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TEST PROCEDURE FOR RETROREFLECTANCE MEASUREMENTS

I. INTRODUCTION
1. Purpose. The intended purpose of this report is to:

a. Present a nonpermanent retroreflectance test system capable of per-
forming in a standard, darkened laboratory room.

b.  Discuss the system’s sensitivity and reproducibility.
¢.  Discuss the test method in regard to appropriate revision of specifications.
2.  Scope. The data were obtained with various combinations of:
Sixteen retroreflectance panels.
One white painted reference panel.
Twelve incident angles.

Five divergent angles.
e.  Three sample-to-receptor (S-R) distances.

e o

The raw data of each combination were computer processed to provide out-
put data relative to the white reflectance standard, barium sulphate (BaS04). These
resultant data were combined appropriately and computer processed to analyze the
combinations of variables of the nonfolded measurements to the folded measurements
and folded-to-folded measurements, with other variables constant.

3. Background. Certain signs, markers, highway and airfield runway markings,
etc., have a specific reflective property built into the item. This property, termed
“retroreflectance,” reflects the source beam back toward the source with some varying
amount of dispersion but with a higher intensity in particular areas than does a diffuse
reflecting surface.

Test methods and specifications TT-P-87, *‘Paint; Traffic, Premixed Reflect-
orized,” L-S-300, ““Sheeting and Tape, Reflective; Nonexposed I.ens, Adhesive Back-
ing,” TT-C-001060, “*Coating Compound, Reflective,” and MIL-S-2580, “‘Sign Boards,
Blank (For Temporary Outdoor Signs),” require the sample-to-receptor distances of up
to 50 feet. These extreme test distances are not readily available.

This report covers:
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a.  Measuring the retroreflectance of the samples in the normal method.
b.  Measuring the retroreflectance of the samples with the light beam folded.
c.  Results.

d.  Analyses of the data.

¢.  Discussion.

I1. INVESTIGATION

4. Approach to the Problem. Current retroreflectance test methods require test
distances in excess of the dimensions of a normal laboratory room. A method of fold-
ing the optical path was devised and is presented here. The system was constructed
and test data were obtained. The data consist of the results of combining a series of
16 samples, 3 sample-to-receptor distances, 12 incident angles, and 4 divergent angles
during the folded and nonfolded retroreflectance measurements. These results are
evaluated and show that the folded system can be used effectively, provided adequate
controls for the mounting of the retroreflectance equipment are established.

5. Samples. The retroreflective samples consisted of eleven colored “flat top”
panels (i.e., a smooth plastic surface over the beads) and five panels with exposed
beaded surfaces. All the samples were on aluminum panels.

A panel painted with a white diffuse reflecting paint (reference panel) was
measured with each set. The diffuse spectrophotometric reflectance, as determined on
a General Electric recording spectrophotometer, was 90.9 percent relative to a cali-
brated barium sulphate standard. The samples were labelled as in Table 1.

6. Equipment. The following items were used:

a. The light detection system was a Pritchard “Spectra” Model 1980
photometer. This instrument is equipped with a photopic correction filter (see Table 2),
neutral density filters, and apertures. The total accuracy is 4 percent or +2 units of
full scale, whichever is larger. The photometer was also equipped with an automatic
compensation system so that as the apertures, the neutral density filters, or the ranges
were changed, the readings remained relative.

b.  The light source was a Bell & Howell (B&H) 16-mm sound projector
with the film transport and sound device removed. The 750-watt lamp was operated
at a color temperature of approximately 2854 K, as determined with a Gamma Scienti-
fic (GS) Model 3000 recording spectroradiometer and a GS Model 220 standard lamp
source. The spectral distribution of the source with a color temperature of 2854 K
was measured and recorded. The 750-watt projection lamp voltage was adjusted and
the spectral illuminance measured until the curve approximated the curve of the source

(]
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Table 1. Sample Labels
‘ ’. Sample No. Identification Area (ft?) |
b ; W/BD 0.9948
‘ 2 W/FT 0.8485
3 W/FT 0.547
4 S/FT 0.547
5 OFW/FT 0.521
6 B/FT 0.547
7 GR/FT 0.547
‘ 8 GO/FT 0.547
| 9 Y/FT 0.547
10 O/FT 0.521
‘ 11 OR/FT 0.547
| 12 DR/FT 0.521
: 13 Y/Bd 0.9841
14 Y/Bd 0.9581
15 0/Bd 0.780
16 3M R-R Panel 1.0
NOTE: The sample identification coding is as follows:

(1) Letters before the slash: W—white, S—silver, OFW—off-white, B—blue, GR-green, GO—gold, Y —yellow,
O—orange, OR —orange-red, DR —dark red.

(2) Letters after the slash: “Bd"—beaded, “FT”—flat-top.
(3) The “3M R-R panel” is a 3M Company material on a 12-inch aluminum panel.

lamp which had been measured previously (Figure 1).

c.  First surface mirrors (10- by 14-inch, 16- by 16-inch, and 20- by
24-inch) were used to fold the light beam.

AT U

d. Tripods and fabricated mirror holders were used to hold and support
the mirrors so adjustments could be obtained in all axes. :

e. The sample holder was one that had been designed and fabricated i ‘
previously for prior retroreflectance measurements. It had a protractor for sample
alignment, was selsyn-operated, and used a long cable for the remote operation.

f.  Two small first-surface mirrors were cemented to the sample holder at
the center of rotation and at an angle of approximately 45 degrees to the 90° position
of the sample. These mirrors reflected small spots of light onto the wall or incident
angle index panel (later called “index panel™) to assist in adjusting the incident angles.




o, The index panel was used to mark the 88- to 70-degree incident angles.

Table 2. Speetral Response Calibration
Phototopic (y) Filter

Senal No. 168 Date 2-5-73
Wavelength True y Measured 7
(nm) (‘c) %)
380 0.00 *
390 0.01 X .
100 0.04 0 |
410 0.12 0.3
120 0.140 0.6
430 1.16 1.2
410 2.30 2.1
450 3.80 3.6
460 6.00 5.5
170 9.10 9.4
180 13.90 15.5
490 20.80 26.3
500 32.30 40.0
510 50.30 57.0
520 71.00 71.4
530 86.20 87.0
340 95.40 97.0
550 99.50 100.0
260 99.50 99.2
370 95.20 95.2
580 87.00 88.1
590 75.70 77.0
600 63.10 ST
610 50.30 38.3
620 38.10 2012
630 26.50 17.3
640 17.50 123
650 10.70 8.5
660 6.10 58
670 3.20 38
680 1.70 2.6
690 0.82 oolt
700 0.41 1.1
710 0.21 0.7
720 0.10 0.5
730 0.05 0.3
i 740 0.02 0.2
| 750 0.01 0.1
* Measurements started at 400 nm
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Figure 1. Color temperature: 750-watt B&H lamp vs. GS 2854 K standard lamp.




