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THE TRANSMISSION, ABSORPTION COFFFICINNT, AND IMDEX OF
REFRACTION OF THE B-l AND FB~-111 WINDSCREENS

INTRODUCTION

The hazards of flashblindness and ocular burns from
intense light sources have been under investigation by the
Air Force for many years. Since the first nuclesr detonation
in 1942, the potential for both has increased manyfold.

Flashblindness is best defined as a temporarv loss of
vision due to a brief exposure to high-intensity light.
Flashblindness does not cause permanent damage to the eye,
anc the vision recovery time associated with it is dependent
on the brightness of the source, location of the exposure on
the retina, and the brightness of the tarcet, Although flash-
tlindness is a temporary phenomenon, the inability to read
instrument panels and the effect on dark adantation at night
is a serious problem to the pilot.

Ocular burns are caused hy a light source of such high
intensity that eye tissue is destroyed causing a permanent
loss of vision or scotoma. Burns can occur in any component
of the ocular media depending on the wavelength content of
the source. For instance, retinal burns are predominantly
produced by sources containing wavelengths in the near-ultra-
violet (UV), visible, and near-infrared (IR) spectra, while
corneal damage occurs from wavelengths in the far-UV and IR
reqions. Lenticular damage has been observed for selected
wavelengths at the near-UV and IR spectra.,

Another recent source of high-intensity radiation has
evolved--the laser, now used in aircraft weapon delivery
systems. Laser light, unlike the thermal emission of a
nuclear detonation, ewmits energy in very narrow handwidths.

The recognition of ocular effects due to high~intensity
licht sources has broucht about the need for protective eye-
wear, Consequently, numerous types of goggles and visors
have been designed and fabricated to reduce eye hazards to
aircrew and nonaircrew personnel.

Other sources of eye protection are the aircraft wind-

screen and canopy which are constructed of various glasses
and plastics. Although the windscreen alone may not afford
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adequate protection against high-intensity radiation, the
protection they do provide should be considered in

the estimation of safe separation distances and in the
design of protective eyewear.

Previous windscreen testing has been concerned with two
main areas of interest--structural and optical quality (2).
Structural testing has dealt with heat, impact, and crack
resistance of the windscreen. Optical quality testing has
measured the formation of multiple images, distortion at
various viewing angles, magnification effects, and luminous
transmission (1, 2).

Studies of windscreens and canopies as possible sources
of protection against high-intensity radiation have been
minimal and were primarily in the areas of radar reflective
properties, radiation protection from onboard electronic sys-
tems, and solar radiation protection (3, 5).

This study was made to determine the spectral character-
istics for three types of windscreen enclosures-~-the B-1l and
two types of FB-111 windscreens. The transmission, absorption,
and index of refraction were measured as a function of wave-
length in the UV, visible, and near-IR spectrum. With this
information, an accurate determination of the protective

qualities of these windscreens can be assessed for laser and
nonionizing nuclear radiation. '

THEORY

Theoretically, the light incident on a sample can be
accounted for by the following relation:

Ij = Ip + Ig + Iy + It (1)

where the subscripts designate the incident, reflected,

scattered, ubsorbed, and transmitted intensities, respectively.

I and the sum Iy + Ig can be measured directly and Iy can be
calculated from the index of refraction for the sample. Iy

and the related Lambertian absorption coefficients can then

be determined from equation 1. *

Reflection Losses and the Index of Refraction

xeflection losses, I,, arise at the interface of mediums
having unequal indices of refraction. The fraction of light
reflected, R, from one surface is a function of the indices
of refraction, N1, N3, of the two mediums comprising the
interface, and calculated according to the Fresnel reflection
law as:
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For the case of a sample measured in air, we can assume

the value of Ny or N, as 1.0 and constant, such that the
reflection is rewritten as:

_ (1-np)2 (3
(1+N3) 2

where N7 is the index of refraction of the sample.

The index of refraction for any sample is a function of
wavelength and can be determined according to Snell's Law if
the angle of incidence and refraction are known. 3nell's
Law for the index of refraction, Nj, is

Sin 03
Ny = Sin oy (4)

where 6; and 6, are the angles of incidence and refraction,
respectively.

Th2 index of refraction for a sample can be measured at
ecach wavelength of interest and tabulated for later use in
the calculation of reflection losses. However, since the

index of refraction is a function of wavelength, it would be
more advantageous to an investigator if an analvtical expres-

sion could be found which could anproximate the index of re-

fraction as a1 function of waveler i+, V{1}. The advantage of
expressing M(A) analytically is that the index of refraction

at each wavelenoth could be calculated rather than measured,

This is particularly useful in computer calculations such as

this study employved.

The analytical expression of V() for a particular sub-
stance, the dispersion equation, is unigue and depends upon
tha atomic structure of that substance. ™any forms of the
dispersion equation have been proposed, depending on how
accurate a representation of W(A) is required. In this study,
the Rellmeier approximation to the dispersion equation was
used. It is of the form: (4)

Me = 1 4 [ ——gTey——

-y 2
im] A2 Ami
Where: N = the index of refraction
the "i"th exrerimentally determined coefficient
wavelenqgth (microns)
canter wavelength of the “"i“"th absorption band.
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The summation is taken over the n absorption bands in the
spectral range of interest.

If a Sellmeier dispersion equation is plotted for a
transparent sample with two absorption bands (as was found

with the windscreens under study), one oktains the curve in.
Figure 1.

1.0

>

Figure 1. Typical dispersion curve for a transparent
sample with two absorption bands 1,, and A;,.

In the reqion AB, the index of refraction decreases
after having been extremely large at the UV absorption maxima,
A\yv. The index of refraction decreases with increasing wave-
length as shown in the portion of the curve ABC. In this
region, the curve ABC is called normal dispersion and is

observed in the near-uv, visible, and near-IR spectra of the
sample.

The portion CD is observed in the near infrared and is
caused by approachinqg an IR absorption maximum Aj.. The
index of refraction drops off rapidly in this region and
theoretically tn -® at the abscrption maxima due to the dis-
continuity in the Jenominator of equation 5. As we pass
through the absorption band Ajy, the analytical expression for
N(A) jumps from -« to += ani then decrcases in value,
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In practice, the index of refraction cannot become
negative or go to +» as the Sellmeier formula suggests. Tha
equation represents the refractive index of an agsorbing
medium cquite well, until applied to wavelengths near the
absorption bands, where we obtain n =w, tear the absorption
bands the dispersion losses, often called the damping factor
or frictional losses of the absorbing atoms or molecules, do
not allow the index of refraction to hecome infinite. Because
of thesc losses, the index of refraction on the short wave-
length «ide reaches a minimum and joins the maximum value of
the index of refraction on the long wavelength side at A = Am
where the index of refraction equals 1.0, as shown in Figure 2 (5).
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Figure 2. Dispersion losses.

In this investigation we arbitrarily assumed an index
of refraction maximum of 2.5 and a minimum of 0.5 for regions
vhare Sellmeier's equation would predict a smaller or larger
index of refraction.

Absorvtion Coefficients

The absorbed intensity, I,, c°n be calculated using
cituazion 1, measured vaiues far Ij, (I, + I.), and calculated
values for Ip. Ip can be computed using the Sellmeier equa-
tion for tho indox of refraction and equation 3. Consider the
light :ncules® an a swmple as shown in Figure 3:
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Figure 3. Ssample with incident light, I,
where: I, = incident intensity
Ir1s Ir2 = reflected intensities
N1, N3 = indices of refraction

@ = Lambert absorption coefficient (1/cm)

Ia,» Ip = intensities just beneath the front and rear
surfaces of the sample, respectively

I¢ = transmitted intensity, including all forward
scatter intensity
X = thickness of sample (cm)

The Lambert absorﬁtion coefficient, a, is defined as

a=%in (1/m) (6)
I & Y
: b _ Intensity just leaving sample
where: T = T,  Intensity Just entering sample

I, is equal to the difference between I, and Iy vwhere
Ir1 is the first reflection as calculated by Fresnel's reflec-
tion law (assuming Ny = 1, for air):

(1-1) 2
(14N,)2

Iry = I



H I, =1 (l-nz ’ 1={1N2 2
ence, = -1 = I - 7
a® I~ I \nw; (N
0 (mrz)
Similarly for I,: I, - =
Y b b~ Iy = It
) - 2
- l-My)
Ol.' I - I l- it » =~
t b I (I¥W5 i
< ' ;u N . --1
£ .. 1 1-N 2
] and I,, = 1 1- 8
S b t A (I 2>J (8)
1 - -2
Therefore: T=20= EE 1-/@.33 2 (9)
; I, I, \}+w2
g' ‘; ' Now the Lamhert absorption coefficient is calculated as:
TN I 1-1,\2
U = Lonfd) = Loni2- {221
e *EXR I'n("f) TR Ln(lt[l (1““2) (10)

\

AETHODS AND MATERIALS
Transmission Measurements

Instrumentation and Calibration--total transmission
measurenents were made ir the spactral range of 0.3 to 2.0 um
for the B-1 and the FB-1ll gold-coated and uncoated wind-
screens; a Cary model 14 UV-visible-near-If spectrophotometer
was used with tha beam at normal incidence and the samples
adjacent to the detector aperture., This assured that all
the light transmitted by the sample including the forward

{‘ . scattor and reflection, fell within the detextor aporture of

f the sacctrophotometer. The orientation of the sample wag
maintained normal to the beam by a samnle holder which allowed
adjustmont of the anqgle of incidence up to 45°,

Before the spectrophotometer measurements were rade the
inatrumont was calibrated. The electronics of the Cary 14
spectrophotometer was stabhilized at the beginning of each
racording =ession by allowing a 4-hr warmup period. A
spectra! scan, without a sample in place, was made to
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determine the stability and to halance the reference and

sample light intensities. In addition, spectral scans were

made with & 1.0 optical density (OD) screen filter in the

sample bear, estoblishing a 0 to 1.9 OD range and the re-

cording amplifier stability which was always + 0,01 absorp-

tion units. In addition to the C to 1.0 "D calibration,

various other screen filters (0.5, 1.5, and 2,M 0OD) vere

periodically measured. When these filters were scanned, the
stability of the recording pen amplifier had a variance of ’
less than + 0.02 absorntion units. ’

The wavelength accuracv and bandwidth were calibrated hy
repetitively scanning the strong emission line spectra of a
mercury/cadmium (Hg/Cd) lamv. (The tungsten lamp normally
used in the Cary spectrophotometer was replaced Ly a Hg/Cd
lamp.) Waveleng xh accuracy was within the instrument speci-
ficacions of 4, The maximum wavelenqth error was 3.95%;
most errors were considerably less. Table 1 lists the
measured bandwidth at the normal programmed slit width for
selected lines in the ultraviolet and visible.

