfr3

PRINT “BRAGG SHIFT FREQUENCY (MHz)> =",Nub

PRINT “MIXING FREQUENCY (MHz)> =" ,Numixl,Numix2,Numix3
PRINT "THIRD BEAM SET RANGLE (Degrs> =",The:ia

PRINT “RUN NUMBER = ",Run

PRINT "TUNNEL REFERENCE VOLTRGE (volts) s",Yref
PRINTER IS 16

Ang$m“N"

INPUT *DO YOU KISH TO MAKE ANY CHRANGES? (YsN, DEFAULT N)>",Anss
IF Anss="Y" THEN GOTO 540

!

{ DATR ARCQUISIIION

!

PRINT

PRINT * ## DATR ACQUISITION »#

REDIM Data(3,Ns>

Ang$="N"

INPUT "DO YOU WISH TO CHANGE FILE NARME ? (Ys/N, DEFAULT M)",RAnss
IFf Ansss“N" THELI GOTO 1490

INPUT “"Enter 4-digit filename:"“ ,Names$

PRINTER IS ©

PRINT "4-digit “1lename for profile !",Name$

INPUT "Enter Diil Number (“,Dn

PRINT "“Disk Number =*,Dn

PRINTER IS 16

INPUT “Enter X, Y, RND 2 locations!",Xpos,Ypos,Zpos
'

!  TAKE DATA

'

PRINTER IS ©

PRINT

PRINT

PRINT “POINT NUMBER IN PROFILE : ",Run

PRINT "X,Y¥.,2 = ',Xpos,Ypos,Zpos

PRINTER IS 16

GOSUB Atod

1

! CALCULATE SAMPLE VELOCITIES

i

Anss="N"

INPUT “DO YOU KISH TO OBTARIN ESTIMATES OF U AND V ° (YsN, DEFRULT NX>",An3$
IF Ans$s"N" THEN GOTO 1720

RAD
ICALL Find_ve)
GOTO 24280

'

! WRITE CRLIBRATION CONSTANTS AND DATA TO DISK

)

GOSUB Dfrle

Ans$="Y*"

INPUT *“DO YOU WISH 10 TAKE ANOTHER POINT ? <Y N, DEFAULT ¥>",Anss
IF RAns$="N" THEN GOTO 1820

Run=Run+1

nn".lchl

INPUT "DO YOU WISH TO CHANGE RANY PARRMETERS ? (YN, DEFRULT N>",Anss$
IF Anss$="¥" THEN GCTO 5S40

26
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18190 GOTO t141¢@

4 1820 END
= 1839 . ¢ LR Rt N R R R R et e iy
B! 1840 1 #xzaxzasasd END OF MAIN PROGRAM LDV # %442 ¥H#XRRFRRERERE%E
18%0 1 V1L BRI EPP TR e Bttt et
186@ Atod: | Subroutine for input from the LDV-A/D CI
18790 | Enver routine with Ns = no., samples
1880 DISP "Press CONT to i1nitiate data acquisition®
3 1898 PRUSE

1900 DISP "Acquiring Data*
1918 RESET 10
19280 CONTROL MASK 101
1930 MWRITE 10 10,5;0
. 1949 WRITE 10 10,35;1 ! start handshake by setting CTLO
1938 Ni=6#Ns
1968 FOR I=1 TO S

Rl s Ve Sk T IR I

e § . 1970 Dummy=READBINI10)

# 1980 NEXT I .

;'; 1990 REDIM D1(Ns,6>

L+ 2000 '

Fagnd + 2010 ENTER 10 WFHS Nt NOFORMAT;D1(#> I!fast data acquisition
B 2020 WRITE 10 10,5;@ .

£ 2038 PRINT

5.§ 2049 DISP™YData acquisition complete"

RS 20590 PRINT

L
- Ayl

Y

20690 ICALL Data_trani
2670 RETURN
2088 ! VLU LELEPEI RN LR R CR LR Rttt ittt N
2038 Dfile: I write data file to floppy disc
2109 PRINTER IS 16
2110 PRINT
21280 PRINT “## DATA FILE WRITE TO FLOPPY DISK ##"
2138 PRINT
2149 PRINT “"At this point be sure there 1s a floppy tn drive 0 of"
2150 FRINT “the 9895H with space for a file of 101, 256-byte records.”
21690 PRINT €2=
2170 PRINT
2188 Anssz="yY"
k- 2190 INPU. "DO YOU WI(SH TO WRITE THESE DATA TO DISK ? (Y¥s/N, DEFAULT Y>",Anss
: 2209 IF Anss="N" THEN GOTO 2380
2210 FilessNames$&VALE(Run)
2228 DISP "File ";File$;" being written to disk"
2230 MASS STORARGE IS “:H8,06,0" I set floppy drive (98935A drive 8> as default
2249 CRERTE Files, 101 | open file with 181 records 256 bytes each
2258 ASSIGN Firles TO #1
. 2260 PRINT #1;Dates
; 2279 PRINT #1;Tit1s
2288 PRINT #i;Names
2290 PRIKT #1i;Dn
2360 PRINT #1;Nub,Numixl,Numix2,Numix3,Theta,Run
2310 PRINT #i;Yref,Ue,Df1,Df2,Df3
v 2320 PRINT #1;Xpos,Ypos,Zpos,Ns
2338 MART PRINT #1;Dava
2340 PRINT "»a2a% Firle write completed ##zxa"

[
»

,
L™

P

¢ 2350 ASSIGN # TO #¢ ! close data file
e "t 2368 MASS STORAGE IS ":HB,9,1" ! reset program disk as mass storage
- 2370 GOTO 2390

2380 Run=Run-}

2390 RETURN
2400 1 PEUELLLRT T ER NN B R R R R e R Rty

e
£

'-'; 'f .l}
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2410 Uguess: i Estimate U-component of velocity
2428 DISP “CALCULATING ESTIMATES OF U AND v VELOCITIES"
2438 !
24408 !

2450 IF Kill_w=3 THEN GOTO 2490

2468 DATR 9,0,0

2479 RESTORE 2460

2488 READ Sw,Sww,Suw

2490 UbarsSu-Ns

2500 VbarsSusNs

2510 Wbar=Sw/Ns

2528 Upri12sSuu-sNs-Ubar#Ubar

2538 Vpri12=Suus/Ns=Vbar#vbar

2540 Wpri2=Swws/Ns-Wbarsibar

2350 Uvbar=aSuuvs/Ns-Ubar#VYbar

2568 Uwbar=Suw/Ns=Ubar»*ibar

25790 VwbarusSuvws/Ns=-Vbarsibar

2580 PRINTER IS ©

2590 PRINT “ESTIMATE OF QUANTITIES FROM SAMPLES :",Ns
2600 PRINT "Ubar =",Ubar

2618 PRINT “Vbar =",'bar

2629 PRINT "Wbar =" ,Nbar

2630 PRINT "Upri2 =" ,Upri12

26490 PRINT "Vpri2 =" ,Vpri2

2650 PRINT “"UWpr12 =" Wpri2

2660 FRINT "Uubar =“,Uvbar

2670 PRINT “"Uwbar =" ,Uuwbar

2688 PRINT "Vubar =" ,Vubar

2698 GOTO 1700

2700 ISOURCE NAM Find_vel

2710 ISOURCE
2720 ISOURCE
2730 ISOURCE
2740 ISOURCE
2758 ISOURCE
2768 ISOURCE
2770 ISOURCE
2739 ISOURCE
2792 ISOURCE
2800 ISOURCE
2810 ISOURCE
2820 ISOURCE
2230 1SOURCE

This subroutine converts raw data counts 1nto i1nstantaneous
velocities, then sums several different products of the
veloctity components., All 1nput and output data 15 passed
throujh the COMMON storage area. The i1nputs are the raw
data array (Rrrayd), the Bragg shift frequency (Nub), the
mixing frequencies (Numixl, Numix2, Num x3), the fringe
spacings (Dfl, Df2, Df3>, the crossing angle of the third
beam (Theta), and the number of samples 1n a cdata point (Ns),
The outputs are the summations of various products of the
velocity comporents, 1ncluding U, V, W, UxU, V&V, W=xW, U=V,
Uxld, and V=i,

2848 [SOURCE EXT Get_value ! Declare subroutines stored
2850 ISOURCE EXT Get_info ! outside of the marn program.
2868 ISOURCE EXT Get_element

2870 ISOURCE EXT Int_to_rel

2880 ISOURCE EXT Rel_math

28998 ISOURCE EXT Put_value

2900 ISOURCE !

2918 ISOURCE comM

2920 ISOURCE Data_par: INT <% ! Declare common varitables,
2938 ISOURCE Di_par: INT (%>

2948 [ISOURCE Ns_par: INT

2950 ISOURCE Nn_par: INT

2968 ISOURCE Df1_par: REL
2978 ISOURCE Df2_par REL
2980 [ISOURCE Df3_par: REL
2998 [ISCURCE Theta_par: REL
3000 ISOURCE Nub_par: REL

28
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3910
3820
3830
3040
3030
3860
3070
3088
3090
3106
3110
3120
3130
3140
3150
3168
3170
3180
3198
3200
3210
3220
3230
3240
3259
3266
3279
3288
3298
3300
3318
3328
3330
3340
33358
3360
3370
3389
3398
3409
3410
3429
3430
3440
34350
3460
3470
3488
3490
3500
3510
3520
3539
3540
3550
3560
357e
3382
3599
3690

ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISQURCE
ISOURCE
ISCURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURC.

ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISCURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISQURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
I1SOURCE
ISOURCE
ISOURCE
ISOURCE

Nmix1_pars
Nmix2_par:
Nmi1x3_par:
Su_par:
Sv_par:
Sw_par:
Suu_par:
Svu_par:
Sww_par:
Suv_par:
Suw_par:
Svu_par:
f
Arrayd:
Elementd:
Arrayl:
Prray2:
Array3:
Ns:

Df1:
Df2:
Df3:
Theta
Nub:
NMumixi:
Numix2:
Numi1x3:
Su:

E'H

Sw:

Suu!
Svy!
Swu:!
Suvy:
Suws
Svw:
Count:
I:
Check:
Int:
Address:
Offset:
R1:

R2:

R3:
Xvar:
Yvar:

(VHS

v:

We

Uus

Uu:t

Cos:
Sin:
Rad:
M111:
One:

2ero:
1

REL
REL
REL
REL

REL
REL
REL
REL
REL
REL
REL

BSS
EQu
BSS
BSS
BSS
BSS
BSS
BSS
BSS
BSS
BSS
BSS
BSS
BSS
BSS
BSS

BSS
BSS
BSS
BSS
BSS
BSS
BSS
BSS
BS™
BSS
BSS
BSS
BSS
BSS
BSS
BSS
BSS
BSS
BSS
BSS
BSS
BSS
BS¢
BSS
DAT
DAY
DAT
DAT

SUB

39
Arrayd+16
4096

4096

4896

Int,

' Ri,

&b b bDLLLLDbErrrme bbb LLLLLLLdarsrNn-

$.729578E1L
1.E6

i1.

0.

R2,
| frequency conversion factors.

29

Count

Reserve space for data array
descriptor.

Reserve space for lookup tables used
for count to velocity conversion.

Reserve space for various
and output vartiables.

1nput

Count and I are general purpose i1ndex vari-
ables.
whether U,VY,
Address,
purpose storage areas.

1s usually 8, 1, or 2, to denott¢
or W 13 being calculated.
and 0Offset are all general

and R3 are the ftount-to-

Xvar and Yvar are general purpose real
number storage areas,

reserve space for
components.,

instantaneous velocity

! Cos and Si1n are the cosine and sine of Thets

_“_~____“-



3610 ISOURCE Find_vel: LDA =Ns ! Get number of samples.

3620 ISOURCE LDB =Ns_par
3630 ISOURCE JSM Get_value
3640 [SOURCE LDA =Rrrayd ! Get parameter: of data array.
3658 ISOURCE LDB =Data_par
3668 [SOURCE JSM Get_1nfo
3670 ISOUPCE LDA =Df1 | Get 1nput parameters,
3688 [ISOURCE LDB =Dfi_par
3690 [ISOURCE JSM Get_value
3700 ISOURCE LDA =Df2

3712 [ISOURCE LDB =Df2_par
3720 ISOURCE JSM Get_value
37380 ISOURCE LDA =Df3

3740 ISOURCE LDB =Df3_par
3750 ISOURCE JSM Get_value
3763 ISOURCE LDA =Theta
3?78 ISOURCE LDB =Theta par
3788 ISOURCE JSM Get_value
3790 [ISOURCE LDA =Nub

3800 ISOURCE LDB =Nub_par
3810 ISOURCE JSM Get_value
382@ [ISOURCE LDA =Numixl
3839 ISQURCE LDB sNmixl_par
38408 ISQURCE JSM Get_value
3858 [SOURCE LDA =Numix2
3869 [SOURCE LDB =Nmi1x2_par
3870 ISOURCE JSM Get_value
3880 ISOURCE LDA =Numi1x3
3898 ISOURCE LD8 =Nm1x3_par
398@ ISOURCE JSH Get_value

3919 ISOURCE
3920 ISOURCE
3 3938 ISOURCE
3948 ISOURCE
3950 ISOURCE
F 3960 ISOURCE
3970 ISOURCE

The lvop headed by Get_freq 13 repeated three timés to get
the count=to-frequency conversion factors (which depend on
the range> for U, V, and W. Whenever a loop 18 controlled by
the viriable "Ccunt", the loop contatns operations which are
the same for U, V, and W.