7. Retroreflectance Methods. Figures 2 and 3 are diagrams for the retrore-
flectance system used to obtain data for the conventional (nonfolded) method, and
Figures 4 and 5 are for the folded method. The light source and the receptor were
placed adjacent to each other but were scparated by that distance required for each
sample-to-receptor and for cach divergent angle, as in Table 3.

Table 3. Placement of Light Source and Receptor

Source-to-Receptor Distance (in Inches)

Sample-to-Receptor Distance Divergent Angles (degrees)

(S-R) (feet) 0.5 0.7 1.33 2.0 5.0
15 * * 4-3/16 6-9/32  15-3/4
28.65%* * 4.3/16 8 12 *

50 5-1/4 * 13-15/16 * .

* Not within bounds of equipment
** At 28.65 feet, each inch of source-to-receptor distance is 10 minutes of are,

. The sample in the holder and the receptor were placed so that:
(1) Their spacing was as shown in Table 3.

(2) An imaginary line between the sample and the receptor was
parallel to the wall or index panel. The sample holder was leveled at the source height.
A 45° prism with a vertical line was aligned in the center of the sample holder. The
sample holder was aligned to the source beam (90° incident angle).

b. The spots of light formed by light reflected off the small mirror (spot
“T7) and off the prism (spot “R”) onto the wall or index panel were marked (Figures
4and 5). The distance between the spots was measured and labelled “P.”

c. The distance “Q” (Figure 3), from the sample surface to the wall or

panel, at 90° incident angle, was measured and recorded for use in the following
formula:

04 = tan™' P/Q

90 equals that angle (RST, Figure 3) formed from prism spot (R) to the sample
holder (S) then to the mirror spot (T).

X = Q tan [2(90° - 0 -.5040)] + P

I e e
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Figure 3. Conventional (not folded) system.
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where: X = distance from the spot reflected by the mirror at T (see Figure 3) to each
incident angle of 6 (88, 85, 80, 75, and 70 degrees).

d. The single-folded-beam method was used for distances of 15 and 28.65
feet (Figure 4). The double-folded-beam method was used for the 50-foot distance
(Figure 5).

e.  The folded-beam systems required that:
(1) The source be levelled.

(2) The mirrors be placed correctly and the height adjusted, plumbed,
and angled correctly.

(3) The sample holder be located the correct distanee from the recep-
tor and be plumbed, levelled, and height-adjusted.

(4) The incident angle index panel be placed parallel to the light beam
that falls on the sample and the height adjusted so the light spot impinges on the index
panel for all the incident angles.

8. Alignment of the System. The system was aligned as follows:
a.  The components of the system were placed in their respective positions.

b.  The souree was turned on and angled to projeet the beam onto the
sample.

¢.  The mirrors, sample holder, and source were moved and/or adjusted
until:

(1) The source-to-receptor distance was correet.

(2) The sample-to-receptor distance was correct.

(3) The index panel was in the correct position.

(4) The light beam was on the sample, and the receptor was viewing
the sample.

d.  The index panel was aligned parailel to the light beam of the last mirror
to the sample. A cord was aligned eentrally with the light beam and attached from the
last mirror to the sample holder to facilitate alignment of the index panel parallel to
the light beam. During this alignment, the spot of light from the mirror on the sample
holder must remain on the index panel for all of the 70 to 88 degree angles.
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Figure 4. Single-folded system.
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1. RESULTS

9. Data Results. The following data were obtained:

a.  The data of eleven folded-beam methods and eight nonfolded methods
are shown in Table 4.

Table 4. Test Data Obtained

Sample-to-Receptor

Distances Divergent Angles Folded Nonfolded
(feet) (degrees) Date Background Date Background
15.0 1.33 26 May 73 0.0 17 Apr73 0.0
15.0 2.0 17 Jan 74 0.0 18 Apr73 0.0
15.0 20 Apr 73 0.0
15.0 50 19 Feb 74 0.0 2 May 73 0.0
28.65 0.7 4 Dec 73* 0.0 31 Mar 73 1.1
28.65 0.7 9 Jan 74 0.0646
28.65 1.33 6 Jun73 0.034 3 Apr73 1.28
28.65 1.33 10 Jan 74 0.0503
28.65 2.0 1Jun73 0.0 15 Apr 73 0.0253

50.0 0.5 6 ieb 74 0.0161 6 May 73 0.0081
50.0 1.3 10 Feb 74 0.0 5 May 73 0.0

* Sample No. 5 of this group was absent; therefore, only 15 samples were used in the analysis with this set.
Backgrounds of 0.0 resulted because on these data, apertures were used which eliminated the background.

b.  The combinations of data analyzed are shown in Table 5.

¢.  As noted in Table 5, each date in columns A and B represents 192
individual pieces of data, except for those marked with an asterisk (*) which contain
180. This gives a total of 5,688 pieces of data. The percentage of error between cach
compared data was calculated and tabulated.

d. In Tables 6 through 20 (Data Sheets), the Brightness Ratios are values
computed from test data and reflect ratios of the samples to barium sulphate (BaSO,)

Standard;

Brightness Ratio =

Sample Reading
_\Sample Area, ft?

) - Background

Paint Standard Reading - Background

Paint Standard Reflectance (.909)

12
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Table 5. Combinations of Test Data

Test Distance Divergent Angle Data Data

(feet) (degrees) A B

15.0 1.33 26 May 73 17 Apr 73
15.0 2.0 17 Jan 74 18 Apr 73
15.0 2.0 Apr 73 17 Jan 74
15.0 2.0 Apr 73 18 Apr 73
15.0 5.0 19 Feb 74 2 May 73
28.65 0.7 4 Dec 73* 31 Mar 73*
28.65 0.7 4 Dec 73* 9 Jan 74*
28.65 0.7 9 Jan 74 31 Mar 73
28.65 0.7 9 Jan 74* 31 Mar 73*
28.65 1.33 6 Jun 73 3 Apr 73
28.65 1.33 6 Jun 73 10 Jan 74
28.65 1.33 10 Jan 74 3 Apr73
28.65 2.0 1 Jun 73 15 Apr 73
50.0 0.5 6 Feb 74 6 May 73
50.0 1.33 10 Feb 74 5 May 73

* All dates marked with an asterisk contain 180 pieces of data; all others contain 192,

following:

c.

g.

Data were tabulated:

(1)
(2)
(3)
4)
(5)

For the grand mean.

For the standard deviation (Std dev).

For the mean and deviation by incident angles.

For the mean and deviation by sample.

By six error groups.

The data and data analyscs are in Tables 6 through Table 20.

