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THE VERIFICATION OF A COMPUTER MODEL OF INTERNAL LIGHT REFLECTIONS

FOR HELICOPTER CANOPY DESIGN

INTRODUCTION

The US Army Human Engineering Laboratory (USAHEL) has developed
several computer programs for evaluating helicopter canopy designs. The
programs provide a point-wise computation of the internal glare
reflections, external solar glint and the optical effectiveness of the
transparent surfaces of a helicopter canopy design. The programs were
developed using geometrical ray tracing methods.

The purpose of this report is to verify the application of ray tracing
concepts to the computation of canopy performance. The report describes
the method used to test a computer model for the internal light
reflections on the transparent surfaces of a helicopter canopy and the
test results.

METHOD

A mockup of the Model 209 AH-1S Helicopter, flat plate canopy design,
was placed in the enclosed bay of a building. A coordinate reference
system was laid out on the floor about the mockup. An observer sitting in
the pilot's position of the mockup used a pointer to pinpoint the
locations of direct view and reflected images, on the canopy surfaces, of
an outside light source. In the first phase of this test, the luminances
of the images were measured with a telephotometer. In the second phase,
the coordinates of the locations of the images on the canopy surface were
measured. The data were measured at different positions of the light
source on the outside floor. The source positions were different for the
two phases.

The transmittance and coordinates of the image locations were computed
for the different light source positions using a computer program. The
measured and computed values were compared by a student's t-test for
matched samples and by a linear regression analysis.

TEST FACILITIES

The helicopter mockup was supplied to USAHEL by the Project Manager's
Office, USA Aircraft Survivability Equipment (ASE). The mockup had been
built in accordance with the specifications for the Model 209 AH-1S
Helicopter, flat plate canopy design. The mockup was placed in an enclosed
bay area for the test. The room was sealed for light control and the walls
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and ceiling were painted with a flatbase black paint to prevent extraneous
reflections. The two ceiling lights were shielded to prevent direct glare
and the lights were dimmed during the test.

A brow pad was installed in the cockpit of the mockup at the pilot's
position. The pad extended vertically downward from the top canopy surface
and was positioned so that the eyes of an observer, sitting in the pilot's
seat, would be in the nominal position when his brow was against the pad.

A rectangular (x,y) coordinate system was laid out on the bay area
floor for positioning the light source during the test. The origin of the
coordinate system was positioned directly under the nose of the mockup
with a plumb bob. The y axis was laid out directly beneath the centerline
of the mockup parallel to its longitudinal axis. The x axis was laid out
normal to the y axis. The x and y axes were marked in 1-foot intervals for
use when positioning the light source during the test.

A 5-foot stand was built with a movable clamp to hold the 1.5-inch
diameter light bulb. The stand could be moved to any position on the bay
floor. The clamp holding the light bulb to the stand could be raised or
lowered to any height up to 5 feet above the floor level. The stand and
the light bulb served as the light source for the test.

Apparatus

The apparatus employed in this test were used to measure (1) light
luminance, (2) the coordinates of the canopy surface points, and (3) the
coordinates of the vertices of the mockup frame. The apparatus and their
usage are as follows:

1. Light Luminance

a. The luminance of the light source images on the canopy
surfaces was measured with a telephotometer with the following components:
Model 220-31 photometric telescope (aperture setting, 20 minutes), Model
820A digital photometer, Model 820-18 control module, Model 820-18
photoplc correction filter, Model 820-18-2(S4) photosurface tube, Model
820-19 general-purpose housing, and Model 700-3B fiber optics probe (Gamma
Scientific Co., Burbank, CA). The instrument error is 5 percent.

b. The telescope was focused and centered on the image of the
light source by the observer who was sitting in the pilot's seat. The
luminance was read from the digital meter and recorded by an assistant
while the observer kept the telescope centered on the image.

c. The luminance of the 1-1/2-inch diameter light source was
measured from outside the mockup. This direct line of sight measurement
served as a baseline for transmittance computations and was rechecked
during the test.
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2. Coordinates of Canopy Surface Points

The three-dimensional Cartesian coordinates of the light source
on the canopy surfaces were measured using a plumb bob, a level and a tape
measure. The observer sitting in the pilot's seat used an expandable metal
pole during the test to pinpoint the location of the light image on the
canopy surface. The position was marked with a small tab of adhesive tape.
The distances separating the image position from a convenient vertex on
the mockup frame were measured using the level, the plumb bob, and the
tape measure. The coordinates of the image position are the distances
along the three-dimensional axes of the Cartesian coordinate system for
the mockup, which separate the image from the vertex.

3. Coordinates of the Vertices of the Mockup Frame

a. The coordinates of the vertices of the mockup's internal
structure and canopy frame were measured using a surveyor's transit
theodolite (Keuffel and Esser Co., Hoboken, NJ). The internal structure
included the copilot's seat, gun sight and display panel, and the pilot's
side armor and control panel. The canopy frame included the beam structure
over the cockpit which held the transparent surfaces in place.

b. The coordinates of these vertices were measured in the
three-dimensional (x,y,z) coordinate system of the mockup. The y axis was
along the longitudinal axis of the mockup with the positive direction
toward the increasing station lines. The z axis was the vertical axis
directed along increasing water marks. The x axis was orthogonal to the
other two axes.

c. The coordinates were measured using the theodolite, a steel
rod and a tape measure. The theodolite was positioned in front of the
mockup and two reference directions were laid out on the bay area floor.
One direction was along the longitudinal y axis of the mockup, and the
other orthogonal to it (x axis). The theodolite was then lined up with the
appropriate axis for the coordinate to be measured; i.e., along the y axis
for the x coordinate values, along the x axis for the y coordinate values,
and leveled with the horizon for the z coordinate values. The coordinate
values were measured by placing the point of the rod at the vertex being
measured. The rod was aligned with the coordinate axis using the
crosslines of the theodolite. The distance along the rod from the vertex
to where the crosslines crossed the image of the rod was measured as the
coordinate value.

Observer

The test is of a mathematical model for light reflections and no
subjects were employed. The single observer was one of the data collectors
for the test. His ability to place a pointer at the position where he
observed a light image on a surface was not considered to be a test
variable.
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Procedure

The test was divided into two phases. In the first phase, the
luminance was measured for all direct view and reflected light images. In
the second phase, the coordinates of the canopy surface positions were
measured for the direct view and reflected light images. The two phases
used different sets of light source positions.

A set of 15 test positions was selected at random for the light source
used in each test phase. The set was §elected from a larger set balanced
with respect to floor location and stand height about the mockup. The set
was also balanced, as much as possible, with respect to the windows and
canopy surface locations where reflections were expected to occur. The
test set was randomly ordered for presentation to the test observer.

The light source was presented to the test observer from the selected
test positions in a series of test runs. The test assistant positioned the
light source at the floor location and stand height specified for the test
run. The stand was located on the floor by tape measurements from the
previously laid out coordinate axes (see Test Facilities). The stand
height was measured from the floor level. The overhead lights were then
dimmed to start the test run.

The observer sat in the pilot's seat with his forehead positioned
against the brow pad. He searched for light images on the canopy surfaces.
The observer located three types of light images. The first was a direct
view of the light source through the canopy. The second type was a primary
order reflection in which the light image was reflected once from the
surface before reaching the observer's eye. The third type was higher
order reflections in which the light image was reflected more than once
before reaching the observer's eye. The higher order reflections were
distinguished from the primary orders by their movement when other canopy
windows were disturbed.

The type of data collected at the end of each test run was determined
by the particular test phase. For the first phase, the observer focused
the telephotometer and centered it on the light image while the assistant
recorded the luminance value. This was repeated for each of the located
light images in turn.

For the second phase, the observer used a metal pointer to pinpoint
the location of the light image on the canopy surface. The assistant
marked the position with a small tab of adhesive tape. He then measured
and recorded the distances between the image point and a convenient canopy
frame vertex. The distances were measured along the coordinate axes of the
mockup. This was repeated for each of the located images in turn.
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RESULTS

The reduction of the data for the luminance and coordinates of the
test light images, computation of a matched sample by computer program
using the mathematical model for light reflections, and the statistical
analyses of the matched sample of measured and computed values are

discussed below.

1. Data Reduction

a. The transmittance values of the light source were calculated
for the image points of the first test phase data. The transmittance
values equal the luminance readings of the light images divided by the
luminance reading of the light source.

b. The three-dimensional coordinates of the ima surface
points in the mockup coordinate system were calculated for the second
phase test data. The coordinates of the image points equal the sum of the
coordinates of the appropriate vertex and the corresponding displacement
distances which were measured for the image points. The coordinates of the
frame vertices were measured separately using a surveyor's level (see
Apparatus).

2. Computation of a Matching Sample

a. A computer program (see Appendix C) was written to compute
the transmittance values and coordinates of the images on the canopy
surface of a light source. The program was developed using ray tracing
concepts (see Appendix B) and is applicable to direct view and primary
order reflections.

b. The input data to the program are (1) the canopy frame data,
(2) the location of the mockup on the bay-area floor, and (3) the location
of the test lights on the floor. The coordinates of the vertices of the
frame and canopy surfaces are program input data. The vertice coordinates
were measured after the test using a surveyor's level (see Npparatus). The
coordinates of the origin of the mockup's coordinate system, measured in
the rectangular coordinate system on the bay-area floor (see Methods), are
program input data. The orientation of the mockup's coordinate system, as
measured from the floor system, is also input to the program. Finally, the
floor system coordinates of the light source positions in the test are
read by the program.

c. The program computes the transmittance value and the
coordinates of the direct view and reflected image points on the canopy
surfaces for each light source position. The computations are done for
both eyes of the observer, one to the right and the other to the left of
the pilot's nominal eye position. The image point coordinates are computed
in the coordinate system of the mockup. The printout of computed image
point transmittance and coordinates for each of the light source test
positions is a matching sample to the values measured in the mockup test
(see Methods).



d. The measured and computed values for the image-point
transmittance and coordinates are listed in Table IA for the light source
test positions (see Appendix A). The table shows that the coordinates
computed for the right eye vision are slightly closer in value to the
measured values. This is in agreement with the fact that the observer is
right eye dominant. The right eye set of data was chosen as the matching
sample.

e. The table lists two computed image points that were not
observed in the test and two observed values that were not computed. A
physical check of the mockup and the light source locations for these
unmatched light images showed that they were caused by slight
discrepancies between the mockup and the frame input data. These
discrepancies are listed in the next paragraph. The unmatched images were
dropped from the samples leaving two balanced and matching samples.

f. The unmatched images dropped from the samples and the
reasons for their occurrances are as follows:

(I) A computed image point that was in actuality blocked
from the observer's view by the brow pad which was not included in the
frame input data.

(2) A computed image point that was blocked from view by two
overlapping canopy frame edges that were represented as slightly
separated.

(3) An observed image point which occurred at the edge of
the canopy surface and which showed a portion of the 1-1/2-inch diameter
test bulb, but which was not computed for the point light source assumed
in the model.

(4) An observed image point which did not occur in the
computations because the mockup nose was assumed to be 2 inches longer
than it actually was, and the light source was placed near the nose.