398¢ ISOURCE LDR =0
s 3990 ISQURCE STA Count
- 4000 ISOU™CE Get_freq: LDA Cou ! Get the first word of the column of
' ISOURCE LDB Ns | the data array which contains the
ISOURCE MPY I velocity component for which we want
ISOURCE STA Elementd t to get the range,
ISOURCE LDR =Int
ISOURCE LDB =Arrayd
ISCOURCE JSM Get_element
ISOURCE LDR Int ! Mask and rotate to get the four
ISOURCE LDB =15368 ) bits containing the range.
ISQURCE AND B
ISOURCE SAR 10
ISOURCE TCA t Subtract from 135 to get the
ISOURCE LDB =15 ' actual range.
ISOURCE ADA B
ISOQURCE LDB =i
ISOURCE SZA Loopend
ISOURCE Loop: SBL 1 ¢t Use the range to find the pouer
[SOURCE DSZ A ! of two needed for the divisor.
ISOURCE JMP Loop
ISOURCE Loopend: STB Int
ISOURCE LDAR =Int I Convert the pouwer of two 1nto a

30
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4210
4220
4230
42490
4250
4260
4279
4280
4290
4300
4310
4320
4339
4340
4330
4360
4379
4380
43%0
4400
4419
4420
4430
4440
4450
4460
4479
4480
4490
4500
4510
4520
4530
45409
455¢
4560
4370
4580
435909
4600
4610
4620
4630
«640
4650
4660
4670
4680
4699
4700
47108
4720
4730
4740
47%0
4760
4779
4780
4790
4800

ISOURCE
ISOURCE
ISOURCE
ISQURCE
ISOURCE
ISOQURCE
ISOURCE
ISQURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISQURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
1SOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
I1SOURCE
[SOURCE

Continue!

Clear:

STA
LDA
STA
JsH
LDR
LDB
XFR
ST
LDA
STA
LDA
LDB

ADA
STAR
LDA
LDB
JSM
1s2
LDA
CPAR
JMP
InpP

LDR
LDB
CLR
ADA
DsZ
JMP

LDAR
LDB
CLR
ADA
DsZ
JMP

LDA
STA
LDA
STA
LDA
$TA
LDR
LDB
Jsn

LDAR
STR
LDA
STAR
LdA
.DB
JSM
LDA
STA
LDR
LDB
JsM

Cper_1
sYvar
Result

Int_to_rel

==3,2E4
sXvar

4
Oper_1
sYvar
Oper_2
Count
=4

=R1
Result
=2
1471358
Rel_math
Count

=3

Count
*#+2
Get_freq

sRrraytl
=768

16

=16

B
Continue

=Sy
=9

4

=4

B
Clear

=Theta
Oper_l1
=Rad
Oper_2
sXvar
Result
=2
1471538
Rel_math

=Xyar
Oper_1
=S1n
Result
=1
=34213B
Rel_math
=Cos
Result
=1
=34224B
Rel_math

31

real number.

Divide 3.2E4 by the appropriate
power of two, using BCD math.

Decide whether to put the result
in Ri, R2, or R3, depending on
Count.

Now, finally, cal! the utility to
perform the division.

Increment and check Count so as
to follow the l1oop three times,

Zero out the entire count~to-
veloci1ty conversion table so that
1t must be recalculated for each
point. (This must be done 1f the
mixing frequencies or ranges are
changed between counts,)

Set 1nitial values of Su, Su,
Sw, Suu, etc. to zero.

Convert Theta from degrees to
radians using the Rel_math
utility.

Find the sine and cosine of
Theta,and store them 1n the
locations Sin and Cos, respectively.



4810
4820
4830
4840
43850
4860
4870
4880
4890
4909
4910
4920
4930
4949
49%09
4960
4970
4980
4990
So08
Soio
Se20
Se3e
5040
5850
5060
Sero
So0g8e
S0909
Sie0
Siie
S120
5130
S1408
8150
S1¢60
S170
Si180
S198
$200
S21e
5220
$230
5240
S259
S260
5270
5230
S2%0
5300
5310
3320
S330
5340
5350
5360
53706
S389
5390
S48

1SOURCE
{SOURCE
ISOURCE
ISOURCE
ISOURCE
I1SOURCE
1SOURCE
ISOURCE
1SOURCE
ISOURCE
ISCURCE
1SOURCE
1SOURCE
ISOURCE
ISOURCE
ISOURCE
I1SOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISCURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
1SOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE

The 1. of Jefined by Get_int calculates 1ntermediate values
uszed |1 converting counts to velocities. These values are the
seme "o~ all samples 1n a point, so they can be calculated
separately. The loop calculates (Nub=NumixN> and (M 114DfND,
where N 1s 1, 2, and 3.

LDPA =3
STAR Count

Get_int! LDA Count

ADA =~}

SAL 2

STA Offset
LDR =Nub t Find NumixNasNub-NumixN,
STR Oper_1
LDA =Numixl
ADA Offset
STA Oper_2
STR Result
LDA =2

LDB =146717B
JSM Rel_math
LDA =Df1 I Find DfH=M111%DfN,
ADA Offset
STR Oper_t
STRA Result
LDA =M1 11
STR Oper_2
LDA =2

LDB =1470637B
JSM Rel_math
DSZ Count
JMP Get_int

The loop Begin 13 performed three times, once for U, VY,

and W. Each time through the data array 13 read, a count (a

raw ditum) 1s taken from 1t. and 1s converted 1nto a velocity,
The valocity is stored 1n U, V, or W depending on whether

this ts the first, second, or third 1teration of the loop. The
first time any particular count 15 encountered, the velocity
corresponding %0 1t 1s calculated using the 1ntermediate values
found 1n Get_int, and the velocity 13 stored 1n a table. If that
count 18 found again 1n the data array, the corresponding vel-
ocity 18 looked up rather than being calculated again.

LDA =9
STA Count
l.DR =5
STA Check
I.DAR Ns
STR 1

Begin: L DA Count

3TA B

3BL 2

3TB Offset

DB Ns I Figure out which 2lement of the
MPY t data array we want to pick up.
AbAR 1

ADA =-1
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S410
S420
5430
5440
S450
S460
5479
S488
3498
SSee
SS10
53520
5539
SS40
3550
SS60
$570
3580
SS90
3680
J610
5620
S638
Sé40
56350
S660
5670
S680
5690
S780
s710
3720
S739
$740
5750
3760
5770
5780
5790
Sg8oe
Sg8i0
5820
S838
S840
S8s0
5860
5879
S389
5898
Ssee
5910
5920
5930
5940
59350
5960
S97e
5980
$99¢@
60089

I1SOURCE
ISOURCE
ISOURCE
I1SOURCE
ISOURCE
ISOURCE
ISOQURCE
ISOURCE
ISOURCE
IS0URCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISQURCE
ISQURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
I1SOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISQUrce
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOUKRCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE

Straigh~:

Calcula~e:

STR
LA
LDB

LIA
LDB
AND
LDB
TCH
ADB
SZB
TCA
ADAR
STA
LDR
LDB
MPY
LDB
ADB
SBL
ADA
ADAR
ADA
STA
LDA
sZA
JnpP
LDA
STA
LDA
STR
Jsm
STB
LDA
RDA
STA
LDA
STA
LDA
LDB
Jsm

LA
ADA
STA
LDA
STA
LDA
STA
LDA
LDB
JsK

LDB
RDB
SBM
JMP
LDA
STA
LDA

Elementd
=Int
sArrayd

Get_element

Int
=1023
B
Count

Check
Straight

=1024
Int

Count
%4896

Int

n=

2

B

=
sArrayl
Address
Address, I
Calculate
Over

sint
Oper_1
aYvar
Result
Int_to_rel
Oper_2
=R
Offset
Oper_1
aXyar
Result

a2
21471358
Re1_math

aNumixi
Offset
Oper_1
zXvar
Oper_2
aYvar
Result
=2
=146717B
Rel_math

Count
-1

*4+2
Samesign
=Zero
Oper_1
Result

33

Get a raw datum from the data array.

Strip off the first si1x
bits of the raw data word.
See 1f Count = Check.

If true, use the stripped data
word as an 1ndex. If not, use

1024 minus the data word.

Store the count we have gotten,
Now, use Count to find out

which lookup table array

we want to use, and use the

count we got from the data array
to find exactly where in the table
we want to go.

If that table entry is zero,
calculate a velocity for it.

Convert the count to a real number.

Divide the range we found
ear'ier by the count to get a
frequency.

Find (Nub-NumixN)~-FrequencyN.

If we are calculating U, reverse

the si1gn of ((Nub-NumixN)-FrequencyN>

SO as to reverse the sign of U,
Leave V and W alone.
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6019
6820
6030
6040
6859
6060
6878
6080
6090
6100
6110
6129
6130
6140
6130
61660
6178
6180
€198
6200
6210
6220
6230
6240
6250
6260
6270
6280
6290
6300
6310
63208
63308
6340
6250
6360
6370
6380
6399
6402
6418
6429
6430
6440
6450
6460

ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOQURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
I1SOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISCURCE
ISOURCE
ISOURCE
1SOURCE
ISCURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
1SOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
1SOURCE
ISOURCE
ISQURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE

STR
LDA
STAR
LDA

JsmM

Samesign: NOP

LDA
STR
LDA
ADA
STA
LDA
ADA
sTA
LDA
LDB
JsH

Quver: LDA

ADA
LDB
ADB
XFR

182
LDRA
ADA

Pause!? NOP

SZR
JrP
STA

Now we convert the w we have obtained (which 13 measured at

Oper_2
aXvar
Result
=2
=1467178
Rel_math

Result
Oper_!
sDf1
Offset
Oper_2
Address
u-
Result
=2
=147037B
Rel_math

Address
=]

=y
LUffset
4

Count
n=3
Count

42
Begin
Count

Find Velocity=s((Nub-NumixN>
~FrequencyN)>*#(Mi111%DfN)

and store in a place 1n the
lookup table corresponding tc¢
the data count.

Now transfer the velocity from
the tookup table to U, V, or W,
as appropriate.

Have U,V, and W all
been calculated?

If not, go back agawn.

I1f so, set Count = 8.

an angle Theta to the VY-axis) to the W we want (which should
be measured at an angle of 99 degregs to the V=ax+si
Thus “1nd W: (Wy-Y*#Cos<Thetal>sSin(Thetal.

LA
STA
L.DA
STA
LDA
STAR
LDA
LDB
JSM
LDA
STA
LDA
STA
LDA
STAR
LDR
LDB
JsM
LDA
STA
LDA

=y
Oper_1
=Cos
Oper_2
=Xvar
Result
=2
21478378
Rel_math
Result
Oper_2
=l
Cper_1
sYyar
Result
=2
=146717B
Rel_math
Result
Oper_1
=351 n

34
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6610
66280
6630
6648
6656
6660
6670
6688
6699
6708
6710
6720
6738
6748
6758
6760
6770
6780
67989
6800
é8le
6828
6839
6840
6850
6860
6872
6880
6898
6900
6910
6926
6939
6949
6950
6960
6970
6980
6990
7000
7010
7020
7030
7040
70350
7060
7070
7880
7090
7100
‘110
7120
7130
7140
7130
7160
7170
7180
7190
?200

ISOURCE
ISOURCE
ISGURCE
ISOURCE
ISOURCE
IS0URCE
ISOURCE
ISOJURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
1SOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
I1SOURCE
ISOURCE
1SOURCE
ISOUPCE
ISOURCE
ISOURCE
ISOQURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
1SOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOQURCE
ISOURCE

STR Oper_2
LDR =U

STR Result
LDR =2

LDB =1471355B
JSM Rel_math

New take running sums of U, V, W, and several produc‘s

of these velocities. The sums are taken using the utility
"Add". The sums are calculated in an unusual sequence in
order to reduce the number of steps needed to calculate
them. Program steps which produce sums nct considered
necessary have been included, but these steps are preceded
by the "I* comment marker.

LLA =Su ! Find SusSu+U
LDB =U
JSM Add

LDP Oper_2 ! Find U*U
STA Oper_1

LDA =Uu

STR Result

LDA =2

LDB =147037B

JSM Rel_math

LDA =Suu I Find SusSu+(U*U)
LDB Result
JsMm Add

LDR =Sv { Find SvaSu+Vv
LDB =V
JSM RAdd

LDA =U ! Find UxY
STR Oper_1

LDA =Uv

STR Result

LDA =2

LDB =147037B

JSM Rel_math

LDAR =Suv I Find Suv=Suv+(U*VY)
LDB Result
JSM Add

LDR =v i Find V&V
STR QOper_1

STA Oper_z2

LDA =Xvar

STA Result

LDA =2

LDB =1470837B

JSM Rel_math

LDA =Syv t Find SuusSuu+ (VYY)

LDB Result
JSM Add

a5
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IS0URCE
ISOURCE
ISOURCE
ISQURCE
ISOURCE
ISOURCE
I1SOURCE
ISOURCE
ISOUKRCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISCURCE
I1SOURCE
ISOURCE
ISOURCE
iSOURCE
ISQURCE
ISOURCE
ISCURCE
ISOURCE
1SOURCE
ISQURCE
I50URCE
ISOURCE
ISOJRCE
ISOURCE
1SOURCE
ISJURCE
ISQURCE
ISOURCE
ISOURCE
1SOURCE
ISGURCE
ISOURC™
ISOURCE
ISCURCFE
I1SOURCE
ISOULRCE
ISOURCE
ISOURCE
IS0URCE
ISOURCE
ISOQURCE
ISOURCE
ISOURCE
1SOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
[SOURCE
1SOURCE
ISQURCE

Place the finished suss

LDA
LDB
Jsn

LDA
STR
LDA
STA
LA
LDB
JsM

LDA
LDB
JsM

LA
S$TA
LDA
STA
LDA
STA
LDR
LDB
Jsm

LDR
LDB
JsH

LDA
STR
STA
LDR
STA
DA
LB

I3M

<Bf
LD38
Jsm

Bsz
JMP

=Suw '
L4
Add

ay t
Oper_1

=Xvar

Result

=2

=1470378
Rel_math

aSuw !
Result
AJdd

=i '
Oper_1

=y

Gper_2

=Xvar

Result

=2

21470378
Rel_math

=2Svw !
Result
Add

=l ]
Oper_1

Oper_2

=Xvar

Result

=2

14708378
Rel_math

“Caw !
Result
Add

I
Begin t

Find

Fina

Find

Find

Find

Find

Fi1nd

Lot
SLirn

SusSw+l

U=l

SuwESyuw+(U*W)

Yl

SywaSvu+ (YWD

Wl

SwwsSww+(KW*W)d

nue to calculate runmning
wnt1’ out of sampies.

