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THE TRANSMISSION, ABSORPTION COEFFICIrNT, AND I7DEX OF
"REFRACTION OF THE B-i AND PB-Ill WINDSCREENS

INTRODUCTION

The hazards of flashblindness and ocular burns from
intense light sources have been under investigation by the
i•r Force for many years. Since the first nuclear 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,
and 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 target. Although flash-
blindness is a temporary phenomenon, the inability to read
instrument panels and tne effect on dark adaptation at night
is a serious problem to the pilot.

Ocular burns are caused by 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
regions. Lenticular damage has been observed for selected
wavelenqths at the near-UV and IR spectra.

Another recent source of high-intensity radiation has
evolved--the laser, now used in aircraft weapon delivery
system3. Laser light, unlike the thermal emission of a
nuclear detonation, emits energy in very narrow bandwidths.

The recognition of ocular effects due to high-intensity
liqht sources has brouaht 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-1 and
two types of FB-l11 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:

Ii Ir + Is + Ia + It ()

where the subscripts designate the incident, reflected,
scattered, absorbed, and transmitted intensities, respectively.
Ij and the sum It + Is can be measured directly and Ir can be
calculated from the index of refraction for t'ie sample. I1
and the related Lambertian absorption coefficients can then
be determined from equation I.

Reflection Losses and the Index of Refraction

'ieflection losses, Ir, 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, NI, N2 , of the two mediums comprising the
interface, and calculated according to the Fresnel reflection
law as:
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(N1'N2)2
R (N1 +N2 ) 2 (2)

For the case of a sample measured in air, we can assume
the value of N1 or N2 as 1.0 and constant, such that the
reflection is rewritten as:

SR (1-N2) 2

(I+N 2 ) 2

where NZ 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. Snell's
Law for the index of refraction, 'N2, is

Sin 0iN2  Sin 6 r

where 6i and 8 r are the angles of incidence and refraction,
respectively.

The index of refraction for a sample can be measured at
each wavelength of interest and tabulated for later use in
tCe calculation of reflection losses. However, since the
index of refraction is a function of wavelength, i.t would be
iuore aavantageous to an investigator if an analvtical expres-
sion could be found wqhich could approximate the index of re-
fraction as a function of wavelen fl, '%'). The advantage of
expressinq M(k) analytically is tnat the index of refraction
at each wavelength could be calculated rather than measureuo
This is particul.arly useful in computer calculations such as
this study employed.

The analytical exp)ression of N(M) for a particular sub-
stance, the dispersion equation, is unique and depends upon
the! atomic structure of that substance. '-any forms of tVe
dispersion equation have been proposed, depending on how
accurate a representation of N(M) is required. In this study,
the Sellmeier approximation to the dispersion equation was
used. It is of the form: (4)

n Aix 2

I 3. + E (5)
i-i X2-X2

Where: N = the index r-f refraction
Ai , the "i"th experimentally determined coefficient
) = wavelength (mictrons)
i = cr.nter waveLeaiith 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 obtains the curve in
Figure 1.

A

N Bz.

4,l.

Xuv X ir

Figure 1. Typical dispersion curve for a transparent
sample with two absorption bands Ativ and Air.

In the region AB, the index of refraction decreases
after having been extremely large at the UV absorption maxima,
Auv. 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 thn
sample.

The portion CD is observed in the near infrared and in
caused by approachinq an IR absorption maximum Xi.. The
index of refraction drops off rapidly in this region and
theoretically to -- at. the absorption maxima due to the dis-
continuity in the denominator of equation 5. As we pass
through the absorption band Air, the analytical expression for
N(M) jumps from -- to +, an.! then decreases in value.
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In practice, the index of refraction cannot become
negative or go to +m as the Sellmeier formula suggests. The
equation represents the refractive index of an absorbing
medium quite well, until applied to wavelengths near the
absorption bands, where we obtain n =N. ?lear 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 become infinite. Because
of these 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).

2.5

0 0.5
C3,

Figure 2. Dispersion losses.

In this investigatinn we %rbitrarily assumed an index
of refraction maximnum of 2.5 and a minimum of 0.5 for regions
%-holrre Sellmoier's equation would predict a smaller or larger
indepx of refraction.

Absorpt~ion Coefficients

Tito ahsorbeýd intensity, la, c-ni be calculated usinj
cq!uA-on 1, meoisurtl values fnr Ii,, (it + I,) and calculated
va-lues fwr Ir. Ir can b," computed usnin tile Sallmeier egua-
t~i-,n for thý, in,'lex of refraction and e~quation 3. Consider tile
li,;hit -,nt W,,•--1 on a svmplki as shown in Vigure 3:

LU 0.5

F'igure•2 Dispersin losses



I* - •- x - . .

Figure 3. Sample with incident light, I

where: Io - incident intensity
Irl, Ir2 - reflected intensities
N1, N2 = indices of refraction

a = Lambert absorption coefficient (1/cm)
Ia, Ib - intensities just beneath the front and rearsurfaces of the sample, respectively

It - transmitted intensity, including all forwardscatter intensity
X = thickness of sample (cm)

The Lambert absorption coefficient, m, is defined as

a 1 Ln (l/T) (6)

where T Intenst ust leaving sample
"a Intens jyust entering sample

Ia is equal to the difference between 10 and 1 rl, whereIrl is the first reflection as calculated by Fresnel's reflec-tion law (assuming N1 n 1, for air);

rl - (1 2 )2

(1+N2 )2
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Hence, 1a - 10 - To t I[l{J-1 A+2) (7)

Similarly for 1b; Ib - Ir2 = t

or It = Ib [1-tl

and Ib = It (8)

Therefore: [i!b( 2 yyl

Now the Lambert absorption coefficient is calculated as:+

I /2

MrETHODS AND WNTERIALS

Transmission Measurements

Instrumentation and Calibration- rot-.x rrtn9rnission
meaisurements were maJe ir the spt.ctral ranqe of 0.3 to 2.n urm
for the 0-1 and the ED-111 gold-coated and uncoated wind-
screens; a Cary model 14 UV-visible-near-IR spectrophotometer
wast used with the 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

scatter and reflection, fell within the detectnr ajnrture of

the snrtitrop*otometer. The orientat ion of the sam-ple was

maintained normal to the beam by a samrde holder which allowed

adjustment of the angle of incidence up to 45'.