3. Statistical Analyses

The difference score for the transmittance and the three
coordinates (x,y,z) were treated in a students' t-test for matched samples
(Welkowitz [61, p.14 2-143 ). The difference scores were calculated by J
subtracting the measured values from the computed values for the matching
image points of a given light source position (see Appendix A). The main
difference scores (D), the standard deviation (8D ) of the difference
scores and the corresponding t-values (tD) are listed in Table 1. The
t-values were calculated by dividing the mean difference scores by the
standard error of the mean. The null hypothesis is that the mean of the
difference scores is zero. The degrees of freedom (df) for the number of
sample pairs are listed along with the corresponding critical t-values
(tc) at the .05 level of significance for a two-tailed test (6, Table c,
p. 257). The dimension of the transmission value is in fractional parts
and that of the coordinate value is in inches.
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TABLE I

Student's t-Test for Matched Samples

Variable BD  tD df tc

transmittance .0112 .0471 .8257 11 2.228

x-coordinate -.6378 .9769 -2.9197 19 2.093

y-coordinate -.6940 1.4163 -2.1914 19 2.093

z-coordinate 1.6190 1.1491 6.3009 19 2.093

*.05 level of significance for a two-tailed test.

A comparison of the t-values listed in Table I for the scores, with
the critical t-values, shows that there is not sufficient reason to reject
the hypothesis that the measured and computed transmittance values are the
same. However, the hypothesis that the measured and computed coordinate
values are not different must be rejected at least at the .05 level of

significance (see Discussion).

The matched data for the transmittance and the three coordinates were
treated in linear regression analyses (6, p. 152-170). Table 2 lists the
Pearson's correlation coefficients (r) for the matched data, the degrees
of freedom (df) given by df-N-2 where N is the number of matched data, and
the corresponding critical r-value (re) at the .01 level of significance
for a two tailed test (6, Table D, p. 258). The table also lists the slope
(b) and intercept (a) of the linear regression lines and the corresponding
standard errors of estimate (se). Ine coefficients of the linear
regression line were computed using the method of least squares.

The correlation coefficients listed in Table 2 are nearly equal to

unity. A comparison of the coefficients with the critical values shows
that the coefficients are statistically significant from zero at the .01
level. The matched data are linearly related in the statistical sense.

DISCUSSION

It was shown in the results that the mean difference scores listed in
Table I for the x-, y-, and z-coordinates are statistically significant
from zero. The mean difference scores are equal to the differences between
the sample means for the measured and computed coordinates. The mean
differences may be the errors for centering and aligning the coordinate
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TABLE 2

Linear Regression Analysis for the Match Data

Variable r df rc* b a se

transmittance .9923 10 .708 .9476 .009 .0444

x-coordinate .9985 18 .561 .9145 .3561 .9228

y-coordinate .9973 18 .561 .9987 .8385 1.380

z-coordinate .9897 18 .561 1.0981 -10.655 1.149

*.01 level of significance for a two-tailed test.

system of the test-area floor with that of the mockup. The centering was
done by plumb bob and the alignment by tape measure and line of sight. The
height of the mockup's top canopy surface above the test area floor was
measured by tape sometime after the test. The intervening period was used
by other personnel to measure the coordInatea of the vertices of the
mockup frame. The mockup was inadvertently braced during the operation
thereby changing slightly its height above the floor level.

The 90 percent confidence limits for the slopes (b) and the intercepts
(a) of the linear regression lines are listed in Table 3 for the test
variables. The table lists also the standard estimates of error (se) for
the measured variables and the corresponding degrees of freedom (df-N-2).
It is assumed that the measured values for a given computed value form a
normal distribution (I, p. 197-198). The confidence limits for the slope
and intercept are computed using the standard error of the mean and the
critical t-value (.05 level significance) for the degrees of freedom (1,
Table A5, p. 464). The confidence bounds for the standard errors of
estimate are computed using the critical values ( .05 and .95 level of
significance) of the ratio of Chi-squared to degrees of freedom (1, Table
A6b, p. 466).

The slope of the linear regression line should be equal to unity (b-i)

and the intercept equal to zero (a-0) when the matched samples are equal
within the limits of the measurement error. Furthermore, the standard
error of measurement should be equal to the measurement error for the
equipment and procedure. These values are contained within the confidence
limits for the transmittance as shown in Table 3.
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TABLE 3

Confidence Limits (90Z) for the Slope (b) and the Intercept (a)
of the Linear Regression Line, and the Standard Errors of

Estimate (st)

Slope (b) Intercept (a) Error (se)

Variable df max min max min max min

transmittance 10 1.0119 .8834 .0322 -.0143 .1252 .0328

x-coordinate 18 .9403 .8887 .7139 -.0017 1.8567 .7695

y-coordinate 18 1.0272 .9702 1.3736 .3034 2.7767 1.091

z-coordinate 18 1.1603 1.0359 -10.2098 -11.1008 2.3119 .9084

The confidence limits in Table 3 for the coordinates do not in all
cases contain the expected values noted above for the regression line
slopes and intercepts. The confidence limits for the slopes of the x and z
coordinates are close to, but do not contain the expected value (bfl).
Similarly, the limits for the y coordinate's intercept are close to the
expected value (a-0) but do not contain it. This discrepancy is highly
noticeable in the case of the z coordinate's intercept which is on the
order of -10 inches. However, the values of the z coordinate range from 80
to 100 inches. The line intercept must correct for an additional increment
in value due to the slope (or the order of 0.1x90f9 inches), as well as
the 1.62 inches mean difference between the computed and measured samples.
A slight tilt of the mockup on the bay area floor, not accounted for in
the alignment measurements, is a reasonable explanation for the slope
values of the x and z coordinate samples. The observer would dismount from
the mockup during the second test phase to assist in coordinate
measurements. The resulting weight shift in the mockup between the times
of observing and measurement could be the cause of a tilt in the mockup
frame.

Similarly, the lower limits on the standard errors of estimate are
larger (on the order of 1 inch) than would be expected for the equipment
and procedure used to measure the positions of the light image (see
Apparatus). However, an in-depth error analysis would include the effects
of errors In locating the light source on the bay area floor and in
pinpointing the position of the image of the 1 -inch diameter light bulb.
These additional factors may explain the otherwise larger-than-expected
standard errors of estimate.
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RECOtIMENDATIONS FOR FURTHER RESEARCH

The following is recommended:

1. The model should be tested using cylindrically shaped panels as
well as the planar panels used in this test. The use of the surveyor's
level to measure coordinate values should be extended to measuring the
positions of the light source and the surface image points as well as the

mockup frame vertices.

2. The locations on the canopy surface of the primary reflections
of the instrument panel lights can be computed using the computer model.
This area of application should be investigated further.

CONCLUSION

The US Army Human Engineering Laboratory (USAHEL) has experimentally
verified a computer model for the internal light reflections on the
transparent surfaces of helicopter canopies. The model was verified using
a mockup of the Model 209 AH-IS Helicopter with the flat plate canopy
design. The transmittance values and the coordinates of the light images
on the canopy surfaces were measured for a wide range of light source
positions. A matched sample was then computed for the source positions
using the computer model.

The matched values of the measured and computed samples show a high
correlation. The Pearson's correlation coefficients for a linear
regression analyses are greater than 0.98 and the coefficients are
significantly different from zero at the .01 level. However, the mean
differences between the measured and computed coordinate samples are on
the order of 0.6 inches to 1.62 inches. Furthermore, the slopes and
intercepts of the linear regression lines are not the expected values for
all of the coordinate samples. These differences are presumably due to the
inaccuracies in the alignment of the mockup with the coordinate system on
the test-area floor.
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TEST DATA AND STATISTICAL ANAYSES

The measured and computed values of the light image transmittance and
coordinates are listed in Table IA for the test positions of the light
source. The table lists the transmittance and coordinates of the matched
direct view and primary reflection data for the first phase. The second
phase data includes the coordinates of the matched direct view and primary
reflection data, as well as the unmatched reflection data.

The light image coordinates are in the coordinate system (Xm, Yin, zm)
of the mockup, which was aligned as closely as possible to the design
specifications for the actual aircraft. The coordinates of the light
source positions are in the coordinate system (xf, yf, zf) laid out on the
test area floor. The origin of the mockup's system was located in the
floor system as follcws: xf - o, yf = 24.75, and zi - -30.586 inches. The
z axis of the mockup was directed parallel to that of the floor system,
while the y axis was directed in Cbe parallel but opposite direction of
that of the floor. A light source loLated at the coordinates xf, yf, zf in
the floor system was located at the mockup coordinates: xm m -xf, ym -Yf
+ 24.75 and Zm= zf + 30.586 inches.

The attached computer program MSTT was used to compare the matched
data in a student's t-test. The data were treated in a linear regression
analysis using the program LSA attached below.
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TABLE 1A

Transmittance (T) and Position Coordinates (x,yz) of the Direct View (D)
and Primary (P) Reflected Images for the Light Source Test Positions

Light Source Computed Measured
x y z Type xc Yc zc Tc xM Ym zm Tm

I. First Test Phase Data

60. -52. 12. P -7.65 130.14 105.97 .0734 .0901

36. -40.4 12. P -5.96 128.49 105.97 .0543 .0502

36. 7.56 36. D -14.77 87.06 83.12 .7235 .7907

60. 43.57 24. D -15.29 96.83 84.5 .7672 .7326

P 15.34 111.74 91.86 .1019 .0858

48. -88.4 48. D -16.75 129.62 89.31 .8693 .9002

P 15.14 133.53 95.36 .0658 .1089

72. -64.4 48. D -16.38 128.17 91.76 .8672 .7698

P 15.01 131.83 96.2 .0663 .0494

72. -4.43 48. D -16.45 115.07 91.74 .8239 .7531

P 14.88 121.62 96.28 .076 .0673

12. 31.56 24. P -2.84 114.26 105.98 .1347 .0908

I. Second Test Phase Data

48. -100.44 36. D -17.45 133.78 84.5 -16. 133.69 83.17

P -9.31 136.09 105.96 Note (1)

60. -88.44 36. D -17.11 131.31 86.85 -15.75 131.31 85.16

P 13.78 136.91 91.81 Note (2)

36. -76.44 12. P -4.24 133.61 105.96 -2.72 133.22 105.97

(Continued)
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TABLE 1A (Continued)

Transmittance (T) and Position Coordinates (x,y,z) of the Direct View (D)
and Primary (P) Reflected Images for the Light Source Test Positions

Light Source Computed Measured
x y z ex c  yc z C Ym Tm

72. -40.44 48. D -16.48 121.30 91.38 -15.25 121.94 88.91

P 14.97 128.50 96.20 14.28 130.66 93.31

84. -40.44 24 D -17.18 123.19 86.67 -15.75 123.69 84.66

P 15.31 129.80 93.67 14.66 132.16 91.31

48. -28.44 24. D -18.40 104.99 79.24 -10.12 107.94 78.16

P -7.29 124.43 105.97 -5.72 123.97 105.97

36. -4.43 36. D -15.11 91.15 82.85 -15.5 90.69 80.41

P -6.75 115.9 105.98 -5.22 115.47 105.97

P 15.34 115.75 92.24 14.782 117.16 89.44

72. 7.57 48. D -16.54 109.71 91.36 -15.5 111.94 88.91

P 14.89 121.78 96.18 14.532 123.16 93.31

12. 19.57 12. P -5.34 73.22 92.81 Note (3)

36. 31.57 48. D -13.53 81.72 88.8 -12.78 81.97 87.69

P 14.01 95.89 94.2 14.782 99.66 92.31

60. 31.57 24. P 15.35 116.45 92.24 14.782117.16 90.31

12. 43.57 48. D -4.86 67.87 87.83 -3.375 68.94 88.75

24. 43.57 36. P 13.61 82.38 88.62 13.78 83.41 87.81

60. 43.57 48. D -14.46 98.97 91.14 -15. 96.44 88.41

P 14.86 113.75 95.79 Note(4)

NOTES - An examination of the mockup showed the following reasons for the
occurrence of unmatched data:

(1) The computed reflected image was actually blocked from the observer's
view by the brow pad which was not included in the mockup frame vertice data.