TABLE 1. BANDWIDTH MFASUREMENTS FOR THE
CARY 14 SPECTROPHOTOMETER

. Programmed ax
) A(a) slit width (mm)  bandwidth (A)
3650.15 6.120 7.4
4046.56 - 0.050 3.0
4678.16 0.017 1.6
5085.82 9.011 1.6
- 57€9.59 0.011 1.7
6438.47 0.024 2.3

tral Scanning Procedures--To obtaja high resolution
and wavelength accuracy, all scans were performad at a speed
of 5. nA/;ec: windscrecn samples were initially scanned in the
1.0 ¢D range. When the optical density of the samples
excaeded the 1,0 0D range, they were rescanned in the 1.0 to
2,0 0D range. Witk a 2,0 OD screen filter placed in the refer-
ence heam, two additional optical density rances could be
= - obtainad: 2.0 to 3.0 ard 3.0 to 4.0. ¥%hen required, all
IR samples were measured to an optical density of 4.0 throughout
-+ the wavelength range of 300 to 2000 nx. In a high absorption
region, where optical density is changing at a rapid rate,
the sarples were scanned at the slowest rate availahle,
0.5A/sec. This ipsured that the recording ven response tice
was not exceeded by the rate of optical density chinge. Fach
- sarple cut from a windscreen was mounted in the sanple holder
- and aligned so the beam passed through the center of the sample.
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The svectrophotometric scan of each sample was repeated
7 times in this position.

Data nalysis--The optical density data werc digitizel
manuaily on forms kigtinq wavelengti and optical demsity. .
ampling rate of 5A per sample was taken in nost cases., 1In
regions vhere the optical densjty was changing rapidly, thc
sample rate was doubled to 2.5A per sample. Cample points
were tabulated for 7 different spectrophotomctric scans.

To manage the large amounts of spectrophotometric data,
a computer program was written for the Lewlett-Packard model
9820 programmable calculator.

Measurement of the Index of Tefrzction

Instrumentat;on--?o measure the index of refraction, a
laser spectrometer systam was designed and constructed

sar)le holder and manipulator.

A Coherent Radiation kryston gas lasar, moldel 523, was
€52l as th2 nonochrematic light source in the systen and wvas
carlle of uadivering 3 visible wavelongtiis shown ln Tinle 2.
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TASLE 2. RRYPTOJ LASLR OUTPUT LINES

Snectrum Avaraga

2 {ne) color powar _{mb) :
637.1 Hed 150 ;
563.2 ¥Yollow 60 3
516.3 Grean 69 :
2290.8 Green 69 ;
482.5 Blue 29 A 3
47¢.2 Blue 32 ' ;
463.0 Rlue 5 3
4€1.9 Blue 5

The laser heam was collimated amd rediriwcted through
& laas, @ 3%-.:m aperturs and a bean splitter to the sanple
Wlder, whwa the indax of r@fract fon was masaured {(Fig. §).

TR R )

n‘ﬁ

ha sasp-le holder amd manipulato: consistod of 7 zome 3
ponents:  fae swunt, tilt control, }evetar control, rotator
erntrel, lorizaontal ad justsont, basé. amd refraction grid.
The rount and hase sactions were uscd to soln the samnle in
‘lwce an?! wrovided 3 sturdy wountirg rail which allowed
fraut-to-tack mnvement, towards. or avay from the laser beam.



— LASER HEAD WITH NEUTRAL DENSITY FILTER : 5

MIRROR ‘
] / 3| COMERENT RADIATION KRYPTON LASER | J°

of | MODEL 52 -
50 s2m APERTURE\.C‘E:

TILT CONTROL

CENTER OF AXIS ROTATION

SAMPLE (WINDSCREEN)

ELEVATOR

CONTROL [ —HORIZONTAL CONTROL

SAMPLE HOLDER "“~~ROTATOR CONTROL

MICROMETER FOR PLATFORM
MOVEMENT

REFRACTION GRID \
1 me/DIV. READING LENS

. [ MOUNTING PLATFORM

Figure 4. ‘“easurement syster for the index of
refraction.

The rotator section of the syvstem allowed the operator to
change the angle of incidence of the laser heam. The rotator
revolved around the sample's vertical axis and permitted a
direct reading of the angle of incidence in degrees. The-
tilt, elevator, and horizontal controls were used to position
the windscreen so that the laser heam passe!l through the
vertical and horizontal center of each sample. The refraction
grid was mounted on a bed which was moved in a perpendicular
motion to the laser b2am by means of a micrometer adjustment.
The grid lines were separated by 1 mm. This vnit was used

as a coordinate system to measure the position of the unre-
fracted and refracted laser becar after passing above or
through the windecreen sample. The difference in coordinate
position between the unrefracted and refracted beam was a
mecasure of the index of refraction of the sample,

10
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Measurement Procedures--The index of refraction was cal-
culated by measuring the thickness of the windscreen, the
angle of incidence, and the AdAifference in the coordinate vosi-

tion for the refracted and unreiracted %“:cam, as shown in
Figure 5.

GRID

a |
1 REFRACTED
BEAM
(

UNREFRACTED
BEAM

Figure 5. Calculation of index of refraction.

A computer program was written to accept these three measured

parameters and to calculate the subsequent index of refrac-
tion., From Figure 5:

b/cosei =Y
and: Y sinei =3

Therefore: a = x - r

where: r = difference in centimeters bkatween refracted and

unrefracted beams' position
b sample taickness
6i = angle of incidence
6, = angle of refraction

11
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Now the angle of refraction is calculated as:

6, = Tan"! (a/b) = Tan"!{(x-r)/b) (11)

The index of refraction can be calculated using Snell's Law
as:

+ = 9infj (12)
N Slne

Data Zinalysis--Twenty méasurements were taken per sample
at each of the laser wavelengths listed in Table 2. From
these measurements a frequency histogram was plotted by the
calculator; the mean and variance for ‘the 29 measurements
were also determined. A sample histogram r-ot is presented
in Figure 6. 2 minimum acceptable value for the variance was
0.0001. If the variance did not meet this specificacion, an
additional 20 measurements were taken and statistically
analyzed until the 0.0001 variance was met. In most cases,
the variance was far below the 0.0001 level.

468 NM, BLUE, FB-111 GOLD COAT
10

8l X =16827
$2 =.0000

FREQUENCY
T

/| \\\
or 141,::1’1 1 { ! I | )
1660 1665 1670 1675 1680 1685 1690 1695 1700

INDEX OF REFRACTION

Figure 6. Sample histogram HHEIYQlS for index of refraction
measurements.
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, Dispersion Curve Construction--The eight laser wave- . .
lengths and corresponding indices of refraction weére plotted ' ‘
on linear graph paper. From these eight points, a "best Fit" ;
hand-drawn curve was constructed. Two widely separated ;
‘points on the curve were selected to calculate the Sellmeiey 7

dispersion_equation coefficients (4).

ECRAR S RUE IR T

‘ “he Se@lméier'disbgfh@gn_équatibnfhaa the form (as S
= reported before in equation %): - :

, ' W,
n A; A

N2=1+‘x -&-_-.-5—

=1 Xy

in which 1mi = absorption band location in microns.

The summation was trken as many times as maximum absorption
bands were present in the spectiral range of interest. 1In
the measurement of FB-1ll and B-l windscreens, two strong
absorption bands were present in the range of 0.3 to 2.0 um.
These two absorption bands, which vary with windscreen type,
w2re measured in each windscreen., One absorption maximum
was found in the UV and the other was found in the near-IR,
Therefore, the Sellmeier e~uation takes tne form:

-
“r

A}z 4+ 2’3*2 | (13)
AZ5AE, AT,

N® =1+

After measu-ement of the two maximum absorption wavelencths,;
Ayy @nd Ay, the coefficients A and 3 could be determined by
usine the two widely separated index of refraction measure-
ments. A second determination for the A and B coefficients
was cerived and an average was determined. At the wavelercth
dericnated as the UV and IR ahsorption maxima, the Sellmcier
equation predicted an infinite index of refraction, as found
in theory. Consequently, because of dispersion losses, it is
impossible to expect an infinite index of refraction., For
each sample a nominal index of refraction of 2,.% maximum and
0.5 rminimun vas arbitrarily assumed near and at Agy and Aj..

13
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Calculation of the Absorption Coefficients

With the index of refraction characterized by an equa-
tion and the transmission curves determined previouslyv, the
absorption curves could be calculated according to equation 10,
A computer program was written which accepted transmission
points stored on cassette tapes, performed the reflection
corrections, and finally calculated and plotted the ahsorption
coefficients as a function of wavelength. At each wavelength,
the index of refraction was calculated from the Sellmeier disg-
persion equation. Reflection losses were then calculated from
the index of refraction.

[P NPRPRIEE Y. RV 3 2 Vs 32 I L

- RESULTS

Transmission Measurements

Figures 7 to 9 show the results of the transmission meas-
urements and depict the average transmission for seven trials
in the wavelength interval of 0,3 to 2.0 um for the B-l, FB—lll
gold~coated, and FB-1lll uncoated windscreens.