Before the spectrophotomoter measuroments were made the

inttrumont was calibrated. The electronics of the Cary 14

spectrophotoaetor was stabilized at the beqinning of each

recording Ressinn by allowing a 4-hr warvup period. A

soectra! scan, without a sample in place, was made to

7
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determine the stability and to balancp the reference and
sample light intensities. In addition, spectral scans were
made with a 1.0 optical density (OD) screen filter in the
sample bear, est,-blishing a 0 to 1.0 OD range and the re-
cording arplifier stability which was always + q.01 absorp-
tion units. In addition to the 0 to 1.0 OD calibration,
various other screen filters (0.5, 1.5, and 2.V (D) were
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 wavelenqth accuracy and bandwidth were calibrated by
repetitively scanninq the stronc emission line spectra of a
mercury/cadmium (Hg/Cd) lamrn. (The tungsten lamp normally
used in the Cary spectrophotometer was replaced Ly a Hg/Cd
lamp.) Wavelength accuracy was within the instrument speci-
fications of 4.0A. The maximum wavelenqth error was 3.051;
most errors were considerably less. Table 1 lists the
measured bandw:idth at the normal program.ed slit width for
selected lines in the ultraviolet and visible.

TABLE 1. BANDWIDTH MrASUREMENTS FOR TIHE
CARY 14 SPECTROPHOTOMETER

Programmed AX
I(R) slit width (mm) bandwidth (A)

3650.15 0,120 7.4
4046.56 0.050 3.0
4678.16 0.017 1.6
5085.82 0.011 1.6
57(9.59 0.011 1.7
6438.47 0.024 2.3

•ectral Scannin!y Procedures--'o obtain high revolution
and wavelea•tbh accrcy# al'Th scans were performed at a speed
of 5.01/sect windscreen samples were initially scanned in the
1.0 O range. When the optical density of the samples
excreded the 1.0 0D range, they were rescanned in the 1.0 to
2.0 00 range. With a 2.0 00 screen filter placed in the refer-
once beam, two additio-nal optical density ranges could be
obtained! 2.0 to 3.0 and 3.0 to 4.0. Phen reqaired, all
samples vere measured to an optical density of 4.0 throughout
the vavelenoth range of 300 to 2000 nM. In a hiqh absorption
reqion, whero ontical densitv is chanqing at a rapid rate,
the samples were scanned at the slovest rato available,
0. 4SRI, Thin insured that the recording oen response tioe
was not exceeded by the rato of optical density ch&nqe. Fach
saiple cut from a windscreen was mounted in the sanple holder
and aliQned so the beam passed through the center of the sample.
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The spectrophotometric scan of each sample was repeated
7 tines in this position.

Oita Analzsis-.-The optical density data were digitize-J
manuaiTfofn-form-s jisting wavelength and optical density.
sampling rate of 5A per sample was taken in most cases. In
regions where the optical dcnstty was changing rapidly, thc.
simple rate was doubled-I to 2.5A per sample. Cample points
were tabulated for 7 different spectrophotomotric scans.

To manage the larqe an4ofnts of spectrophotometric data,
a conyuter program was written for the liewlett-Packard model
98.0 proqram•able calculator.

Measuremont of the Index of 2ofraction

Instrumentation--To measure the index of refraction, a
l'tsr spectrometer systi.m was desiqned and constructed
consistinci of two sections: (a) laser and optics, and (b)
samrlo holder and manipulator.

A Coherent Radiation kryaton qas laqr-r, mo-lel 521, was
:n& as tUe nonochroratic light source in the systen and was
ca..tlle of C',aivering s visible wavelengths sonwn in Tible 2.

PA4Lk: 2. 1U, YPTO 4 LASL,( OUTPUT LIJ4ES

S:lectrum Wvr qA Itl color L9r (mvW)

647.1 2ted 15I
5C•8.2 Yellow 60
5I. 3 Green 60

eareen C0
432.5 alue 20
47B.. Blue
463.0 flue 5
461.9 Blue S

The la.ur ho.art,ýas collimate4 and re-j.-ctsj through
a Ina 5 a.. perturý and a _bean siýfttar to the sanmPie
io1.*cr, iý6 r-? the irnO½i of ref raction w'~s n-d-1stur' trig. 4).

* 1;;1e olir amd wt-aniwjlator coast- o! 7 * m
?Onenta; 'me nrtunt. tilt control, nAovat-r control, rotator
c-ntrxl. Xnraz.ntal adjutment, L'ast, and refraction grid.
Thrv nount and sections wero usid to :old the safvle in
;,lce in- !urovici S sturdy -%ountir?; rail tmýhit% allowed
Vrotit-to-! ick rnvent, toward-*, or away fro, the laser bean.
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*1
-LASER HEAD WITH NEUTRAL DENSITY FILTER

_MRRER COHERENT RADIATION KRYPTON LASER ]3

I MODEL 52

50 i,.m APERTURE•

TILT CONTROL ICENTER OF AXIS ROTATION

SAMPLE (WINDSCREEN)

ELEVATOR
CONTROL HORIZONTAL CONTROL

SAMPLE HOLDER I ROTATOR CONTROL

MICROMETER FOR PLATFORM
MOVEMENT

REFRACTION GRID
\ -iREADING LENS

MOUNTING PLATFORM

Figure 4. kieasurement system, for the index of
refraction.

The rotator section of the system allowed the operator to
change the ang]e of incidence of the laser beam. 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 beam Passe,! througli 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 beari by means of a micrometer adjustment.
The grid lines were separated by 1 mm. This unit was used
as a coordinate system to measure the position of the unre-
fracted and refracted laser beam after passing above or
through the windpcreen sample. The difference in coordinate
position between the unrefracted and refracted beam was a
measure of the index of refraction of the sample.
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M4easurement Procedures--The index of refraction was cal-
culated y masring the thickness of tie windscreen, the
angle of incidence, and the aiffert-nice in the coordinate oosi- -
tion for the refracted and unrefracted '"3~am, as shown in
Figure 5.

GRID

REFRACTED

y N

IN

_______________________ tNREFRACTED
BE AM

~- b

Figure 5. Calculation of index of refraction.