Table 21 is a compilation of the analysis data and includes the

(1) Overall mean,

(2) Overall standard deviation.
(3) Percentage of analyzed data pairs with values within 2 percent,
within 10 percent, and within 20 percent.
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Table 6. Data and Analysis — 26 May 73/17 Apr 73
BRIGHTNESS RATIO
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Table 6. Data and Analysis ~ 26 May 73/17 Apr 73 (cont’d)
ANALYSIS

£ (LDED 15 FEET 1~1/3 DEGREE DIVERGENT ANGLE (26MAY73)
15 FEET 1-1/3 DEGREE DIVERGENT ANGLE  (17APR73)
' INCIDLIT WIGLE
f ) 1
-4 | 16| 20| 3@, 4 ' S50 | 6@ % | 15. g0 85 % €8

1. 2e9) "0el| Qe@ -4e8 ~2.48 =142 =119 =165 5.29 4.91 9.29 24.85
2 =2.4 =249 =15 =¢5 2.56 13 -~.27 1.98 5.37 5.56 6.79 317
3 4.3 -5.7 -3, «3 Be17 15.43 22405 22413 22455 1963 14.53 20.77
4 308l 1eT| o9 =1ef =400 =5.98 =T.2E -2.12 =2.73 2472 2.8T 7.55
S =603 ~Be2 ~5¢6 -6¢9 ~BeS52-10e5A=1101G=19063-13:21~12424-16.82-22.86
6 =9¢1 =643 =6¢3 =9+/4 ~5.73 =5.42 =d4ellt 2.56 000 =T.14 20.00-42.86
T =3¢3 =48] 4.8 =33 'l'ulv '20_23 -3.10 =4e 44 “Te65 =Te69 =7:69=2557
8 =6+7 =742 =745 =643 ~Ael4 =4eTT =BoTi =2033 ~5.68 =T7.56-1277-50. 60
9 =25 =4el4) =3.8 =2.1 ~1.46 =3.95 =495 =.65 =2.91 =5.26 @e8-35.71
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Table 7. Data and Analysis — 17 Jan 74/18 Apr 73
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Table 7. Data and Analysis — 17 Jan 74/18 Apr 73 (cont’d)
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Table 8. Data and Analysis — Apr 73/17 Jan 74 (cont'd)
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Table 9. Data and Analysis — Apr 73/18 Apr 73
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Table 9. Data and Analysis — Apr 73/18 Apr 73 (cont’d)
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Tabie 10. Data and Analysis — 19 Feb 74/2 May 73

BRIGHTNESS RATIO
FOLDE D “i% EEET 5 DIG6RLT UIVERGENT AMGLE (19FF374)
INCTCOENT ANGLE
-- 1) 2y 39 +" 5Y 6! 76 75 80 85 88
~ 393 9.l 3.7 5.8 _,_4 88 3491 3,77 Sa40 3442 2,76 2436 2434
< 943 S b “eo s S5.8¢L 7071 601‘* Dell SebL7 LeHR 2 25 1.13
& Bl Eog g i.Q 2 3 ?
4 Y942 942 942 9.5 9,73 11,56 14,11 13,14 10,53 €.,86 3,08 1,26
By _j__»u _‘..LL Q__'JQ_ & z. 9 2.25 ‘.79 ‘?.6\. &.22 .9(.! 1.50 .53
(5] 3 o< S e o bl o 34 21 16 s 11 12 23
To e Wlg2 - Ay 145 1,387 1,38 1,36 1,2t 1,10 282 245 +31
o) el el ebg Se 3,17 342" 2492 2485 1.98 10‘02 72 o7
<93 L4 & 245 Z2e B Fayurd 2,0 LS 3
it Lol 3 1.7 Cod e 55 2,353 1, 8«4 1,¢2¢% « 95 B4 o34 « 28
Y 1.2 2. 352 Vg2 4,21 118 288 4Bk abB 236 224  ,29
12 «? o 3 « 2 «9F 83 b1 obh o 30 o2l «18 26
o 1.5 1, % 1,3 137 1,50 1,48 1,2¢ 1,"¢ +89 ¢80 o 72 276
14 1.7 y 1,5 p 1,31 1.18 1,3¢ W87 76 «66 -1 56
1‘ LL, lJ' 41"" .1 .ib Lai IZL‘¥.67 -6“ -59 ‘_55 .Ss
1 €2 € ot 20 Cio ik 241 2,53 Z2oLB 2.6° 2,74 2484 2.89 2,88
rg
3L T 5 DTGRES OIVERGENT ANGLE (2MAY73)
INCINONT ANGLF
- 1! 24 & CS Sk e o T4 83 85 L1}
_ 1 Seb 54k 304 Se=__Seu¢ 3,53 3,39 .Uk 2,76 2,41 2,138 2018
¢ S48 347 B3 k2 AL,BH 589 588 5489 5,32 ny.u2 2,02 «97
] 4) TR Ly 15 '-711! "/1'—‘2 r(.c'i 450““ 20’1 1.\‘7 061 LZS
 Bes  HBg* Be 9,5 0,04 17430 15,29 1241¢ Q5% pe15 2.82 1,15
= v 247 ";t" fls «11 e SL 5.22 LeRc 0.73 2.51 1.26 «58
o o .« - ot (g o‘-’z 538 039 W ZF 019 012 0"‘) .E'S
7 les 1= 1,4 1, 1.F1 1,74 1,40 1,5¢ 1,23 «91 b5 19
8 e < 247 o ? Ce9% 247 Cokr8 ceel 1.80 102‘0‘. « 60 «26
a_ 7Z:3 of 243 Pe0 2.0d 2518 1,69 1.U5 28€ 053 29 14
1. les le~ 10-‘ 1,5 1-0')1 1"?" 10“5 1!'“‘ 075 |‘0q .2‘0 .10
11 09 0(. ‘Q .'1_— !_Q_g .52 c"f .'-'! 037 .46 JJ-L .07
1¢ o) '3 o3 D ek «59 bbb 51 o 26 16 o8 03
S ke Rek L7 1S 1e57 141 1,10 Q0 « 87 73 66 70
14 1.5 L™ 1."4 1.‘ 1.{' 1.1" .97 .ql 073 .6[ QSZ .55
is 3 o 23 o3 o8k 081 P LY 263 059 256 52
16 2l 241 2,0 148 2,08 2,82 2,42 258 2,65 2.8 2,79 3,05
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Table 10. Data and Analysis — 19 Feb 74/2 May 73 (cont’d)
ANALYSIS

FOLDED 15 FEFT & D_GRic DIVC2GSNT ANGLE  (1aFF374)
19 FEET 2 JIGITE DTVERGENT ANGLE (244Y77)