100~ 4 2.602
- g ARSORPTION COEFFIGIENTL [t -

90; | { 12.342
k: 1 | '
: sof- | || K qzoe
- \ PERCENT TRANSNISSION | | -
5 of | Loy :{ q1821
. m -3
3 2 e} borgn <
3 ‘ g L I A Juee g
9 3 g gol ! ! Vv v =
T = el ! I Tiner =
; N § OP | | 411 &
‘-‘ 3 LY. Y ' - <
E o i ! —C.781
H ! n
3 20 : ~0.520

, T

10 : 410.260

1) [ S IS A N JAILLI_LJO
.30 S0 5 100 1.25 1.50 178 220

WAVELENGTH (um)

Ficure 7. fTransnmicssicr and a%sorotion coefficient
curves for the R-~l windscreen.
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Figure 8. Transmission and ahsorption coefficient
curves for the FB-1lll aold-coated
windscreen.
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Index of Refraction

The dispersion curves for the three windscreens are
shown in Figure 10, Ahsorption maxima mearurem~nts in the

250 - OISPERSION CURVE

2.30

210+ w— e = B-1 WINDSCREEN

1901 e 2 §8-111 GOLD-COATED WINDSCREEN
% ==z FO-111 UNCOATED WINDSCREEN
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INDEX OF REFRACTION
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Ficure 10, Sellmeier dispersion curves for ths
'~ R-1, FB=~1l1l1 gold-coated, and Fh-111
uncoated windscreens.

UV and IR, as well as calculations for the coefficients A an?

B, are gictod in Table 3. These valuns were used to formulate
the Sellmeier dispersion equation and to g¢encrate the disperrion
curves ‘and inr’ex of refraction for each windscreen.
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TABLE 3. DISPFRSION ENUATION COFFPFICIENTS

Windscreen Ay Air(um) A B

FB-111 gold coated 0.295 1.665 1.1230 0,286
FB-111 uncoated 0.295 1.665 1.1130 0.237
B=-1 N, 295 1.695 1.0445 0.510

Calculation of the Absorption Coefficient Curves

Figures 7 to 9 show the absorption coefficirnts nlotted
vs wavelength for the FB-111 uncoated, FR~11l1l agold-cnated,
and B-1 windscrecens. A tabulation of results fnr Tiaures
7 to 10 is located in Anpendix A. The tables list the mean
total transmission (Tmean) » Mean optical density (Qopmoan).

index of refraction (Y), and Lambert abs orption cocff101ent
(ALPHA) vs wavelength for the throe windscreens under inves-
tigation.

DISCUSSION A'D CONCLUSINM!S
Transmission “easuremnnts

P-1 "indscreen~-The five~layer B-1 windscreen, which has
a total t'.lckness of 3.54 cm, transritted less thar. 0.01°
throughou* the interval of N.3 to N.3% um. 2Au the wavelens =%
increased ahove 0.39 um, the transmission increased cuite
raridlv until atout 0.45 um and then leveled of € to a maxirurm
transmission of 78% at about 0.68% ur, The transrission re-
rained ahrut 782 until 0,825 ur vhrre a atenady hut slow de-
crease in transrission vas eohaerved to 1,200 um, vhere the
transmission hacame les't than 5%, A hroad transmisaion —sa!
was ohserverd in the irtarval 1.207 to 1.375 um with a maximur
transmissiorn n® 379 at 1.275 ym. “he transmission remained
low (albout 107) at approrimately 1,625 um uhere it dropnad
off to less than 1.5% thrywehout the reraining spectra to
2.0 um., At various intervaln in this recion the transriszion
dinned to less than 0.01%, as «as the case for the 1ntorval
of 1.640 to 1.750 um, indicatine an absorption raxima,

Fii~1ll Gold-Coated tindserean--“he FP-111 windscreen was
a nolycarhenate sarple, 0. =g thick, «ith a thin gold-filr
layer on the inside surface, <The 'V and near-visible trans-
mission was similar to that of the 5-1l. “irtualle =o licht
was transmitted un to 4.4 ur, whern the transriseion increased
rapidly in che interval of 0.40 to N.45 ur, ™hrouohout the
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remainder of the visible spectra, the transmission showed a
steady rise to a maximum transmission of 80% at 0,675 ur,

The total transmission remained high until 0.9825 um where,

as was found in the B-1, a aradual decrease was observed
until a minimum of 17¢% transmission was reached at 1.,1f unm,
The remainder of the spectra from 1.18 to 2.07 um is similar
to that of the B-1l. A broad peak occurred in the interval of
1.2 to 1.375 ym with a 42% transmission peak at about 1.28 um,
From 1.28 um to 1.6 um, the transmission was areater than 10¢,
with a 25% transmission peak at about 1,5 um. 2 rapid de~
crease in transmissior was observed from 1.50 um to 1.625 um,
vhore the transmission was less than 1%, After this point,
the transmission remained less than 10% out to 2.0 um, From
1,655 to 1.675 um a strong absorption band of less than 0.01l¢
transmission was cbserved.

Fiqure 8 shows transmisgion oscillations starting at
0.425 uym and continuing throughout the spectra to 1.125 um,
"he oscillations were caused by thin film interference effects
of the gold layer. Upon removal of the gold film, the inter-
ference oscillations decrrased or disappeared, Using the
spectrophotometric cquation for film thickness, the gold laver
was found to be 4.23 um thick.

‘:(/\l Y A?)
= TN (14)
=(y-2))
where: b = thickress in microns
N = number of comrlete interference cvcles
A\ = first wavelenath of measurement in micrors
= endpoint wavelength of measurement in microns

‘2

rB=111 Uncoated Hindscreen--~The transmission of the un-
coated windscreen was approfirately the same in the visible
as the coated sample, with tha excenption of the interference
mattearn which disappeared with the reroval I the aeld €ilp,
Small differences in transrission can he noted in Picures R
and 9. g

‘The major differences hatween the colid-coated. and
uncoated windscreens were found in the near<I? spectra, Pesides
the lack of intorfarence ratterns ih the uncecated windscreen,
 consistently hiaker trarsmission values w~ro ~wasured. In
one particular reeion, starting at 1.29 yr and ending at
1.375 Vm, the rransmiszion of the uncoated windzcreen was
approximately 45% grpater than in the sald«coated sample,
~horefore, we can assume that the thin enld €ilm absorte the
majority of the ncar«If ssxctrx. Ia hoth sarrles (aold-coated
and uncoated) the characteristic nolycarhonate ahsorntion vas
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found in the wavelenath interval of 1.125 to 1.200 um, except
for a general attenuation level chance due to the oold film.
In the interval starting at 1.400 um and continuing to 2.0 unm
(Figs. 8=9), the gold-coated film continued to provide the
rajor difference in transmission betwcen the two samples. Tor
instance, the gold film provided in general a decrease of

302 to 50% in total transmission from the uncoated windscreen.
Sharn absorntion fluctuations were again found in the uncoated
sarple at about 1.655 to 1.70 um, but thc transmittance was

a factor of 10 crecater than the golé-coated sample.

A11 three windscreens were found to be excellent W
absorbers below 0.4 um. The FR-111 aold-coated windscreen was
founé to offer the maxinum attenuaticn ir. the near-IR and
consequently would afford better protection in that reqion of
the spectrum compared to the uncoated FB-111 windscrecen. For
examnle, at the neodymium laszer wavelength (1.06 um), the
FR-111 cold-coated win’screen transmitted 47.2% of the liaht;
while the FB-111 uncoated and B-1 windscrcens transmitterd 85.9%
and 53.5%, respectivelv. The FR-111 uncoated windscreen ha~
th~ highest peak transmission in the visible spectra, nassinc
a maximur of 332 of the light at 0.709 um, The effrct of the
aold layer on the FR-111 windscreen was to provide more near-In
attenuation without compromisina the transmission "window" in
the visible.

Index of mMefraction and NDi=snersion Curve

All the windscreens were found to have two absorotion
bands--one in the 'V and one in the near-IP. The T'V absorption
band was common to all and was centered at 0.295 um, The two
¥13-111 windscreens contained the samc 1IN ahsorntion bard at
1.665 um. The oold laver on the coated FI-111 windscreen Aaid
not alter the center of the alisorption hand. The -1 winad-
scroen has a different IP alsorption hand than the FR-111;
it was wider, attenuating over a lareer wavelength region,
and was centered at 1.695 um. The index of refraction of the
F3-111 qold-coated windscrecn changed vith wavelenath more
rapidly than the uncoated TN-111 windscreen. The F-1, hovover,
doronstrated the most chanan in index of refraction with wavne-
length. The laminated B-1 windscreen was treated as beina
nomogeneous in the mecasurerment of the index of refraction.
~he value of the index of rrfraction for the B-1 windscreen
was an average or composite measurcment from all of the
laminates. Similarlv, the TFR-111 aold-coatec windscreen was
also treated in this fashion.

Best Available Copy N



Absorption Coefficient Calculations

The total transmission results were corrected for
roflection nd scatter losses prior to calculation of the
ahsorption cocfficients. In this manner only "true" absorp-
tion is found, and losses other than “y absorption are ex-
cluded. Th2 value of the ahsorptxon coefficient is such that
it characterizos the sample's spectral absorption per unit
thickness; thus only the sample's light pathlength need be
known.  TI'rom this 1nformation the porcant transmission can
be calculated. ‘

In the B-1 and I'ii-111 gold-coated w1ndscreens, each wind-
screen was treated as if it were liomogeneous in the calcula-
tion of the absorption cocfficient. Therefore, all laminates
and coatings within a windscreen were assumed to have the same

absorption coefficient. FEffactively, the composite absorp-
tion was calculated for thesc two windscreens. Since the goal
of this investigation was to measure the absorption of the
windscreen as it appears in the aircraft, an absorption co-
nfficiant measurera2nt for 2ach laminate was deemed necessary.