A computer program was written to accept these three measured1
parameters and to calculate the subsequent index of refrac-
tion. From Figure 5:

b/cos01. y

and: Y sin~i =x

Therefore: a =x -r

where: r =difference in centimeters batween refracted anu
unrefracted beams' position

b sample tdckness
=i angle of incidence
=r angle of refraction



Now the angle of refraction is calculated ast

Or = Tan-l (a/b) = Tan- 1 (x-r)/b] (11)

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

SinOr

Data Analsis--Twenty measurements 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 21 measurements
were also determined. A sample histogr•m ' t is presented
in Figure 6. A minimum acceptable value for the variance was
0.0001. If the variance did not meet this specifica'ion, 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-1I1 GOLD COAT
10-

S2 -.0000

U4-

2-

0or_
1.660 1.665 1.670 1.675 1.680 1.685 1.690 1.695 1.700

INDEX OF REFRACTION

Figure 6. Sample histogram analysis for index of refraction
measurements.
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Dispersion Curve Construction--The eight laser Wve-
"lengths and corresponding indices of retraction Vere 4l1ttd
on linear graph paper. From these eight points, a4-:! f-ft"

hand-drawn curve was constructed. Two widely separktad
points on the curve were selected to calculate the al;aefe•
dispersion equation coefficients (4).

'The Selimejer dispersidon eiuatiOn has the form (as
revorted" before in equa.o*"4:q

nA A2
N2 = + z .

in which mi= absorption band location in microns.

The sulmmation was trken as many times as maximum absorption
Lanes were present in the spectral range of interest. Ina the measurement of FB.-11 and B-i windscreens, two strong
absorption bands were present in the range of 0.3 to 2.0 i.m.
These two absorption bands, which vary with windscreen type,
"were measured in each windscreen. One absorption maximum
was found in the UV and the other was found in the near-IR.
Therefore, the Sellmeier equation takes tne form:

2 + AA2  + A2N2i +2_2+ (13)

uv

After measu"ement of the two maximum absorption wavelengths.
X and Ai. the coefficients A and 3 could be determined byusinc the two widely separated index of refraction measure-
ments. A second determination for the A and B coefficients
was derived and an average was determined. At the waveln-r•th
desicnated as the UV and IR absorption maxima, the Sellmoier
equation predicted an infinite index of refraction, as foundin theory. Consequently, because of dispersion losses, it is
imporsible to expect an infinite index of refraction. Foreach sample a nominal index of refraction of 2.5 maxiniu..-and
0.5 rinimum- ias arbitrarily assumed near and at uv andir

13



Calculation of the Absorption Coefficients

With the index of refraction characterized by an equa-
tion and the transmission curves determined previously, 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 absorption
coefficients as a function of wavelength. At each wavelength,
the index of refraction was calculated from the Sellmeier dis-
persion equation. Reflection losses were then calculated from
the index of refraction.

RESULTS

Transmission rMeasurements

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, FE-111
gold-coated, and FB-1ll uncoated windscreens.

£u00m - 2.602

EFFICIENTI -2.342

SPRCENT TRANSMISSION I 82

60 1 1.561
S50 1.301

~40

20 0.520

10 A 0.260

.so .50 .75 1.00 1.25 1.50 1.75 2.0

WAVELEkGTH (A~m)

Ficture '. Transnipsicr and absorntion coefficient

curves for the P-1 windscreen.
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41100 10.077

AISOAPTIONi COEFFICINT

PERCET T .062
PECN7R0SI~O 7.054

~60 6.4

~50 -50.

40- Uj4.031

too
10- 1.008

.30 so0 IS 1.00 1.25 1.50 1.75 200

* WAVELENGTH (Lum)

* ~Figure 8. Transniission and absorption coefficient
curves for the FB-111 cold-coated
windscreen.

100 -.i9.855

90 I-TTRANSUIS5I1 I8.869

7.884

6.89

so-
~50 4.942

05 1 00

Fiqture- 9. Transmission ancd absorption coefficient

curvet; for-the rP-111 uncoated wiincdscreen.
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Index of Pefraction

The dispersion curves for the three windscreens are
shown in Figure in. Absorption maxima mparurpmints in the

2.50 OISPERSION CURVE

2.30 -

2.10 --- -I WINOSCREEN

- -- 2 F-111 GOLD-COATED WINDSCREEN
S1.90o

... FOl-11 UNCOATED WINDSCREEN
S1.70 -'

S1.so-0•

30-Z 1.10 •

.90
,70 __ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _

.400 .M0 .600 1.000 1.200 1.400 1.600 1.600 2.000

WAVELENGTH 100m)

rioure 10. Sellmeier dispersion curve-s for th.-P-1, PB-111 gold-coatedand rp-mI

uncoated windscreens.

UV and IR, an well as calculations fnr the coefficients A• anwl
B, are list-A in Tablo 3. These values were used to formulate
the Sellmeier dispersion equation and to venorate tho Oiqywrpion
curves and index of refraction for each -Andscreen.

S2•,,16



TABLE 3. DISPrRSION EQUATION COFFFICIFNTS

Windscreen Auv Air (im) B

FD-11i gold coated 0.295 1.665 1.1230 0.386
FB-1 uncoated 0.295 1.665 1.1130 0.237
B-I 0.295 1.695 1.0445 0.510

Calculation of the Absorption Coefficient Curves

Figures 7 to 9 show the absorption coeffici,'nts nlotted
vs wavelength for the FB-111 uncoated, FS-lll qotl-coated,
and R-1 windscreens. A tabulation of results for ri.nires
7 to 10 is located in Anpendix A. The tables list the mea.n
total transmilsion (Tmean), mean optical density (O0mean),
index of refraction ('N), and Lamrhert abnorption coefficient
(ALPUA) v3 wavelength for the throe windscreens under innve-
tigation.

D ISCUSSION AMrD CO',CLUFI,•"'IS

Transmission P'easurommnnts

P-I "indscreen--T'he five-layer S-i windscreen, which 'ias
a tot-i tyickness of 3.54 cm, transritted loss t'iar. 0.01'
throuqhout- the interval of 0.3 to n. 31 01n. As the ",aV(-, h'
increased above 0.39 umr the transmission increased quite
raridlv until alout 0.45 um and then leveled off to a maxizrur
transmission of 78% at about 0.6W) Lr*. 'ho: transmission rr-
rained ainut 781 unti. 0.825 Ur wh-re a stnadv hut slow Oe-
crease in transmission 'as ohnerved to 1.200 nm, wnere the
transmistsinn )"ecame lesti than 5'. A hroad transmisnion -e-a'
was o)served in the irtarval 1.20'f to 1.375 Un •'ith a maximu-
transmission nO 371 at 1.275 lit. -he transmission remained
low (about 10%) at approximately 1.625 tin 'h+re it Oropner
off to loss than 1.5t thriu&',oit tehr remaininq s!vctra to
2.0 Um. At various intervaln in tU-is rec'ion the transrission
dinpod to less than 0.01l, as-s thi^ cAse for the intorval
of 1.640 to 1.750 un, indicatin- An absorption t-axina.