1n the COMMON region sc that

the BRSIC program has access to them, and then return to
the BASIC program.

LDA
LDB
JSHM
LDAR
LDB
JsM
LDAR
LDB
JsM
LDA

=Su
aSu_par
Put_value
aSy
=Sv_par
Put_value
=Sw
=Sw_par
Put_value
2Suu
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g 7818 ISOURCE
“ 7820 ISOURCE
' 7830 ISOURCE
! 7848 ISOURCE
78%0 ISOURCE
e 78680 ISOURCE
- 7870 ISOURCE
7688 ISOURCE
C 7890 ISOURCE
i 7988 I[SOURCE
( 7918 ISOURCE
fh 2920 ISOURCE
7930 ISOURCE
ke 7940 ISOURCE
i . 79%8 ISOURCE
X 7960 ISOURCE
- 7970 I1SOURCE
7960 ISOURCE
F . 7990 ISOURCE
- 8099 ISQURCE
L1 8012 ISNURCE
L 8628 ISOURCE
[ T 803@ ISOURCE
Lg 8048 ISOURCE
1 8850 ISOURCE
f 8060 ISOURCE
. 8070 ISOURCE
i 8080 ISOURCE
f 8698 ISOURCE
. 8108 [ISOURCE
8110 ISOURCE
‘ 8120 [ISOURCE
% 8130 ISOURCE
b 8140 ISOUKCE
t 8150 ISOURCE
} 8.50 ISOURCE
' 8170 ISOURCE
v 8180 I1SOURZE
- 8198 ISOURCE
i 8208 ISOURFE
: 8219 ISOUFCE
. 8222 ISOURCE
: 8230 ISOURCE
8240 ISOURCE
8250 ISOURCE
X 8268 ISOURCE
8278 ISOURCE
82¢0 ISOURCE
[ " 8290 [ISOURCE
8300 ISOURCE
8318 ISOURCE
. - 8328 ISOURCE
| 8330 [ISOURCE
8249 [ISOURCE
8350 ISOURCE
858 1SOURCE
.70 ISOURCE
8338 ISOURCE
8390 ISOURCE
8400 ISOURCE

I The utils

!
Rdd:

|

Data_par:
D1_par:
Ns_par:

1

Arrayd:
Elementd:
Arrayl:
Elementl:
Ns:
Counti:
Count2:
I:

Int:

!

LD3
JSH
LDA
LDB
JsH
LDA
LDB
JSH
LDA
LDB
JSH
LDA
LDB
Jsn
LDA
LDB
JSHM
RET

ty

182
STA
STB
STA
LDR
LDB
JsH
Dsz
RET
JsH

LiT
END

NAM

Subroutine to transfz2r raw
to 3torage array.

EXT
EXT
EXT
EXT

CoM
INT
INT
INT

3SS
EQU
BSS
EQU
BSS
BSS
BSS
BSS
BES

aSuu_par
Put_value
2Syv
=Svv_par
Put_vatlue
=2Sww
aSww_par
Put_value
aSuv
aSuv_par
Put_value
=Suw
aSuw_par
Put _value
=Svw
=Svuw_par
Put_value
1
"Add" 15 used to add up the running sums,
Ut lcount

Oper_1
Oper_2
Result

a2

=146721B

Rel_math

Utlicount

1

Ut lend

200
Find_vel

Data_trzns
data from 1nput array

Declare subtrnutines stored
outside of the main program.

Get_'nfo !
Gei_value !
Cet _element
rut_element

(*) ! Declare common variables.

(*)

39
Arrayd+16
39
Arrayi+16
1

1
1
H
1

37
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&l 8418 ISOURCE SUB
E;: 8429 ISOURCE Data_trans! LDR =Arrayd ! Get parameters of data storage array,
ndr 8430 ISOURCE LDB =Data_par
r’; 8448 ISOURCE JSM Get_info
3 8458 ISOURCE LDR =Array!l ! Get parameters Of data tnput array,
3 N 8460 ISOURCE LPB aD1_par
2 8470 ISOURCE JSM Get_i1nfo
z 84890 ISOURCE LDA =Ns I Get number of samples.
L 8498 ISOURCE LDB =Ns_par
*_ﬂ 8500 ISOURCE JSM Get_value
7| 8510 1SOURCE !
o 8528 [ISOURCE LDA =0
L? 8530 [ISOURCE STA 1
b 44 8540 ISOURCE Starti: LDA =0 .
51 8550 ISOURCE STA Countl
E 85606 [ISOURCE LDA =2
3 8570 ISOURCE STA Count2
=& 8580 [ISQURCE !
5 8598 ISOURCE Start2: LDA I
s 8680 [SOURCE LDB =6
X 8610 ISOURCE MPY . * -
g 8628 ISOURCE RDA Count2
< 2 8630 ISOURCE STR Elementl
- 8648 [SOURCE LDR =Int
3 8658 ISOURCE LDB =Rrrayl
PY 8660 [ISOURCE JSM Get_element
‘*i 8678 [ISOURCE !
o o3 8680 [30URCE LDA Counti
¢ <) 8698 [ISOURCE LDB Ns
i; 87880 I[SOURCE MPY
A 87190 [ISOURCE ADA I
3! 8720 ISOURCE STR Elementd
54 873@ [ISOURCE LDA =Int
é} 8740 ISOURCE LDB =Arrayd
2! 8750 [SOURCE JSM Put_element
';] 8760 [SOURCE 1S2 Count!
% 8778 ISOURCE 182 Count2
e 8788 ISOURCE LDR =-3
» 8790 ISOURCE ADA Countl
%é 8808 T[(SOURCE SZR #+2
: 8818 [ISOURCE JMP Start2
882@ [ISOQURCE !
1838 ISOURCE I1s2 1
8840 ISOURCE LDA I
88%5@ ISOURCE TCR
8860 [ISOURCE ADA Ns
8870 ISOURCE SZR #+2
8888 ISOURCE JMP Startl
8890 1SOURCE RET 1
8900 ISOURCE END Data_trans
8919 !}
8920 | SRR BRBPRERRFERALRRRRRXRLRFERFREREREREF R LR RIEFRXRETRRRERER AR REREES I
89328 | % HISTOGRAM SUBPROGRAM A<
8940 1 2R RLBRBBRERE R CRBERRRERRE PR RBPHERARERLRRLE R R FLL R LRI RREARFRAARAARRRERE ¢
89%9 !
8369 Hist: I Subroutine to produce online
897e t his-ograms of raw LDV data.
8980 ON KEY #9 GOTO 3279
89983 Nn=9

9008 Ns_tempaNs

38

e mman e o oo e e e -



WIS

9810 !

9020 INPUT “Mo. of dita samples per point (2800 maxm.) :",Ns
Jeze !

9840 REDIM Datad3,Ns>

905@ REDIM D1d(Ns,6)

9060 DISP "Press CONT to 'nitiate 4.ta acquistition, press K@ to return to main
program,*”

9070 PRUSE

9080 GCLERR

9990 GRAPHICS

9180 |

9110 RESET 10

9120 CONTROL MASK 10:1

9130 WRITE [0 10,5;8

9140 WRITE 10 106,5;1 ! start handshake by setting CTLS
9158 Nt=6x»Nsg

9160 FOR I*1 TO S

9170 Dummy=RERDBINI18)

9180 NEXT I

9190 !
9200 ENTER 19 WFHS Nt NOFORMAT;Di(#> Ifast data-acquisition
9210 WRITE 10 19,S;0

9220 ICALL Data_trans

9230 ICALL Draw_hist

9248 IF Ns=2000 THEN GOTO 9279

9250 Nn=|}

9260 GOTO 9110

9270 IF Ns=2000 THEN DUMP GRAPHICS
9280 WRITE 10 19,5;0

9250 Ns=Ns_temp

9360 REDIM Datac(3,Ns»

9310 REDIM D1(Ns,6)

93280 EXIT GRAPHICS

9330 RETURN

940

9358 ISOURCE NAM Draw_hist
9360 ISCURCE
9378 ISOQURCE
9380 ISOURCE
939@ ISQURCE
9400 ISOURCE
9410 I[SOURCE
9420 ISOURCE
9430 ISOURCE
9440 ISOURCE
9450 ISOURCE

The subroutine works by f:rst going to the samples-per-count
tables and using them to draw the old histograms 1n black
(Bit=)) to erase them., Then 1t calculates new samples-per-—
count tables from the data acquireg from the LDV, and uses

the new tables to draw histograms 1n write (Bitwsi), Then the
subroutine returns to the main program. The very first time
(determined by Ntimes(=Nn)>> the subroutine 1s called 1t doesn’:
erase thz old histograms because there aren’t any.

9460 ISOURCE EXT Cet_value ! Declare subroutines stored
9470 ISOURCE EXT Get_1info ! outside of the main progranm.
5480 ISCURCE EXT Get_element

9490 ISOURCE !

9586 ISOURCE CoM

9510 ISOQOURCE Data_pai: INT (%> |\ Declare common varitables.
9520 ISOURCE DI1_par: INT (%)

9538 [ISOURCE Hs_par: INT

9540 ISOURCE Ntime_par: INT
$558 ISOURCE !

9560 ISOURCE RArrayd: BSS 39 | Reserve spac: for data array

9%?8 ISOURCE Elementd: EQU Arrayd+1s t descriptor.

95988 ISOURCE Rrrayt! ESS 1024 | Reserve space for tables which holn
9590 ISOURCE Array2: BSS 1824 ! the number of samples per count.
9600 ISOURCE fArray3: BSS 1024
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9610 [ISOURCE
9620 ISNURCE
9630 [SOURCE
9648 [ISOURCE
9658 ISQURCE
9660 ISOURCE
9670 [ISOURCE
968@ ISOURCE
969@ ISQURCE
9700 ISOURCE
9710 ISOURCE
9720 ISOURCE
9739 ISOURCE
9740 ISOURCE
735@ ISOURCE
9760 ISOURCE
9779 ISOURCE
9780 ISOURCL
9790 ISOURC™
9808 ISOQURC:
9810 [SOURCE
9820 ISOURCE
9830 ISOURCE
9848 ISQURCE
9858 ISOURCE
9868 ISCURCE
987@ ISOQURCE
988@ ISOURCE
9898 [ISOURCE
9908 [SOURCE
9919 ISOURCE
9928 ISCURCE
$930 [SOURCE
9948 [SOURCE
9938 ISJURCZ
9960 ISOURCE
99728  ISOURCE
9980 [SOURCE
9998 [ISOURCE
10000 ISOURCE
16918 ISOURCE
19828 ISOURCE
10038 ISOURCE
10848 ISOURCE
18058 ISOURCE
18060 ISOURCE
10070 ISOURCE
18080 [SOURCE
18098 ISOURCE
19129 ISOGURCE
10110 ISOURCE
10120 ISOURCE
18130 ISQURCE
18148 ISOURCE
10158 I30URCE
190160 ISOURCE
10170 ISOURCE
12188 ISQURCF
10190 ISOURCE
19200 ISOURCE

Ns$
Count !
I:
Check:
Int:
Rddress:
X_coord:
Y_coord:
Bie:l

Nt {mes?t
]

Draw_hist:

t
Do_graph:

Make_hi st

Make_rod:

1
Make_b:=:

BSS
BSS
BSS
BSS
BSS
BSS
BSS
BSS
BSS
BSS

LIT

SuUB
LDA
LDB
JsM
LD
LDL
JSHM
LD+
LUB
jsn

LDA
STA
LLRA
RZA
JMp

LDR
STA
LDR
RDA
LDB
STB
MPY
ADA
ADA
STR
LDB
bsz
RDB
282
DsZ
RZB
Jnp
STB
RDB
SBM
LDB
STB

LDA
SAR
ADR
STA

LDR
LDB

1

1 ! Count and ! are general purpose index vari-
1 I ables. Count 13 usually 8, 1, or 2, to denote
1 i whether U.V, or W 1s being calculated.

1 ! Int, Rddr¢ss, and Offset are all general

t | purpose storage areas.

1

1

1

1

309

=Ny I Get number of samples.

aNs_par

Get_value

=Arrayd | Get parameters of data array.
sData_par

Getv_info

=Nt 1mes I Get Ntimes, which tells 1f this 1s

aNtime_par
Get_value

=0
Bit
Nt imes
#+2
Acquire

=Q
Count
Count
=i
=1024
I

=RArrayl
a=1
Pddress
Hddress, I
Address
Address, I
Address

I

*+2
Skip_bits
Int

u-158

"+3

2150

int

4

1
u20
“_coord

LD =17
Count

40

the first time Draw_hist 13 being
called.

If this 18 the f.rst tine Draw_hist
1s being called, then jump te the
data acquisition section, If not then
write over the old histogram witn
black to erase 1t

Produce histograms for all three
channels,

Go to the end of the appropriate
samples-per-count table.

Add together =zach adjacent pair of
entrias 1n the table,

If the result 1s Zero, go to the next
patr of entries., [f not, make sure
the sum 15 <1580 and then draw a
column with heitght equal to the sum.