(2) The observed image of the 1h-inch diameter bulb appeared at the
window edge and was not computed for the point source used in the model.

(3) The mockup nose was assumed to be 2 inches longer in the model than
it actually was, and the light source was placed just under the nose.

(4) The computed image was actually blocked from view by two overlapping
frame edges, but they were represented as slightly separated in the model.

(Concluded)II
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S MY TN S TMFZ.
ACCOLNT, HE***.
FTN.
LGO*

PROGRAM ISTT(INPUTOUTPUTTAPEZOINPUTTAPElUGUTPUTI
C T-TEST FOR MATCHED SAMPLES
C XM9 RANDCM VARIABLE MEASURED BY TESTING
C XCP COMPUTED VALUES FUR TEST MEASUREMENT CONDITION5
C No NUMBEk OF PAIRED OBSERVATIONS

DIPENSION XM( 1003 ,XC(100),FL ( 00), 0(100)
RE A ( 2.1000)3NR
DO 100 IRmINR

C READ IN TEST AND COMPUTED VARIBLE VALUES
READ(2m999) (FL(I)pIml,'tO)

999 FORMAT(40A2)
WRITE (1,999) (FL(I), I'l.40)
RE AD C2.1000)N

1000 FURMiAT(2X#14)
XNwN
READ(2vl00l)(XM(I)vIm1,N)

1001 FORMAT(2XP6(FIO.4.2X))
READ(2plIOOIUXC(I3.Isl.N)
WRITEC 1#1011)N

1011 FORMAT(2X.'TEST (ATA1/2X#INO. MEASUREMENTSult14/2Xp4TEST MEASUREME
ONTSI)
bRITE(1,1012J (XM(1)vlulN)

1012 FORMAT(6(2X#FlO.4))

1013 FORMATQXPICOMPUTED VALUES'Ib(2XPF10.411
DO 5 Iu1,N
0(I)aXC(I)-XM(I)

5 CONTINUE
WRITE C 1,015) (01I), 1a1,N)

1015 FORPAT(2X,"DIFFERFNCES"/6(2XF1O.4))
50.
SD2=0.
DO 10 ImlN
50.5D0011
S02sS02,0 II)*D( I)

10 CONTINUE
SPO.SDlXN
STD.SQRTI (SD2-SD*SDIXN)/ (XN-1.))
TV.SDISQRT((XN*SD2-SD*SD)/(XN-1.))
WRITt (1,1014)SMDSTDTV

1014 FORPAT(2X,"M AN-DIFFERENCE",ZXFl0.4,ZX,"STANDARD DEVIATION"#
Q2X#F1O.412X#"T-TEST VALUE", ZXPF10.4)

100 CONTINUE
STOP
END
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4
TRANSMIlTANCE

12
,7907 .7326 .CO2 ,76,8 .7 3l ,1'Ol

0502 .0b ,C0o9 .041o4 .c73 ,

.7Z3! .7672 ,et'3 .b67 .8?39 ,0734 V

.0543 .1019 ,C65i .ub63 .07b .1347

X-POSITICN

20
-t.-15.75 -15.?5 -15.75 -16.12 -1.

-15.5 -12.7b -3.375 -15. -?.72 14.2t

14966 -,,7? t.2? 14.78 14. 53 14.7 e

14.78 13.78
-17.45 -17.11 -16.48 -17.18 -I8.it -l .ll

-16.47 -13.53 -4.86 -14.4o -4.24 14.47
15.31 -7 .2,Y - 7.tb 15. 34 14. ! 1 .01

15.35 13.oi1
Y-POSIT I UN

20
133.69 131. 31 12 1 .Q4 12 3 . 9 1 J7.9 4 le, t9

111.94 A I. 97 6S.44 46 . 44 133.72 1 3L. 66
1321.6 123.17 115.47 117.16 173,16 9.66

117.16 83.41
133.78 131.31 1?1.3 123.19 104.99 C1.15

112.43 81.7? t7.87 96.q7 133.61 128.5

12co. 124.43 115.9 115.75 121.76 q8oe9

116.45 f 36
Z-POSITICN

20

83.17 85.16 bt.91 84.6bo 78.1 bC.4l

88091 F7b9 6S.75 68.41 lJ .,7 93.31

91.31 10',97 105q.7 FCd4 c3,31 92,31

90,3, 87.81

84.5 8c.85 91.38 86.67 74,24 bo5

91.74 86 b 87.83 91.14 105.96 9t,2

q3.67 105.17 105.98 2.24 9b.4.2

92o74 t6
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ACCOUNT# HE***.

L GO.
PRUGRAM LSA( INPUT ,OUTPUTTAPEaINPUTTAPclnO(.TPUTI

C LINEAR REGRESSION ANALYSIS BY LEAST SQUARES
C XM, WANGC.M VA91ABLE MEASURLD BY TESTING
C XC, COMPUTED VALUES FUR TEST MkASuREMENT CONCITIONS
C N, NUMBEt IF PAIRED OBSERVATIO)NS

DIMENSION Am( 100)pxC(100)*FL(IOO)
P(AV(2, 1000)NR
0O 100 tR'1,NR

C READ Ih TE~l AND COMPUTEC VAR13LE VALUES
PEA0(2, 99'9J FL (I), I p4O)

qqq F0PMtTUCA2)
WR IE (1, qqq (FL (I), I * 43)
kEACC2, I000)N

1000 FORMAT(?XI',)

1001 FOkRAT C X b(F l0',p2X))

wR ITE (1*1011) N
1011 FORMAI(2XPITEST DATA'/2X,'N3. PEASUREM'ENTS.',I'/2XTEST MEASUPEME

ONTS' I
wR IT[(1, iCICXMC 1)sl~1,N)

1012 FORPAT (b(2XvF1O.4))
R IEU, 1013) (XC( 1?. 11.N)

1013 FORMAT(2X,'COMPUTED VALUESi'I6(?Xpf-10.4))
C REAL) fUR CONFILEN1 INT~ERVJAL CALCULATIONS THiE TYPE 1 ERROR VALUE AND
C COPRESPC J.NG TWO-SIDED STUDENT'S I-VALUL AT N-2 DEGREES CF FRLEDOM")

READ( 2,1010) AT, rv
1010 F0lo~T (2?X,3(Flo.'tzxl

C READ FCR TEST VARIANCE CALCULATIONS TYP~E I ERROR LEVEL AND CCRkESPONDI
C RATIC Of CHI-SQUAORED TO DELREcS OF FkLEDOM

9EAD(ZpI010)ACvCFUCFt
C COMPUTE LINEAV CORRELATIIJN COEFFICIENT FOR RAW MEASURED AND COMPUTED V

SmCv0.
5lon. .
SCUC.
SC 2%C.
SM?'C.
00 IC Is1,N
SM.SI'tx'( I)
SCOSC+XC( 1)
SMCBSMC+XM( I) *XC (I
S('2SMA2.XM I )*XM( I)

SC2uSC2+XC(II*XC( 1)
1C CONTINUE

SS5C-sQRT((SC2-SC*SC/XN)/(XN-1.))
RXY~x(XN*S"MC-SC*SM)**2
RXY2.RXY2/((UN*SC2-SC*SC)*(XN*SM2-SM*SM))
RXY.SQRT( RXY2)
WRITE (1p1C02)RXYpRXYZ

1002 FORMAT(2xp'COkkELATIJN CDEFF1CIENT-lwF7.4p2XplSQUARLC COEFF-ICIENT*
QlPF 10.',?

C COMPUTE LINEAR REGRESSION EQUATION COEFFICIENTS FOR ES71MATING MEASURE
C XM(ESTIMAIED), B*XC+A

AVMaSM/XN
AVC*SCIXN
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B.RXY*(XN*SM2-SM*SM)I(XN*SC2-SC*SCI
AwAVMs-E*AVC
WR 1TE (1,1003 8, A

1003 FCRMAT(?Xv1REGNESSI0N EQUATION COEFFICIENTS, 8* *,FIa.',2Xv1As',F1O

C COMPUTE 5TANDARD LRRflR OF LSTIMATE
SE .0.
00 20 Iv1,N
SE 'S~f 4XM 1 -B* XC(C1)-A 3*4?

20 CONTINUE
SE-uS~iP T(CSE/IXNI
wRITE (1,10041SE

1004 FLUPMAT(2XPOSTANDAR) IRRU OF LS7IMATE-'ptl0.4)
C COM"PUTE Ci'jNFICDEN IiNTERVAL FOR REGRESSION EQUATION COEFFICIENTS

FRGAwTV*SElSQk1 (XN)
RGBeTV*Sf/CSQkT(XN-1.)*SSC)
6L a L-RGB

AL uA-RGA
A~l'A+RGA

1005 FOP MA r( 7xv ICJNFIVE NT I NTE RVAL TYPE 1 ERROR LEVE L, An I pF10o.4
WP lE(1, 1006)BEL, IU

1CL~f EU AT(2Xp1REGRESSIUK' EQUATION CUEFFIClENT'12X,'ILLR LIMIT. fiLul
OFIC.4of UPPtR LIMIIT# BUNOF10.,)

RI1E ( 11Lu.7) AL ,vAU
1007 FDRPAT(2X,'LOWER LIM1T, AL.',llo.4,' UPPER LIMIT# AUsOPF10.4)

C COM0PUT E tCCEP T IBLE TL 5[-V* I ANC L DUE TV rtS f FR0Cit0Uk AND 1:S TkUMENT
S TUr E /SQRT C CEUl
STL-SE/SURT (CFL,
WR ITE C 11C09) AC, STU, STI

100, FOPMAT(2x"TEST VtRIANCE TYPE 1 EPRR LEVEL# Au",FIO.e4s2Xl
Q?XOITE S T-VAR IANCF f PPE R L IM ITI, STU-OltF 10.4 2X v
Q"LOWLR LIMIT* STLm.",FI0.4)

100 CONTINUt
STCP
END

4
TRANSMI TTANCE

12
.7907 .7326 .9002 .7698 .7!)31 009'01
,0502 0.459 .1089 .0494 s0673 00908
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.0543 .1019 .0658 .0663 .076 .1347

.I1 13 12
1 *126 1.83b

X-POSI1T 1OM
20

-16. -15,75 -15.25 -15.75 -16.12 -15.5
-15.5 -12.18 -3.375 -15. -2.72 14,2b
14.68 -5. 72 -5. 22 14.78 14,.53 14. 7o
14.76 13.78
-17.45 -17.11 -16.48 -17.18 -18.4 -15.11
-16o47 -13.53 -4.86 -14.46 -4o24 14.97
15.31 -7.29 -6.75 15.34 14.89 14.01
15035 13.61

.1 19734
.1?.47 1.6
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Y-PUaITION
20

133.69 131.31 121.99 4 123.69 107.94 90.69
111.94 bi.97 68.94 96.44 133.72 13(o*66
132.16 123.97 115.47 117.16 123.16 99.66
117.16 83.41
133.78 131.31 121.3 123.19 104.99 91.15
112.43 81.72 67.87 98.97 133.61 128.5
129.8 124.43 115.9 115,75 121.78 95.#9
116.45 82.38
*1 1.734
*1 .247 1.6

Z-POSITION,
20

83.17 e8'.16 88.91 F4.66 7o.1 OC.41
P8991 87.69 88.75 88.41 105.97 93.31
91.31 105.97 105.97 89.44 93.31 92.31
90.31 87.81
84.5 86685 91.38 86.67 79.24 2.85
91.74 ee.8 87.63 91.14 105.96 96.?
93.67 105.97 105.98 92.24 96.18 94.2
92.24 88.62
.1 1.734
.1 .247 1.6
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PRIMARY ORDER REFLECTIONS

The computation of the transmittance and position coordinates of the
direct view and primary order reflection images are discussed in this
section. The computations for a direct view Image are discussed first. A
primary order reflection occurs when the light ray from the light source
is reflected once before reading the observer's eye. We consider next the
computations for the primary order reflections from a planar surface, then
that from a cylindrical surface.