0f the windscr2ens stulied, the FB-11l1 gold-coated wind-
screen hal tlie largest absorption coefficients throughout the
spectrunm stuuied. In comparing the two FB-111 windscreens,
tihe gold layer proviled the major portion of the absorption
in the near-IR arl very little in the UV and visihble spectra.
The E-1 windscreen had the smallest absorption coefficients
hut did not have good transmission characteristics, since it
7as approximately 3 1/2 times as thick as the FB-111 wind-
screans.  ‘the B-1 also exhibited thz greatest reflection losses
of any of the windscreens dus to its laminated construction,
w-ich creatcs multi;>l2 internal reflections.

SUMMARY

This study reports the transmission, absorption, and
index of refraction of thrrne Mir TFTorce windscreens. 1Its
objective was to determine the effective protection offered
by thesa enclosures from UV, visible, and near-IR radiation.
Fxcellent protection (>4.0 0)) vas fnund in the UV spectrum
for all thre2 windscrecns —2asured. The amount of near-IR
attenuation varied with ocach windscreen type. Two factors
that enhancel th~ n~nar-In attenuation prop2rties of wind-
3creens uvere nultivle laminations and gold film coatings.
Thin gnld film coating seews to be most advantageous because
visihle light transmission was not decreased. Laminated
windscreens, which inherently contain multiple internal re-
flections, attenuate in the visible to some d2grece as well as
the near-IR.
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The results of this investigation permit the calculation
nf the transmission and reflection losses of the three air-
craft windscreons.

By measuring tho angles of incidenca of the radiation
and the thickness of tl.~ windscreen, transmission can be
calculated using absorption coefficients measured in this
study. Transmission can be compute:! as shown below:

eT = 190 x =~ (A) (x/cos 0;) (15)
where: %T = % transmissicn of windscreen
a()) = absorption coefficient at wavelength of
interest
x = thickness of windscreen
8; = angle of incidence to windscreen

Reflection losses from windscreen/air interfaces can
be computed by utilizing t»2 dispersion curve (Tis. 10) “nr
the particular windscreen and equation 3, Fresncl's reflec-
tion law. TIor unpolarized licht, thc reflection law is
valid for angles of incidence less t!iian 39°. Anagles of
incidence greater than 59° will cause reflections greater
than predicted by equnation 3 and, consemuently, the effec-
tive protection of tha windscreens will be aqreater.

Th> results reported in this study can also be applied
to nuclear nonionizina nlectromagnetic radiation. If the
wavelength content and distribution are known for a partic-
ular nuclear detonation, an averag2 windscreen transmission
and reflection value can be computed.
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APPERDIX A
WINDSCREEN RESULIS
TABLE A1, B=1 WINDSCREEN

LAMBDA (UM) Pmean (Dasan N ALPHA
.3200 < .010 > 40000 20500 > 201’87 i
« 3925 < ,010 > 4,000 1.836 > 2,550 j
¢+ 3950 016 3,809 1.826 2,427 ﬁ
«3975 . 101 2,997 1,215 1,900 |
«4000 .732 2,136 1.806 1.341
4025 5.480 1,458 1.796 901
4050 9,176 1.037 1,787 528
4075 17,415 0159 1¢779 -448
.4100 25,411 «295 1.770 «J42
4125 32,808 .484 1,762 270
+4150 36,696 435 1,755 _ 0239
4175 40,094 397 1.747 215
«4200 42,667 «J70 1.740 .198
4225 44,852 348 1.733 .'Rl
«4250 46,423 333 1.727 <175
4300 48,141 317 1.714 166
4300 48,141 317 1.714 . 166
4325 48,991 310 1,708 .162
4350 49,804 e 303 1.702 157
43715 50,262 . «299 1,697 155
.4400 50.981 . 293 1.691 . 152
.4425 51.830 .285 1.686 .148
4450 52,516 280 1.681 . 144
« 4475 52,865 <277 1.676 .143
4500 53,042 +2T15 1.671 <142
4525 . 54,024 » 26T 1.667 « 137
4550 54,650 .262 1.662 <135
.4600 55.55%4 «259 1,655 oIN
.4650 96,731 o246 1.645 .125
4700 57.532 . 240 1.637 122
4750 58,289 .?34 1.630 .119
4800 59.255 0227 1,623 .115
.+850 $9.902 e 223 1,616 113
»4900 €0.518 .218 1.610 . 110

.4350 61,216 W23 1,604 L107
<2000 61,667 . 210 1.598 . 108
<5050 61,872 .2@9 1,592 < 10%
5100 62,284 2086 1.987 - 104
5150 62,595 203 1,582 .103
« 5200 62,802 « 202 1.577 . 102
»3250 62,988 . 201 1.572 . 102
.3300 63,073 .200 1.566 102
5350 63,052 « 200 1.563 . 102
<3400 63,111 o 200 1.559 102
«5450 63,065 » 200 1.555 103
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LAMBDA (UM)

«5500
«5550

.5600

«5650
«5700
5750
«5800
+5850
5900
#5950
.5000
.6050
.6100
6150
.6200
»6250
6300
»6350
6400

P o Tl Tt T S T o= T o A T AT N g NPT oty

TABLE A~%1 (continued)

Tmean .

63,001
62,867
62,944
63,194
63,359
63,605
63.919
64,239
64..389
64.686
65.026
65,291
65,787
66.314
67,079
67.90%
68.631
69,292
70.279
71.475
T71.966
72,571
72,683
73,278
73.657
73.949
74,123
74,340
74,624
74,789
74,661
74,175
73,860
74,445
74,638
74,584
74,387
74,000
13,372
73,228
74,120
74.%39
74,390
74,317
74.004

T T
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(Dmean

201
«202
«201
<199
.198
»197
194
«192
191
.189
. 187
.185
.182
178
o173
.168
163
«159
«153
. 148
<143
«140
«139
«135
«133
#1431
»130
«129
<127
.126
o127
130
o152
.128
127
0127
129
131
o134
#1535
+130
«129
.128
.129
. 131
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.092
.086

»081
077
»073
.070




TABLE A=t (continued)

LAMEDA (U%) Tmean (Pmean N ATPHA
« 1750 73,767 432 14445 087
« 1800 73.458 «134 1,443 068
+ 7850 - 73,165 136 1.441 070
«7900 73,118 <136 1.440 070
+ 7950 72923 o137 1.438 «OT1
80600 72,735 «178 1436 072
«8000 72,735 138 1436 072
«8000 724735 .138 1.436 072
8000 - 72,735 - .138 1,436 +072
«8000 72,735 138 1.436 072
8600 71533 o145 1.436 (76
« 8050 - T14351 o147 1.435 077
8100 71.449 .146 1.433 077
8150 T1.642 145 1.431 «Q76
«8200 71,642 «145 1.430 076
+8250 71,475 <146 1.428 077
«8300 71,2386 o347 14426 078
. 8350 70,750 150 1.425 .080
«8400 704359 153 1.423 082
8450 69,792 156 1,422 084
8500 . 68,846 »162 1.420 -088
8550 67.486 o171 1.418 094
28660 65,212 .186 1.417 « 104
. 8650 61,991 « 208 1.415 e AR
«8700 61.218 0213 1.413 o122
8750 63,301 «199 1.412 112
.8800 65.078 187 1.410 105
«8850 65,469 .184 1.409 »10%
«8900 64,792 .188 1.407 106
8950 62,598 «203 1,405 . 116
9000 59.258 0227 1,404 132
«9050 5 .067 «259 1,402 152
9100 54,193 0266 1.400 o157
9150 60,630 217 1.399 125

: : «9200 63,270 «199 1,397 .114
'. g 2 09250 640545 9190 10395 0108
B 29300 64.692 RES 1,393 2108
N «9350 64,548 .190 1,392 .108
+9400 64,338 2192 1,590 .109
«9450 64,097 193 1.388 o111
»9500 63,782 0195 1,387 »112
09550 63,257 .199 14385 o114
«9600 62,526 204 14383 .118
.9650 62,211 «206 1.381 +119
.9700 61,402 212 1.379 .123
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TABLE A-1 (continued)

LAMTDA (UM) Tmean (Dmean K ATPHA
»9750 60,489 .218 1.378 . 128
«9800 59.578 +225 1,376 .138
.9850 58,435 $233 1,374 .138
.9900 57146 243 1372 144
.9950 56,164 « 251 1,370 149

1.0000 554451 .256 1,368 153

11,0050 54,601 <263 1.366 . 157

41,0100 53,588 271 1,364 163

1.0150 52,603 279 1.362 168

11,0200 54,351 .265 1360 .159

1.,0250 $53.642 270 14358 «16%3

1.0300 54,294 . 265 1.356 159

11,0350 54,651 262 1.354 .153

1¢0400 54,488 264 1.352 «159
1.0450 54,274 . 265 1,350 +160

1.0500 54,115 . 267 14548 .161

1.,0550 53,957 . 268 1.346 162

1.0600 55,766 0269 16343 .163

41,0650 53,592 271 1,341 164

1¢0700 53,524 o271 1.3%9 .165

1.0750 53,366 273 16337 .166

1.0800 52,670 «278 1,334 »169

1.0850 51965 . 284 1.3%2 JAT73

11,2900 50.693 295 1,329 181

1.,0950 49,064 .309 14327 »190

1.1000 47,135 . 326 1,325 « 201

1.1050 44,%05 2354 10322 »219

1.1100 39.292 406 1,319 0253

1.1150 33,038 .481 14317 « 302

1.1250 14,559 837 .312 534

1.1300 8,347 1.078 1,309 091

1.1350 6,194 1.208 1.306 «776

1.1400 9,518 1,031 14303 .661

1.,1450 11,886 «925 1,300 592

1.1500 15,325 .815 1.297 520

1.1550 19,398 712 1.294 454

1.1600 19,670 . 706 1.291 450

1.1650 17,952 JT46 1.288 AT6

1,1700 14,079 «829 1.285 «530

o 3 1.,1750 20,006 .699 1.282 446
. 4 1.1800 5.729 1,242 1,278 »T99
TN 1,1850 3,102 1,508 1.275 973
B 1.1900 4,385 1,358 1.272 875

1.1950 14,398 842 1,268 4540

1 \92000 250554 0593 1 [ 26F 0378
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TABLE S«1 (continuec)