Caiculate the X~coordinate of the

column,

Calculate the Y-coordinate of the

top of the column,

e = e —— e ==~
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10218
19220
10230
10240
10250
10260
1027e
10280
10290
10300
10310
10320
190330
10348
10330
10360
10370
10380
10390
106400
10410
10420
18430
10440
104350
18468
10479
10480
19490
183500
10510
10520
10539
183429
103350
18560
i9570
193580
10390
10600
10610
10620
10630
10640
186350
18660
10679
10660
106380
18700
16718
18720
1073e
1e740
10750
10760
10?70
18788
19790

ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOQURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
1SOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOLRCE
ISOURCE
ISOURCE
ISOQURCE
I1SOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISO0U™CE
ISOURCE
ISQUrce
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOQURCE
ISOURCE
ISOURCE
ISOURCE
I1SCURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE

]
Skip_bi-s?

1
Acquire:

ADB
MPY
LDB
TCB
ADA
STR

LDR
STA
LLA
SFC
STA
LDA
LDB
MPY
LDB
SBR
ADA
CMR
SFC
STR
STA

LDA
AND
LDB
SBL
I0R
SFC
sTR
STA
DSz
JMP

DsZ
JnP

182
LdbA
ADA
SZA
JMP

LDA
SZA
JMP

LDR
LDB
CLR
ADA
pszZ
JMpP

LDA
STA
LDA
STRA
tDR
STA

=i
Int

B
¥Y_coord

=13

Pa

=318

»

RS

Y _cocord
=36

X_coord
4
B

*
R4
R?

X_coord
=178

Bit

13

B

*

R4

R?

Int
Make_bit

I
Make_rod

Count

=-3

Count

#e2
Make_hist

Bit
*42
Stop

sArrayl
=192

16

=16

B
Clear

=0
Count
=3
Check
Ns

I

41

Prepare the graphics screen for
input.

Calculate word location.

Input word location.

Calculate b1t location.

Input bit location,

Make histograms for all three

channels.

If Bit=]l then the new histograns
have been drawn. Go back to the
main program. If not, continue.

Zero out the tables which hold the
number of samples per count.

Prepare tc uwrite neu samples-per-
count tables.




10818 ISQURCE !

19820 ISOURCE Begin: LDA Count

18839 ISOURCE LDB Ns ! Figure out which element of the
198490 ISOURCE MPY ! data array we want to pick up.
10838 ISOURZCE ADA I

12860 ISOURCE ADR =~

10870 ISOURCE STR Elementd

19880 ISOURCE LDA =Int ! Get a raw datum from the data array.
10898 ISOURCE LDB =Arrayd

19908 I1SOURCE JSM Ge:_elenent

19913 ISOURCE LDA Int

10920 ISOURCE LDD =1023 i Strip off the first six

10938 ISOURCE AND B ! bits of the rau data word.
19940 ISOURCE LDB Count I See 1§ Count = Check,

16950 ISOURCE TCB

18960 ISOURCE ADB Check

189790 ISOURCE S$ZB Straight ! If true, use the modified data
10988 ISOURCE TCAR ! word as an index. [f not, use
10930 ISOURCE ADA =1324 ' 1024 minus the data word,

11809 (SOURCE Straigh=: STR Int ! Store the count we have gotten,
11018 ISOURCE .LDA =1024 | Increment the appropriate place
11020 ISOURCE LDB Count 1 1n the samples=~per-count table
11038 ISOURCE MPY ! by one.

11040 ISOURCE ADR =Arrayl

11050 ISOURCE APMA Int

11060 ISOURCE 1sZ A,1

11070 ISOURCE !

11082 ISOURCE I1SZ Coun:*

11090 ISQURCE LDA =-3 | Have U,Y, and W all been done?
11199 ISOURCE ADA Count

11112 ISOURCE SZR #+2 ' If not, go back again.

11120 ISOURCE JMP Begin

11138 ISOURCE STA Count ' If so, set Count=Q,

1114@ ISOURCE !

11159 ISOURCE DS2 1 t Continue to f1l11 samples-per-count
11168 ISOURCE JMP Begin ! tables unti1l out of samples.
11176 ISCURCE !

11188 ISOURCE IS2 Bt ! Now set Bit=! and go back and d-aw
11150 ISQURCE JMP To_graph ! the new histograms 1n white.
11208 ISOURCE Stop: RET 1

11218 ISOURCE !

11228 ISOURCE END Draw_hist
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3
\
#\
*. 10 REM PROGRAM STAT
f 20 ! PROGRAM TO REDUCE RAW DATA FROM THREE-~COMPONENT LDV SYSTEM
ff 38 ! Input 13 3 channels of raw LV data and calibration constants
% 40 I Qutput is the three components of mean veloci1ty, all the
»n Se ! components o~ Ps:r nolds stress and some selected third-order
? 60 | products. Can -+ “r out counts which are excessively far
N 7’0 t from the mean. display histograms of raw and
. 80 I filtered data fu. 1l 3 channels. Plots data at end and displays
. 90 ! reduced data for entire run. Can urite a summary fi1le containing
X 100 ! all reduced Jata and calibration constants,
LS 110 OPTION BRSE 1
120 ICOM 18008
130 IDELETE ALL
t . 140 IRSSEMBLE Find_vel
3 150 COM INTEGER Dat 2¢3,2000),Ns,Ngs,Countbi1n(3,1024)
i 160 COM INTEGER Rangel,Range2,Range3
! 170 COM REAL Sdev,D<1,Df2,Df3
1 188 COM REAL Theta,Nub,Numixl,Numix2,Num:ix3

199 COM REAL Su, Sv, 3w, Suu, Svv, Sww, Suv, Suw, Svuw
200 COM REAL Suuv, Suvy, Suuw, Suww, Suvw

220 DIM L1¢(3),RI(3>,L11(3>,U11¢(3),Scale(d)
230 DIM Dates(80@],Files[6],Names[4],Tit18$(80]

250 RERL Xpos,Ypos,2pos
269 REAL Po1nt(20,13>
270 RERL Re,Ue

2
3
»
t
1
t
€
t
H
Z
t

|
299 INTEGER F1ino,A,Run
300 '
310 DRTA 9,0,0,0
320 READ Max_y,Min_v,Filter,Sdev
330 DATA 75.64,45.64,15,.64,99.,69.,39.
340 MAT READ LI1i,Ull
356 DATA $,46,87,41,82,123
360 MAT READ L1,R!
370 DATA -.8,2.4,0.,.035,~.0023, .01
388 READ L1imC1),UlimC1),L11m<2),U11m¢2),L11m¢3>,UT m(3>
3906 DATA .4, .00S5,.1025
400 MAT READ Scale

410 !

420 PRINT

430 PRINT * #»# << PROGRAM STAT : 3-COMPONENT VELOCITY DATR >> #» "
440 PRINT

450 PRINT “PROGRAM STRUCTURE"

460 PRINT “1, Read raw data from floppy disc"
470 PRINT *2. Convart to velocity"

489 PRINT "3, Calculate statistics"”

490 PRINT "4. Prin- results"

S9e PRINT "S. HWrites to disc file"

S0 PRINT

S20 !

530 I #% Read raw data from floppy disc #**

5S40 i

550 INPUT "Enter pa~ent filename (or E to exi1t program) :",Name$
S66 IF Names$="EY THEN GOTO 1780

S?7e INPUT “Enter no of first and last data files ",Filel,Nf
580 Kill_w=3
b1 INPUT "Is this 1 twe-channel or three-channel run (2/3, Default 3> 2" K1

_w
€an Histg=miy®
43




610 INPUT "Do vou wish to see histograms of the data points (¥Y/N, Default Y)
", Hists

620 Filters=s“N"

é3a INPUT "Do you wish to filter the output (Y-N, Default N) ?“,Filiters
640 IF Filters="N' THEN GOTO 660

€30 INPUT "En-er standard deviation to throw out",Sdev

650 DISP “READING RRW DATA FROM DISK"

670 MASS STORAGE IS ":H8,0,0"

€80 PRINTER IS ©

690 Filno=Filel

700 IF F1lno>Nf THEN GOTO 1740

710 Firles=Name3&VALF(F11no)

720 ASSIGN Files TO #1

730 |

740 READ #1;Dates

750 RERD #1;Titls

760 READ #1;Name$

?70 READ #1;Dn

780 READ #1jNub,Numix1,Numix2,Numix3,Theta,Run
790 RERD #1;Vref,Ue,Df!,Df2,Df3

800 READ #1;Xpos,Ypos,Zpos,Ns

810 MAT READ #1;Data

820 !

830 PRINT Titls

840 PRINT “DARTE AND TIME OF TEST :",Dates

8590 PRINT "FILE NAME ON DISK :!",Name$

860 PRINT "DISK NUM3ER :%,Dn

87e PRINT *RUN NO. :POINT NO., IN PROFILE> :",Run
880 PRINT "X,Y,2 = ‘,Xpos,Ypos,Zpos

g9 !

98@ | CALCULATE VELOCITIES

91@ DISP "CALCULATING VELOCITIES AND TAKING RUNNING SUMS"
920 !

938  ICALL Find_vel

940

958 | CALCULATE STATISTICS

960  DISP “CALCULATING STATISTICS"

978 |

989 IF K111_w=3 THEN GOTO 1030

990 DARTR 9,0,0,0,0,3,0

1900 RESTOXRE 990

1818 READ Sw,Sww,Suw,Svw, Suuw,Suww, Suvw

1020 !

1938 Ubar=Su-sNgs

1848 Vbar=Su/Ngs

1958 MWbar=Sw/Ngs

1060 Upri2sSuusNgs—~Ubar*Ubar

1978 Vpri12aSuyus/Ngs-VYbar+VYbar

1988 MWpri12aSww/Ngs-Wbar+*uWbar

10990 Uvbar=sSuvsNgs-Ubar*Vbar

1100 UuwbarsSuw/Ngs-Ubar+ibar

1110 VYubar=Svw-/Ngs-Vbar#kbar

1120 UuvbarsSuyuusNgs-2#Ubar+Suvs/Ngs~-vYbar#Suu/Ngs+2#Vbar+Ubar+bar
1130 Uuubar=Suvu/Ngs—-24Vbar*Suv/Ngs-Ubar+Suus/Ngs+2*Ubar«Ybarst¥bar
1148 Uuubar=Suuw/Ngs-2*Ubar+Suw /Ngs-Wbar*SuusNgs+2xWbar+Ubar+Ubar
1156 Uwubar=Suww/Ngs-2xlbar#*Suw/Ngs-Ubar#Suw/Ngs+2*Ubar*ibar+ibar
1160 Uvuwbar=sSuvws/Ngs-Wbar*Suvs/Ngs-Ubar*SvusNgs-¥Ybar+*Suw/Hgs+2*Ubar+Vbar*Wbar
1178 ¢

1130 ! STORE RESULTS IN ARRAY FOR PLOTTING

1196

1268 Fi=zFilno~Filetl+l|
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1210
1220
1239
1249
1250
1260
1270
1289
1290
1300
1318
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1450
1460
1470
1480
1490
1580
1510
1520
1530
1540
1358
15606
1570
1580
1590
1600
1610
1629
1630
1640
1630
1660
1670
1680
1690
1700
1710
1720
1738
17490
1730
1760
lotrs
1770
1780
1798
1800

Point(F1,1)=Ypos
Point(F1,2>)=Ubar
Point(F1,3)=Vbar
Foint(F1l,4)=subar
Point(F1,S)=Upri2
Poini<F1,6)=Vpri2
Point(F1,?)=lpri2
Point{F1,8)=Uubar
Point(F1,9)sUubar
Point(F1,10)=aVubar
Point(Fi,11)=aUuvbar
Point(Fi,12)=sUvubar
Point(F1, 135=Uuwbar
Point(Fl,14)sUuwuvbar
Point(F1,13)=syvubar
IF Ypos<{Max_y THEN GOTO 1399
Max_y=Ypos
Min_usUbar

IF Ypos>Min_y THEN GOTO 1458
Min_ysYpos
Max_u=Ubar

! PRINT RESULTS

PRINT

PRINT "Bragg shift frequency = ",Nub

PRINT "Mixing frequenciress” Numixl,Numix2,Numix3
PRINT “Third beaim angle = ",Theta

PRINT “Run number = " ,Run

PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT

"Tunnel reference voltage (volts) = “,Vref

“Fringe spacings = ",Df1,Df2,Df3
"No. of samples = ", ,Ns
"Ranges = “,Rangel,Range2,Range3

“"Filter [no. of 2td. deviations] =

"Adjusted no. of samples =",Ngs
"Ubar = “,PROQUND(Ubar,-4)>
“sar = ", PROUND(Vbar,~-4)
“"Wbar = " ,PROUND(Wbar,-4.

PRINT "Upri12 = ',PROUNDCUpri12,-4>
PRINT *"VYpri12 = ',PROUND(Vpri2,-4)>
PRINT "Wpr12 = ' PROUNDCUWpri2,-4>
PRINT "U/bar = ',PROUNDCUVbar,-<>
PRINT "UWbar = ',PROUNDC(Uwbar,-4>
PRINT "Vubar = ',FROUND(Vuwbar,-4>
PRYNT “"UUVbar = “,PROUNDCUuvbar,=-3>
PRINT "“UVvbar = ‘,PROUNDC(Uvvbar,-5>
PRINT "UUWbar = ",PROUNDC(Uuwbar,-5)>
PRINT "Ulibar = ",PROUNDC(Uwwbar,-S>
PRIMT "UVWUbar = “,PROUNDC(Uvwbar,-5)
PRINT

IF Higts="Y" THEN GOSUB Histogram
FilnosFilno+!}

GOTO 700

Ue=Max_u=-Min_u

Plotrsa"y"

INPUT

* Do you wish to see the turbulence quantities (Y/N,

IF Plotr$a"yY" THEN GOSUB Plat
MASS STORAGE IS ":K8,0,1"
PRINTER IS 16

END
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1810
1820
1830
1840
1850
1860
1870
1880

Graphs

1890
1900
1918
1920
1930
1940
1950
1968
1970
1980
1990
2000
2010
2020
20306
2040
2030
2060
2079
2080
2090
2100
2110
2128
2138
2148
2130
2160
2179
2130
2190
2208
2210
2220
2230
2z24e
22359
2269
2279
2280
<290
2308
2319
2320
2339
2349
2356
2360
2370
2380
2399
2400

!
| R n Bt nanenttttcntntnrsXxtPLOT DATRAFPRERXERBRRFRRRRRERRRERRERPRRRRRBRERS1E 8%

Plot: PRINTER I3 16

PRINT “Estimate of normalizing velocity .s "jUe

INPUT "Enter correct normalizing velocity 1f different.",Ue

Graphs="Y"

INPUT “Do you wish to graph the turbulence quantities (Y/N, Default Y)> 2%,

PRINTER IS ©

PRINT "HNormalizing velocity 1s !";Ue
!