DIRECT VIEW IMAGES

The computational procedures for direct view image points are derived
from established techniques. The position coordinates are first computed
for the point where the straight line ray from the light source to the
pilot's eye position intercepts a window surface. The directional cosines
are computed for the ray from the end position coordinates and the length.
The interception point is computed from the light source position, the
directional cosines of the ray and the parameters of the surface using
established techniques for a planar surface (Smyth, June, 1977, App A) and
a cylindrical surface (Smyth, July 1977, App A). The interception point is
tested against the window edges to ensure enclosure. The light
transmittance is computed next from the angle of incidence between the ray
and the surface normal (Smyth, June 1977, App A).

PRIMARY ORDER REFLECTIONS FROM A PLANAR SURFACE

The coordinates of the reflection point on the window surface are a
function of the light source position, the pilot's eye position, the
surface normal and the position of a window vertex. We consider the
geometry (see Figure IB) formed by the positions of the pilot's eye (P. -
xo,yo,zo), the light source (Pe - xe,ys,z,) and the reflection point (Pr -
xr,Y 1 ,Zr). The plane containing these three points contains also the
surface normal (an,be,ca) by the laws of reflection. Furthermore, the
angle between the ray P*Pr and the surface normal is equal and opposite to
that between the ray PoP and the surface normal by the same law.

The straight line, PGP 0 , from the light source to the pilot's position
is specified by its starting position (P. : x*,ys ,ze), the directional
cosines (Soa,bo@ ,coo) and its length (Roo). The last two parameter sets
are easily computed from the known end positions. We denote the point
where the line P.Po intersects the extension of the surface normal by P1(x,
y1,t). The extension separates the triangle PsPrPo into two smaller
triangles with sides a and b such that a + b - Rot. We find it useful to
derive the coordinates of the point (Pa) as an intermediate step in the
derivation.
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The coordinates of the point, PI, are determined from the ratio of the
length of the line PsPr to that of the line PIPr ; i.e., Q - Rs/Rr . The
ratio is computed using:

1. the cosine of the angle between the line PrPe and the surface

normal.

2. that of the line PrPs and the surface normal, and

3. that of the line PrPo and the normal.

The first term is equal to zero while the second and third are equal to
each other. The results are:

an(xe - x.) + bn (Ye - Ys) + cn(ze - z.) (1)

an(xe - xo) + bn (Ye - Yo) + cn(ze - zo)

The length (a) of the line PsPe is determined by the law of sines for the
two triangles and the expression Ro a + b,

a" QRos (2)
1+Q

The coordinates of the point, PI, are given by:

xi " X- + a aos,

Yl " Ye + a bos, (3)

Zl W Z5 + a co0

The coordinates of the primary reflection point Pr are determined by
the point PI, the directional cosines of the surface normal, and the
distance, RIr, from the point, P 1 , to the surface in the direction of the
surface normal. This distance may be computed by established techniques
(Smyth, June 1977, App A).

Rir - an(xi-xe) + bn (Yl-Ye) + cn (zl-ze). (4)

The coordinates of the reflection point (Pr) are,

xr " x, - anRir,

Yr w Yl - bnRir, (5)

zr " Zl - cnRir,

The point, Pr, is a reflection point for the light source if the value of
Q is given by equation (1) is greater or equal to zero; i.e., 0 o, for
then the light source and observer are on the same side of the panel
surface.
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The reflection point (Pr) is tested against the window edges to ensure
enclosure. The light reflectance is computed from the angle of incidence
between the ray and the surface normal (Smyth, June 1977, App A).

PRIMARY ORDER REFLECTIONS FROM A CYLINDRICAL SURFACE

The computation of the primary reflection points for a cylindrical
surface will be derived first for a simple case and then extended to all
cases in general. We consider a cylindrical surface with the following
parameters (see Figure 2B): (1) the origin for the cylindrical axis is
located at the origin of the coordinate system, (2) the cylindrical axis
is directed along the y axis of the coordinate system, and (3) the
cylindrical radius is equal to unity. The analysis is similar to that
developed above for the planar surface.

Consider the geometry formed by the positions of the light source, the
reflection point and the pilot's eye. The straight line from the light
source to the eye is specified by its starting position, the directional
cosines (aos,boscos) and the line length (Ros). The surface normal(an,bn,
cn) is contained within the plane defined by the three points Ps,Pr

and Po. We let the point where the extension of the surface normal
intersects the line PsPo be denoted by P, and its coordinates by xj, Y,'
and zj. The line separates the triangle PsPrPo into two smaller triangles
and the PsPo into two line segments of lengths a and b. The length (a) of
the line PsP, is determined by the law of sines for the two triangles and
the expression Ros - a4b. The length (a) is given by the equation (2),
where Q is the ratio of the length of the line PsPr to that of the line Pr
Po; i.e., Q - Rs/Ro . The coordinates of the point P1 are given by
equations (3).

The surface normal is orthogonal to the cylindrical axis, and the
distance (R) along the surface normal from the point, P1 , to the point
(o,yl,o) on the cylindrical axis is given by,

R - ((x, + Qxo)2 + (zs + Qzo )2)A 1( + Q). (6)

The directional cosines of the surface normal at the reflection point may
now be computed as,

an - (x, + Qxo)/R,

bn - 0, (7)

cn - (z. + Qzo)/R.

Finally, since the cylinder radius is unity, the coordinates of the
reflection point (Pr) are:
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Figure 2B. Primary reflection from a cylindrical surface.
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Xr - -an,

Yr -ys+a bos, (8)

Zr -cn-

The Q factor used in equations (2) and (3) is determined by setting
the cosine of the angle between the line PrPs and the surface normal,
equal to that of the angle between the line PrPo and the normal. The
result is a fourth order polynominal,

a 4Q4 +a3Q 3 + a 2Q2 + + Go = o, (9)

where ao0 = (xs 2 + zs2 ) - Xs2 - zs 2

a I = -2 (xoX s + zoz s - Xs2 - zs 2),

t2 = -(xo 2 + Xs 2 + Z02 + Zs 2 - 4xxs - 4zoZs + 2 (X 2 + Z2) (Xs2 +
Zs2)),

03 = -2 (xoXs + zoZO - Xo2 - Zo2),

C4 = (xo2 + z0
2) - xo 2 - z0

2.

The equation may be solved by synthetic division and the Newton-gradi-
ent method or other numerical solution techniques. (Hildebrand, p. 451).

There are, in general, four solutions to equation (9), each
corresponding to a point on the cylindrical surface. The point is a
reflected image of the light source if the light source and pilot's
position are on the same side of the surface. This is the case if the
ratio of the cosines of the angles between the rays PsPr and PoPr and the
surface normal,

Qs 1 - anxs - cnZs (10)

1- anx o - cnZo

is larger than or equal to zero; i.e., Qs0 o.

The computary scheme worked out above for the simple cylinder case is
used as a solution space. The coordinates of the positions of the light
source and pilot are transformed into their equivalent values in the
solution space. The reflection points are computed and the coordinates are
transformed back into the original problem space. The coordinate
transformation from the problem space to the solution space consists of
four steps: (Newman, Ch. 3)

1. Translate the origin (xc,Yc,Z c ) of the cylindrical axis into
the origin of the coordinate system of the solution space, (2) rotate the
cylindrical axis (ac,bc,c) clockwise about the x axis until it is
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aligned with the y axis of the solution space, (3) rotate the cylindrical
axis clockwise about the z axis until the z axes are aligned, and (4)
scale the original space by the cylinder radius, Rc.

The translation of the coordinates (xy.z) into their equivalent value
(xy 3z

1 ) in the solution space is performed by matrix multiplication;
i.e.,

(x1,yl.zl.l) - (x.yszl) MTMXMZM s. The corresponding matrixes are
given by:

0 10 0\

-Xc -Yc - I

MxVc 0 0 0

0 bc cc 0

0 -cc bc 0

0 0 0 vc

a c  vc  0 0

0 0 1 0

0 0 0 1

Ms rc

0 1 0 0

0 0 1 0

0 0 0 rc

where vcj/C2+ T7

Once the reflection points are solved, the position coordinates (xr' ,

YrI , Zr') are transformed back into their equivalent values (xr, Yr P Zr)
in the problem space. This operation is done by an inverse matrix

transformation; i.e., (xr, Yr. Zr, I) - (xr1, Yrt , Zr 11) M 1 * MZ1
"1 . M " 1 T". The corresponding matrixes are given by:
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MTI ,1 0 0 0

0 0 0

0 0 1 0

c yc zc 1

M' a vc  0 0

0 bc  cc

0 -c c  bc 0

0 0 0
c 

(12)

M-1 ao

0 0 1/

0 -r 0 0 0

0 0 0 I/rc

The reflection points are checked against the window edges to ensure
enclosure (Smyth, July 1977, App A). The light reflectance is computed
from the angle of incidence between the ray and the surface normal (Smyth,
June 1977, App A).
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APPENDIX C

COMPUTER PROGRAM
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Computer Program

The computer program used to compute the transmittance and coordinate
values of the matching sample is attached below. The listing includes the
program and subroutines, the mockup frame vertices input data, the
position and orientation of the mockup on the test-area floor, and the
positions of the light source used in the test. The program is written in
the Fortran IV language and was run on the CDC 7500 Computer System. The
subroutines are listed as follows:

1. CONTL- Main program calls for read in of data and computations.

2. READV- Subroutine reads in frame vertice coordinate data.
Called by CONTL.

3. NORML- Subroutine computes surface normal for each canopy
window. Called by CONTL.

4. FLEG- Subroutine reads in mockup position and orientation on
test-area floor. Called by CONTL.

5. SLIGP- Subroutine reads in test light position on test-area
floor and calls for computation of light images for the left and right eye
of the observer. Called by CONTL.