Sl SR et s st e RN TRENTCANGIES L B e s L

| r~11*4_434 83 ¥ uu | 88 (X FE L T8 1 RE 45 88
1 543 5.3] 848] 12,3 11,64 1,70 11,21] 11,3¢] 13,% /12,59 13,44 11,43
2l ¢l ¢,7] 5,3 u, T 5,94 5,6 Su5¢] 2,82] 5,860 11,33 16,49
S| 1L, 7% R,2 Q4 of ReBY 17,02 174Fg| 2le8L| 25497 |24429 29,51 S6. "0
_ 4] 9e3] ©42] 9.3] H.1 8,1 2437 6017| 8,42 1C,38[11,5 9,2 : 3
5| 12.7[ 143 10,3 aut] 9.5¢ 5.59] 9.16] 9.9¢] 13,14]15,54] 10,35 43,10
EFc5e 25, F25,0] Uy 17,8127 (75k12,82m19,23R15,79]-8,331,0,06€6,67
h1ec3f1a, 8| =7.1fk1s, 4 =g, 27F11.59 “Q.4lP13,t7P10,57(=9,39 2,17 62,16
2621 Za2) Zaal 7e 7,280 17,564 s,96l 3,3ul1°,00134,52 23,3 67,77
9 8.7 Se7| Be?| Ref 1158 12453 Re81 7ekc| ?.5C0] 9.43f 31.,73059,00
1G] 21,4] 21,41 21,61 25,0 24,8 27483 26 49L) 3% 25.&3 37,51 +1.,67067,G8
11] 55,38 55,9] $3.3] $3. 4 55.96] s5w.15] 35,33 23,82 29,73[3¢.77] 71.63B1u,. 29
12 GuUod] aigi | 60T Bty ] 63,30] $7453] 38,86 33,711 41,6750, 0 125,90 66.67
18] gl o] 563 Celf 1.27] 13| 2.52] 3.U5| 2.37( 9459] 3479 8.57
161 15,3 15,31 16,31 2,71 9,17] ~,271 7,22 Z,631)] u4,13)1°,3C115,33/13,79
150 11.1] 11,3f 21,1 v, c.se] o tr] .l aeur] t.5a] 0,00 3.57] 5.77
1¢ Le8 “ef Jo? e Cosw e3 2ola? 2473 3,47 5,19 3,58| =6,57
GRAND MZaNnz= (<Z8,.4 3T0 Dv= 78458
MZAN DTV 1AM NEy MEAN DTV
- Be 85 15,48 1o Re54 15445 27 1L,75 17,39
89 dlenl 14487 0 40 1.,22 15,38 5y 8479 15,¢1
6u Qe74 13,79 79 .56 14,94 76 1l 46 14,93
B4 13,73 15,1" 35 31,35 36,61 88 149,71 235,38
T MEAN . DEV AN AEY MEAN  NEV
1 17,75 2462 2 Holk Gol7 3 22,42 24,45
4 8,57 1.61 5 14,71 9,79 6 49,79 .197,.29
7 =347 21433 3 15484 27,79 9 22473 40,59
1U 37,55 3588 11 50,53 A%,Qr 12 111,27 207,79
19 Sebe  34R7 14 1,25 Seft 15 3,89  4,7C
16 24453 3,36
LESS THAN 2% 7429%
B ot SR 3,977 e
- ot L PO E SR B 1T o L RS RN Loy S CR g L i Ol T 15 ok
10=15% 13,237
15=¢07 _4e 5%

GREATZR THAN €07 27,13%




Table 11. Data and Analysis — 4 Dec 73/31 Mar 73

BRIGHTNESS RATIO

o7 JcGPLT NIVLKGTNCE ANGLF (LNECT 3

FCLOTO 28,75 FEIT

INCIDINT ANGL*®

-l 1 271 2 [N 5" e [4¢4 7% (1Y 85 88

1 1643 15,1 13,5 135,¢ 13,83 13,98 12,56 9,85 72,32 4,55 2,25 1,15
€ 3541 S4e? $442 3349 351,06 23,02 25,09 13,5€ 13,44 7,49 2,22 «78
S QLe3 33949 53,7 36,9 $7,19 $1,87 14,70 5,49 3,13 1,67 1,17 2,20
L 51e3 57,5 F7,5 5¢e4 45470 37,03 18,86 9,40 5,69 3,05 1,66 2,64
D D93 Sef Sl wg7 Sg5u. 2,05 A6z | 83 bk o1 o 77 2,21
6 e 9¢2 9e1l Yl BRAT7T 7,02 5,20 3,33 2,30 1,50 1,04 2,22
el

3847 3%4¢ 3543 $14°% loel$ 13,55 11432 5,49 7,30 1,78 1,35 2,08
3 3342 3749 3Le5 2745 17,2, 3442 4,12 1,91 1,27 «39 e32 2,19
.9 ZBs3 28, 26941 22,2 12,73 3476 Ly 36 2e1L 1,39 1,03 1,79 2,58
1u 1762 15,2 14,2 11,6 8,31 5,0 2,77 1,35 93 LY «83 2,20
211 1643 1eg7 18,5 1141 7,58 441" 2Z,lg 1,W¢ 223 P11 298 24,87
1¢ Led “e > “03 Se 3 3,38 2.33 2.“' 1.87 1.59 1.“) 1.(9 1.10
A3 B8 343 3.0 2a5 2,26 2,24 2.2y 1.86 1511 1423 1,11 1.12
n 247 Zaf 25 Ca3 2,072 1,74 1,52 1426 1,12 1,11 1,21 1.62
15 20,5 20,31 47,2 16,4 12,04 17,37 GaG¥ 9,07 8,29 2,20 44758 2,67

29405 FL:T o7 DIVERGENT AMGLE (81 MAR 73)

INCIDCNT ANGLT

-t 15 29 Sy 4 54U 50U 48 75 8" 35 88

1 1263 18¢C 1bet 13,h 13,79 13,01 12,8L  94RZ 7,06 4e51 2429 1,18
€ 39¢3 el Llel 3Ce5 35,17 S1,4F 26,71 13,1 12,%9¢ 7+22 1,98 87
S 072 5847 €%e9 53847 43,728 S1¢52 1Lt 5,1. 2,837 1,4% 256 281
b B5¢l 5357 Haelb HEen 43,71 29494 17,34 3."! Le?7 2,58 «99 « 87

Do kel UeB Le2 2,35 1,53 o 7€ Y 4 Y4y 31 68

e 4 Y1 a,1 53 791t 5e20Q woul 2e59 1,74 34 51 «75
4303 whei w25 8Fe5 €0.¢3 27,33 12,15 5,47 3,41 1,68 032 « 80 )
“€e3 4e® L4143 3141 18,39 9415 4,24 1,48 1,21 o780 49 77 3
3243 3343 ét;l_ﬁ?; 1845 1--19 LeB3 242¢ 1.“- .5” 56 297 :
1C 2063 2ueir 18e3 Lee? Gede 5452 2,90 1426 <83 ¢80 o83 72
11 1942 15,5 17,5 1845  8e42  4e4t 241 095 e84 4t 52  1.3¢ ;

|
w(xmLﬂm

1< JO; ?o‘ 4.‘ L.? 3.;7 Sohi ?.FL 1.03 1.67 1.“1 1.27 1.05
18 Je¢5 Je3 348 2e? 2482 2,21 2422 1479 1,56 1,27 1,09 1,08
1c Ze¢3 3.0 2¢8 o= 24l 2 1,72 1,43 1,18 1,05 1,09 1,33 « 80
16 8302 33,9 ©5,7 1£e3 12,75 11,08 9487 BeC7 7,75 6477 432 2,12