FOR I=1 TO 4

DATR 1,2,2,3

READ Exp

Kn=3

IF I=4 THEN Kn=%

FOR J=1 TO Nf-=NF1le+l

FOR K= TO Kn

Index=(I-1)%3+K+1

Point¢J, Index)=Point(J, Index> Ue~Exp
IF Index>18 THEN Point(J,Index>=Point(J,Index)>#*1080
NEXT K

NEXT J

NEXT I

IF Graphs$="N" THEN GOTO 2860

'

PLOTTER IS 13, "GRAPHICS"

GRAPHICS

DEG

'

Ymax=Point(1,1)

YminsYmax

FOR J=1 TO Nf-Filel+t

IF Point<¢J,1)>Yinax THEN Ymax=Point<(J,1>
IF Point(J,1)<Ymnin THEN Ymin=Point(J,1)
NEXT J

t

FOR I=t1 TO 3

LIMIT @,184.47,0,149.R

LOCATE LICI>,R1(1),39,99

CLIP LI1<CI>,R1<¢I1»,39,9Y%

1

Xmax=2Poi1nt (1, I~1)#3+2)

Xmin=Xmax

FOR J=1 TO Nf-Filel+!

FOR K=t TO 3

IF Point(J,(l-1323+K+1)>Xmax THEN Xmax=Po1nt(J,(I-1)>#3+K+1)
IF Point(J,(1=11%3+K+1)<Xmin THEN XminaPoint(J,(I-1)>%3+K+1)
NEXT K

NEXT J

'

SCALE L1 ywwdI>, Ut mdI)>,¥Ymin,Ymax

FRAME

AXES ScaleCl),.l,9,9

UNCLIP

[

LORG 8

CSIZE 2.5

Yposa¥min

MOVE L1vmCI>+Scale<I)d~S,¥pos
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2410 DRAW Ll1im(I),Ypos

2420 SETGU
24390 RPLOT 2,0,-2
2440 SETUUV

2450 LABEL DROUND(Ypons,2)

2968 VYpossYpos+.1

2470 IF Ypos<=m¥Ymax THEN GOTO 2400

2480 |

2490 LORG 6

2500 Xpos=Llim(I>

2510 MOVE Xpos,Ymin-,04

2520 LABEL DROUND(Xpous,2?

25380 MOVE Xpos,Ymin

2540 DRAU Xpos,¥Ymin+,09

2550 Xpos=Xpos+ScalellD

2560 IF Xpos<Ulim(I> THEN GOTO 2510

2570 !

2580 FOR J=1 TO Nf-Filel+t

%598 Ypos=Point(J,1)

2600 FOR K=§{ TO 3

2610 MOVE Point(J,{I~-1)#3+K+1),Ypos

2620 SETGU

2638 ON K GOTO 2640,.2700,2760

2640 FOR RArc=9 TO 361 STEP 20

2650 PDIR Arc

2662 RPLOT .S5,0

2679 NEXT Arc

2680 PDIR ©

2699 GOTO 2818

2788 RPLOT .3,.5,-2

2719 RPLOT .5,-.5,-1

2720 RPLOT -.5,-.5,-1

2?30 RPLOT -.5,.53,-1

2740 RPLOT .S,.S5,-1

2750 GOTO 28:9

2760 RPLOT 0,.5,-2

2779 RPLOT 8,-.5,-1

2780 RPLOT .5,0,-2

2790 RPLOT -.5,0,-1

28860 GOTO 281C

2818 SETUU

2820 NEXT K

2838 NEXT J

2840 NEXT 1

2850 DUMP GRRPHICS

2866 IMRGE 2X"Y"10X, ‘u2/Uo02",3X,"v2/7U02",3X, "w2/UJ02",5X, "uvslo2", 3X, "uwslUo2", 3X
y "vwrUo24, s

2870 PRINT USING 2863

2880 FOR I=1 TO Nf-Filel+l

2890 IMAGE MDD. 8D, 6X,MD.DLLD, 2X,MD,.DDDD, 2%, MD. DDDD, $X, MD. DDDD, 2K, MD. DDDD, 2X, MD.
DDDD

2900 PRINT USING 28983Po1nt(I,1),Point(I,S5),Point(l,6),Po1ntI,”>,Point(l,8),P0
int(I,9),Point(l, 18>

2918 NEXT 1

2920 IMAGE 2/,3X,"Y", 9a,"uuvus/ 2", 3%, "uvursUo03",SX, "uuw /yo3", 3%, "uww-Uo3",5X, "u
vwsUo3", s

2930 PRTYNT USING 29529

2943 FOR I=1 TO Nf-File+l

29%5¢ IMAGE MDD.DD,SX,MD.SD,2X,ML,5D,4%X,MD.5D,2X,MD.5D,4¥,MD.5D
2968 <“PINT USING 29%3;Pcint(l,1),Point¢l,11),Point(l,12)>,Point(l,13),Point(l,14
), Por. 1,15
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2370
2980
2990
3000
3010
3020
3030
3840
3030
3060
3070
3080
3090
3100
3110
3120
3130
3140
3150
3160
3170
3180
3190
3200
3210
3220
3239
3240
3258
3268
3278
3280
3299
3300
3318
3328
3330
33 3
3350
3360
3379
3380
3398
3400
3410
3420
3430
3440
34%0
3460
3476
3486
3490
3500
3518
3528
3530
3540
3550
35¢€9

NEXT 1

H

I WRITE SUMMRRY DATA FILE

I

Sumsga"N"

INPUT “Bo you wish to write a Summary Data File (Y/N Default N> 2“,Sum$
IF Sums="N" THENW GOTO 3210

Files=Name$

DISP “File “"}File$;" being written to disk"
MASS STORARGE IS “:H8,0,0"

CREATE Ftile$,40

ASSIGN Files TO #1

PRINT #1;Dates

PRINT #1;Titls

PRINT #1;Names$

PRINT #1;Dn

PRINT #1;HNub,Numixl,Numix2,Numix3, Theta,Run
PRINT #1;Vref,Ue,Df1,Df2,Df3

PRINT #1;Ns,F1lal /Nf

FOR I=1 TO Nf-Nr1le+l

FCR J=1 TO 1S

PRINT #1;Point(l,J)

NEXT J

NEXT I

RETURN

!

| 2annnnrntnnnennenrttinttDRAN HISTOGRAMSH*HE XS HHXBRERRSRERRERR L EERBLREBHEEFES
!
Histogram: PLOTTER IS 13, "GRAPHICS"
GRAPHICS

K=1

FOR I={ TO 23

Cmax=0

FOR J=1 TO 1023 STEP 2
CountbinCl,J>aCountbin(I,J)+Countbin(l,J+1)
IF Countbin(l,J>>Cmax THEN Cmax3Countbin(I,J)
NEXT J

IF (Cmax=0) OR Cmax=200808> THEN GOTO 3669
CIMIT B,184.47,3,149.8

LOCATE 7.085,119.63,L11CKY,U11<CK)

CLIP 7.85,119,63,L11<(K>,UT1CK>

KaK+1

SCALE 1,1024,08,CUmax

FRAME

UNCLIP

LINE TYPE 1

CSIZE 2.8

LORG 8

FOR ¥=1 TO 4

YposaY#Cmax-é

PLOT 10, Ypos, -2

PLOT ~9,Ypos,~1{

MOVE 3, Ypos

LABEL PROUNDC(Ypuos,u)

NEXT VY

LORG 6

Yoos=Cunax-20

FOR X=i TO 8

Xpos=X#128

PLOT Xpos,Ypos,—-2
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3570 PLOT Xpos,-Ypos,.-1
3588 MOVE Xpos,~Ypos+].3
3598 LABEL Xpos
3608 NEXT X
3610 FOR J={ TO 1023 STEP 2
3620 IF Countbin(l,J>=8 THEN GOTO 3658
3638 MOVE J,9
3640 DRAW J,Countbinil, )
3638 NEXT J
3660 NEXT I
3670 MOVE S12,-Ypos#*5
3680 LORG s
3690 LABEL "PLOT OF COUNT ¥S NUMBER OF SAMPLES PER COUNT*"
3700 DUMP GRAPHICS -Ypos#*18
3718 RETURN
3728 !
3730 !

* 3740 ISOURCE NAM Find_vel
3750 ISOURCE
3760 ISOURCE
3778 ISOURCE
378@ ISOURCE
3790 ISOURCE
38086 ISOQURCE
3819 ISOURCE
3820 ISOURCE
3830 ISOURCE
3848 ISOQOURCE
3850 [SOURCE
3860 ISOURCE
3878 [ISOURCE

This subroutine converts raw data counts to instantaneous
velccities, then sums several different products of the
velocity components. All 1nput and output data 1s passed
through the COMMON stoarage area. The inputs are the raw
data array (Arrayd), the Bragg shift frequency (Nub), the
mix1ny frequencies (Numixi, Numix2, Numix3), the fringe
spacings (Dfl, Df2, Df3), the crossing angle of the third
beam Theta), and the number of samples 1n a data point (HNs).
The outputs are the summations of various products of the
velocity components, 1ncluding U, ¥, W, UxU, V=V, U=,
Usv, Uxl, V*W, UxUsv, Uxvey, UzUxl, U<ldeld, and U*Vxl,

3880 ISOURCE EXT Get_value ! Declare subroutines stored
3890 ISOURCE EXT Get_info ! outside of the main program.
3980 ISOURCE EXT Get_element
3919 [ISUURCE EXT Put_element
392¢ ISOURCE EXT Int_to_rel
3930 ISOURCE EXT Rel_to_1nt
3940 ISOURCE EXT Rel_math
’ 39506 ISOURCE EXT Put_value
o 3960 [ISOURCE !
1 3970 ISOURCE cor
. 3380 ISOURCE Data_par: INT (#) ! Declare common variables.
: 3992 [SOURCE Ns_par: INT
3 i 4008 ISOURCE Ngs_par: INT
4018 ISOURCE Cbin_par: INT (%)
) 4820 [SOURCE Ranl_par: INT

4038 ISOURCE Ran2_par: INT
404@ [ISOURCE Ran3_par: INT
48350 [ISOURCE Sdev_par: REL
4063 [SOQURCE Df1l_par: REL
4078 ISQURCE Df2_par: REL
) 4680 ISOURCE Df3_par: REL
4099 [SOURCE Theta_par: REL
4188 ISOURCE Nub_par: REL
4110 ISOURCE Nmixl_par: REL
41280 ISOURCE Nmix2_par: REL
41380 ISOURCE Nmix3_par: REL

4140 ISOURCE Su_par: REL
4150 ISOURCE Sv_par: REL
4168 [ISOURCE Su_par: REL

49
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: 41790 [SOURCE Suu_par! REL
1 4180 ISOURCE Svv_par: REL
4199 ISOURCE Suww_par: REL
4288 ISOURCE ©.v_par: REL
4210 ISOURCE Suw_par: REL
4220 ISOQURCE Svw_par! REL
4239 [ISOURCE Suuv_par: REL
4240 ISOURCE Suvv_par: REL
4250 ISOURCE Suuw_par: REL
4268 [ISOURCE Suww_par: REL
4270 ISOURCE Suvu_par: REL
4280 ISOURCE !