6. STPS- Subroutine converts the light source position into the
coordinate system of the mockup, and calls for the computation of the
direct view and primary reflected images. Called by SLIGP.

7. PRNT- Subroutine prints out direct view and reflected image
point information. Called by SLIGP.

8. MTRNL-
MROTX-
MROTY-
MROTZ-
MSCAL- Subroutines called by STPS to convert light source

position on test-area floor into coordinate system of mockup.

9. COMPO- Subroutine controls computation of direct view image
position coordinates and transmittance. Called by STPS.

10. COMPL- Subroutine controls computation of primary reflection
image position coordinates and transmittance. Called by STPS.

11. INTEC- Subroutine computes direct view image point on a planar
surface for a given light source position and checks whether point is
enclosed by surface edges. Called by COMPO and COMPL.
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12. INTCY- Subroutine computes direct view image point on
cylindrical surface and determines whether point is enclosed by edges of
cylindrical window. Called by COMPO and COMPL.

13. TRSCY- Subroutine converts coordinates of a cylindrical
coordinate system into a rectangular system. Called by INTCY and INTS when
testing a surface point against surface edges.

14. INTPL- Subroutine computes primary reflection point coordinates
for a planar surface and determines whether the point is within the
surface edges. Called by COMPO and COMPL.

15. lNTCL- Subroutine computes primary reflection point coordinates
for a cylindrical surface and determines whether the point is within the
surface edges. Called by COMPO and COMPL.

16. TRANC- Subroutine converts point into cylindrical solution
space. Called by INTCL.

17. SPOLY- Subroutine computes coordinates of image points in
cylindrical solution space. Called by INTCL.

1b. SOLN- Subroutine checks image point to ensure that it is
reflected and controls conversion to problem space. Called by INTCL.

19. INUC- Subroutine converts image point from cylindrical solution
space into problem space. Called by SOLN.

20. INTS- Subroutine determines whether reflected image point on
cylindrical surface is enclosed within surface edge. Called by INTCL.

21. COMP- Subroutine computes transmittance and reflectance for
image point. Called by COMPO and COMPL.
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ACCOUNTHE***.
F TN I SI )
MAP P ON
LGO*

PIR0CAM CI'NTI (INPUTL1II1PU1D1AIE?GINPTTAP3I)L''CJT)
CALL REAOy
CALL NOOML
CALL I-L FO
CALL S116P
STCIF
FNC
SUBIRUJI INI RL.ADV

C REA IN SUR-ACE VER1ICIS
CO 'U/C AN/ NT NNC oNPPNA N0#NV ( 100) pPX ( 1009 PPeYV 10Hpev LV (I O

j pe )

cJmPrN/CYL/NCYNSC(lC)PNSP(IOPI0),XC(10),YC(10),ZLC(I,AHtI)It(I
00) DCF C 1) ,RC( 10)
CCLM M4 N/P L I I 1/ Xup V * Z U

10CC FovMtl()

R E AC? 1 000)NptNvjNpr

1001 H)0MA 1( bC W 13))

'E Ar C?, 00? C NV A), 1.1 N.)
1OCZ FORrArC(C 2X#I3))

PtAG(C?, 100)
nfl I Cj J1 p

10 CLINTINUE
REAO C?..1000)
REALC2,1U03)(xV~i)plIvNT)

1003 FOR 'AT (f?Xf 7.39)
RE AD C?,100)
READC'2.1003)CY V( I)ol I NT)
IREAW7#'1000)
IPEAN Cv, 003)4 Vt 1) * I NT)
RE AC C 2,1000)
kFADI?, IOOZ)NCY
IF(NCY*E.)GUTL 25
REALC(?p1002)(N-eLCI)p1.1,NCY)
DO 20 taI#NCY
KPuNSCC 1)

20l READC2@I002)CNSPC 1.(),K1I(.)
READC.?,100') CXCCI ).YCC 1) ZC II) AE CI) .t[(1) CE Cl).PCC 2), 1.1NCY)

10t;4 FDRMAr(7C?XF7.3))
25 CONTINUE

P E A r'10 0)
0 E A r Pv100 3 ~10oY L pZ 0
RE IUPN
END
SUBR(.UTINE NORMI

C ES TABLIL SUIIIACL MIRMAL 0rj E-ACH PLATE SLRI6CE
C SIuRFACE -Ji~m ALS PhdKCTED TC.wARf CLCKPII INTERIOR

COrMrN/CAN/NTN6,NCpekpNAPNDNVC100), XVC100,h),eYV(10odu)pPZVC1o0
0 0p I
CLJI'ML '4/ VE LT 'X'.?00) ,YV C?00) ZV (200). NVR (100, )
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COMP'NINORMIAXN(100)vAYN(I00)pA7N(1001
CdPMCNICYLINLYNSC(10).NSP(10,10),X I C1U3,YC(I0)vZC(l0IAE(I0),BE(l

COMMLNP I LCT I XOY V Zo

NKeNV( I )
DI 5 K.1,NK

PXV(IPK~mXV(KV)
PYVt I#K I YV (K V
PZV(1,Ki.ZV(KV)

5 CONTINUE
K.?

7 AtmP V(IK.-PXV(IvI)
AZUFXV(1,K+1)-)Vv(Io1)
Bl=PYV(IK)-PYV(I.1I

C2aP7V( I#K41 -PZV( 1.11
FlmuT(AI**L+BI**2+CI**?)
P~uSCKT(A2**2?,B2**2+C2**2)
A&(Ai*Ae+bl*1?+C1*C2)/(Pl*P2)
IF(ALES(A).LT.l.) GO TO09

IF (K.EU.sNK) GJI 1~l 10
GO TO 7

9 AN=AC'JS(A)
Rol./bPI4P2*SINtANH)
AXN(IJw-(P61*CL-C1*P2)*R
AYN(11u+(AI*Ck-LI*A2)*R
AZN( 1) -I*R3 -A $81 )*R

1u C COsN 14U,,

END
SU13P(UTINE FLEG

C CRAFT PO;SITIONI IN1 SCENE
C CRAFT IJPIENTATLJN9 D1RErTICNAL CC13INES UF Y-AXIS AND Z-AXIS OF CRAFTI
C SCtNE SPACE# Y-AXIS CIRECTEn BACKWA,(PS ALUMt, LONGITUDINAL AXISP Z-AXIj
C TOWARD V~krICAL

COP'4(,N/fSC/IXLPYLVI i AL , b1 eCLPAAL. BtCC L
C CRAFT FCSITIGK ANG OIENTATION IN SCENE

999 FOPPATC)
fiEALC(2, l0041XLPYLILPAL. BLPCL A&LBBLPLCL

1004. FORP':r(2XJ(Flo.'.,?X)/2?X,31FI0.4,ZX)/2X. 3(FIO.4.?X) I

1005 Ffkltr(r2X,'POSITICN',AX. *A-PCS','.XY-POS','.X'IZ-POS')
WRITE( (31006) XLYL, ZILL *RI .CL AALBLCCL

100t FOPt'AT('X,3(FIO].'.?X)I'X3(F.'.2X)/4X,3(F7.4,?EI I
RE TIJWN
END
SUBRCUTINL SLIGP
COP' r N IG T / XYeZ
CCJPP'CN/P ILiJT/X~i, YJ. ZO
CLATA f)E/2./
DATA AP/IH-/
xOu.My
RFAU(2pI0C1I)NDP
WR ITE (3p,100 1 )NC

4.

39



1001L FORPAII?X,13)
DO 10 Iw1,NDP
rkAD(2u1002)XPY~i

1002 FORPArI'3IXPF10.41)
WRITE(3#kCOO)1,xty#Z

1000 FDOOMTIN ,'LCa', l5,ZX, 'KLuetr10.4,2XD 'IL.' I1O.4,2XZLmlpfIQ.41
XO*XOO-3.
DO 7 Ju1,e

WRI1Ef3p4003)XavY0,o
1003 FO~i'AT(?.X"PILuT-LYE FUSITlUt"',3(2XFIC.41)

CALL ST'PS
CALL ,ORNT

7 CONT1INUE
WRITE (3, 1004 1 (AP,#981#80)

IGCC FrPrATC2XvAOA1)
10 CONTIN'UE

R~E T L+'4
END
SUeROUTINE STPS

C CriPPUTES AND STC-RES STATIC ANALYSIS CF LIGHT SOIURCE RLFLtCTILNS
C0MMLlN/L I (HT/I L, YL. 71
COMCNISCIXSDISpZ .ASodSpCSAAS8SDCCS
COMMLN/GT /XG, YG, ZG
C0MI~1N/FP/NSL#XFYPZP, TP

Yals
Ala AS

Cl eCS
AA18AAS

CC 1.CC3
VCaSCT(B**2,Cl**2)
CALL MRLTXU1I/VCCI/VCAA1,d&,ICCI)
CALL MQQTj(VC9A#AAlvvFI&C:I
XLuXG
YLwYG
ZL wZG
CALL MT'RNLI-X,-Y,-ZPXLYL, ZL)
CALL A'RITX61/VCC/VCPXLPYL,?L)
CALL 410TZ(VCvAIPXLvYLvZL)
CALL m4,JTY(CC1,AA1.XlPYL#ZL)
CALL CCJMPO(NSLPPYPPZP, TPJ
CALL COIPL
RE TURN
END
SU8ktijiINi PlohT

C PRINTS OLT LIGHT SOLRCE DATA, DIRECT VIEW AND RFFLECTION POINTS
COjMNiLIGHT/XLPYLPZL
COMMON/FP/NSP#'XPP,7PPZPTP

WRI'TEI3,1000)XLPYLPZL
1OCO FOR?'AM(H ,ZX, 'LIGHT SErURCE 'IX. XL.', F 1.4, ?X. YL. ' F 10.'..?X, ZL.

IFMNP.LO.0)GOTO 5
WRITE( 3PI00I)NSPXPPYPZ~o1P
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1001 FORMAT( 1H ,2X, #UIPkCT V[WI 2Xv 13pZX,,( 3XpFIO4 I)
5 CONTINUE

I F(N S L .UEo *0 ) T(JRN
UO t~ 1a1,NSL

6 WPITE(3,1Co2)xS(IJ),XScrPYS(I),ZS( IhIR( 1),XR(I),YR(I),LR(IITR(l)

RE TURN
ENE)
SUJBRflTINE CLMPo(NSL, XP.vPZTP)

C COFPUTEF !NlL;CrPltUN lPdIIT Jf STk'AIGHT LINE PAY BLT~tEf PILCT ANO SOL
CC CNiC AN/iNTPNB,NCjNPt:AoNDt NV( IC)ItPXV 100OBIt F(V 100v 8 PPZV( ICL

0,8)
CUMMLNIL I GHTI XLP YLP ZL
COPfA(NlPILfTIXOY0. ZO
CO M r' N LI .E IA PS, P C 5,X :,Y 5, 15, .CBCCC
NS L sr(
TPa1.