FOLDS0 28465 F==T

Table 11. Data and Analysis — 4 Dec 73/31 Mar 73 (cont’d)

ANALYSIS
TTL7 DGPEI OIVIWGLNGE ANGLE | (WDER73)

€Rea05 FZTT o7 DIV.RGINT ANGLS (S3 MAR 73)
B, INCIJENT ANGLE : e
5 =4 ) AT L 23} Suf o3 ) o0 | EU 1 26 | 76 83 is 38 -
1 03| =547| =0e2| =Cs I =3,54 =3439(=2434 « 81 3.68 «89 =-1,75 =2,54
drll Pl 1k18,AP14,6P11,9¢] =3,74]=64 ) 2,97 11,8 3,74 12,12 35,84
1L edP1¢eoP154F10L,7| =3,16] =246 14BT| 7465 17460 15,17 774271171,6C
bl =0g1} =7,%F1,7] =74b4] 18] 37| 5,77115,62 17,19 194561 67,58203,45
5] 106]] Eo8] He2| 1143 21,55/ 29¢75({3u,21|55,38 83,33105,9M143,39225,00
of 6e7] 141 7,2 Sew| 7,22|11,51118,75]|351,6¢ 35,63 62,5L01.3,34196,70
TP11,5P 144 i P15,3F13,1P10U,26] =R3e7H|=hHe83 eS7| =2,23 7.23] 23,75167,NC
1€40FP1742P1745P11,35] =3495]| =738 |=24RS| 1,h.] L,Q96] 27,14 37 184,42
1‘0.1 'l7.°'17.7'17.8'15055"'.4.‘3 "3.11 “';ot‘i ‘0?1 ?50’5 90.64165096
17 o 7Tp22e1P22.4F1741F 12,551 0d S| =4,b4R]| 5,47 12, 5 S4,47| 93,02205,5€
‘4-‘4'2406'3-’-3'17.1 =-3,9¢ -:').RZ '1.90 787 1‘00(‘) “2.22 JS.QS 97.78
10edb1 0 10,4 =701 =5032| =549 =ty ot [=3,11] 4,79 -.71] 1,57] 12,28
“5e5] =9 e7| =%el]| =S8.7| =2,53| 1.36 el | 247923485 2453 1.83 8,23
0o P13, 3P17,7]| =50 ? 04908 1,16 2629 9,57 [RY4 1,83 17,49102,50
1503'1605'1‘3.3 1,2 -e88 1,02 o 3L 5."¢ 5497 Be35l LiehR5 Z5,9%
GRAND MFAN= 14,5 35TO DIV= 47,1
MIZAN ory McaN JIzv MZAN 0zv
=4 =8.17 17,13 14 =11,12 8e47 23 =-12,29 7.31
3 7453 Reud 4. 35467 Q2,06 €l =1,75 1,73
64 2..2 11,13 7. Hefil 15,80 79 21,89 EGe19 0 00000
8y €3¢22 238e7« 8> 23433 LF,R 88 119,55 83,34
____MEBN__ 9SV._ MEAN DSV MEAN DSV
1 -1,89 2.51 2 -1,33 15,59 3 19,22 ¢€3,92
_Ai___'fb_.v?d _f_".l:; 2 9l e ! aT.‘*q 5 _ 3_9_._73 57.37
7 9e 35 L) 8 13,63 59,96 9 15,03 57435
18 ¥6.¥3 68,89 31 9,50 SB.J6  12. «3,88 8,43
13 3,15 9,32 14 9eet T SUGBES 1 38 12,21
AESE WWAS BR  dgeay o T 0 Mz
2=5% 13,337 i
Se10% [, 5 b U e S W T T a2 S SR o ek Y
10-157% B TR L R W ey e Pl abe ¥
15=207 11,114 et e

GREATZR THAN cU%

22,229




A e b e

i Table 12. Data and Analysis — 4 Dec 73/9 Jan 74
H

| BRIGHTNESS RATIO
3
'f FOLDZD ~ 28,65 FZST .7 DZGREE NTVERGENGE ANGLE — (GDECTH
| INCIN:ZNT ANGLE
RO O T TR T R R T NP e N e R

e - lﬁ.!.szl_l}.ﬁﬂlﬁng_LQJQJWLQ;!A-11159__3455L_1A31__5455__2425__1415_._

¢ 35,1 34,8 34,2 33,3 31,86 28432 c€.,09 18,56 13,44 7e49 2,22 «78

l S Bl g5 59,9 59,0 56,9 47,19 $7,87 14,7t 2489 3,13 1,67 1,17 2,20

E L 0led SLeE 5745 5Zeu 43,79 37,03 18,3L Q89 5,59 3,95 1,66 2.6k
2 _5e3 2e2 5S¢l L,7 3,50 2,05 1,72 53 obb okl o 77 2,21
6 9.0 Sed 9,1 9,1 Relb7 7ol 5edb 3.53 2.35 4,51 1'.’ 2122
7 .3847 3542 3549 3140 26423 18455 41,32 5,u0u 3,30 1,78 1,95 2,08
8 38¢2 3742 3443 BTeh 17,20 “.3,42 4,12 1,91 1,27 «89 92 2,19
9 28,3 28, 2841 2¢,2 16.,J8 3¢74 4, 30 2410 1,39 1,03 1,09 2,58
1V 17,2 1542 14,2 11,5 8.31 5.0 2,77 1,35 «93 67 «83 2.20
_11 1609 14, 13,5 1141 7,58 4el? 2406 1,42 73 .64 098 2,67
1¢ be5 Le> “.3 3.? 3,358 248 S 2okl 1,87 1059 1,40 1029 1018
A3 3.4 343 3,0 2B 2426 2424 2426 1484 1,11 1,23 1,11 1,17
16 2,7 2.8 2,5 243 2402 1,74 1,52 1,26 1,12 1,11 1,21 1,62
15 7C45 7041 67,2 1646 12,66 13430 943° 9,7y 8,29 7,20 4,78 2,67

|
FCLOU: O 2R,G5 FC=T «7 D GREF OIVFRGENT ANGLE (3JANT &)
INCID-NT ANGLE
RS e e e T en 70 76 30 35 88

1 13,2 13,4 13,9 13,5 13,57 13,64 12471 10419 7,80 4475 2,48 1.47

€ 3543 55,1 34,9 3L+ 32,238 €QA,28 25,0 19,67 13,7C 7.6 2428 «80

3 BLed 59438 5945 5742 46494 31430 14456 Seul 3,12 1.66 1,20 2,26

b ble2 214t 6944 54,5 +L,18 31,14 158,26 9,1¢ 5.62 3,90 1,53 2446

5 Seb 5,3 5,2 4.9 3.65 2,07 1,09 59 4G o7 478 2.0
€

9¢2 941 9,2 941 8484 5,97 E,158 3,lL 2,30 1,41 1,0C 2,01

. 7.3845 35.. 35,3 32,2 264¢) 134359 11,4L 5,59 3,46 1.86 1,09 2,01
8 3840 3748 SLe? 2744 16096 5.52 LelS 1.86 1026 88 090 2.01
9 28e¢% C3e1 2643 2¢¢3 15,97 8498 ULeSk 2,17 1,49 1,02 1,01 2,2¢
10 16+1 1547 1het 1143 3,11 4439 2,75 1,3¢ o9k «69 e85 2,08