4290 ISOURCE Arrayd: BSS 39 ! Reserve space for data array
4308 ISOURCE Elementd: EQU Arrayd+lé | descriptor.
43190 ISOURCE Arrayl: BSS 4096 | Reserve space for lookup tables
4320 ISOURCE RArray2: BSS 4096 1 for count to velocity coversion.
4339 ISOURCE Rrray3: BSS 4696
4340 [ISOURCE Bin_u: BSS 1024, ! Reserve space ‘or table of counts
4350 ISOURCE Bin_v! BSS 1024 ! used to gererate histograns,
4360 [SOURCE Bin_w! BSS 1024
* 4370 ISQURCE Rangel: BSS 1 | Reserve space for various input
4380 ISOURCE Range2: BSS 1 | and output variables,
4390 ISOURCE Range3: BSS 1
4490 ISOURCE Ns: BSS 1
44106 [SOURCE Dfi: BSS 4
4420 ISOURCE Df2: BSS 4
4439 ISOURCE Df3: BSS 4
44490 ISOURCE Theva: BSS 4
4450 I[SOURCE Nub: BSS 4
4460 ISOURCE Numixl: BSS 4
4479 ISOURCE Numix2: BSS 4
4488 I[SOURCE Numi1x3: BSS 4
4498 [ISOURCE Su: BSS 4
4588 ISOURCE Sw: BSS 4
4519 ISOURCE Sw: BSS 4
4520 ISOURCE 3uu: BSS 4
4530 ISOURCE Swv: BSS 4
4540 [SOURCE Sww: BSS 4
455@ [ISOURCE Suwv: BSS 4
4560 ISOURCE Suw: BSS 4
4578 ISOURCE Swvw: BSS 4
4580 ISOURCE Suuv: BSS 4
4530 ISQURCE Suwvu: BSS 4
4600 [SOQURCE Suuw: BSS 4
46190 ISOURCE Suwuw: BSS 4
4620 ISOURCE Suvw: BSS ¢
4638 ISOURCE Count: BSS ! t Count and I are general purpose index vari-
4648 ISQURCE I: BSS | I ables. Count 15 usually 8, 1, or 2 to denote
4850 [ISOURCE Check: BSS 1 ' whether U, ¥V, or W -s being calculated.
4660 ISOURCE Int: BSS 1 ! Int, Address, :nd Offset are all general
4679 ISOQURCE In.2: BSS 1 ! purpose storage areas.
4689 ISOURCE Address: BSS 1
4690 [ISOURCE Offset: BSS 1
4798 ISOURCE Ri: BSS 4 ! R1, R2, and R3 are the count-to-
4710 1SOURCE R2: BSS 4 | frequency conversion factors,
4728 ISOURCE R3: BSS 4 .
4730 ISQURCE Xvar: BSS 4 ! Xvar and Yvar are general purpose real
4748 ISOURCE Yvar: BSS 4 | number storage areas.
4758 1SOURCE U: BSS 4 'Y, V¥, and W are the 1nstantanecus velocity
4760 1S50URCE Vi BSS 4 ! ¢onponents,
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4770
4780
4790
4800
<810
4820
4830
4349
4850
4868
4870
4880
4890
4500
4910
4920
4930
4940
49350
4960
4970
4980
49998
Seeo
Sai1e
5029
5039
Se40
5950
Seco
5070
Sese
J090
5100
5110
S120
9138
S140
S130
S160
5170
Sise
5198
5200
5210
J228
S230
3240
3259
52680
Sz2ve
S280
5290
S300
S310
$320
9330
S340
53358
5360

ISOURCE
I1SOURCE
ISQURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
1SOURCE
ISOURCE
ISCQURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
1SOURGE
ISOURCE
1SOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISQURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
I1SOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
I1SOURCE
ISOURCE
ISOURCE
ISOURCE
ISCURCE
ISQURCE
ISOURCE
ISOURCE
I1SOURCE
ISOURCE
ISQURCE
ISOURCE

H

Uu:
Uv?
Cos:
Sin:
Max_u:
Max_v:
Max_w?
Avg_u:
Rug_v:
Avg_w:
Dev_u:
Dev_v:
Dev_u:

Sdev:
Rad:
Mil1:
One:t
Zero!

Find_vel:

BSS
BSS
BSS
BSS
BSS
BSS

-~

3
BSS
BSS
BSS
BSS
BSS
BSS
BSS
BSS
BSS
DRT
DAT
DAT
DAT
LIT

SUB
LDAR
LDB
JSM
LDA
LDB
JsM
LDA
LDB
Jsm
LDA
LDB
Js
LDR
LDB
JSM
LDA
LDB
Jsn
LDA
LDB
J&M
LDR
LDEB
JSH
LDR
LDB
Jsn
Ldn
LDB
Jsm
LDA
LDB
Jsm

the range> for U,V,

F I G O O Y e E X X XS

5.729578E1L
1.E6

=Ns
=Ns_par
Get_value
=Rrrayd
=Data_par
Get _1info
=Sdev
aSdev_par
Get_value
=Df1
2Df1_par
Get_value
=Df2
alf2_par
Get_value
=Df3
=Df3_par
Get_value
sTheta
=Theta_par
Get_value
=Nub
aNub_par
Get_value
=Numixt
aNmix1_par
Cetr_value
=Num1x2
=Nm1x2_par
Get_value
=Num1x3
sNmi1x3_par
Getr_value

51

I Cos and Sin are the ¢cos and sin of Thetra,

I Get number of samples.

! Get parameters of data a-ray.

I Get 1nput parameters.

the 1000 headed by Get_freq 13 repeated three times to get
the count-to-frequency conversion factors {which depend on
and W, Whenewer a loop 18 controlled by

- e
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¥,

i 5370 ISOURCE ' the variable "Count", the loop contains oparations which are

5 380 ISOURCE ' the same for U,VY, and W.

k3 $398 ISOURCE !

-1 5498 ISOURCE !

L 5410 ISCURCE LDR =0

e 5429 ISOURCE STA Count

2 S430 ISOURCE Get_freq: LDA Count ! Get the first word of the column of

Z $449 ISOURCE LDB Ns ! the data array which contains the

s 5450 ISOURCE MPY 1 velocity component for which we want

% S46@ ISOURCE STA Elementd ! to get the range.

5 $479 ISOURCE LDA =Int

% 5480 ISOURCE LDB =Arrayd

% $498 ISOURCE JSM Get_element

%; $500 ISOURCE LDA Int i Mask and rotate to get the four

b $519 ISOURCE LDB =15360 ! bits containing the range.

3 $52@ 1SOURCE AND B

§ $530 [SOURCE SAR 10

& 5548 ISOURCE TCA ! Subtract from I35 to get the

3 5558 ISOURCE LDB =15 I actual range.

#: 8560 ISOURCE ADR B

§ 5570 ISQURCE LDB =Rangel ! Store the actual range 1n RangeN

% 5580 ISOURCE ADB Count ! s$0 that we can transfer 1t to the

£ $%90 ISOURCE STR B, I ! main program

] $600 I1SOURCE LDB =1

& %610 ISOURCE S2R Loopend

E? %5620 ISOURCE Loop: SBL 1 ! Use the range to find the power

b $630 ISOURCE DSZ A | of two needed for the divisor.

b $640 ISOURCE JMP Loop

s 8650 ISOURCE Loopend: STB Int

1 $660 1SOURCE LDR =Int I Convert the pouwer of two 1nto a

b 5670 1SOURCE STR Oper_1 ! real number.

i 5680 ISOURCE LDA =Yvar

o $6%8 ISOURCE STA Result

Z $700 ISOURCE JSM Int_to_rel

= $719 [SOURCE LDAR ==3, 2E4 ! Divide 3.2E4 by the appropriate

b 5720 ISOURCE LDB =Xvar ! power of two, using BCD math.

£ 5739 [ISOURCE XFR 4

2 $T48 ISOURCE STB Oper_1

f $75@ ISOURCE LDAR =Yvar

4 $768 ISOURCE STR Oper_2

E: S770 ISOURCE LDA Count ! Decide whether to put the result

= 5780 ISOURCE SAL 2 ! 'n R1, R2, or R3, depending on Count

2 5790 ISOURCE ADA =Rl

E $800 ISOURCE STA Result

& $818 1SOURCE LDA =2

e $828 ISOURCE LDB =1471553B ! Nouw, finally, call the utility to

i1 $830 ISOURCE JSM Rel_math ! perform the divizion.

3 5848 ISOURCE ISZ Count

£ $8%@ ISOURCE LDR =3 I Increment and check Count so as

% 5868 I[SOURCE CPR Count ! to follow the loop three times.

2 $87@ [ISOURCE IMP %42

g 5886 ISOURCE JHMP Get_freq

e $390 [ISOURCE !

; $968@ ISOURCE LDA =Arrayl 1 Zero out the entire count-to-

3 $910 ISOURCE LDB =768 I velocity conversion table so that

: %920 ISOURCE Continus: CLR 16 ' 1t must be recalculated for each

b: 5938 [ISOURCE RDR =16 ! point, (This must be done 1{ the
5948 [ISOQURCE Ds2 B I mixing frequency or ranges are
5958 ISOURCE JMP Continue ! changed between counts.)
5960 ISOURCE !




5970 [ISOURCE LDR =Su I Set wnitiral values of Su, Sv,

$988 ISOURCE LDB =15 | Swy, Suu, etc. to zero,
5998 [ISOURCE Clear: CLR 4
60088 [SOURCE ADA =4
6010 [ISOLRCE DSZ B
6820 [SOURCE JMP Clear
6030 [ISOURCE !
6040 ISOURCE LDR =Bin_u ! Clear the areas of memory uwhich
6050 ISOURCE LDB =192 I will be used to hol'd the number of
6068 [ISOURCE Clear2: CLR 16 ! samples per count for the histogranms,
60878 ISOURCE ADA =16
6089 ISOURCE DSZ B
6890 ISOURCE JMP Clear2
6180 ISOURCE !
6118 ISOURCE LDA =Theta ! Convert Theta from degrees to
6120 [SOURCE STR Oper_1 ! radrans using the Rel_math
. 6130 [ISOURCE LDR =Rad Futility,

6148 [SOURCE STR Oper_2
61590 [ISOURCE LDA =Xvar ‘
6160 ISOURCE STA Result

. 6179 [ISOURCE J LDR =2
6182 ISOURCE LDB =14715SB
6190 ISOURCE JSM Rel_math
6288 [SOURCE !
6212 ISOURCE LDA aXvar ! Find the si1ne and costne of
6220 ISOURCE STR Oper_1i ! Theta, and store them 1n the
6230 ISOURCE LDA =S1n ! locations Sin and Cos, respectively,
6240 [SOURCE STR Result
6250 ISOURCE LDR =}
6260 ISOURCE LDB =34213B
6270 [ISOURCE JSM Rel_math
6280 [SOURCE LDR =Cos
6290 [SOURCE STAR Result
6390 ISOURCE LDR =}
6318 ISOURCE LDB =34224B
6320 ISQURCE JSM Rel_math

6330 ISOURCE
6348 ISOURCE
6350 ISOQURCE
6368 ISOURCE
6372 [ISOURCE
6388 ISOURCE

The loop defined by Get_1nt calculates 1ntermedrate values
used 1n converting counts to velocities., These values are the
same -or all samples 1n a point, so they can be calculated
separately, The loop calculates (Nub-NumixN)> and (Mi111+DfN),
where N 18 1,2, and 3.

6390 ISOURCE LDA =3

6408 ISOURCE STRA Count

6418 ISOURCE Get_int: LDA Count

6420 ISOURCE ADR =~

6430 ISOURCE SAL 2

6448 ISOURCE STR Offset

6430 ISOURCE LDR =Nub I Find NumixN=N.ib-NumixN.
6460 ISOURCE STR Oper_1

6479 ISOURCE LDR =Numixi

6489 [ISOURCE ADR Offset .
6498 [SOURCE STR Oper_2

6508 ISOURCE STR Result

6310 ISOURCE LDR =2

6528 ISOURCE LDB =146717B

6530 [SOURCE JSM Rel_math

€540 ISOURCE LDR =Df1 1 Find DfN=Mi111¢+DfN.
6558 ISOURCE ARDR Offset

63568 ISOURCE STR Oper_1
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657e
63580
6599
6600
6618
6620
6630
6640
66359
6660
6670
6680
6690
6700
6710
6720
6730
6740
6750
6760
6770
6780
6790
6800
6810
6820
6830
6840
€8%50
6868
€370
6880
6890
69080
6910
6926
6938
6940
6950
6960
6970
6988
6990
7000
7010
7020
rve30
7040
78s5e
7060
7070
7088
7098
7100
7118
v128
7130
7140
71358
7160

I130URCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
I1SOUPCE
ISQURCE
ISOURCE
ISOURCE
ISOURCE
I50URCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISCURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE

STR
LDA
STA
LDAR
LDB
JsM
Dsz
JnpP

This section

a lise

count ,

- e o am m ae e = ae

LpA
STA
LDA
STR
LDR
STR

Fi1l11_bin: LDA
LDB
MPY
ADA
RDA
STA
LDR
LDB
JSM
LDR
LDB
AND
LDB
TCB
ADR
S2B
TR
ALA
STA
LDA
LDB
MPY
ADRA
RDA
ADR
152
182
LDR
AUR
SZA
JP
SR
Du2
MNP

Skip:

' When Sdeudd,

excesiively far from
of the nunmber
The list consists of
and Bin_uw) where the
and the value

Result
=My 11
Oper_2
=2
21470378
Rel_math
Count
Get_int

filters

=9
Count
=3
Check
Ns

1

Count
Ns

I

a-1q
Elementd
=]t
=Rrrayd
Get_element
Int

=1023

B

Count

Check
Skip

=1024
Int

Count
=1024

Int

a-1
sBin_u
A, I
Count
=-3
Count
*+2
Fill_bin
Count

1
Fill_bin

the
the mean.
of times each particular count appears

3 1024 word arrays (called Bin_u, Bin_v,
address of each word corresponds to the
of the word 1ndica.es the number of times
that particular count has appeared.

data to remove counts which are

First the secti10n Creates

Set Check to determine whether the
count or 1824 minus the count 18 t0O
be used.

Figure out which element of the
data array we want tc pick up.

Get a raw datum from the data array.

Strip off the first six
bits of the raw data word.
See '+ Count = Check.

If true, use the modified data
word as an i1ndex, If not, use
1924 minus the data word,

Store the count we have gotten,

Go to the z3ddress 1n the array
corresponding to the value of
the count.

Increment the vord by one,
indicating that one more count
with that value has been read.

use this section to filter the data.
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7170
7180
?190
7209
v210
7220
7230
7240
7250
7260
7278
7280
72950
7360
7’310
7326
7339
7349
7350
7360
7370
73e0
7358
7400
r410
7420
7430
7440
7450
7460
7470
7480
7’490
?5@e0
7518
7520
73530
7540
7550
7?3560
?579
7’588
73590
7600
7610
7620
7630
7640
7650
7660
7670
7680
7690
7700
?710
¢720
7730
?740
?730
7760

ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOQURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISCOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
I1SOURCE
ISOQURCE
ISCURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISQURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISGURCE
ISJOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISCURCE
ISOURCE
I1SOURCE
ISOURCE
ISCURCE
ISOURCE
ISOURCE
ISOURCE

O - - - -

heck_dev: LDB
ADB
LDA
RZRA
JneP

LDR
STA
LDA
LDB
SBL
ADB
XFR
LDA
ADA
LDB
MPY
ADR
STR
LDA
STA
LDA
STA
LDA
STA
JsHM

Get_avg!

Sum_count?

!
LDA
STR
LDA
STA
JsSM

1
LDA
STR
LDA
STA
STA
LDA
LDB
Jsm

!
LDB
SBL
ADB
STB
STE
LDA
STAR
LDR
LDB
Jsn

Ds2
Ds2
JMP

aSdev

=1

B,!