QuSQI((L-X)**2(YL-YO)**2+(ZL-Z0)**2)
AS' (XL-XC)I/Q
BS' (YL-YC')/R
C Su ( IL-10 ) / 1
DO IC I1zlND
ISjK 'C
IFI IS.LE.NP)LALL INTEC(ISK, 1SvY~PpZP)
IFI( 15.F e NA )CALL INTE C ( I3IS 1,PP f,ZPI
IF(JS.GT.NP)CALL JNTCY(ISK. ISpXPYFpZP)
IF ( ISK.GT u )GE-TE 20

10 CONTINUE

20 CLINTINJE

IF (I IS.FO*NA )GVITU 30

CALL CrnhP(ANGIkTTT)
TPuTI-*TT
RETURN

30 CONTINUE
CAL L CI4P ( ANGP kTprTT
TIuTF*TT
GO Tr 10
END
SUIBRLUTINE CUMPL

C COPPUTE P41MAkY REFLECTli] PJI'iTS FOR SINGLC SOlURCE OF LIGHT

COMMUjN/NdJRM/AXN( 100) .AYN( 100),ALNI 100)

00)v,'A(10)#,iC( 10)
COMiMCNILINE/ASBSCSXSYS, ZSAC, BCCC

COM'!r'N/LI GHT/XL ,YLZL
COPMrjNIC(FF /NN AN (101 vSS (10 ) NSP XRR( 101PYRR( 10) tZRR( IC)

00O),ZRX(I0)pTFXI1C)
NSLmC
NSS0IC+1
DC; 20 ISBUMSSND
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IF(IIS.LE.NP)G01O 30
IF(II~GT*NP)GUTO 4.0
GO TC 20

30 CONTINUE
ACwAA4I ISJ
BCwAYN( IS)
CC.AZN( IS)
XSBPXV(JSpl 3

ZS&PIV( IS, 13

CALL INTPL(ISK,1!))
1F(ISI(.3A.O3GOlTO 20
CALL CLCMPIAN~G.RPTT)
00 32 Iu1,Nnl

IF I*ILQ.1S3GOTP 32
IF(IoLE.NFICALL INTEC(ISK, I.XR#YfkZR)
IFI 1.GTNP3CALL INTCY(ISKIAF,IZR)
IF(ISK.LE.O)G)TG 3k
IFfIe LF .tC IG0TJ ?0
IF ( IeEQ*dA)GOTU 3h
RX.AS*.AC~bS*BC+CS*CC
ASeAS-2.*RX*AC
BSmLS-?.'PX'IIC
CSmCS-2.4k K*CC
CALL COMP(ANGPO'TTT)

N a I. * I~ TI

WR ITE 3, iCOl) NSL, IS, SYS. '41,1, Y~p,#
1001 FOPMAT(2XI',,2X, I3,?X,3(Fl0.4,2'X),2),13,a,4(FlOo4,?X) 3

ISX(NtSL)ulS

YSNIISL)aYS
ZSA INSI.)uZS
IRX(tKSL ) -1

YX I(NSL I*X
ZiRX NSI 3 mZI

TP A (Nx )3a1
GO TP 2C

36 CON71NUL
CALL CLi'4P(A,,4RT#TT)
k ak * T

3? CONI I NIE
GOl TG 7'0

40 CONII.4LE
DO 4.11 ICG1,NCY
KPwNSCUIC)

t IF(NSP( ICKC) o'.J*IS3GJTC 42
GO TV 411

4.2 CONTINUE
CALL IRTCL(1CI
IF INS.GT.C)CALL IIOTS( IC. IS)
iF (Ns~u.EoiGuro 20 -k I
DO) 4'. 1Km10.5 iota TO~t
xiX k I K) Is olt~lot
YssUyR(IK)
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RLeSURT((XS-XL)**?.fYS-YL)**2.IZS-ZL)**21
AS. IXL-4S )/RL
85. (YL-YS )iRL
CS. a ZL-ZS )IIRIL
ROafXS-XC[ICJ)*AU(ICIvS-YCUC)*BEC4fZS-ZCICl*CE(IC)
AC a XC (IC I-XS~i0*AE(ICfl/RC(lC)
BC * IYC IIC l-YS+.0*Bf (IC))IRC(IC)
CCa ZC( IC )-ZS.RC*CE( IC) I/RC( [Cl
CALL CUMP(ANGsks11)
DO 4.3 Im104)
ISKaC
2Ff I.EQ.IS)GUTO 4.3
IF (IoLE.NP)CALL INTEC(ISKi 1PX.RYIkZk)
1Ff 1.GTNP)CALL INTCY(I IK*IpXRpYkZR'
1Ff ISK.L[*O)GOTO 43

45 CONTINUE
IFCI.LE.NC)GQTO 44
1Ff I.t3.NA)GUjT0 4b
Px.1is*'C+FS*Ba+CS*CC
ASu AS-2.**RX*AC
ESuIS-2.*RX*BC
CSsCS-2 .*RX*CC
CALL COMP(ANGPRT, TI
TuF<*TT
NSLaNSL*I

GOI TL 44
46 CONTINUE

CALL Ci0NPfANGtRTpTT)

43 CC? INUE
44 CGNtTINUE

GCJ TO 20
411 CO.NTINUE
20 CGNTINUE

RET U VN
ENE;~
SUBkOUTINF INTPLfISKPIS)

C COPPUTES PRIPMDRY REFLECTION~ POINT OF LIGHT GIVEN POSITlOK WITH PLANE G
C VERTEX AND SURFACE NURMIAL AND POSIT[U? , CI VIE6ER
C DETEkMINES IF KAY STRIKES CONVI-x SURFACf

C~4CNC AN NTp,N.PNA NO# V( 1001PX f100 8) PV(ICOP81#PZV( 100

COPF'LN/LlNE /AS. bSCS, XSYS, ZSAC, ECCC
CO)I'MCN/LIGHT/XLYL, ZI
COPMCN/PI LOT/XO, YOZO
QLatC*fXL-XS)+EiC*(YL-YS)*CC*f EL-iS)
OuAC*(XO-XS.+BCsIyo-ys)+CC*(ZO-ZS)
ALfa(jL/QC
IF(ALF .LT*.0.)RtTURN

C LIGHT SL1tRCE AND PILOT ON SAME SICE Of PANEL
RLOaSQRT(fXL-XoI**2+(YL-Yi))**2.fZL-lO)**2)
ALOufXO-XL) IRLO
8L Oaf YO-YL I/ LO
CLO*(ZD-ZL)/RLG
AV*ALF*PLC/ fl.iALF I
XEeXL+ALO*AV
YE uYLBLO*AV
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ZEaZI .CLC'*AV
PEaAC*IXE-XS).BL*IYE-YSIsCC.(ZI-Z$i

YSmyf-IbC*Rf
Zs6Z(-CC*PE

AS. (XL-XS )IRI
BSw(YL-YS I RI
CSw(?L-ZSJ/RIL
INst,V( IS)
CU 10 Ia1,IN
IC. 1st
IF(I91EO. IM Cml
AIDPXVI IS,! )-X0
81 .PYV( IS, I)-YO

Bl.PYv( ISflI)-YC
CA~mPV(14lSC)-.O

P2*YS-YO
P3a75-10
QuPl*(i3*CZ-B2*C1)-0*hI*CZ-C*AZ)sP3*(A*B.?-81*42)
IF . LT .C. )WETURN

C PAY STR~IKES SUWFACE LN Et-C13SED SIDE OF SURFACE EDGE
10 CONTINUE

C PAY STRD' 0 iNCLCStO SURF-ALL
Isgal
RE TURN
END
SUBRC:UTINE INTCL(IC)

C DETERMINE CfLINDRICAL QEFLECTI)N POINTS
CCM*L NIL ICHT/XLLPYL L, ZL
COQMCNlILOT/X0.Y0,Z0O
CUI'Mr(NICOFF INN, AK'( 10ICS( ICI.N S. XRR( 10).YRR(IO) ,ZRRIIO1)

comrNiPLAClXLvYL9ZLpXUY0.Z0
DATA NN/
XL. XLL
YLmYLLI
ZLmZII
CALL TRANCI ICpXIYI,?L)

YOR V 0

CALL TRANC(ICffXJY0oZ0)
R0Lm!WRT((XL-XO?.*?#(YL-YO)**?.IZL-ZOI)**?)

AN(llul O**2sZ0**?I**2-XO**2-LO,**
AN(2).-2.*IX0*XL.10*Z(-XO**Z-ZO**2)
AN(3)s-fXC**ZXL*W&2+ZO**24ZL*02-'q*XO*XL-4.*ZO*1IZ.*(XNO*?,O*0?)

AN(4)u-2.*IX0*XL4ZO*ZL-XL*$Z-ZL**21
ANI5).IXL**2+ZL**2)**Z-xL**2-ZL**2
CALL SPOLY
NsaO
DO 10 I11#10
AFeRCL/fCS4I )5k.)
ESOPT(IXO+CS(I)*XL)**Z.(Z0.CSII)*LL)**2)
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CEn(Z3*CS(J 1*ZL )IRE
YE *YL AF* AOL

YRuYE

ZRaCE
CALL StLN(ICvXksYRtZR)

YR UYE
ZRsa-CE
CALt SV1LN( IC#XivY #ZP)

10 CON T IPJE
RE T UP 1
E NO
SUBR(UT IN E S%3LN( IC# XR#YR ZR I

COIMLNlPLAC/XLpYL#ZLvy0vYOZ0
bkLuSQRT((XR-XL)**2+(YR-YL)**24(1I.-sL)**2)
RCaSCRI(IXF-XC)*s'(YR-YO)**2+IZR-Z0)**?)
gLnI1.-(XR*XL4ZR*ZL))/N.
Q0a(lI.-(XR*Xv+ZiR*ZO) ) FO
IF((L/Qo.L 1.0. JRETURN

IF(C.EQ.0.*RTU N
IF(CAP C C OL-QO) I).T.0.) RE TURN
NS*N~S+l
CALL IN4VC( ICXRYR, ZR)
9P (N3)vXR

YRR( NS) UYR

RE T Lie N
END
SUBRGIJTINE MTRNL EATYT#ZT*XPYPZ)

C TRANSLATION PY POSITIVE SCALARS
XsXiXT
'taY+YT
Z aZ +Z7T
RE TUIRN
END
SUBROjUTINE Mk0TX( tRvXt',Z)

C ROTA71ON ABOUT POSITIVE X-AXIS Of Y-AxIS IN POSITIVE DIRECTION
AXNA
oxu-6

YV*AX*Y-BX*l
ZVBL*Y+AX*Z
YUYV
znZv
RE TUR N
FND
SUBRUUTINE MRLTY(ABXPYPZ)

C ROTATION AbJUT POSITIVE Y-AXIS OF Z-AXIS IN CLOCKWISE DMjECTIOiN
AYvA
dY a-p
XVOAYOX#BY*Z
ZVNa-bY*EAY*Z
EaxV
zZv
RE TUE N
END
SUBROUTINE t4ROTZ CAoBXtY,1)
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C ROTATION A8'3tJT PDSIJIVL i-AXIS uF Y-AXIS It, (.LOCK'WISE DIRECTICN
AZ%

XVuAI*X-BZ*Y
YV V.3l SE AZ*Y

RE TURN
END
£i,[UT IN E MS5C A (A YsI

C PAGNIFICAT13N By~ PLSIT1V0 CALAR

ZwA*2
RETURN
END
5UBRUJUTINt TRA4C( IC#X#Y#Z)