rn-1n2 God-Coated tindscret-n--o'he rr--lll windsc~reen v•.q
a olVycarXonAte sairpie. 0.91MO-E' thlicl# *th a thin qold-fi%ý-
layer on the inside surface. 7hoe r, ane noor-visitdle tramn-
minsion was similar to that of the n-l. "lirtnAll* no lieht
was transmittedi uy• to 0.4 um,, wherp the trans-4ftion increased
rapidlv iv the interval of 0,40 to 0.45 ur, Throuohout the

17
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revainder of the visible spectra, the transmission showori a
stea~dy rise to a maximum transmission of 80% at 0.675 Pr."
The total transmission remainea~ high until MA25 Pim where,
as was found in the B-1, a grradual decrease was observerl
until a minimum of 17* transmission was reached at L.IP tin.
The remainder of the spectra from, 1.18 to 2.00 pim is simrilar
to that of the Bl-i. A broad peak occurred in the interval of
1.2 to 1.375 jim wuith a 42% transmission peak at about 1.28 pim.
From 1.28 um to 1.6 p'm, the transmission was n~reater than 109,
w~ith a 25t transmission peak at about 1.5 P'm. P rapid de-
crease in transriissior' was observed from 1.50 um to 1.625 oim,
where the transmission was less than It. After this point,
the transmission remained less than 10% out to 2.0 .wi. From
1.655 to 1.675 jim, a stronq absorption band of less than 0.019
transminsion was observed.

Figure 8 shows transmis~sion oscillations starting at
0.425 Pim and cont-inuing throughout the spectra to 1.125 or..
'"he oscillations were caused 1'y thin film interference effects
of the gold layer. Upon removal of the gold film, the inter-
ference oscillations decr'~ased or disappeared, U'sing the
spectrophotometric equation for film thickness, the gold layer
was found to be 4.23 jin thick.

b ~ ~2)(14)

where: b = thickness in microns
11. number of com!plete interference cycles
X* first iiavelancith of mesurement in micror~s

a ndipoint wavelangth of rteaqurampnt in inicrons

P'B-111 Uncoated! tindacreen--TAhe transmission of the un-
cotZU1.-cenwsapoiztl the sztre in the visible-
an the coated sample, with the e'xception of the interference
mittorn which disappeared wtith the rqr~oval -,1 the onld fklr-.
Small differances in transrission camn he notet in 1'iaures 11
and 9.

The m~ajor diE farnce-Aý b'tween Vwý ov-0-co~ated and
uncoated~ wincdscreena ý4,ero founl In- t!,- nt-er-T! spectr-A. Tr~neei
the lack of interforence ftaterns ini *th! unceatec' windneroenn,
consistently hinther tratsmis*41op values v7rc ~-,asurr~d. In
one particular reoiont sitartina at 1.24 ur- nnO endina at
1.375 4a. the transimisnin-n o.f the.u~a~ ~i~ro was
aprOximi-~tely 45* groater tlbar Iin the lr-sa an-ple.

*7herafore, %to can assurme that th'e thin w'nlii film aI'torl-c the,
*wa-jodity of the near-tr. .4-r~ Toh Arot oft (nald-eonaed
and uncoated).the characterin-tic nplycarwonato ;Psrrntion v:az



found in the wavelenath interval of 1.125 to 1.20nl umn, except

for a general attenuation level chance due to the gold film.
Ti, the interval starting at 1.400 Uim and continuing to 2.0 tin

("'icj. 8-9), the c5olc-coated film continued to provide the
major difference in transmnission between the two samples. ror
instance, the gold film p.-rovided in gyeneral a decrease of

30% to 50%l in totnil tra2nsmission from t1v? uricoate"J wintdscreen.
Sharr absorntion fluctuations were again found in the uncoatnd

sample at about 1.655 to 1.70 i'm, but the transmittance iwva

a factor of 10 creater than the cold-coated sario1e.

1ll threeý windiscreens were found to be excellent MT

absorbers below 0.4 lim. The ZTr-lll cold-coated w-indscreen was

foune to offer t'he rmaximurm attenuation ir. the near-I1 R and
conseqruently would afford better protection in that rec~.on of

tile snpctruxn compared to the uncoated F11-1ll windscreen. For
examnie, at the neodymium laser wavelengt~h (1.06 jim), the

F13-ill iorld-coated win,"screen transm~itted 47.2% of the liqaht;
while the FB-llu uncoatcd and B-I windIscrcens tran~smitter! 85.97,
and 53.5!k, respectively. -the rpr-l1i uncoated wind~screen ha-
tlr- highest peak transmission in the visible spectra, nas,!inc¶
a maximur of J33n of the liaht at 0.7(P0 Um. The effe~ct of tic

cold layer on the PP-11i windscreen was to provide more near-IT'.
attenuation without ctni-promisincT the transmission "'*7in(doW" in
the visible.

Index of -lefraction and i)i--nersion. rurveý

All the, windscreens were found to have two absorution

band5--one in the.T.TV and one in the near-Vr. The T'V absorption
band wan common to all and was centerre at 0.295 Pim. The two

r:1-111 windscreens contained the same Tr. i-)sor,)tion bard at

* 1.615 Pim. The cold layer on tlie coated T-llwin(7screen dirl

not alter the center of the absorption ý'anO. The 17-1 wi~nf'-
scrreen has a different IT' al-sorption '..-nd than the FP1-1.l;
it. was widr~r, attenuatin'-, over a larceor wavelength region,
and was centered at i.G95 pr'. The index of refraction of the

FrI-1.1 gold-coatnd 1w.indscrccn changed .iith .-avclr.,,rTth noreý
rapidly' tfin the uncoated rn-ill wincIscreen. The r-li, howevrer,
dermonstrated the most c~ianqro in indeix of refraction with y-
lecnqth. The laminated B-h windscreen wa!7 treated as heincr
honomocneous in the rcasure~nnt of the index of refraction.
The value of the index ofý re-fraction for the n-l windscreen
was an average or corposite measurement from all of the
laminates. Sirilarlip, the Pn-ill nold-coatel Aindscrien i"a'n
also treated in this fashiUon.