_ 11 1649 1945 13,5 1141 7488 4412 24l 1,9 77 62,93 2,45

ol i 2 o

12 Lol 4ol 4e2 348 3,29 2473 2434 14,80 1,55 1,30 1,17 «95
18 343 3.c¢ 2483 245 2411 2415 2.0%  1.69 1,40 1,88 «39 1,98

1o 2e5 249 244 ¢e3 1495 1,3 1,4R 1,25 1,14 1,06 1,15 1,46
15 6863 5749 642 1F, 0 12,09 1.,59 9453 8461 7,91 6¢51 4,08 1,93




{ ANALYSIS
{
5 "FOLDED 28,65 FEET «7 DEGREZ DIVERGENCE ANGLE  (4DECT3) A
{ 4 EEY EQREE £e LE (SUANTG)
! Ao S e i INCINZNT ANGLE =~ o Gt
|l =4 | 20 [ 20 | sJ | &0 | 35U 6u 4 DAL Rl ,Zsm_ﬂ_. 50 85 _88
1]=3.0 .2 [-2.9]209[-2440] .12 |=14 36| =3.3¢] -6, 15[ -4, 21 [-2.27} 21,77
2|-1,1 =99 '21" -1,7|~1,15 -1,23 23 206 -1.95 -1,4% °2c63 =2,50
.‘ S '02 o2 -3 -e5 «53 ~elU «9€ 74 032 063 '2.50 '2.65
! ___.Lr-.:’: -1,8 =3,2]=3.9 =¢88 'sgiﬁ_ .k‘t °Q76 '053 1.57 6-50 7L32
S| 9e3|=14G|=1,9|=bel|~4e11| =,37 -6.“2-10.17r10.20~12.77 =1,28| 5.24
6] we3] 21e1]=241]| ueu| 1e58] o72] 1,75 2.78] 2.61] 7.49| 4,30|20,45
7 3 o5 Ted{ =80 011 87 7?0 «1,79] =l 07 =4oe3(]|=3,67 3,48
‘ 8 ‘1.] 23 e 1) o7 Ll“d -2.52 1173 r4 2 79 1;1‘3 2;22 8,96
| 9 -l -o b -3 -S.1 «69 ’2.67 ‘6130 '5023 '5.71 .98 7.92 1‘0.67
1 by Y 6e3 1,3|=1,4 DeJ| Z2o47] 2425 L) g P4l =1,06] =2,9C}=2,35 6727
; 11 Ued | 1e4) =o7] Cof 2¢71] =~o49 98| =1.9¢| =5,19| 3,23] 5,38 B8.98
| _ 12 ¢e3 | 2e3] 24| 2e6] 247L| 3.66| 2,56] 3$,8 2,58] 7.59|10,26| 2u,21
| 15| S.3 | Se1| 7et| GoU| 7411] 3,27 9,27 8.88F20,71{12.,34(12,12] 8,33
16 3,83 | 4oe'| &o2] U U] 3,59] 2,96} 2,7C o8] =1,75] 4,72] 5,22/ 10,96
15| ¢u5 | se¢] 2.2] ¢o5| 6e55] 1.96]| 3,88 6.Ss| wes[1C.60117,16] 38434
! GRAND MEANS= 1,2 STO _DEvV= 60
F
| :
! MEAN DEV MEAN DEV MEAN DEV
-4 1,73 3,31 in 68 1,99 29 o063 2431
39 b3 24 L" 1.26 283 50 42 3,39
64 _‘_>‘_o_‘i;____-zo G, on A _,_’i____._.‘ 17 be 3‘0 77 '3.15 6- 31
; 89 1.06 5¢51 35 3ebu 7,09 88 . 7499 13,06
|
; MZIAN _ DEV ______MEAN  DEV _MEAN  DEV
i 1 =5,951 5459 (4 =1.35 «91 3 =27 1,20
\ 4 A 35.94 5 3,28 6¢32 6__*__2n9“ 3,21
; 7 <-1,u3 2,38 3 238 2479 9 W32 5,73
‘ 10 $81 8408 11 1,19 3.2 12 5,60 637
i 13 5.57 8.80 1’-0 SQ‘OJ 3.15 15 6-(2 16.52
- LESS THAN 27 41,117
‘ =57 37.22%
5-1U% 13,53%
1U-15% 8.E6%
15=207 e 50%
_GREATER THAN 20% 2,22%
h'—"“ e

Table 12. Datas and Analysis — 4 Dec 73/9 Jan 74 (cont'd)
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Table 13. Data and Analysis — 9 Jan 74/31 Mar 73