*+2
Set_begin

=g
Count
nZero
Cow ¢
2
=Aug_u
4
Count
=]
1024

=Bin_u
Address
=1023

¢

=]

Cper_1
=Xvar
Result
Int_to_rel

Address
Oper_1
aYvar
Result
Int_to_rel

sXvar
Oper_1
sYvar
Oper_2
Result
=2
=1470378
Rel_math

Count

2

=fug_u
Oper_1
Result
aYvar
Oper_2
=2
=1467218
Rel_math

Address
1
Sum_count

- i e
e ey =

. \

The mean and standard deviation of the data are calculated.
The program then throus out all the data which are farther tha
Sdev standard deviations from the mean,

use this section to
If noy, continue

If Sdev > 0,
f1lter the data.
with the progranm.

Ge: the average of each set of
counts using the information 1n
the Bin_u arrays.

First, set the average=0,

Get a count and convert it to

a real number,

Use the Bin_u arrays to find out hou
many samples there are with that
count and convert that number t0 a
real number.

Multiply the count by
the number of times 1t appears 1n
the data.

Keep a running sum of the product of
the count times the number of times
that it appears., Store thi1s sum 1n
the place we will eventually use to
store the average.
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‘v7e
‘780
‘799
‘S0
‘810
'820
'830
'840
*850
*860
’g7e
’888
’390
?900
’910
?929
?930
7948
’?9%e
7960
?970
7980
7990
3000
8010
8020
3030
8040
308350
8060
gave
gose
8090
8100
8110
8120
8130
8149
gi1s5e
8160
8170
gi1g8e
819e
8200
8219
8220
8230
8249
82350
826@
8270
8280
829¢
8300
8310
8320
8330
8340
83%8
8362

ISOURCE !
ISOURCE
ISOURCE
ISCURCE
ISOURCE
ISOURCE
ISOURCE !
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
150URCE
ISOURCE
ISOURCE !
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISQURCE
ISCURCE
ISOURCE !
ISLURCE
ISOURCE
ISOURCE Get_sdew:
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
I1SOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE !
ISOURCE Dev_count:
ISOURCE
{SOURCE
ISOURCE
I1SOURCE
ISOURCE !
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
1SOURCE

LDR
sTAR
LDA
STR
JSM

LDB
SBL
ADB
STB
STB
LDB
ST
LDA
LDB
JSM

LDA
ADA
STA
ADA
S$2A
JMP

LDA
STA
LDR
LDB
SBL
STB
ADB
XFR
LDA
ADA
STA
LA
ADA
LDB
MPY
ADA
STAR
LDR
STA

LDA
STRA
LDA
STA
JsM

LDAR
STR
LDR
STA
LDA
STA
LDA
LDB
JSM

=Ns

Oper_1
s=Xvar
Resuls
Int_to_rel

Count

2

=Aug_u
Oper_1
Result
sXvar
Oper_2
=2
=147135B
Rel_math

Count
=]
Count
==-3

#42
Get_avg

=0
Count
sZero
Count
2
Offset
aDev_u
4
Offset
=2Aug_u
Int
Count
=1
21024

=Bin_u
Address
=1023

I

=]

Oper_1
=Xvar
Result
Int_to_rel

=Xvar
Oper_1
Int
Oper_2
sYvar
Result
=2
=1467178
Rel_math

56

Convert the number 0" samples to
a real number,

Divide the sum stored 1n Aug_u by
the number of samplies to get the
average value of the counts.

Get the standard deviation of each
set of counts using the average and
the information 1n the Bin_u arrays.
First, set the standard deviation =d.

Get a count and convert 1t to a

real number.

Subtract the average count from the
count we just got,
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8370
8380
8330
8400
8418
8420
8430
8440
8450
8460
8470
8480
8450
8500
83519
8520
8530
8540
835350
8560
8sSve
8580
8590
8600
8610
8620
8630
8640
8650
8668
8670
8680
8690
8700
8710
8720
8730
8740
87%@
8760
8v7e
878@
879¢
8300
8e10
8829
88308
8840
8850
gged
8870
8880
88960
8900
8910
8920
8930
8949
8930
8960

ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISGURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISCURCE
ISCURCE
ISCURCE
ISOURCE
I1SQURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISCGURCE
ISOURCE
ISOURCE
1SOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
1SOURCE
I1SOURCE
1SOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISCURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISCGURCE
ISOURCE
ISOURCE
ISOURCE

v

e !
3
3 Emw - = WX RN Nl N e
1
[}
] »n

LDA
STA
STA
LA
STR
LDR
LDB
JsH

LDR
STA
LDR
STA
Jsm

LbA
STA
LDR
STR
STAR
LDA
LDB
JsmH

LDA
STAR
LDA
ADA
STAR
STR
LDA
LDB
JsH

DSz
DSz
Jme

LDA
STA
LDA
STA
Jsn

LDB
ADB
S1B
STB
LDB
STB
LA
LNB
JeM

LLA
AR
STAR
STA
LDA

sYvar
Oper_1
Oper_2
sXvar
Result
=2
=147937B
Rel_math

Address
Oper_1
=Yyar
Result
Int_to_rel

sXvar
Oper_1
aYvar
Oper_2
Result
=2
=147037B
Rel_math

sYyar
Oper_1
aDev_u
Offset
Oper_2
Result
=2
=146721B
Rel_math

Address
I
Dev_count

=Ns

Oper _1
sXvar
Result
Int_to_rel

Offset
2Dev_u
Oper_1
Result
sXvar
Oper_2
a2
=1471535B
Rel_math

=Dev_u
Offser
Oper_1
Result
=1

57
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Square the difference between the
average and the count we got to
get the deviation from the mean.

Use the Bin_u arrays to find out
how many counts there are with the
value we have chosen, and convert
that number to a real number.

Multiply the number of counts by
the deviation from the nean.

Rdd the product to Dev_u, which
currently contains a running sum of
the number of counts times the
deviation from the mean of each
count.

Convert the number of samples to
a real number,

Divide the sum stored 1n Dev_u by
the number of samples to get the
variance of the counts,

Take the square root of the
variance to get the standard
deviation,
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8970
8988
8990
9080
J01e
90290
9039
9840
9850
9060
9079
9080
9690
9100
9110
9120
9130
9140
9150
9160
9170
91880
9190
92090
9218
92280
9230
9240
9250
9260
9276
9280
9290
9300
93180
8320
9330
3340
9330
93680
9370
9388
9390
9400
9419
9420
9430
9440
94580
9460
9479
9480
9490
9500
9510
9520
9530
9540
935506
3%60

ISOURCE
ISOURCE
ISCURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
1SOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISCURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISCURCE
ISQURCE
ISOURCE
ISOURTE
ISOURCE
ISOURCE
ISOQURCE
ISOURCE
ISOURNE
ISOURCE
ISCURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISQURCE
I1SOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
1SQURCE

Dev_f1li=er:

Filtr_daev:

LDB
Jsm

LDAR
ADA
STA
ADA
SZA
JMp

LDA
STA
LDR
ADAR
LDB
MPY
RIA
sTA
LDA
STA

LA
SAL
ADA
STAR
LDA
STA
LDA
STAR
LDA
LDB
JsM

LDR
STA
LDA
STA
Jsm

LDA
SAL
ADAR
STA
LA
STAR
JsSM

LDB
TC3
LDR
RDA
SAM
TCA
ADAR
SAP
LDA
CLR
Dsz
Ds2
JMP

=31453B
Rel_math

Count

=t

Count
==-3

#+2
Get_sdev

=0
Count
Count
=l
=1024

=2B1n_u
Rddress
=1023

1

Count

2

=Dev_u
Oper_1!
=Sdev
Oper_2
sXuvar
Result
=2
=1478378
Rel_math

zXvar
Oper_1
=[nt
Result
Rel_to_1int

Count

2

=Rug_u
Oper_1
s0ffset
Result
Rel_to_int

Offset

I
B
*+2

Int

*+3
Address

1

Address

I
Filtr_dev

58

Now use the standard deviation to
filrer out all the counts whose
value 1s more than Sdev standard
deviations away from the mean.
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9870 ISOURCE !
9580 ISOURCE 1S2 Count ! Go through this whole process
9590 ISOURCE LDR =-3 t of checking the deviation and
9620 [SOURCE ADA Count ! f1ltering the data three tines,
9619 ISOURCE SZA #+2 ! once for eac.: channel.
9628 [ISOURCE JMP Dev_filtr
9638 [ISOURCE !
9648 [SOQURCE ! The lvoop Begin 1s performed three times, once for U, V,
9650 ISOURCE ' and W. Each time througn the data array is read, a count (a raw
9660 ISOURCE ! datum> is taken from 1t and ccnverted 1nto a velocity. The vel-
9670 ISOURCE ! ocity 13 stored 1n U, V, or W depending on whether this is the
9680 ISOURCE ! first, second, or third 1teration of the loop. The first time a
9690 ISOURCE ! particular count 1s encountered, the velocity corresponding to
9708 ISOURCE ! 1t is calculated using the intermediate values found 1n Get_int,
9710 ISOURCE ! and the velocity 18 stored 1n a table, If that count 1s found
9720 ISOURCE ! agatn 1n the data array, the corresponding velocity is looked
9730 ISOURCE ! up ra~her than being calculated again.
9740 [SOURCE !
975Q@ 1SOURCE Set_begin: LDA =0
9760 [ISOURCE STA Count
9?7?78 °‘ESQURCE - LDAR Ns
9780 ISOURCE STA I
9798 [ISOURCE STA Ngs
9808 [ISOURCE !
9818 [ISOURCE Begin: LDAR Count
9820 ISOURCE STR B
9830 [ISOURCE SBL 2
9848 [ISOURCE STB Offset
983508 [SOURCE LD, Ns ! Figure out which element of the
9866 ISOURCE MPY | data array we want to pick up.
9870 ISOURCE ADA I
9888 [ISOQURCE ADA =-1}
9890 ISOURCE STA Elementd
9900 ISQURCE LDA =Int ! Get a raw datum from the data array.
9910 [SOURCE LDB =Arrayd
9920 ISOURCE JSM Get_elernent
9938 ISOURCE LDA Int
9940 ISOURCE LDB =1023 I Strip off the first six
9950 ISOURCE RAND B | bits of the raw data word.
9960 ISOURCE LDB Count ! See 1f Count = Check.
9978 [SOURCE TCB
99808 [ISOURCE ADB Check
999@ [ISOURCE SZ2B Straight b If true, use the modified data
12000 SOURCE TCA ! word as an 1.idex. If not, use
10018 ISOURCE ADA =1024 I 1024 minus the data word.
10820 ISOURCE Straigh-: STA Int | Store the count we have gotten,
18038 ISOURCE !
12040 ISOURCE LDA Count ! Now look 1n the appropriate part
109%0 ISOURCE LDB =10824 ! of the arrays created by the filter
18060 ISOURCE MPY | sectiron.
18979 [SOURCE ADR Int
180808 [SOURCE ADAR =-1
10090 ISOURCE ADA =Bin_u
19188 ISOURCE LDB R,!I
18110 ISOURCE RZB Goodcount ! If thz word corresponding to the
10120 ISOURCE STB Counrt ! count 18 zero, the count was
10139 ISOURCE DS2Z2 Ngs i f1ltered ocut and should be 1gnored.
10148 ISOURCE sz 1 ! Ignore these three counts, go back
18158 ISOURCE JMP Begin ! and do the ne«t three.
18160 ISGURCE !
59
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191790 ISOQURNE Goodcount: LDA Count Now, use Count to find out

'

10180 ISOURCE LDB =4896 ! which lookup table array
19190 ISOURCE MPY ! we want to use, and use the
18208 ISOURCE LDB Int I count we got from the data array
10216 ISOURCE ADB =~1 I to find exactly where 1n the
18220 ISOURCE SBL 2 | table we want to go,

19238 ISOURCE ADA B

18240 ISOURCE ADA =i

18250 ISOURCE RDA =Arrayl

10268 ISOURCE STA Address

16270 ISOURCE LDB =Int2

10280 ISOURCE XFR 1

10290 ISOURCE LDA Int2 t If that table entry is zero,
18398 ISOURCE 82A Cailcuiate I calculate a velocity for 1t,
163168 ISOURCE JMP Cuer

10320 ISOCURCE Calculaze: LDA =Int

18330 ISOURCE STR Oper_1 ! Convert the count into

18348 ISOURCE LDA =Yvar | a real number.

18280 ISOURCE - STA Result

1836@ ISOURCE JsM Int_to_rel

103708 ISOURCE STB Oper_2

18380 ISOURCE LDA =R} I Pivide the range we found
103908 ISOURCE ADA Offset ! earlier by the count to get a
184008 ISOURCE STA Oper_1 I frequency.

10410 I1SOURCE LDA =Xvar

10428 ISCURCE STA Result

18430 ISOURCE LDA =2

19440 ISOURCE LDB =147155B

10458 ISOURCE JSM Rel_math

104680 ISOURCE !

10476 ISOURCE LDA =Humixl ! Find <(Nub-NumixN>-FreguencyN.
1904890 ISOURCE ADA Offset

184508 ISOURCE STA Cper_1

10508 ISOURCE LDAR =Xvar

19510 ISOURCE STR Oper_2

18520 ISOURCE LDR =Yvar

103530 ISOURCE STA Result

18540 ISOURCE LDA =2

10530 ISOURCE LDB =146717B

19566 ISOURCE JSM Rel_math

10570 ISOURCE !

10580 ISOURCE LDB Count I If we are calculating U, reverse
18590 ISOURCE ADB =-1{ ! the sign of ((Nub-NumixN)-Frequencyvh
10600 ISOURCE SBM #+2 ! 80 as to reverse the sign of U.
196190 ISOQURCE JMP Samesign t Leave VYV and Wy alone.