13est Availi~ble Copy 19



Absorption Coefficient Calculations

The total transmission results were corrected for
reflection -in'i scatter losses prior to calculation of the
absorption coofficiants. in this mannrr only "true" absorp-
tion is found, and losses other than 1)y absorption are ex-
cluded. Th.? value of the ab-.sorption coefficient is such that
it characterize2s the sample's spectral absorption per unit
thickness; thus only the sample's light pathlenqth need be
known.- rrom this information the perce :nt transmission can
be calculated.

In the B-1 and i'TI-1l1 riold-coated windscreens, e~ach wind-
screen was treatod as if it wcrr,- homogeneous in the calcul.-A
tion of the absorp)tion coefficient. Therefore, all laminates
and coatings within a windscreen were assumed to have the same
absorption coefficient. 1Effictively, the composite absorp-
tion was calculatrzd for theiu, two windscreens. Since the goal
or this investigation war. to mea-sure the absorption of the
windscreen as it appears in the aircraft, an absorption co-
efficient mcasure'-ant for e-ach laminate was deemed necessary.

Of the w~indscr.-ý,ns ntudied,. the rD-lll gold-coated wind-
screen hal ti~e largest ab~sorption coefficients throughout the
s;)ectrurm st~uuet... In comparing the two Ffl-lll windscreens,
the rjold layer provi-Iled the major portion of the absorption
in thc nsar-IR arl very little in the LT and visible spectra.
Thri B-1 wiAndscreen h-id the smallest absorption coefficients
but did not have good transmission characteristics, since it
!:'as approximately 3 1/2 times as thick as the FF3-111 wind-
:;crc-ens. "Lhe B-1. als-o exhiL:ited thn greatest- reflection losses
a'~ any of thri windicreens duc to- its laminated construction,
,.?*.ich creates multij-li internal reflections.

S UMM¶ARfY

This stu.dy riports the transnission, absorption, and
indri~x of refraction of thrree Air 7orce windscreens. its
objective wa:3 to Jetermine the effective protection offered
by thesi enclosures3 from. lv, visible, and near-IR radiation.
Txcellant protection (>4.0 r.)~ar, found in the uTV spectrum
for all three windscrec'ns -i2asure&. The amount of near-Il.
ittinuation varied with e:ach windscreen type. Two factors
thiab enhance,1 thi niar-Itt attenuation prop~rties of wind-
s3creens ':cre_ m~ultiple laminations and gold film coatings.
Thin tjold film coatin-, seecls to lie most advantage~ous because
visi~ll ligh--t transmission eas not decrease(!. Laminated
windscreens, which inherently contain multiple internal re-
flections, attenuate in the visible to some d'2qrce as woll as

L Rerodced rom20
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The results of this investigItion permit the calculation
of the transmission and reflection losses of the three air-
craft windscreens.

DB measuring the angles of incidence of thn" radiation
and tie thickness of tU.. windscreen, transmission can be
calculated using absorption coefficients measured in this
study. Transmission can be compute-& as shown below:

%T = l)', x e-a() (x/cos Oi) (15)

where: %T = % transmission of windscreen
a(X) = absorption coefficient at wavelength of

interest
x = thickness of windscreen

=i = angle oý incidence to windscreen

Reflection losses frorm windscreen/air interfaces can
be computed by utilizing t:,- 'lispersion curve ( 1i•. 10) 4or
the particular winliscr•en anJ equation 3, Fresnel's reflec-
tion law. For unpolzarized licht, the reflection law is
valid for anqles of incidencc less than 59*. ,Nnqles of
incidence greater thain 50V will cause reflections greater
thin predicted by equition 3 and, consequently, the offec-
tive protection of tte winiscreens will be great2r.

Th.• results reported in this study can also be applied
to nlicleir noniohizinq electromagnetic radiition. If the
wavelength content andt distribution are known for a nartic-
ular nuclear detonation, an average windscreen transmission
and reflection value can be computed.
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APPEIDI A
WInDSCRHBN RS0TJS

TABLE A.-I. B-1 WIDSCDREN

LBDA (UM) Tmean (Din N ALPEA

.3200 < .010 > 4.000 2.500 > 2.187

.3925 < .010 > 4.000 1.836 > 2.550
,3950 .016 3.809 1.826 2,427
.3975 .101 2.997 1.815 1,900
.4000 .732 2.136 1.806 1.341
.4025 3.480 1.458 1.796 .901
.4050 9.176 1.037 1.787 .628
.4075 17.413 .759 1.779 .448
.4100 25.411 .595 1.770 .342
.4125 32.808 .484 1.762 .270
.4150 36.696 .435 1.755 .239
.4175 40.094 .397 1.747 .215
.4200 42.667 .370 1.740 .198
.4225 44.852 .348 1.733 • P
.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 .303 1.702 .157
.4375 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 0143
.4500 53.092 .275 1.671 *142
.4525 54.024 .267 1.667 .137
.4550 54.650 .262 1.662 .135
.4600 55.554 .255 1.653 .131
.4650 56.731 .246 1.645 .125
.4700 57.532 .240 1.637 .122
.4750 58.289 .234 1.630 .119
.4800 59.256 .227 1.623 .115
.,4850 59.902 .223 1.616 .113
.4900 60,518 .218 1.610 .110
.4950 61.216 .213 1,604 .107
.5000 61.667 .210 1.598 .106
.5050 61.872 .209 1.592 .105
.5100 62.284 .206 1.587 .104
.5150 62.595 .203 1.582 .103
.5200 62.802 .202 1.577 .102
.5250 62.988 .201 1.572 .102
.5300 63.073 .200 1.568 .102
.5350 65.052 .200 1.563 .102
.5400 63.111 .200 1.559 .102
.5450 63.065 .200 1.555 .103
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TABLE A-I (continued)