BRIGHTNESS RATIO
FOLDED 23e4cH FiFT o7 DiGrc< JIVIRGENT ANGLZ (9JAN7 &)
LHCINIWE ANGLF
-4 1¢ 2 873 e 51 6L 7 75 8n 85 88
1 1842 1544 12,3 1849 135,67 13,04 12,71 12,19 7,90 4475 2,48 1,47
€ 3545 35,1 8443 30,54 32,28 23,28 25,70 18,85 13,77 7455 2.28 o RO
3 BLUeS 5948 59,5 5742 46494 S:430 14,56 S,ut 3,12 1,66 1,23 2,2¢
b Bce2 Hlet 59,b 5Le5 Luelf 351,16 28,2t 94lo 5452 2,97 1,53 2,46
5 Sel 5¢3 5,2 L, 3,65 2,47 1,99 ,59 o 49 W47 78 2,10
6 9«2 Tl 962 9.1 /8L 6,97 5,15 It 2,30 1.41 1,90 2,01
7 3545 38,¢ 35,3 I¢e3 duye?2! 134353 11,47 5,59 3J,uw 1,86 1,39 2,01
8 3840 3745 34,7 2744 13436 340¢ e 'S 1.24 1.?“ 39 « 30 2.‘-:1
9 2844 23,1 26,3 2¢,9 15497 3,93 L,Cu 2,17 1,49 1,42 1,31 2,2%
1U 1641 15,7 14,4 11,56 5011 4679 2e?S 1,36 .36 «hS% ¢35 2.8
_ 11 16,9 a4 13,5 11,1 7,358 Gel2 2,04 1,06 77 52 ¢33 2,45
$€ Lo G.n A¢2 8,3 3,29 Z2.7% 2.3 I8 1.55 4,30 1,47 «95
_,4115_ el Jec .QEJQ?,’-_HE_Q}_ 2!"5_-_2_1"‘5 1,59 1o4c0 1,79 39 1,78
T 2.6 " 2.t 2.4 245 1,958 1,59 ks 1.25 1,44 4,08 .18 1,46
15 6043 2742 LBe2 1Ff, 12,09 17,69 9,58 8,51 791 5,51 bels 1,93
C3¢h5 FECT .7 DIVZRGENT ANGLE (31 MAR 73)
INCININMT BNGLE
-4 17 2" &) 4t 5 el 7L 75 CYs 35 8e
1 12,3 15,¢t 13,4 13,5 13,79 13,51 12,86  9¢8¢ 7,06 4451 2,29 1,18
2 39,5 4Ue® 41,1 3945 30617 S1,+45 26,71 18,15 12,72 7,22 1,98 57
3 0742 5%.5 59¢4 6307 43,78 31,52 bbb S,1c 2482 1,45 « 65 +81
L 65,1 54,7 Fuolh S5F45 49,71 23,34 17,3 J,U! Le77 2,55 «33 o« 7
S 547 LeX Le3 L2 2e58 1,538 o 7E 05_“ o 2L 020 o351 «hE
€ 9¢7 Y941 Q9,1 £,3 e3U 6420 LGl2 2455 1,74 «Ju «51 7%
_ 7 4348 wbel L2,5 5845 29428 20455 1241F 5,67 3.41 1,85 32 « 8
8 4543 4548 41,3 31,1 15,86 Q.1F L2k 1,85 1,21 N .49 77
9 3<e9 5948 91,7 274U 13458 153,419 Le 82 _Z.ZZ 1,40 «3°C « 56 — « 937
10 QU4 22Ul 1843 1o Be5L 5652 2e9L 1.25 o B2 30 43 72
11 1942 19435 17,0 15¢5 3ekd Les" 2,10 W95 Bl Gub T
32 540 B.U B,8 .2 .67 3,01 2,8F 1,95 1,67 L1481 1,27 1,08
A3 545 345 343 ¢e7  248¢ 24¢1 €422 1479 1,56 1420 1,79 1,08
1‘0 Zo‘; 60' 208 2'* 2.1‘2 1.72 1.‘!3 1.1‘.; 1.P= 1'99 1.3' .ﬂ‘.
15 8342 3543 €547 1Fe0 12475 11478 9487 8,87 7475 677 4e32 2,12
28
e s s . -

TR




Table 13. Data and Analysis — 9 Jan 74/31 Mar 73 (cont’d)

ANALYSIS
FoLuch 28,35 FS537 .7 0:GRL: VIVERGFNT ANGLE  (9JANT&)
€3,65 FEoT o7 DIVZRGENT ANGLT (31 MAR 73)

— PNGIOENT ANGLE-C - s

i ey W S e ) B T S B R R C T U e O Ty G L Ve (B 88
Ce =13 '3.3 kgt -.‘37:‘ .(?’-1.’«‘1 5.77 1".&8“ 5.52 8.30 2"0.‘;6
=13, 4=15,4-14,1F17,80 =3,9u =6, ui | 2,5¢/13,98 5,26/ 15,15/ 40,35
=Ge3=1ceif=14e3l=2l o2} ~3,57] =1,37 e85 | 0eR7] 10,25 14,48 51,82179,031
_-sgs_r;l,}:zia =407 1,08l 4,91 5,051 [14,5L) 17,82 17,65) 54455182,76
Bedl oo 848 16,71 26478) 31,01 |L3,02 (73,55004,17135,30151,61P208,832
2e2l Ugrl 1,Y Se] S q,% 1°.8115,5¢ [23,06] 32,18] 50,00 36,938168,170

— s =

11 e ta15u3 1t s o 10, 87] <0.ucn a0a17 | 2019 .88 12,45 $2.33161,25
15‘?-u1=-17l:-1l. 1'1.‘.&( 'EIIJ 'LcLP -ALt“ 1.13 25-71 53467’1614}“

e 13, 718, cl- 17, =16, 2F1as16F11,87 [=f,0f [-2.25] 5442 27.50] 804 36[131. 96
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14:;;11?},4_1 '141’ A_"_LQJ'__f‘a_l_‘s.;,'.ﬁJ.:’.E =5eli]| =74 19 e ] =7,87| =9,5%2
19 m0u8] =205-15.2 =70 0] <0s 15| 7026 [<7086 [-5.50F1C 26| =9017] =9.17] GatC
161003kt er=16,3 =co|eSou?|=1,74| S.50 | 8,7.] 8,57/ =2,75 11,65| 82,5¢C
194-17.3F19,2-17.1] =s,5] =c.18[=3.52[=3, 0L 7| 2406] =3.34 =5,56| =8496
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{
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Table 14. Data and Analysis — 9 Jan 74/31 Mar 73

=& 10

28.65 FEET

25—
113,2 13,64 13,9 13,6 13,67

2 35,5 3541 36,9 34.4 32,23
3 9006 5905 59.5 5702 “6.9“
T4 51,8 52,3°55,7 62.8 66.06
5 62,2 61,6 59.% 5.5 LU,18

BRIGHTNESS RATIO*

o7 DEGREE DIVERGENT ANGLE (

——4-6__ 5.6;7 503 5.27 “.9

7 9.2 9.1 9.2

T8 38.6 38.0 35.9 32.8

— T0728.4 28.1 26,3 22,9 15,97

T 12 14,9 14.6 13,6 11,1

9 38,6 37.8 34,7
11 16,1 15,7 14,4
13 Lo Lok 4,2

1 3,3 3,2 2.8
15 2.6 2.5 2.4

7 INCIDENT ANGLE — 7T

T 16 68.8 67,9 46,2 16,0 12,09 10,69 9.53 8.61 7,91

9JANT4)