LAMBDA (UM) Tmean (Dmean N ALPHA
1.2050 30,606 514 1.261 327
1,2100 334316 ATT 1.257 6303
1.2150 34,335 -464 1,253 «295
1.2200 36,843 434 1.249 +275
1.2250 39,154 <407 1,245 «258
1.2300 40,087 « 397 1,241 0252
1.2350 40,745 #2390 14237 o247
1.2400 41,337 «384 1,233 0243
1,2450 41,541 382 1,228 0242
1.2500 41,482 «382 1,224 o243
1.255%0 41,381 +583 1,219 0244
1,2600 40,976 « 387 1,215 o247
1.2650 40,539 ¢392 1,210 +250
1.2700 40,107 397 1,205 .253
1.2750 394537 +403 1,200 <257
1.2800 38,774 A1 1.194 +263
1.2350 37745 0423 1,189 «271
1.2900 36,695 o435 1,183 279
1.295C 36,349 +440 1,178 .282
1.3000 36,199 441 1,172 . 284
143050 354233 o453 1,166 «291
1,3100 34,247 +465 1,159 + 300
103150 324934 482 1,153 o311
1,3200 31,993 <4935 1.146 319
1.3250 30,947 +509 14139 0329
1,3300 29,243 534 14132 o 345
1.3350 27,764 e557 16125 «360
1.3400 24,481 ,611 1,117 396
1.3500 16,676 o778 1.101 «505
143500 16,676 « 118 1.101 «505
1.3550 11,552 «937 1,092 .609
1.3600 9,263 1,033 1,084 671
143650 6,445 1,191 1,075 174
1,3700 4,762 1,322 1,065 +859
143750 4,594 1.338 1,055 +870
1,3800 4,671 1,331 1,045 +865
1,3850 4,871 14312 1,034 «853
1.3900 4,103 1,387 1.023 «902
1.4000 3.610 1.442 2999 «978
1.4050 34561 1,448 .986 542
1,4100 4,772 1,321 e973 «859
1.4150 7.170 1,145 «959 oT44
1.4200 8,423 1,075 944 -698
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TABLE A~1 (continued)

LAMBDA (UM) Tmean ODnean N ALPHA
1.4250 8,322 1,080 «928 «702
1.4300 8,925 1.049 «912 .681
1.4350 9.656 1,015 .894 .659
1.4400 10.878 2963 .876 «624
1.4450 11.672 «933 .856 #5073
1,4500 12,259 912 «835 .588
1.4550 12,398 . 907 813 584
1.4600 12,184 914 .789 +587
1.4650 12,171 .915 763 <585
1.4700 12,280 911 o735 «579
1.4756 12,639 .898 »705 <567
1.4800 13.235 .878 672 <249
1,4850 13,608 .866 635 e535
1.4900 13,789 .860 «594 o522
1.4950 14,487 .839 +548 «495
1.5000 14,568 2837 +500 «478
1.505C 14,486 «332 «200 «479
1.5100 14,130 -850 .500 + 486
1.5150 14,174 .849 .500 «485
1.5200 14,238 .847 .00 .484
1.5250 14,381 .842 «500 481
1,5300 14,576 .83¢ «200 477
1,5350 14,617 »335 .500 o477
1.5400 14,552 -837 «500 .478
1.5450 14,55€ .8%8 500 .478
1.5500 14,485 «839 +500 .479
15550 14,552 <837 <200 .478
1.5600 14,877 827 +500 472
1.5650 15.274 816 .500 .464
1.5700 15.538 809 «500 «459
105750 150)5? ..814 0500 0463
1.5800 14,658 .8%4 .500 476
1,5850 14,175 . 348 +200 +485
1.5900 13,242 878 «200 «505
1.5950 11,754 .928 «500 537
1.,6000 10,054 .998 .500 «282
1.6050 8, 341 1.079 «000 635
1,6100 6379 1,195 «500 711
1.6150 34535 1,452 «500 .878
1.6200 2,128 1,672 «500 1.021
1.6250 1.710 1.757 «500 1.083
1.6300 .99%8 2,001 .500 1,235
1.6350 469 2,78 «500 1,448
1.6400 .040 7.403 «500 2,147

1.6450 < L,010 > 4,000 «200 > 2,535

REN
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PABLE A-1 (continued)

LAMBDA(TM) mean CPmean N ALPHA
1.6500 < ,010 > 4,000 «900 > 2,535
1.6550 < ,010 > 4,000 500 > 2,535
1.6600 < 010 > 4,000 «>00 > 2,535
1.65850 < ,010 > 4,000 «500 > 2,535
1.,6700 < ,010 > 4,000 «500 > 2,535
1.6750 < ,010 > 4,000 «500 > 2,5%
1,6800 < 010 > 4,000 «500 > 2,535
1.6850 <,010 > 4,000 +500 > 2,535
1,690 < ,010 > 4,000 «500 > 2,535
1.69%0 < ,010 > 4,000 1.000 > 2,602
1.7000 < ,010 > 4,000 2,500 > 2,487
11,7050 < 010 > 4,000 2,500 > 2,487
1.7100 < ,010 > 4,000 2,500 > 2,487
1.7150 < ,010 > 4,000 2,500 > 2,487
1.7200 < 010 > 4.000 2,500 > 2,487
1.7250 < ,010 > 4,000 2,500 > 2,487
1,7300 < ,010 > 4,000 2,500 > 2,487
1.7350 < ,010 > 4,000 2,500 > 2,487
1,7400 < ,010 > 4,000 2,500 > 2,487
1.7450 <,010 > 4,000 2,500 > 2,487
1.7500 < ,010 > 4,000 2,500 > 2,487
1.75590 .019 3.714 2,500 2,301
1,7600 .030 34520 2,500 2.175
1,7650 031 34503 2,500 2,164
1.7700 .0%4 3,271 2,500 2,013
1,7750 117 2,930 2,500 1,791
1.7800 . 151 2,820 2,500 1.720
1.785%0 156 2,807 2 500 1. 711
1.7900 + 250 2,601 2,500 1.577
1.7950 .354 2,451 2,500 1.480
1.8000 .426 2,311 2 500 1.437
1.8100 <517 2.287 2 <494 1 + 373
1.8150 532 2.274 3.462 1.368
1.8200 +472 2,326 2,433 1.40%
1 .8250 «353 2.452 2,405 1,489
1.8300 275 2,561 2,379 1.563
1.8350 0226 2,646 2,355 1,64

1.8400 «339 2,470 2.333 1.508
1.&éBO «338 2.471 2.311 1.511
1.8500 .208 2.681 2,291 1.649
1,8550 «J15 2,501 2,272 1,934
1.8600 +513 2,290 2,254 1,399
1.8550 «564 2.248 2.237 1.373
1.8760 534 2,273 2,220 1.391
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TABIE A-1 (continued)

LAMBDA (UM) Tmean (Dmean N ALPHA
1.8750 533 2,274 2,205 1.393
1,8800 o114 2,289 2,190 1.404
1,8850 ¢393 2,406 2,176 1.482
1,8900 212 2,673 2,163 1,657
1.9000 .032 3.498 2,137 2,196
1.9050 .,085 3,073 2,126 1,920
1.9100 .188 2,727 2,114 1,696
1.9150 334 2,476 2,104 1.53%4
1.9200 «435 2,362 2,093 1.461
1.9300 «446 2,351 2,074 1.455
1.9350 «455 2,342 2,064 1.451
1.9400 0504 2,297 2,055 1.422
1.9450 «566 2,247 2,047 14391
1.9500 «593 2,227 2,038 1.378
1.9550 594 2,226 2,030 1.379
1.,9600 489 2,311 2,023 1.434
1.9650 437 2.360 2,015 1,467
1.9700 411 2,387 2,008 1.485
1.9750 452 2,345 2,001 1.459
1.9800 «501 2,300 1.994 1.430
1.9850 515 2,288 1,988 1.423
1.9900 <485 2.314 1,981 1.440
1.9950 «456 2,342 1.975 1,459

2,0000 «429 2,368 1.969 1.477

N




YABLE i=2, PB-111 UNCOATEL WINDSCREER

N o

LAMBDA (UM) ™oan (DPnean ). | ALPHA
« 3200 < 010 > 4,000 2.500 > 9,633
03825 < 0010 > 40000 1-932 > 9.8‘4
« 3850 ,011 3.968 1.919 9,768
« 3878 014 3.869 1,906 9,522
. 3300 .024 3,623 1,894 8.907
« 3925 «094 3,025 1,883 7.405
. 3950 .860 2,066 1,872 4,992
« 3975 4,399 1.357 1 .861 3.210
4025 23,956 «621 1.841 1.363
+4050 34,%21 +464 1.832 973
4075 42,555 o371 1,823 o T4t
4100 48,545 o314 1.814 599
4125 52,820 2717 1.806 510
-4150 55.623 255 1.798 456
4175 57.745 238 1.791 .418
4200 58,93 0230 1,783 «J98
-42325 59.725 224 14776 .386
.4250 80,435 219 1.7"0 Y )
4275 61,075 0214 1.763 « 366
. 4300 61,663 .210 1.757 358
4325 62,190 .206 1.750 .350
4350 67,889 201 1,745 « 340
<4375 €3.537 .197 1,739 o331
.4400 64,063 .193 1.733 o224

.4450 65.068 .187 1,723 310
4475 65.320 .185 1,718 « 308
-4500 65.575 .183 1.713 « JO5

4525 65.853 . 181 1.708 « 302
.4550 65,745 . 182 1.703 « 306
4600 66,180 179 1,694 « 301
. 4650 66,946 .74 1.686 . 291
.4700 67.813% .169 1,678 . 280
4750 68,579 .164 1,671 «2T0
4800 69, 348 159 1.665% - 260
4850 69,619 157 1.657 .258
<4909 69,709 <157 1.650 <259
<4950 €9.780 .156 1.644 « 260
5000 70,194 + 154 1.638 <255
« 5850 T0.T4S 150 1.633 .248
5100 71.524 e KX 1,627 .38
5150 72,309 o141 1.622 .228
<3200 72,882 <137 1.617 . 221
5% 73,310 .1355 1.613 e216

2300 73.308 135 1.608 .21?