IAMBDA(UM) Tmean. aDmeau N ALPIA

.5500 63.001 .201 1.551 .104

.5550 62.867 .202 1.547 .104

.5600 62.944 .201 1.544 .104

.5650 63.194 .199 1.540 .104

.5700 63.359 .198 1.537 .103

.5750 63.605 .197 1.533 '102

.5800 63.919 .194 1,530 .101

.5850 64.239 .192 1.527 .100

.5900 64,.389 .191 1.524 .099

.5950 64.686 .189 1.521 .098

.6000 65.026 .187 1.518 .097
.6050 65.291 .185 1.515 .096
.6100 65.787 .182 1*512 .094
.6150 66.314 .178 1.510 .092
.6200 67.079 .173 1.507 .089
.6250 67.903 .168 1.505 .086
.6300 68.631 .163 1.502 .083
.6350 69.292 .159 1.500 .081
.6400 70.279 .153 1.497 .077
.6450 71.175 .148 1.495 .073
.6500 71.966 .143 1.492 .070
.6550 72.571 .140 1.490 .069
.6600 72.683 .139 1.488 .068
.6650 73.278 .135 1.486 •066
.6700 73.657 .133 1.484 .065
.6750 73.949 .131 1.482 .064
•6800 74.123 .130 1.479 .063
.6850 74.340 .129 1.477 .062
.6900 74.624 .127 1.475 .061
.6950 74.789 .126 1.4' ' 3 .061
.7000 74.661 .127 1.471 .062
.7050 74.175 .130 1.470 .064
.7100 73.860 .132 1.468 .065
.7150 74.445 .128 1.466 .063
.7200 74.638 .127 1,464 .062
.7250 74.584 .127 1.462 .063
.73D00 74.387 .129 1.460 .063
.7350 74.000 .131 1.458 .065
.7400 '3.372 .134 1.457 .068
.7450 73.228 .135 1.455 .068
.7500 74.120 .130 1.453 .065
7550 74.339 .129 1.451 .064

.7600 74.390 .128 1.450 .064

.7650 74.317 .129 1.448 .065

.7700 74.004 .131 1.446 .066
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TABLE A-1 (continued)

LA!MDA(UN) TmODmeazi N ALPHA

.7750 73.767 .132 1.445 .067

.7800 73.458 .134 l.443 .068

.7850 73.165 .136 1.441 .070

.7900 73.118 .136 1.440 .070

.7950 72.023 .137 1.438 .071

.8000 72.735 .138 1.436 .072

.8000 72.735 .138 1.436 .072
.8000 72.735 .138 1.436 .072
.8000 72*735 .138 1.436 .072
.8000 72.735 .138 1,436 .072
.8000 71,533 .145 1.436 .076
.8050 71.351 .147 1.435 .077
.8100 71.449 .146 1.433 .077
.8150 71.642 .145 1,431 .076
.8200 '1.642 .145 1.430 .076
,8250 71.475 .146 1.428 .077
.8300 71.238 .147 1.426 .078
.8350 70.750 .150 1.425 .080
.8400 70.359 .153 1.423 .082
.8450 69.792 .156 1.422 .084
.8500 68.846 .162 1.420 .088
.8550 67.486 .171 1.418 .094.8600 65.212 .186 1.417 .104
.8650 61.991 .208 1.415 .
.8700 61.218 .213 1.413 .122
.8750 63.301 .199 1.412 .112
.8800 65.078 .187 1.410 .105
.8850 65.469 .184 i.409 .103.8900 64.792 .188 1.407 .106
.8950 62.598 .203 1.405 .116.9000 59.258 o 227 1.404 .132
.9050 57.067 .259 1.402 0152
.9100 54.193 .266 1.400 157
.9150 60,680 .217 1.399 .125.9200 63.270 .199 1.397 .114
.9250 64.545 .190 1.395 .108
.9300 64.692 .185 1.393 .108
.9350 64.548 .190 1.392 .108
.9400 64.338 .192 1.390 .109
.9450 64.097 .193 1.388 .111
.9500 63.782 ,195 1.387 .112
.9550 63.257 .199 1.385 .114
.9600 62.526 .204 1.383 .118
.9650 62.211 .206 1,381 .119
.9700 61.402 .212 1.379 .123
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TABLE A-1 (continued)

LAIC3DA(UM) Tmean C•mean N

.9750 60.489 .218 1.378 .128
.9800 59.578 .225 1.376 .132
.9850 58.435 .233 1.374 .138

.9900 57.146 .243 1.372 .144

.9950 56.164 .251 1.370 .149
1.0000 55.451 .256 1.368 .153
1.0050 54.601 .263 1.366 .157
1.0100 53.588 .271 1.364 .163
1,0150 52.603 .279 1.362 ,168
1.0200 54.351 .265 1.360 .159
1.0250 53.642 .270 1.358 .163
1.0500 54.294 .265 1.356 .159
1.0350 54.651 .262 1,354 .158
1.0400 54.488 .264 1.352 ,159
1.0450 54.274 .265 1.350 .160
1.0500 54.115 .267 1.348 .161
1.0550 53.957 .268 1.346 .162
1.0600 53,766 .269 1.343 .163
1,0650 53.592 .271 1.341 .164
1,0700 53.524. .271 1.339 .165
1,0750 53.366 .273 1.337 .166
1.0800 52,670 .278 1.334 .169
1.0850 51.965 ,284 1.332 .173
1.0900 50.693 .295 1.329 .181
1.0950 49.064 .309 1.327 .190
1.1000 47.195 .326 1.325 .201
1.1050 44.305 .354 1,322 ,219
1.0100 39.292 .406 I.319 .253
1.1150 33.038 .481 1,317 .302
1,1250 14.559 .837 1.312 .534
1.1300 8.547 1078 1.309 .691
U1,1350 6.194 1.208 1.306 .776
1.1400 9.518 1.031 1.303 .661
1.1450 11.886 .925 1.300 .59?
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 .746 1.288 .476
1,1700 14.0C' .829 1.285 .530
1.1750 20.006 .699 1.282 .446
1.1800 5.729 1.242 1.278 • 799
1.1850 3.102 1.508 1.275 .973
1.1900 4.385 1.358 1.272 .875
1.1950 14.398 .842 1.268 .540
1.2000 25.554 .593 1.26F .378
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TABLE ;.-l (continued)