C TPAt.SFEtP ItJTU C.YLINCk1CAL ul.UTIUN SPACE
COt*MCN/CYL/i'CYNC(1)NSP(10tO),EC(10)gVC(10)piC(IODAC(10RBC(I

00)iCC (10) ,gC(10)
CALL MTiRNL(-XCI IC).-YCIIChP-LC(IC),XYZ)
YCmSC~AT(tdC(IC)**2+CC(IC)**21
CALL MROTX( itI)VCCC( IC)/VCX,'V.ZI
CALL MR-lTZ(VCvAC(IC I.XpYpZ)
CALL MSCAL (1./C (IC)PX#YoZ)

END
SUBRFJT INE INVC4 IC. #Y#)

C INVERSE 7RANSIKJRM FV~tM CYLINflRICAL SULUTION SPACE
COMiMLNICYL/NCYNSCIIO)P,NSP(I1O,1),XCIIO),YC(10),ZC(UC),ACUO)IC(I

CALL M!SCALIRC (IC) ,XPYPZ)
VCo.SCRT()CICI**.c+CC(ICI**Z)
CALL MR0TZ(VC,-AC( C)#.PYpZ)
CALL 14R0TX(BC(ICI/VCs-CC( IC~iVCAYZ)
CALL MTkNLIXC IIC),YCtIC)IC( JCIXYiZI
RETURIN
END
SUB UUTINE SPOLY

C REAL RLN,1 TO PrJLYNOIMIAL EQUATION USING SYNTHLTIC DIVISIDN AND NEWTON'
C GRADIE14T METHflD. ASSUMPTION THAT NO CUMP'LEX R(OFS PkESLNT,

CM.DMESluN t'N(l0)

00 3L IultNN

XEm-AN(I)/AN(2)

41 XF*G.
GO TC 5

42 IF(ANC3D.E4.0*)(3lT0 43

CO TO 5
43 IFIAI4h*El*0*)GlTU 44

XE.(-AN(I J/AN44))**.33333
60 TC 5

44 Xcu(A4SlANI)Ahf5)))**.25
5 CONTINUE 4

- 46



DO 20 JulIP00

DO 10 Kvu1.N
L .N+1-K
tNIL)oAN(L)+XE*BN(L.1)
CeC*JIE+BN(L,1)

1C CONTINUE
IF (C.cQ.0.)GuTO 40
XROXL-FRNI 

I

GO TC 15
40 CONTINUE

XRu-10000 *
15 IF((XR.XE).EQO,)GOnr 20

IF(ABS( (xQ-A J/CXR+W(E ).LT..OOIIGDTO 22
XE uKR

20 CONiTINUgE
22 XS(I)RXE

ANIN~i )x4N(N,2)
DO 3C Jzl#N
LuN4 I-,J
ANIL )=BN( 141)

30 CONTINUE
RETLPN
END
SLW~ uT INE. IN S (I CPIS I

C DETERMINE wHETHER kLILECTEU RAY POINT IS *ITHIN ENLLOSED SURFACE ON
C CYLINDER

CUPMIONiCAN/N'TNtNCNPPNANDN4V(100),#XV100,8)PYV( 100#tHPZV(lCO

COGPtlCFFINNpANt10),CSI10),NSX$(lC),YS(lCIZS(1OI
COMPCN/PILrsTIXOYO ZO

YSSmYo

ZSSsZO
CALL T)YSCY(ICPXSSPYSSPZSS)

00 U1, IKzlpNS

YRRaYSC IK)

ZRRu7S IlK)
CALL TRSCY( ICPXRRPYRRZRR)
PlgxR'q-xss
P2uYkR-YSS
P3*2PR-ZSS
X1*Pyv( [s .)
YISPYV(IIS,!)
Z1'PZV(I 13,)
CALL 7RSCYIICPXl.YIPZ1I
AlaXl-XSS
B~uY1-YSS
C1Ull-ZSS
IFAJUNVI Is)
DO IC I1u1,IN

X2Lu v S I I

Y2aPYV(ISP1I 2
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CALL TRSCY( ICi XZY2,Z2)
A2*X?-XSS
B 2 a Y 2- Y S?

IF(OvLT.O.)GDTQ 20
C RAY STRI1KES SURFiACE ON ENCLOSED SIDE OF SUkFACE EDGE

Ala AZ
BINB2
C1'C2

10( CONTINIJk
C RAY STP IKFS ENCLO!E0 SUPFALE

ISK=ISK4l
XS(ISK(JuKS(1K )
YS4I!IK)wYS( 1K)

2c CUNIINUF
NSuIS'(
RETLII~N
END
SUBRUU11NE LNTCY(l5Kp1FpXkpYRpZR~)

C CO?'PUTES INTERSECTION POINT UF LVINE WITH CYLINDER
Ci~MNC AN/NTp oNC#PNANDNV 10) PXV( O,100,I #YV( 1,0pP)pPZVl 10C

05 ')
CO~fCNLNEAS8SC,P(5,YSZSACBCCC
CO(t4'I/CYL/N'CYNSC(IOhPNSP(10LOJXC(10).YC(10IZC(IC),OAE(I0),BL(I

§03 ,CL( 10) ,kC( 10)
C(Jff*N/IeILOT/zPpYP, iP

C DETERMINE CYLINDERICAL SU~RACE wHICH LUNVEX SU'~fACE IS A PART OF
DO 2 ImlNCY
,PuNsC (1)
CU 2 K*epX0
IF (NSP(INI .EQ.ISG0T0 5

2 CONTINUE
RETURN

5 CLDNTINUE
C DETERMINE IN7ERSECTIUIN POINT

XO*XC (L)
TYsc lI)
ZOSZC(1
RO*RC (I

AsAEp ( I I

CCUCE 11)
RCS.SQRTL LXS-Xj)**2#I YS-YO)**2,LZS-ZCI**2)
eocft(y5-y~3IRC's
C~cC (Zs-2c) /Rcs
A'AO*&.:.0 C*'IS+CO*CS

AlwASA*(CC) **2)
B268SA.3PRS-* I)*2

B2aIbO0*ROS-t6*I AOI**2j
63*C0I*RjS-d*( (CL )**2)
Au Al**Z+A 2**2iA 3* *2
86A1*d1.A?*62+A3*E3



C.Bl**?.+32**2*b3**2

AO-(~RTJ4*-A(-O*2)

RSsAB-88
IF ( P5.1 r.C. RS.A+
XRmXS+AS*WS
Zkol eCS*RS
YRoYS4BS*PS

L1 I zc~:o~k
AC 'CX -XR 3/Ru
BC' ('V -YR 3/RO
CC'(11-Zk 3/RU

C DETERMINES allETHER P~AY STRIKES ENCLOSEC, IRFACE

CALL lRSCr( L#XSS9Y. SvZSS)

YPP'YR

CALL TRSCY(IXk'kYR~pZXA

P2vYRRl-YS
P3*7iWk-7SS
X16PXv( IS.I
Y1'PYV( IS,1 3

CALL TRSCr( I#XA1,Yl#Z1)
Al 'X1-XSS
Bl'Yl-YSS
C Ia ZI- ZS S
INwNVI IS )
DV JC IlulIN

lcIC' 14
IF(II.EQ.IN3IC'1
X?SfXVIS,1CI
Y2oPYV( ISICI
l2wP7V( IStIC)
CALL TPSCY( lX2pYZ2)
A2-X?-XSS
P202r-YS
CZ22-ZsS
Qua.i*(B1*C2-R2*Cli-P?*(Al*C2-CI*A?3Ie3*(A1*B?-B1*A2)
IF(Q*LT*Os3RETU N

C PAY STPI1kS SLRFACE CN ENCLOSED SIDE r)I SURFACE EDGE
Al 'A2
81'Bi
ClwC2

1( CONTINUE
C RAY STRJKtS FKCLCUStC SURFACE

ISi('1
RETURN
END
SUBRUCTINE TRSCYiIXRpYR#Zk)

C CONVERTS CYLINiJRICAL Cr3URDINATES INrO) RECTANGULAR~ CCORDIN'ATES
CO4L*4/CYLINCYNSC(tOI.N4SPC10o.O),XC(IO),YC(10),ZCIIO)PAH1IO),8~(
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AN rn-N? L I') *CF( iICN

APw*tI U*CN-L)N*CE~fl
8Pw-lAf (1)*CN-AN*CE CI))
CPmAH II4BiN-AN*6ft C)

XysXcCI ),AF(I)*kL
YYmYC C I)+R I )*Rc

RsSCT(kP-k)**+Y-Y)**2+ZC-Z)9*2)

CCB ClI-77?1
A- A N*A A + bP* 88 + CN *CC

ANGuAOCS CA)
Qu *A1.P* As+Ci.*cC
IFCr..LT.C .)ANGv-ANG

ZRBR-RC I I
IkE TuF '

tNC

C DETERMINE IF RAY SHIIES CLINVEX SU~rACE

003vc C (10) PIC C 10)
Ca,'WU!NN,N041XNCiOo),AYNC100),AZH1OlC)
C0PrC~iLILNE /AS SoCSo XSPYS PZSP ACBCP CC
CK.AY"CCIS)*AS+AYNCIS)*BS+AZN(IS)*CS
IF(CK.GE.C.)RE~ukN

C RAY STPIKeFS SURFACE IN 'UTwAR0 U)IIRCTION

I

YRO S*S+Y )
7R*CS*S+?S
It'.NVi IS)I
DlO 10 IsIPIN

IFC1.F . IN) ICBI

s8apyvCISoI)-YS
CI aP 2VC ( ISo )-ZS

C2-P2VI TSPIC)-ZS
Ploxw-XS
P2@YR-YS
P3*ZP-ZS

IFIQ 0LTL0 *) RETUwiN
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C PAY STRIKES SURFACE (N FNCLD)Sfb SIDE OF SURFACE EDGE
10 CONTINUE

C RAY STRIKESt' EAkCLOtlu SuPfACE

BC --AYN (ISl
CCU-AZN( IS)
1SIsl
RE TURN
END
SUBRCUTIkE CDMP(ANGPPT#TT)

C COMPUTE! iNcirENCE A1 GtEv eVEFLECTANCEP AND 7kANSMITTANCE
C NATURAL LIGHT, ACOITION OF POLARIZATION COMPONtNTS IGNORED

COMMCNILINE I6SdSCS, X',YSZSACBCCC
C XN, INDEX~ OF REFRACTION, TXv IPTERNAL TRANSNITTANCE

CATt XN, TXX/1.*5, .C5/
7T-C.
Au AS *AC B*&tCLSC
IF (A.LT .0.) A-A
IF(AfS(A)9GTl.)AI.
A N GmAC[flS(CA)
ANGFz ASIN(SIN(ANG) IXF
CAsC CS(ANC)
SA-S IN CANG I
SIm-5.RT C )N**2-SA**?l

TO- (I.-RD )*C&/CGS CANC-P
CA -CC S(ANGP)
SABS INC ANP)
TX=EXP(-T)X/CA)
Sl-SCRI (XrN**2-5A*42)

TI-(l.-Rl)*CA/COS(ANGI
TIT Ir *T I *Tx/ I1. - CT* TX 34**2 3
RTaRL4RI*TT*TX
RE TURN
END

C COBRA MCCKUP FLAT PLATE CANCPY DATA, mC:)L 20i AHl-S HELICOPTER
C NO. VERTICES, AN4D SU~zFACvS-- ODlY# Clf-STRA1NT, AND TRANSPARENT