TABLE A-2 (continued)

LAMBDA (UM) Tmean (Dmean . § ALPHA
<5350 73.285 .135 1,604 219
5400 73.141 .136 1,600 223
5450 73,405 o134 .596 «220
«3500 T3.743 o132 1,592 «216
»5550 74,231 129 1.588 «210
<5600 74,678 127 1.584 «205
5650 75.270 123 1.581 197
«5760 75.740 121 1.578 .191
«5750 76,035 119 1.574 .188
+5800 76.059 119 1 ST .189
«9850 76,135 .118 .568 . 189
«5900 76.137 .118 1,565 .189
«5950 76.236 .118 1.562 .189
+6000 76,033 .119 1.560 «193
6050 76.134 .118 1.557 .192
«6100 76,742 115 1.554 184
6150 77.379 AN 1,552 176
+«6200 77.944 .103 1.549 .169
-6250 78,582 .105 1,547 .160
«6300 78,890 103 1,545 .157
.6350 79,122 102 1.542 154
.6400 79. 361 100 1.540 151
6450 79,302 .101 1.538 153
6500 79,645 099 1.536 . 149
«6550 79.672 .099 1,534 .1t9
6600 79.487 ,100 1.532 152
6650 T9.433 100 1,530 .154
6700 T9.580 099 1.528 .152
«6750 79.749 .098 1.5286 151
6800 80,277 .095 1.524 A
.6850 80,757 .093 1,523 .138
6900 81,184 .091 1.521 o133
.6950 81,636 .088 ‘519 127
- 7000 82,039 .086 1,517 122
.T050 81,877 .087 ’.516 125
.T100 81,740 .088 1.514 127
.T150 82,010 086 1.513 424
.71200 81.902 ,087 1.511 .126
7250 81,984 086 1,509 128
. 73500 81,796 087 1.508 S128
« 7350 81,662 .088 1,508 150
- T4G0 81,499 .089 1,505 .133
. 7450 61,525 .089 1,504 .133
1570 82,036 .086 1,502 127

« 1550 82,361 084 1.501 123




PABIE A-2 (continued)

LAMBDA (UM) Tmean ODmean N ALPEA
.7600 82,444 084 1,499 »122
. 1050 82,527 .087% 1,468 . 121
.7700 82.965 .081 1,497 116
«775C 83,378 .079 1.495 M
. 1800 83,846 077 1.494 105
« 7850 84,065 075 1.495 103
»790C 84,256 074 1.491 «101
« 7950 84.449 073 1.490 .098
.8000 84,504 .073 1.489 .098
«7950 84,449 073 1.490 .098
«8000 84,090 075 1,489 .103

-8050 84,202 075 1.488 .102
.83100 84,345 .074 1.487 101
«8150 84,403 074 1.485 .100
.8200 84,269 074 1.484 . 1035
«8250 84,131 075 1.483 105
»8300 83,911 076 1.482 .108
«8350 83,801 077 1,481 .110
.8400 835,747 077 1.479 JA11
.8450 83,412 079 1,478 JM15
.8500 82,370 .081 1.477 . 122
.8600 31,182 09 1.475 146
»8650 79.962 +097 1.474 167
.8700 80, 121 096 1.475 161
8750 81,720 .088 1.471 - 140
.8800 82,881 082 1.470 .125
.8850 83,565 078 1.469 116
8350 81,511 078 1.467 N17
«3000 82,936 .081 1.466 . 125
. 9050 82,282 .085 1,465 -134
.9100 82,390 .084 1.464 133
«3150 83.980 .076 1.463 N2
09200 850515 0668 1 .‘62 009‘
«9250 85.994 .066 1.461 .087
<9300 86,223 064 1,459 G54
. 3350 86,226 .64 1,458 .08%
<« 400 85,174 .065 1,457 «086
<2450 86,145 065 1,456 088
« 9500 85,893 .086 1.455 030
«9550 85.554 .068 1.454 094
-3600 85,302 069 1.453 098
3650 85,243 069 1,452 »059

~976GC 84,850 071 1.451 104




TABLE A= (il tuned)
TAMHDA (UM) faean ODusan L ALPHA
9750 84.516 073 1.450 109
«3800 84.320 JOT4 1.449 A12
23850 83,987 .076 1.447 .117
o -9950 83,266 .080 1 445 .127
c 1.0000 83.101 .980 1 444 0129
1.0050 83.019 081 1.443 130
{ 1.0100 82,771 082 1.442 134
! ! 1.,0150 82,768 .082 1.441 A4
i - 1.0250 84,226 <075 1,438 .116
1.0%00 84,365 074 1.437 114
1,0350 84.643 072 1,436 AN
1.0400 85,061 070 1.435 .106
1.04%0 85,455 .068 1.434 . 101
1.0500 85,510 .068 1.432 101
B 1,0550 85.821 066 1.431 .097
- 1.0600 85,934 066 1.430 .096
T : 1.0650 85,047 .065 1.429 «095
| 1,0700 86.273 .064 1.428 .093
F 1.0750 86,528 .063 1.426 »090
T 1.0800 86,585 «063 1.425 .089
} ° "3 ’ 1.0850 %.‘16 0063 ‘0‘24 0092
1,000 85.905 .066 1.422 .099
S 1.0950 85,484 .068 1.421 104
X 11,1000 84.284 ,074 1.420 120
= 1.1050 82,147 085 1.418 49
1.1100 76,942 . 103 1.417 « 193
- ?.1150 74,356 .129 1.41% 258
1.1200 66,974 74 1.4%4 .3?3
B 1.1250 56,607 L247 1,413 .558
= 1.13%9 40,853 .389 1,410 .915
¢ 3 1. 1400 47.648 . 322 1.408 o74?
3 1.‘45@ 95.349 « 257 1.407 +284
E 1.1500 62,266 .205 1.40% 455
s 1,1550 68,806 .162 1.404 346
e 1.1600 68.956 161 1.402 o344
1.1650 67.285% 72 1,401 <372
1.1700 65,042 . 187 1.399 403
11,1750 61,281 <213 1.397 475
1,180 2T.816 238 1.356 539
1.1850 91,222 . 291 1.394 672
1.1900 52,974 « 276 1.392 636
1. 1955 65,397 182 1,330 .405
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PABLE A~2 (continued)

LAMBDA (UM) Tuean (Dmsan 5 ALPHA
1,2050 T7.501 R 1,387 o221 1
1.2100 79.776 .098 1,385 .189 3
1.2150 80,885 .092 1,383 A75 '
1,2200 81,392 089 1,381 168
1.2250 82,389 .084 1.379 0156
1.2300 82.552 * 0083 10377 015‘
1.,2350 83,714 081 1.375 »148
1 2400 83.867 076 1373 138
1 2500 84,531 073 1 368 130
1.2550 84,976 71 1366 125
1.2600 85,117 Q70 1.364 124
1,2650 85.707 0567 1.361 A17
1.2700 85.933 066 1.359 115
1.2750 86,074 +U65 1.356 o113
!,2800 86,018 .065 1.354 115
1.28%0 8t .622 067 1. 351 «120
1.2900 84.837 071 1.349 13
1.2950 85,033 070 1.346 .129
1.3000 85,115 070 1.343 128
1.3050 84,558 073 1.340 137
1.3100 43,700 077 1,337 .?49
1,3150 82,633 .083 1.§34 163
1.3200 82,753 .085 1.331 . 169
13250 81,606 .088 1.327 2179
1.3300 80,938 092 1.324 » 188
1.33%0 80,434 «0G9% 1.320 - o196
1.3400 79,286 oy ‘ 1.31? 213
1.3450 76.538 116 *313 .252
1.3500 71.289 « 147 369 : 331
1.3550 64,822 .188 ‘.385 436
1.3600 62,155 .237 .71 482
1.3650 58,389 ‘4 1 2%7 «352
1.37150 52,834 .27? 1 ?88 .663
1.3800 52,936 « 276 .283 H82
1,3850 58,167 266 1,278 638
1.3900 52.767 .278 1.273 .668
1.395¢ 53.875 » 269 1,268 646
1.4000 55.485 .2%5 1,262 5*5
1.4100 97.859 2’8 1,250 .??f
1, 4150 62,520 .292 1 . 244 o487

1.4200 63.456 .198 1.2}? o473




TABLE 4w2 (cmf.inuad)

Toean Speas b ALPHA
63,041 L2000 . 1.223 483
64.193 .193 1,216 +464
66.@35 «180 1,208 o435
66,9 2174 1.199 421
_50.994 174 7.190 422
67,192 #2173 1.171 421
67.658 L1710 1.161 415
67.793 .169 1 150 o413
70,427 482 : 126 ~376
T1.997 > 143 1.1!2 353
72,496 2140 1,008 2347
73,746 o132 1.083 .330
76.08% 119 1.045 ' .238
76,765 115 B P4 289
7?@627 ) . .110 ’ ?.008 0277
784217 107 .98% - «269
78,752 <104 +J89 260
79.035 .02 233 . e84
74,069 St02 902 T #1251
73,043 L2102 887 «246
79,043 102 .829 - .238
78,888 .%@}~ L o184 . K228
75234 386,133 layg
CFHR 294 306 _ 672 .182
T 78.0%1 ' .‘Oﬁ o387 - 2128
78,574 ?2? + 500 ‘ 063
73,452 34 -560 .080
71,593 145 L500 .108
84,687 Y63 L o B0 ‘ 153
60,856 216 500 .286
$%5.558 - «2595 , 300 « 385
45,189  « 345 « 200 612
3T, 157 «430 5"’“ ' .825
25,208 .5%9 2500 1,250
19,178 RET .500 1549
15,772 568 : 500 2,180
{3
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TABLE A-2 (continued)