LAMBA(UM) Tmean Omae•n N ALPHA

1.2050 30.606 .514 1.261 .327
1.2100 33.316 .477 1.257 .303
1.2150 34.335 .464 1.253 .295
1.2200 36.843 .434 1.249 .275
1.2250 39.054 .407 1.245 .258
1.2300 40.087 .397 1,241 .252
1.2350 40.745 .390 1.237 .247
1,2400 41.337 .384 1.233 .243
1.2450 41.541 .382 1.228 *242
1.2500 41.482 .382 1.224 .243
1.2550 41.381 .383 1.219 .244
1.2600 40.976 .387 1.215 .247
1.2650 40Z539 .392 1.210 .250
1.2700 40.107 .397 1.205 .253
1.2750 39.537 .403 1,200 .257
1.2800 38.774 .411 1.194 .263
1.2350 37.745 .423 1,189 .271
1.2900 36.695 .435 1.183 .279
1.2950 36.349 .440 1.178 .282
1.3000 36.199 .441 1.172 .284
1.3050 35.233 .453 1.166 .291
1.3100 34.247 .465 1.159 .300
1.3150 32.934 *482 1,153 .311
1,3200 31.993 .495 1.146 .319
1.3250 30.947 .509 1.139 .329
1.3300 29.243 .534 1.132 .345
1.3350 27.764 .557 1.125 .360
1.3400 24,481 .611 1.117 .396
1.3450 20.821 .682 1.109 .442
1.3500 16.676 .778 1.101 .505
1.3500 16.676 .778 1.101 .505
1.3550 11.552 .937 1.092 .609
1.3600 9.263 1.033 1,084 .671
1.3650 6,443 1.191 1.075 .774
1.3700 4.762 1.322 1.065 .859
1.3750 4.594 1.338 1.055 .870
1.3800 4.671 1.331 1.045 .865
1.3850 4.871 1.312 1.034 .853
1.3900 4,103 1.387 1.023 .902
1.3950 3.428 1.465 1.011 .953
1.4000 3.610 1,442 .999 .938
1.4050 3.561 1.448 .986 ,;42
1.4100 4.772 1.321 .973 .859
1.4150 7.170 1.145 .959 .744
1.4200 8.423 1.075 .944 .698
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TABILE A-I (continued)

LAMBDA(UM) Tmeaa Olmean N ALPHA

1.4250 8.322 1.080 .928 .7021.4300 8.925 1.049 .912 .6811.4350 9.656 1.015 .894 .6591.4400 10.878 .963 .876 .6241.4450 11.672 .933 .856 .6031.4500 12.259 .912 .835 .5881.4550 12.398 .907 .813 .5841.4600 12.184 .914 .789 .5871.4650 12.171 .915 .763 .5851.4700 12.280 .911 .735 .5791.4750 12.639 .898 .705 .5671.4800 13.235 .878 .672 .5491.4850 13.608 .866 .635 .5351.4900 13.789 .860 .594 .5221.4950 14.487 .839 .548 .4951.5000 14.568 .837 .500 .4781.5050 14.486 .839 .500 .4791.5100 14.130 .850 .500 .4861.5150 14.174 .849 .500 .4851.5200 14.238 .847 .500 .4841.5250 14.381 .842 .500 .4811.5300 14.576 .836 .500 .477
1.5350 14.617 .335 .500 .4771.5400 14.55? .837 .500 .4781.5450 14.556 .83 .500 .4781.5500 14.486 .839 .500 .479
1.5550 14.552 .837 ,500 .4781.5600 1, 877 .827 .500 .472
1.5650 15.274 .816 .500 .4641.5700 15.538 .809 .500 .4591.5750 15.357 ,814 .500 .463
1,5800 14.658 .834 .500 .476.3585o0 14.175 .848 .500 .4851.5900 13.242 .878 .500 .5051.5950 11.794 •928 .500 .5371.6000 10.054 .998 .500 .5821.6050 8.341 1.079 .500 .635
1.6100 6.379 1.195 .500 .7111.6150 3.536 1,452 .500 .8781.6200 2.128 1.672 .500 1.021
1.6250 1.710 1.767 .500 1.0831.6300 .998 2,001 .500 1.2351.6350 .469 2.328 .500 1.4481.6400 .040 ".403 .500 2.1471.6450 < .010 > 4.000 .500 > 2.535
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TAILE A-I (continued)

LA (DAU() Taa ODmeaa N ALM

1.6500 <.010 > 4.000 .500 > 2.5351.6550 < .010 > 4.000 .500 > 2.5351.6600 <.010 > 4.000 .500 > 2.5351.6650 < .010 > 4.000 .500 > 2.5351.6700 <.010 > 4.000 .500 > 2.535
1.6750 <.010 > 4.000 .500 > 2.5351.6800 <.010 > 4.000 .500 > 2.5351.6850 <.010 > 4.000 .500 > 2.5351.690, <.010 > 4.000 .500 > 2.535
1.69o) <.010 > 4.000 1.000 > 2.6021.7000 <.010 > 4.000 2.500 > 2.487
1.7050 <.010 > 4,000 2.500 > 2.4871.7100 <.010 > 4.000 2.500 > 2.4871.7150 <.010 > 4.000 2.500 > 2.4871.7200 <.010 > 4.000 2.500 > 2.4871.7250 <.010 > 4.000 2.500 > 2.487
1,7300 <.010 > 4.000 2.500 > 2.4871.7350 <.010 > 4.000 2.500 > 2.4871.7400 <.010 > 4.000 2.500 > 2.4871.7450 <.010 > 4.000 2.500 > 2.4871.7500 <.010 > 4.000 2.500 > 2.487
1.7550 .019 3.714 2.500 2.3011.7600 .030 3.520 2.500 2.175
1.7650 .031 3.503 2.5,00 2.1641.7700 .054 3.271 2.500 2.0131.7750 .117 2.930 2.500 1.791
1.7800 .151 2.820 2.500 1.7201.7850 .156 2.807 2.500 1.7111.7900 .250 2.601 2.500 1.5771.7950 .354 2.451 2.500 1.4801.8000 .426 2.371 2.500 1.427
1.8050 .474 2.324 2.500 1.3971.8100 .517 2.287 2.494 1.3731.8150 .532 2.274 2.462 1.33661.8200 .472 2.326 2.433 %405
1.8250 .353 2.452 2.405 1,4891.8300 .275 2.561 2.379 1.5631.8350 .226 2.646 2.355 1,6211.8400 .339 2.470 2.333 1.5081.8450 .338 2.471 2.311 1.511
1.8500 .208 2.681 2.291 1.6491.8550 .315 2.501 2.272 1.534
1.8600 *513 2.290 2.254 1.399
1.8650 .564 2.248 2.237 1.3731,8700 .534 2.273 2.220 1.391

2)



TABLKE A-1 (continued)