190 11 83 90 C c..
C NO. VERTICES PEIk SURFACE

4 4 4 4 4 4 4 4
4 4 4 4 4 4 4 4
4 4 4 6 6 4 4 4
4 6 6 4 4 4 4 4
4 4 4 4 4 4 4 4
4 4 4. 4 4 4 4 4
4 4 49 4 4 4 4 4
4 4 49 4 4 4 4 4
4 4 4 4 4 '4 4 4
4 4 49 4 4 4 4 4
4 4 4 4 4 5 5
5

C SURFACE VERTICES IN PCTATIUNAL nDER- ALL 1ST VEIRTICESP ALL 2ND, TC
4 4 1 5 3 12 9 9

13 211 17 16 15 22 1 c 22
24 19 25 2Q 29 3F 35 42
39 48 43 49 52 53 5b 60
57 64 61 65 7? 72 71 76
73 @ 0 77 '1 bi 1 82 b 3 89
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89 q(; 41 C7 q7 1L2 44 101
103 104 10" 111 111 II? 113 119
123 12l IMi 127 127 132 129 13q
135 137 140 143 145 145 143 154
153 153 151 I5 Ib3 167 171 IFO
181 1;0

3 p 1 7 I 10 10
14 1! 21 20 19 1q 22 25
23 24 26 34 30 37 36 41
40 47 44 )() 51 54 55 59
5E n3 b2 b6 67 71 70 75
74 79 ?e P5 1.2 b3 e4 93
90 o1 9? 102 98 101 100 1C7
104 10', 10) 115 112 113 114 122

124 lZC 125 130 131 133 133 140
136 141 141 147 146 149 144 151

.154 157 15? lbo 164 lbt 17i 179
18? Ia9

2 7 2 2 6 10 11 14
1c 22 22 21 20 26 23 28
28 27 27 33 31 36 37 40
41 46 4 51 5C 55 54 5E
59 62 63 67 66 6H 69 74
75 78 79 88 86 87 cb 9b
94 i 96 i9 99 100 101 110

lot l0cy Il0 IlE 11b 117 11P 1?6

1iC, 121 12 t 34 13? 19 134 136
142 142 137 150 150 148 148 15.
158 156 l5f 161 165 1b9 173 1Lh
Ib3 Ise

1 3 4 6 ? Q 12 13
9 1c 1e 17 1f 25 24 23
27 26 ?a 32 32 35 38 39
42 4, 4t 52 49 56 53 57
6C 61 u4 7? t5 67 6t 73
76 77 0 e4 b5 F6 e7 Q2
93 Q4 95 98 1U2 99 102 1C6
107 108 109 114 115 116 117 123
119 12 12? 131 1?8 1?8 130 135
13Q 1 3b 136 146 14q 144 147 158
157 152 155 1b It 170 174 177
184 107

C 0 0 0 0 u 0 0
C C c C 0 0 0
0 0 0 31 33 0 u 0
c 44 47 0 0 0 0 0
0 C 0 0 0 C 0 0
c I 0 0 0 0 0 0
0 C 0 0 0 0 0 C
C 0 0 0 0 0 0 0
0 C 0 0 0 u 0 0
0 Q 0 0 0 0 0 0
c 0 ( 0 0 0 175 176

185 186
0 0 G 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 30 34 0 0 0
0 43 4F c 0 0 C 0
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C X-P-]SITILN ALL VLQTICFz
-6. -6. 6. 6. -12. -12. 12. 12.

-17. 17. 13. -13. -15. 15. 2. 2.
-2. -2. 2. 2. -2. -2. -2. 2.
-2. 2. 2. -2. -1595 15.5 15.5 6.25
-6.25 -15.5 -10.907 -6.25 -4.969 -9.969 6o25 10.875
IlI.093 5.312 -16. 16. 15.313 5.375 -5.812 -16.093

-10.5 -10.5 -10.5 -10.5 10. 1C.5 10.5 10.5
15.5 14.938 15.063 15.063 -15.5 -14.906 -14.875 -14,875

-15.12t 15.125 15,425 15.F75 15.75 -15.75 -15.875 -15s4
13.5 l .032 15.032 13.5 -13.407 -15.032 -15.032 -13.407
13. 11.375 11.375 13. 11.75 10.125 10.125 11.75

-11.157 -12.7b2 -12.782 -11.1!7 -10.375 -12. -12. -10.37o
-13. 13. 13. 13. -13. -13. 11,75 10.125
10,125 11.75 14.344 11.719 11.719 13o344 -10o375 -12.

-17. -10.375 -11.782 -13.282 -13.282 -11.282 12.282 13.782
10.782 12.282 17.06? 15.562 17.25 15.75 -11.75 -13.25

-13.282 -11.78i -15.5t2 -16.782 -16.688 -17.25 12.282 12.2o2
12.282 12.2e? -12.282 -12.2S2 -12.2b2 -12.2b2 12,657 10.657
1C,657 1?.b57 14.375 12.375 12.375 14.375 -11.28? -13.2e2

-13.25 -11.?82 -12.375 -14.375 -14.375 -12.375 -11.157 11.375
10.125 -10.375 -1u.375 10.094 10.657 -11.282 -12.375 11.719
12.375 -11.313 13.5 15.032 17.0b2 13.625 12*157 -13.o4 7

-15o063 -16.7F2 -13.25 -12o657 13o75 17,25 16o262 16.063
14375 -13.282 -1(..b 6 -16s688 -15.9U7 -14.375 o

C Y-PO31TTCN ALL VErIES
22.7b8 ?2.788 dc.738 22.788 55.288 55.288 55.288 55.288
57,2dd 57,288 55.281 55028t 57.2db 57.26t 57.78F 57.78t
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57.78F 57.7b 07.28h b7.2t4- 67.20b 7.2 73.1o8 73.188
07.2h 67.288 73.188 73.18 92.7,td 92781, 95.268 ICI.7 bd

101o788 .?8h 98.405 101.788 101.843 99.843 101.788 98.249
99,78 iuI.874 110.788 110.78d 110.25 IIC.062 110.28 110,71
104.788b 110.o63 L0'w.lbe 107.766 104.7tt 110.6b3 109o.7bb 107.788.
133.038' 154,.1it 141. 655 135.594 133.038 154.030 14e1o5 135.46e
59.158 59.158 152 908 154.a58 151s408 151.408 154.bb 152s908
57.56? 59.975 bl.475 59006? 57,343 59.975 61.475 5d.843
57.187 57.167 5 1.18? 57. 187 72.218 7201 72.21b f2.2l1
56o537 '#.! 37 5c.537 !)b.537 72.21b 72.210 72.218 72.218
71.375 71.4t6 7?.21? .73*216 73.!o2 72.21 72.218 72.218
72.?18 7?.914 11C.?1$ 110.21b 110.21 I 0.21d 72.218 7?Zlb
72.218 7e.?1ti 1,4 If .2 110.218 110.218 110.?18 108.C3 108.03

110.468 1 10.46, Qt.437 98.437 101.*155 101Is15'j 106.312 106.312
109.11)b 1uO.150 4e.437 46.2le 101.343 101.155 106.24 108.28
110.218 LIO.?It' 104.2S 108.28 IIU.218 108.28 108.028 Ie8.6
108.28 104.28 I)3.28 153.28 153.28 153.28 108.312 108.312
108.312 Lcj.312 IIL.b55 110.b54 llC655 110.65t 5t.937 57.187
71.46b 71.375 73.21, 73.218 10b.2e lJo.312 110.655 110.21P

153.2t 153.12" 596062 61.315 9@,37 lOb,03 73.21b 5b,643
61.3L? 98.?18 I0t.31? 73.25 108.937 l).155 154.28 155.218

152.28 lOq.156 101.343 155.375 15t.875 153.25
C Z-FfSITIN ALL VfRT1rES

66.446 45,446' 45.4.! oe.44c. 7l.?~'8 45.446 45.44LS 71.2ho
61.44h 61o946 If.44t, ?e,446 45.446 45.446 b8.946 64.Q46
64.94t bb.S.4b 7t6.49b 14.44f: 74.446 70.446 78.446 78.44b
71.44 71.44h fi.44( 71.44t 69.446 69.44b 7',446 84.9it'

84.946 75.446 79.718 79.94t 83.343 83.?sO 74.946 79.5v3
83.687 '3.34t 7V.57o 7'i.57t 79.43o Un.562 b.437 7d.437
77.57t ?40.C76 1,3.57t) n3.57b 77.576 -0.06 k3.576 83.576
83.07! 17.)b? j7.17 44.437 83.C76 47.b? 87.187 84.468

70.821 70.t?! !sLY.I?l 94.696 104.94t 104.94b 94.696 89.3Z1
77.15' bo.275 8t.275 ?7.1)6 77.25 86. bb. 77.25
76.25 7c.25 7-t.25 74.25 92.17 42.187 40.187 40.17
76.0c3 7b.043 14.093 74.093 92.562 92.562 90.562 90.5b2
91.312 91.c25 9?.187 92.812 92.5t2 92.187 92.187 92.187
90.1I7 90.167 105.966 105.968 103.968 103,908 9k.562 92.5*2
9C.562 90.5bz 1u5.956 105.96t 103.9bt 113.9t4 I05.dl2 105.612
105.812 105O.12 75.237 75.237 76.C0'7 7b.U7 1C4.032 104.937
1051UI? 105,812 75.?37 75.087 75.617 76.087 103.812 105.812
105.812 103.e12 103.812 105.812 105.812 105.812 105.812 1U5.812
103.812 103.el2 1C5.90 105.9Co 103.90c 103.906 105.718 105.71b
103.718 I3.718 lob. lob. 104. 104, 7e.093 76.2:
91.625 9i.3l? 4,.562 qz.oI ICS.?12 105,71" l0t. 105.96r

10.s9C 1cT.718 ?7.lst1 6b.375 75.1437 102.937 qC.1$7 75.25
6t,062 75.187 102.937 90.437 103.906 76.187 68.343 93.75
IC4.0b2 Ij3.HL2 75.937 88.812 93.906 104.12 •

C CYLINCRIC iL OATA

C PILCT-EYF $flSIT10N
0. 138.968 95.40b

C POCKUP pK1TlrlN ANP LRIEtTATIN OlN TE$1 fLnLR
0, ?4.75 -30.586

0. -1. 0.
0. c. I.

28

48. -IC0.44 3 .
60. -bo4 4 369
36s -76.44 12,
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7?2 -4044 46.

84. -40.44 24.

36. -?8,44 12.

48. -?8.44 24.

36. -4,43 36.

72. 7.57 48.

12, q.57 1?"

3b. 3L.57 48.

60. 31.57 24.

12. 43.57 48.

24s 43,57 36,

60. 43.57 4E.

60o -52 . 12.

36. -40.4 12.

36. -28,4 12.

24. 7,56 12.

36. 7.56 36.

60o 43.57 24.

48. -88.44 8*

72. -64.4 4F.

72. -4,43 48.

12. 31.56 24.

64. -lO0.o4 12.

60. -52.4 48.

72. -16.4 36.

55