LAMBDA (0N) Tmean (Dmean )/ ALPHA
1.6450 4,500 1.347 <500 3,135
1.6500 2,818 1.550 .500 3.647
1.,6550 .798 2,098 .500 5,027
1.6600 075 3,125 «500 T.614
1.6650 <020 3700 1.000 9,322
1.6700 .030 517 2,500 8,416
1.6750 «295 2,531 2,500 5.931
1.6800 .486 2.314 2,500 5.385
1.6850 « 260 2,584 2,500 6,066
1.6900 o424 2,373 2,500 5.533

1.6950 622 2 206 2,500 5.114

1.7000 1.590 .790 2,500 4.087
1.7050 5,087 1,294 2,500 2,815
$.7100 9,144 1,039 2,500 2,173
1.71%0 9,410 1,026 2,500 2,142
1.7200 . 9.854 1.006 2,432 2,117
1.7250 10,377 .984 2,369 2,084

.7350 6,074 1,217 2,268 2,708

1. 7400 10.028 «99¢ 2,226 2.175
1.7450 17.767 » 750 2,189 1,563
1.7500 25,008 .602 2,155 1,201
1,7550 26,183 «582 2,12% 1,162
1.7600 21,587 .666 2.098 1.384
1,7650 17,772 750 2,073 1,606
1.7700 21,080 .676 2,050 .4?7
1.7750 28,711 542 2,029 1,097
1.7800 35.757 <447 2 010 .864¢
1,7850 36.999 «432 1,932 .833
1.7900 35,730 + 447 1,975 «877

1.7950 34,631 <461 1.960 917
1.8300 34,055 .468 1.946 <341

.8950 32,664 +473 1,932 «958
1.8150 35,742 472 1.908 .964
1.8150 33,742 A72 1.508 .964
1.8300 30,806 511 1.876 1.G75
1.8300 30,806 S 11 1.876 1.075
1,8350 33,632 AT3 1,866 .993
1.8400 35.393 + 451 1.858 «230
t.8450 35.217 o453 1.849 <338
1.8500 34,291 466 1,841 373
1.8550 35.185 454 1.833 «845
1.,8690 36,229 <441 1,826 915
1.8850 35.329 «352 1.813 346
1.8700 33.864 470 1.812 994
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TABIE A~2 (continued)

LAMEDA (OM) Tmean ODmean N ALPHA
1.8750 33.877 +470 1,806 «996
1.8800 33.886 +470 1.800 «9938
1,8850 31.823 «497 1.794 1,068
1.8900 26,776 D72 1,789 1,259
1.8900 26,776 572 1,789 1.259
1.8950 18,932 .723 1,783 1,640
1.9000 16,496 783 1.778 1,793 :
1.9100 31,694 «499 1.768 1.082 5
1.9150 57.049 431 1.764 913
1.9200 38,499 o415 1.759 «872
1.9250 38,046 «420 1,755 .886
1.9300 37.451 427 1,751 »905 :
1 09350 37 . 660 o 424 1 g747 0900 ;]
1,9400 38,895 .410 1,743 .866
1,9450 40,836 « 389 1.740 814 :
1.9500 41,636 . 381 1.756 + 7194
1.9550 42,116 «376 1.733 #7183
1.9600 41,634 « 381 1.729 « 797
1.9650 40,330 ¢ 394 1,726 «831
1.,9700 39.944 «399 1,723 «844
1.9750 40,220 « 396 1,720 838
1,9800 40,687 «391 1.717 «826
1,9850 40,446 «393 1.714 «833
1.9900 39,034 +409 1,711 «873
1.9950 37759 +423 1,708 O

2,0000 36,549 437 1,706 <947
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TABLE A-3. FB-111 GOLD-COATED WINDSCREEN

LAMBDA (UM) Tmean ODmean N ALPHA

« 3200 < L,010 > 4,000 2,500 > 9,633

, ~3850 < .010  >4.000 1.923 > 9.847

- « 2875 011 3.960 1,910 9,752
- , -3900 2020 3.698 1.898 9.096
T ¢ 3925 .089 3.051 1,886 T.471
« 3950 1,192 1.924 1.875 4,633

«3975 5.878 1,411 1.865 3.347

+4000 11,250 <949 1.854 2,185

.4025 19,483 .710 1.845 1.588

.4050 27,419 $562 1.835 1.217

.4075 34,343 .464 1.826 <974

»u .4100 40.178 -393 1.81a .797
= 14150 48.978 2310 1.801 -592
ﬁ .i 04175 500391 0298 10794 0566
‘&*zﬂ ' 04200 500352 0298 1.786 0569
3 b 04225 500351 0298 1.779 0572
3 .1 04250 510106 0292 10772 558
1: E o4275 520934 0276 10765 0522
;> ﬁ 94300 540961 0260 10759 +483
F ] 4325 56,953 244 1,753 446
. 3 +4350 57.780 .238 1.747 432
E 4375 57.851 2238 1.741 433
E 3 .4400 5T.433 . 241 1.735 o443
f? ‘é .4425 57.040 0244 10730 0452
S «4450 57,388 . 241 1,724 JA47
E ) 04475 58.725 0231 10719 0424
2 .4500 60,103 221 1,714 +400
] +4525 61,539 211 1,709 « 376
E' 04550 620487 0204 1.705 0361
E . ] .4600 62,525 . 204 1.696 « 363
E .4650 62,217 +206 1.687 « 371
; N 9 04750 660574 0177 1 0672 .302

E ' .4800 68,002 .167 1.664 «281
. 4850 67.941 -168 1,657 1285
.5000 70,646 151 1,638 248

«5050 72,115 142 1.633 227

«5100 72.495 .140 1.627 0224

5150 72,308 141 1.622 0228

5200 72,376 . 140 1.617 «229
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TABLE A<-3 (continued)

LAMBDA (UM) Tmean ODmean N ALPHA
«5250 73.188 136 1.612 218
«5300 74,181 « 150 © 1,607 « 205
«5350 75.089 124 1.603 +193
«5400 75,387 .123 1.599 .190
«5450 75.188 .124 1,594 «194
+5500 75.165 124 1.590 .196
+5550 75.616 121 1.586 .180
.5600 76,641 .116 1,583 A77
«5650 77.447 i1 1.579 «166
«5700 77833 109 1.576 .162
«5750 T7.735 .109 1,572 164
L] .5800 77.637 110 1,569 167
E «5850 77.656 110 1.566 .168
L +5900 77.805 .109 1,563 .166
.6000 78,965 103 1.557 .152
N -6050 79.357 2100 1,554 128
; E ' .6100 79.630 .099 1,551 « 145
.6200 79.385 .100 1,546 <150
6250 78,645 .104 1.543 . 161
<6300 78,491 »105 1,541 .164
.6350 784740 104 1.538 .161
.6400 79,097 102 1,536 o157
.6450 79.841 .098 1.534 o 147
.6500 80,757 093 1.531 «135
.6550 81.317 090 1,529 .128
+6600 81,758 .087 1.527 .123
.6650 81,100 .091 1,525 o133
: -6700 80, 329 .095 1,523 144
k-3 .6750 79.626 .099 1.521 154
o +6900 784553 .105 1.515 170
+6950 78.926 .103 1.513 . 166
. 7000 79,652 .099 1.511 »156
« 7050 79.816 .098 1.509 155
7100 80,058 097 1.507 152
» 7150 80,067 +097 1,505 «152
7200 79.649 «099 1.504 .159
. 7250 78,278 106 1,502 178
. 3 07350 760 200 0118 1.498 0209
« 7400 75.446 .122 1.497 «220
. 7450 75.130 124 1,495 «225

40
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ﬁ

g TARLE A~3 (continued) ' : p—"

& LAMBDA(UM) “mean ODmean N ATLPHA

; 75.675 .121 1,493 .218

: 76,221 118 1.492 .210
76.815 .115 1.489 «203
76.815 115 1.489 «203
76.727 115 1.487 204
76,311 117 1.485 211
75.342 .123 1.484 225
74,682 .127 1.482 0235
73,697 33 1.481 « 250
72,757 .138 1.479 «265
70.151 ' .154 1.478 ¢ 205
68,718 .163 1.476 528
67.861 .1€8 1.475 342
67.513 G171 1.473 o348
67.719 .,169 1,472 « 45
68.474 .164 1.470 334
69.406 159 1.469 <319
70,306 .153 1.467 « 305
70.997 . 149 1,466 « 285
T1.754 .144 1.465 .284%
71,030 .149 1.463 «295
70,421 .152 1,462 . 305 !
68.703 .163 1.460 333
66,321 .178 1.459 372
64,776 .189 1.457 « 398
64,344 191 1.456 406
64,344 191 1.456 406
63,372 198 1.454 423
60,481 .218 1.452 475
59,308 227 1,450 «496
57.028 244 1.447 <540
57.015 « 244 1,446 541
58,466 233 1.444 .514
59.415 « 226 1.443 486
59.889 .223 1.441 488
60,299 220 1.440 431
60,382 219 1.439 +480
59.922 222 1 +439 .488
60,299 « 220 .437 482
60,292 2 0 1.436 .482
59,880 23 1,433 491 .
59.349 .42? 1.4%1 «501
58.945 «230 1.4350 509

L Srmmrattgs  m yrS Vs 4 b srm




N ..