10620 ISOURCE LDAR =Zero

10638 ISOURCE STA Oper_1

18640 ISOQURCE LDA Result

10650 ISOURCE STA Oper_2

18668 ISOURCE LDA =Xvar

19678 ISOURCE STAR Result

10688 ISOURCE LDA =2

19690 ISOURCE LDB =146717B

19708 ISOURCE JSM Rel_math

10710 ISOURCE Samesign: NOP
18728 ISCURCE ! '

10730 ISOURCE LDR Result t Find vYelocitya((Nub=NumixN>
10740 ISQURCE STR COper_1 I =FrequencyN)>*(M111*DfN>
10750 ISQURCE LDAR =Df1 ! and store 1n a place 1n the
10760 ISOURCE ADA Offs=r ! lookup table corresponding to
60
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10770
18780
18790
10800
16810
10820
10838
16848
1823%
10860
10879
10888
10898
19908
10910
19920
18939
10940
18950
13960
10970
19980
18590
11809
11010
11020
11030
11640
11859
110860
11078
11889
11890
11100
11110
11129
11130
11148
11130
11160
11170
11189
11198
11200
11218
11228
11230
112490
11250
11260
11270
11280
11290
11300
11310
11320
11339
11340
113%e

ISCURCE
ISOURCE
ISOURCE
I1SOURCE
ISOQURCE
ISOURCE
ISQURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
I1.0URCE
ISCURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISQURCE
ISOURCE
ISOURCE
ISCURCE
ISOURCE
1SQURCE
ISOURCE
ISQOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISLURCE
ISQURCE
ISCURCE
ISQURCE
ISOURCE
ISOURCE
ISCGURCE
ISOURCE

STR Oper_2 | the data count.
LDA Addrezs

ADR =-1i

STR Result

LDR =2

LDB =147037B

JSM Rel_math

Quer: LDA Rddress I Transfer the velocity from

ADA =-~{ ! the lookup table to U, Vv, or W,
LDB =U ' as appropriate.

ARDB Offzetr

XFR 4

ISZ Count

LDAR =-3 ! Have U, V, and K all
ADA Count | been calculated?

SZ2A #+2 ! If not, go back again,
JMP Begin

STA Count I If s0, set Count = Q.

Now we convert the W we have obtained (which 18 measured at
angle Theta to the V-axis) to the W we want (which should
be measured at an angle of 99 degrees to the Y-axis),

Thus “1nd Wa(lu-Y#Cos(Thetal>/Sin(Theta).

LDA =v

STR Oper_1
LDA =Cos

STR QOper_2
LDA =Xvar
STRA Result
LDAR =2

LDB =1470837B
JSM Rel_math
LDA Result
STR Oper_2
LDA =i

STA Oper_1
LDR =Yvar
STA Result
LDA =2

LDB =1467178
JSM Rel_math
LDA Result
STA Cper_!
LDR =Sin

STA Oper_2
LDA =u

STA Result
LDA =2

LDB =147153B
JSM Rel_math

Now t ake running sums of U, Vv, W, and several products

of these velccities. The sums are taken using the utility
“Add*. The sums are calculated 'n an unusual sequence 1n
order to reduce the number of program steps needed to cal~-
culate them.
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11370
11380
11390
11400
11410
11420
11430
114490
11459
11460
11470
11480
11490
11508
11510
11520
11530
11340
115%5@
11360
113570
11588
115909
11600
11610
11620
11630
11648
116350
11660
11670
11688
11690
11700
11710
11720
11738
11740
11?758
11760
11778
11780
11790
11800
11810
11828
11830
11840
11850
11860
11870
11880
11890
11908
11919
i192e
11930
11940
119350
11960

ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
1SOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
1SOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISCURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISCURCE
150URCE
1S0URCE
I150URCE
ISOURCFE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISCURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE

LDA
LDB
JsSM

LDR
STR
LoA
STA
LDA
LDB
JSH

LDA
LDB
JSM

LDAR
STA
LDR
STA
LDA
LDB
Jsn

LDA
LDB
Jsn

LA
STA
LDRA
STA
LDR
sTA
LDA
LDB
Jsm

LDR
LDB
JsMm

LDA
LDB
JSH

LDA
STA
LUA
STR
LDA
LDB
JsH

LDA
LDB
JSM

LDA
STA

=Sy
=y
Rdd

Oper_2
Cper_1
=Uu
Result
=2
214703738
Rel_math

aSuu
Result
Rdd

uy
Oper_1
aXvar
Result
=2
=147037B
Rel_math

aSyuv
Result
Add

aluy
Oper 1
sil
Cper_2
sXvar
Result
=2
=147037B
Rel_math

=Suyw
Result
Add

sSy
=y
Rdd

=
Oper_1
sy
Result
=2
={47037B
Rel_math

=Suv
Result
Add

=Y
Oper_1
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Find

Find

Find

Find

Find

Find

Find

Find

Find

Find

Find

SuzSu+U

U=y

SuusSuu+{U*U>

U#U=»vy

SuuvaSuuv+(UxU*y)

UxUxld

Suuw=Suuw+(UxUxl)

SunSy+Y

Usy

Suv=Suu+(Usy)

UV
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11970
11989
11990
12000
12010
12020
12039
12049
12830
12069
12076
12080
12098
12100
12119
12120
12130
12140
12150
12160
12170
12189
12190
12200
12210
12228
12230
12240
12250
12260
12270
12280
12290
12309
12310
12320
12320
12340
12330
12360
123708
12380
123909
12400
12418
12420
12430
12446
12430
12469
12470
12489
12490
12509
123180
12320
12530
12549
12530
125680

ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
1SOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
1SOURCE
ISQURCE
ISOURCE
ISCURCE
ISOURCE
ISOURCE
1S0URCE
ISOURCE
1SOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
1SOURCE
ISOURCE
ISOUPCE
ISOURCE
I1SOURCE
ISOURCE
ISOURCE
ISOQURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISQURCE
ISOURCE
ISOURCE
ISQURCE
ISOQURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISOURCE
ISO0URCE
ISOURCE
ISQURCE
ISOURCE

LDAR
STR
LDAR
LDB
JSM

LDR
LDB
Jsm

LDA
STA
LDR
STR
LDA
STR
LDA
LDB
Jsh

LDA
LDB
JsH

LDA
STR
STA
LDA
STA
I.DA
LD
JsM

LDR
LDB
Jsn

LDA
LDB
Jsn

LDA
STA
LDA
STR
LDA
LDB
JSH

LDA
LDB
JsH

LDAR
3TA
LDA
STA
DR
STAR
LDA

sXvar
Rezult
=2
21470378
Rel_math

sSuvy
Resuit
Add

=Ly
Cper_1}
=y
Cper_2
=Xvar
Result
a2
21470378
Re!_math

aSyuvw
Result
Add

=y
Oper_1
Oper_2
sXvar
Result
=2
=147837B
Rel_math

aSuy
Result
ddd
aSw

=l
Add

=
Oper_1
=Xvar
Result
w2
21470378
Rel_math

=Suw
Result
Rdd

=l
Oper_1
=y
Oper_2
z=Xvar
Result
n2
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Find

Find

Find

Find

Find

Find

Find

Find

Find

SuvusSuuu+(URVay)

UVl

SuvwsSuvw+(UrVEid)

vay

SvuarSyy+ (VYY)

Sw=Sw+h

Ui

SuwsSuu+(U*W)

Vi




12578 ISQURCE LDB =14790378

12580 ISOURCE JSH Rel_math

12590 ISOURCE !

126890 ISOURCE LDA =Svw ! Find SvusSuw+(V#l)
12618 ISOURCE LDB Result

12628 ISOURCE JSM Add

12638 ISOURCE !

12640 ISOURCE LDAR ={ I Find W#W

12638 [SOURCE STA Oper_t1

12660 I[SOURCE STA Oper_2

12670 ISQURCFE LDA =Xvar

12680 ISOURCE STA Result

12699 ISOURCE LDR =22

12700 ISOURCE LDB =147037B

12710 ISOURCE JSM Rel_math

12728 [SOURCE !

12738 ISOURCE LOA =Sww I Find SwusSuw+(ld*l)
12740 [SOURCE LDB Result

12730 ISOURCE JSM Add

12760 :1SQURCE !

12770 ISOURCE LuA =U ’ ! Find UsW#*W

12780 ISOURCE STA Oper_1

12739 ISOURCE LDA =Uuy

12860 ISOURCE STA Result

12818 ISOURCE LDA =2

128208 ISOURCE LDB =1470373

12838 [SQURCE JEM Rel_math

12840 ISQURCE !

128%@ 1SOURCE LDA =Suww I Find SuwwaSuww+(Usd*W)
128608 1SQURCE LDB Result

12879 ISOQURCE JsM Add

12880 ISOURCE 1!

12898 ISQURCE DsZ 1 I Conttnue tc calculate running
12988 [SOURCE JMP Begin I sums unti1l out of samples.

12918 ISOURCE
12928 ISOURCE
129308 I[SOURCE
12948 [SOURCE

Now place the finished summs 1n the COMMON region so that
the BRSIC program has access to them, and then return °*o
tne BRSIC pr.gram.

N - = - -

129%8 1SOURCE Replace: LDA =Rangel
12960 ISOURCE LDB =Ranl_par
12979 ISOURCE Jsit Put_value
12989 ISOURCE LDA =Range2
12998 ISOURCE LDP =Ran2_par
1308Q@ ISOURCE JSi Put_value
12010 ISOURCE LDA sRange3
13029 [SOURCE LDB =Ran3_par
13063@ ISQURCE JSM Put_value
13048 1SOURCE LDA =aSu

13870 ISOURCE LDB =Su_par
13068 ISOURCE JSM Put_value
13678 ISOURCE LDA =Sv

13683 ISOQURCE L.DB aSv_par
13a89€¢ ISCURCE JsM Put_value
13160 ISOURCE LDR =Suw

13118 ISOURCE LDB =Su_par
13128 ISOURCE JSM Put_value
13138 ISOURCE LDAR =Suu
13140 ISDURCE LDB =Suu_par
131%8 ISOURCE JSM Put_value
13168 ISOGURCE LDR =aSyvy
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3
. N
g 13170 ISOURCE LDB =Svu_par
! 13180 ISOURCE JSM Put_value
i 13190 ISOURCE LDA =Suww
3 13200 ISOURCE LDB =Suww_par
‘{ 13218 ISOURCE JSM Put_value
i 13220 ISOURCE LDA =Suv
13230 ISNURCE LDB =Suv_par
g 13240 I. URCE JSM Put_value
¥ 13258 ISOURCE LDA =Suw
i 13266 ISOURCE LDB sSuw_par
’ 13270 ISOURCE JSM Put_value
% 132808 ISOURCE LDA =Svuw
: 132908 ISOURCE LDB =Svw_par
1 13300 ISOURCE JSM Put_value
I 13310 ISOURCE LDA =Suuv
¢ 13328 ISOURCE LDB =Suuv_par
N - 13330 ISOURCE JsM Put_value
: 13340 ISOURCE LDA =Suvv
‘ 13350 ISOURCE LDB =Suvv_par
£ 13360 ISOURCE JSM Put_value
d 13378 ISOURCE LDA =Suwuw ’ .
: 13380 ISOURCE LDB =Suuw_par
r 13398 ISOURCE JSM Put_value
g 13400 ISOURCE LDA aSuuww
3 13418 ISOURCE LDB =Suww_par
H 13420 ISOURCE JSM Put_value
g 13430 ISOURCE LDA =Suuvw
$ 13440 ISOURCE LDB =Suvu_par
9 ‘ 13458 ISOURCE JSM Put_value
3 13460 ISOURCE LDA =Ngs
E 13470 ISOURCE LDB =Ngs_par
13480 ISOURCE JSM Put_value
: ’ 13490 ISOURCE !
3 13500 ISOURCE LDA =B'n_u ¢ Transfer the contents of Bin_n
135i@ ISOURCE LDB =192 ! to the common area without usinrg
13520 ISOURCE STB I ! the siow HP-zupplied external
2 13538 ISOURCE LDB =16 ! subroutines.
1 13540 ISOURCE STB Count
# 13550 ISOURCE LDB Cbin_par
: 13560 ISOURCE Transfer: XFR 16
4 13578 ISOURCE ADA Count
[ . 13380 ISOURCE ADB Count
. 13598 ISOURCE psz 1
13600 ISOURCE JMP Transfer
13618 ISOURCE RET 1
3 13628 ISOURCE !
1 13630 ISOURCE LIT 200
. 13648 I1SOURCE !
{ 13659 ISOURCE ! The u%i1li1ty "Rdd" 13 used to add up the runming sums.
136608 ISOURCE !
F - 13678 ISOURCE Add: IS? Utlcount
§ 13688 ISOURCE STA Oper_1
13698 ISOURCE STB Oper_2
i 13708 ISOURCE STA Result
» L 13710 ISOURCE LDA =2
-3 13720 ISOURCE LDB =146721B
g 137?30 ISOURCE JSM Rel_math
13749 ISOURCE DSZ Utlcount
¥ 13750 1SOUPCE RET 1
" 13760 ISOURCE JSM Utlend
5
2 65
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END Find vel

13779 ISOURCE
13780 ISOURCE
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TABLE 1
MACRODYNE RANGE SETTINGS

MANTISA 1 200 1024
RANGE

0 32 GHz 64 MHz 31.28 MHz
1 16 " 32 " 15.64 "
2 8 16 720
3 4 " 8 3.91 "
4 2 4 " 195
5 1" 2 977 kHz
6 500 MHz 1 488
7 250 " 500 kHz 244
8 125 250 " 122 "
9 62.5 " 125 61 "
10 31.25 " 62.5 " 30 "
11 15.62 " 31.25 " 15
12 7.81" 15.62 " 76 "
13 3.90 " 7.81" 38
14 1.95 " 3.90 * 19
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