TT6e51  4.08 1,937

=4 100 20 30 w0 50 60
1 12,9 13,6 14,4 13,6 13,79 13,61 12.84
2 39,6 40,5 41,1 39,6 36,17 31.45 26.71
3 6702 58,5 69.“ 6307 58.73 31052 1“0““
4 50,9 52,5 57.5 63,9 64.97 55.55 38479
5 65¢1 5547 6bol 5646 3,71 29,94 17,34
-6 5s0 4e8 4.8 4,2 2,88 1,58 76
7 9-0 9.1 9.1 8.8 7090 6.29 b.uZ
T8 43,3 bbb 42,5 36.6 29,23 20,33 12,15
9 4548 45,8 41,8 31,1 18,39 9,15 4,24
10 32,9 33,3 31,7 27.0 18,60 10,19 4,83
11 20.9 20,4 18,3 14,0 9,50 5,62 2,30
127719,2 19,3 1746 13,5 8442 4o 2,10
13 5.0 5,0 4.8 4,2 3.57 3,01 2,50
16 3,6 3,5 3,3 2,7 2,32 2,21 2,22
15 2,9 3,0 b 2,02 1,72 1,43

16 83.2 33.9 5

2.8 2.
5.7 16,6

INCIDENT ANGLE

BRIGHTNESS RATIO*

12,75 11.08

30

"28.65 FEET  +7 OEGREE OIVERGENT ANGLE

© 70

9.82
18,13
5.10
20,40
8,00

2,53
S5.47
1.88

eyl

1,28

«95
1,93
1.79
1.15

o34

(314AR73)
75 80 85 88
7.06 4.51 2,29 1,18
12,02 7.22 1,98 o 57
2,83 1,45 66 «81
12,03 6,42 1,83 3,72 °
Le?77 2,55 «99 « 87
20 20 o31° «6h8
1.74 -1 51 75
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1,21 o 70 49 17
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1,05 1,09 1,03 «80
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#
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11,6 8.11 4,89 2.,75 1,36 e 94 «69 «85 2,08
7.35 N“QIZ 2.0% 1.0““ 077-“ 062 ‘093 2.“5
3.8 3,29 2,73 2.34 1,80 1,55 1,30 1,17 « 95
2.5 2.,11 2,05 2,05 1,69 1,40 1,09 99 1,08
2,3 1,95 1,69 1.48 1,25 1.14 1,06 1,15 1,46




. ] Table 14. Data and Analysis — 9 Jan 74/31 Mar 73 (cont’d)
| ANALYSIS
; TFOLDED T T 28.65 FEET o7 DEGREE DIVERGENT ANGLE {9JANT7LY
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.'__—5 -‘0.'3 ’b. -30 1.05! ‘0.01 5.31 1'0.50 17.8 17.65 5“.55 82.76
6l 8.0{ 13, 15.7] 26474 31,01 {43,42 [73,53104,17135,00051,61{208,82
RS i - e 3. 5.57 10,81 {16,52 ({28,006 32,18 50,00 96,.,08/168,00
Bl11,3k14, 10.4 ID.Bﬂ =954 |=Bo17 | 2,15 .38 12,05 32,931151,25
T9Ris,7rR1L7. 11,910,222 =5,79 {=4,.45 [-1,0 beld 25,71 83,67161,04
10 13.7'15. 15- 1‘0.1‘03‘11157 '6000 'zo‘ Gaoie 27050‘ 30036 ‘31.96
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13 12.0-12. ‘9.5 "7‘6‘0 '9030 -60100 ‘60? '7.1 ”oOJ{ '7087’ "9.52
- 1o =8,3] =848 7.l =9,05 =7.24 :7.66 «54.5 10,2 =3el?| =9,17 0,00
TT16R10,316. ~4o2[ =347 =1.,764 ] 3,501 8,700 8,57 -2.75/ 11.65| 82,50
‘ _16p17.3p19, «3,6| =5.18 =3,52 (=344 ok 2,0 -l.ski-5.56 -8,96
{
i SRAND MEAN= 12,3 " STD DEV= " 43.4
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.o -g3,06 8,99 10 -198,93 9,372 20 -11,68 B.46 B
30 -t.061 8.75 ‘Oo .‘0.23 10.19 50 -1073 1-0077
63 1.0 12,80 ~ 70 ° 6.95 19,13 75 14,73 25,93 R
80 21,65 35,03 = 85 48,03 46,84 88 96,68 ALK
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7 3‘0.50 500‘00 8 10108 LH.S L 9 15.91 ‘;3'70
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Table 15. Data and Analysis — 6 Jun 73/3 Apr 73

" FOLDED ~28.65 FEET

-4 10 20
1 10,3 10,8 11,1
2 21,2 21,8 21,6
3 34.4 34,9 35,2
T4 36,0735,6 38,2
5 36e3 37.3 37.4
6 3,0 3,0 2,9
7 6oV 6ol 6.1
T8 2043 20,5 28,2
9 17.2 17.5 17.5
710 14,57164.97 16,7
£ 7.2 7.2 7.0

3.5 3.5

167 2,68 2.6 2.5
15 2.0 2.0 1,9
16 21.0721,4 16,7
28.65 FEET

-4 10 20

1 9,9 10,2 10,6
T2 20,2 20,3 19,1
3 32,5 33.3 33.9

T 32,5 33.9 36.8
5 35,2 35,9 35,6

6 2.5 2.3 2.3

7 5.2 5,2 5,2
'8 20,5 21,0 20,5
9 18,0 16.8 18,3
T10 16,4 1646 16,8
11 3.6 8.6 8.2

12 7e9 79 707
33 3.7 d.8 3.7
T4 2.6 2.6 2.4
15 2,8 P41 2.0
TT10725,3 25,3 18.8

BRIGHTNESS RATIO*

30 4D
10,5 10,20
20,8 19,76
35.2 31,58

4442 52,35

36,4 32,21
2.8 2.35
6.1 5.95

19.2 16476

16.2 11,60

13.6 10,83
63 5,02
; 4.29

2,91

1,65

BRIGHTNESS RATIO*

5.8
3.3
2.2 1,94
1.8
9.3

""1-1/3 DEGREE DIVERGENT ANGLE
" INCIDENT ANGLE —
50 60

9,76 9.33
17.94 15,39
23,09 11,89
50,82 36,06
24,56 15.56

1.58 «86
532 4,04
13,18 8.38
6.9¢ 3.52
"6.72 3,63
3.45 2.04
2,64 1,45
2.46 2,00
1.86 1.78
1,47 1,20

TT84007 7448 682

" T(BJUNETI)

70 75° T80 85 " 88
7.56 5,75 3,71 2,41 1,31
13,03 10,82 6.83 2.25 ,90
4e76 2,74 1,46 490 1,28
18,34 11,54 6,047 2,19 1,565
8,00 5,33 2.83 1.37 1,48
U6 = o386 434 .58 1.23
2,55 1,33 1,18 .80 1,25
4,39 2,83 1,56 .89 1,27
1,71 1,16 .78 75 1,29
1477 1,20 7,81 77,80 71,38
1,09 .75 .53 .61 1,14
78 W56 o4t T .64 1,33
1.5 1,31 1,10 1,01 ,99
1,46 1,19 7 94 .82 ~ ,70
1. 02 ."u 081 .92 .‘7
6¢32 775,96 5,003,367 1,72

"1-1/3 DEGR<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>