TABiE A~3 (continued)

LAMBDA (UM) Tmean (ODmean N ALPHA
+9700 57.786 .238 1.428 <531
9800 554379 «257 1.425 578
- .9850 54,014 .267 1,423 .606
S «9900 52,754 .278 1,422 .632
AR «9950 51,705 .286 1.420 «655
E - 1.0000 50,738 <295 1,419 .676
1,0000 50.738 .295 1.419 .676
1,0050 50,072 ~300 1.417 .691
1,0100 49,491 . 305 1,415 .704
; 1 .0150 49,263 .307 1,414 .709
- 1,0250 49,326 . 307 1.410 .T709
3 1.0300 49,168 .308 1.409 713
3 1.0350 48,982 .310 1.407 ~ JT1T
1.0400 48,542 2314 1.405 .728
1,0450 48,161 O 317 1.403 137
1,0500 47.774 . 321 1,402 746
1,0550 47,558 .323 1.400 .752
1,0600 47,395 .324 1.398 J756
1,0650 47,272 .325 1,396 +759
1,0650 47,272 .325 1,396 «759
1.0700 47,166 326 1,394 .762
1,0750 47,313 .325 1,392 759
1.0800 47,365 .325 1.390 .758
1.0850 46,880 <329 1.388 770
1,0900 45,904 .338 1,386 <794
1,0950 45,811 .339 1,384 .796
1.1000 44,618 <350 1,382 .826
1.1050 42,924 .367 1,380 .869
1,1100 40,543 «392 1.378 +932

1.1150 37,471 .426 1,376 1.018 .

1.1200 32.868 0483 10374 10162 ‘
1,1250 27,575 559 1.372 1.355

1.1300 21,817 .661 1,369 1.612 \
1.1350 19.539 .709 1,367 1,733
1.1400 25,750 .589 1.365 1,432
1.1500 29,331 .533 1.360 1,290
1.1550 31,977 .495 1,358 1.196
1,1600 31,742 .498 1.355 1,205
- 1,1650 30,601 514 1,353 1,246
A , 1.1700 29,225 .534 1,350 1,297
A I 1,1750 7,183 .566 1,347 1.377
! , 1.1800 25,135 .600 1.345 1.463
1,1850 22,051 657 1.342 1,607
1,1900 22,592 .646 1.339 1.581

1.1950 27,609 «559 1.336 1.362

S T N D U P R TR TR AR P



TABLE A=3 (continued)

LAMBDA (UM) Tmean ODmean N ALPHA
1.2000 30,913 510 1.333 1.239
1,2050 31.846 «497 1,330 1,207
1.2150 32,892 483 1.324 1,174
1.2200 33,195 +479 1,321 1,164
1,2250 33,644 473 1,318 1.150
1.2300 33,945 .469 1,314 1,141
1.2350 34,264 .455 1,311 1,132
1.2400 34,722 +459 1.308 1,118
1,2450 35,098 «455 1.304 1,107
1,2500 35,262 453 1.300 1.103
1.2550 35.344 0452 1.296 1.101
1.2600 354230 .453 1.293% 1,106
1.2650 35.154 454 1.289 1,109
1.2700 34 ,86C .458 1.285 1.119
1.2750 34,434 463 1,280 1,133
1.2800 34,022 »468 1.276 1.147
1,2850 : 33,160 479 1.272 1,176
1.2900 32,522 .488 1,267 1,198
1.2950 32,111 +493 1,262 1,213
1,300C 31,593 «500 1,257 1,232
143050 : 30,942 «509 1,252 1,256
1,.3050 30,942 .509 1,252 1.256
1.3100 30,340 .518 1,247 1.278
1,3150 29,504 .530 1,242 1,310
1.3200 29,053 «537 1,237 1.328
1.3250 28,545 544 1.2314 1.348
1.3300 27.827 <556 1,225 1.377
1.3350 27,211 +564 1.219 1.399
1.3400 26,530 576 1,213 1.431%
1.3450 25,062 601 1.206 1.495
1.3500 25,176 635 1,199 1.582
1.3550 20,458 .689 1,192 1.719
1.3600 19,264 .T15 1.185 1.786
"4 3650 17.955 . 746 1.178 1.864
1.3700 16,435 . 784 1.170 1.962
1.3750 15,611 .807 1.162 2,020
1.3800 15,312 .815 1.15% 2,042
1.3850 15.383 .813 1.144 2,038
1.3900 14,720 .832 1,135 2,087
1.4000 - 15,206 .818 1.115 2,054
1.40%0 15.102 .821 1.105 2,063
1.41i00 15.694 <804 1.093 2,022
1.4150 16,898 .T172 1.082 1.942
1.4200 17.215 . 764 1.070 1,922
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LAMBDA (UM)

1.4250
1.4300
1.4350
1.4400
1,4450
1.4500
1.4550
1.4600
1.4650
1.4750
1.4800
1.4850
1.4900
1.4950
1.5000
1.5000
1.5050
1.5100
1.5150
1.5200
1.5250
1.5300
1.5350
1.5400
1.5450
1.5500
1.5550
1.5600
1.5650
1.5700
1.5750
1.5800
1.5850
1.5%00
1.5950
1.6000
1.6100
1.6150
1.6200
1.6250
1.6300
1.63%
1 . 6‘%
1.6450

TABLE A-3 (continued)

Tmean

16,965
17,195
17.660
18,290
18,722
18.875
19,115
19,407
19.710
20,361
20,821
21,300
21,464
21,833
21,996
21,996
22,173
22,150
22,225
22,132
22,066
21,884
21,730
21,439
21,152
20,853
20,547
20,170
19,899
19,440
18.852
18,132
17.614
16,841
15.821
14,685
13.486
12,010
9,616
7.716
6.894
5.013
3.716
2,123
<751

ODmean

«770
765
o753
. 738
. 728
o724
«719
o712
« 705
691
.682
672
.668
.661
658
558
.654
655
«653
655
«DE6
.660
+663
.669
675
.681
.687
695
« 701
AR
e 725
. 742
o754
174
«801
«833
870
«320
1.017
1,113
1,162
1.300
1,430
1.673
2,124
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1,057
1,043
1.028
1.013
<997
.980
961
<942
«920
873
.846
817
. 785
. 150
.T11
o711
+666
616
»957
«500
«500
«500
+500
«500
«500
«500
«300
«500
«500
«500
«500
500
500
500
«500
«500
+500
«200
500
<2500
«500
<500
<500
500
«500

ALPHA

1.939
1.925
1,897
1.859
1.833
1.824
1.810
1,792
1.773
1,734
1.702
1.670
1,652
1,620
1.593
1.593
1.559
1,522
1.460
1.392
1.396
1.405
1.412
1.427
1.442
1.457
1.474
1.494
1.509
1.534
1.568
1.610
1.642
1,691
1.760
1.841
1.934
2,061
2,304
2,545
2,668
3,017
3.344
3.957
5.05¢4




LAMBDA{UM)

1.6500
1.655C
1.6600
1,665C
1.6700
1.6750
1.6800
1.6850
1.6900
1.6950
1.7000
1.,7050
1.710¢
1.7150
1.7200
1.72%C
1,7300
1.7350
1.7400
1.7450
1.7500
1.755¢C
1.7600
1.7650
1.7700
1.7750
1.7800
1.7850
1.7900
1.8000
1.8050
1.8100
1.8150
1.8150
1.82%¢C
1.8300
1.835¢C
1.8400
1.8450
1.8500
1.8550
1.8600
1,8650
1.870C

TABLE A«3 (continued)

Tmean

404
131
.019

< ,010
< ,010

.037

057

.032

051

073

.216

o172
1.717
1.748
1.800

1.747
1,174
1,060
2,019
3.271
4.505
4.798
3.953
3,370
4.000
5.430
6.757
7.050
6.8569
6.709
6.662
6.608
6.654
6.616
6,638
5.961
6.073
6.544
6.898
6.864
6.639
6.743
€.939
6,656
6.455

>
>

45

UDmean

2,394
2,882
3,723
4,000
4,000
3,430
3,244
3,488
3.291
3,138
2,665
2.113
1,765
1,758
1,745
1,758
1,930
1.975
1,695
1,485
1,346
1,319
1,403
1,472
1,398
1,265
1,170
1.1%2
1.163
1,173
1.176
1,180
1.177
1,179
1,178
1.225
1.217
1,184
1.161
1.163
1,178
AT
1,159
1,177
1.140

N

«200
«500
500
1,000
2,500
2,500
2,500
2,500
2,500
2,500
2,500
2,500
2,500
2,500
2 500

2,500
_.500
2,500
24500
2,500
2.496
2.453
2.415
2,379
2,347
2,317
2,289
2.264
2,240
2,218
2,197
2,178
2.159
2,142
2,111
2,096
2.083
2,070
2,057
2,045
2,034
2.02‘
2,013
2,004

5773
7,003
9,121
> 9,633
8.196
T.729
8,344
T.846
T.461
6,269
4.878
4,003
3.984
3,951
5.984
4.419
4,530
3.826
3.20¢€
2,949
2,896
3.123
3.311
5.13%
2,812
2,583
2,546
2,584
2.618
2,633
2.649
2,648
2.661
2,657
2,787
2,772
2,695
2.542
2.652
2.693
2,680
2.653
2,702
2.739




TABLE A-3 (continued)

LAMBDA (UM) Taean ODmean N ALPHA

1.8750 6.353 1.197 1.994 2,760
1.8800 6,337 1.198 1,985 2,766
1.8850 5.889 1.230 1.977 2,849
1.8900 5.045 1.297 1.968 3,022
1.8950 3,580 1.446 1.961 5.400
1.9060 36233 1.490 1.953 3.514
1.9050 4.350 14301 1.946 3.192
1.9100 5.645 1.248 1.939 2,909
1.9150 6.491 1.188 1.932 2,759
1.9200 6,567 1.183 1,925 2,749
1.9250 6.449 1.190 1.919 2,71
1.9300 6.248 1.204 1,913 2,808
1,9350 6,204 1.207 1,907 2.817
1.9400 6.317 1.200 1.901 2.800
1.9450 6,442 1.191 1.896 2,780
1.9500 6,477 1.189 1.890 2,776
1.9550 6.476 1,189 1.885 2,778
1.9600 6.305 1.200 1.880 2,809
1.9650 6,040 1.219 1.876 2,858
1.9700 5.812 1.236 i1.871 2,902
1.9750 5.T44 1.241 1.866 2,916
1.9800 5.737 1.241 1.862 2,919
1.9850 5.537 1.257 1.858 2.960
1.9900 54297 1.276 1.853 3.009
1.9950 5.041 1.297 1.849 3.065
2,0000 ‘ 4,753 1.323 1.845 3,131

$€