LIEA (U,) !aean Mmean N ALPHA

1.8750 .533 2.274 2.205 1.393
1.8800 .514 2.289 2.190 1.404
1.8850 .393 2.406 2.176 1.482
1.8900 .212 2.673 2.163 1.657
1,8950 .063 3.203 2.150 2.002
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 1.534
1.9200 .435 2.362 2.093 1.461
1.9250 .459 2.338 2.083 1.446
1.9300 .446 2.351 2.074 1.455
1.9350 .455 2.342 2.064 1.451
1.9400 .504 2.297 2.055 1.422
1.9450 .566 2.247 2.047 1.391
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 1.4231.9900 .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



ABLE A-2, 7,-111 TUNC0ATE wIMsNRRN

LUMBDA (UN) !mean cmau N AIM

.3200 < .410 > 4.000 2.500 > 9.633
.3825 < .010 > 4.000 1.932 > 9.844
.3850 .011 3.968 1.919 9.768
,3875 ,014 3.869 1,906 9.522
.3900 .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
,4000 13.422 .872 1.851 1,993
.4025 23.956 .621 1.841 1,363
.4050 34.321 .464 1.832 .973
.4075 42.535 .371 1.823 .741
.4100 48.545 .314 1.814 .599
.4125 52,820 .277 1.806 .510
.4150 55.623 ,255 1,798 .456
.4175 57.745 .238 1.791 .418
.4200 58.930 .230 1.783 ,398
.4225 59.725 .224 1.776 .386
.4250 60.435 .219 1.770 .375
.4275 61.075 .214 1,763 .366
,4300 61.663 .210 1.757 .358
.4325 62.190 .206 1.750 .350
.4350 62.889 .201 1.745 .340
.4375 63.537 .197 1.739 ,331
.4400 64.063 .193 1.733 .324
.4450 65.068 .187 1.723 .310
.4475 65.320 .185 1.718 .38
.4500 65.575 .183 1.713 .305

.4525 65.853 .181 1.708 .302
.4550 65.745 .182 1.703 .306
.4600 66.180 .179 1.694 .301
.4650 66.946 .174 1.686 .21191
.4700 67.813 .169 1.678 .280
.4750 68.579 .164 1.671 .270
.4800 69.348 .159 1.663 .260
.4850 69.619 .157 1.657 .258
.4900 69.709 .157 1.650 .259
.49350 69.780 .156 1.644 .260
,50 0 70.194 ,154 1.638 .255
.*50 70.749 .150 1.633 .248
.5100 71.524 .146 1.627 .238
.5150 72.309 ,141 1.622 .228

7820 7 8 .137 1.617 .221
.521-0 73.310 .155 1.613 .216
.5W00 73.308 .135 1.608 .217



TABLE A-2 (eonti nuej)

LLXBDA(DNM) Nia ~ a ALPHA

.535o 73.285 .135 1.604 .219
*5400 73.141 .136 1.600 .223
,5450 73.405 .134 1.596 .220
.5500 73,743 .132 1.592 .216
J5550 74.231 .129 1.588 .210
.5600 74.678 .127 1.584 .205
,5650 75.270 .123 1.581 .197
.5700 75.740 .121 1.578 .191
.57'50 76.035 .119 1.574 .188
.5800 76.059 .119 1.571 .189
,5850 76.135 .118 i1.568 .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 .111 1.552 .176
.6200 77.944 .103 1.549 .169
.6250 78.582 .105 1.547 .160
.63•00 78.890 .103 1.545 ,157
.6350 79.122 .102 1.542 .154
.6400 79.381 .100 1.540 .151
.6450 79.302 .101 1.538 .153
.6500 79.645 .099 1.536 .149
.6550 79.672 .099 1,534 .149
.6600 79.487 .100 1.532 .152
.6650 79.,433 .1• 1.530 .154
.6700 79.590 .099 1.528 .152
.6750 79.749 .098 1.526 .151
.6800 80.277 .095 1.524 .144
.6850 80.757 .093 1.523 •138
.6900 81.184 .091 1.521 :133
.6950 81.636 .038 ".519 .127
.7000 82.039 .086 1.517 .122
:7050 81.877 .087 '.516 •125
.7100 81.740 .088 1.514 .127
.7150 82.010 .086 1.513 .124
•7200 81.902 .087 1.511 .126
:7250 81,984 .086 1.509 .125
.7300 81.796 .087 1.508 .128
.7350 81.662 .088 1.506 .130
.7400 81.499 .089 1.505 :133
.7450 81.525 .089 1.504 .133
.75"0 82.036 .086 1.502 .127
0550 82.361 .084 1.501 .123



TALER A-2 (continued)

LAMBDA(UN) Tmean ODmean N ALPE&

.7600 82.444 .084 1.499 .122

.750 82,.527 .083 1.498 .121

.7700 82,965 .081 1.497 .116
.775C 83.378 .079 1.495 .111
.7800 83,846 .077 1.494 .105
.7850 84.065 .075 1.493 .103
.7900 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
.8100 84.345 .074 1.487 .101
.8150 84,403 .074 1.485 .100
.8200 84.26q .074 1.484 .10,
.8250 84.131 .075 1.483 .105
.8300 83.911 .076 1.482 .108
.8350 83.801 .077 1.481 .110
.8400 83.747 .077 1.479 .111
.8450 83.412 .079 1.478 .115
.8500 82.)70 .081 1.4n7 .122
.8550 82.342 .084 1.476 .130
.8600 91.182 .091 1.475 .146
.8650 79.962 .U97 1.474 .167
.8700 80.121 .096 1.473 .161
.8750 81.720 .088 1.471 .140
.8800 82.881 .082 1.470 .125
.8850 83.565 .078 1.469 .116
.8900 83.758 .077 1.468 .114
.8950 83.511 .078 1.467 0117
.9000 82.936 .081 1.466 .125
.9050 82.282 ,085 1.465 .1
.9100 82.390 .084 1.464 013,A
.9150 83,980 .076 1.463 .112
.9200 85.515 .06p 1.462 .095
.9250 85.994 .066 1.461 .087
.93M. %.223 .064 1.459 .094
.9350 86.226 .064 1,458 .085
.94CX) 86.174 .065 1.457 .386
.9450 86.145 .065 1.456 .W
.9500 85.893 .066 1.455 .090
.9550 85.554 .068 1.45$ .094
.9600 85.302 .069 1.453 .098
.965p, 85.243 .069 1.452 .099
,970f 84.850 .071 1.451 104

%H



TAB I A-#"* ,,.i I ,. I. 1

LAMDAlMi) (aan 5 ALM

.9750 84.516 .073 1.450 .109
.9800 84.320 i0D74 1.449 .112
.9850 83.987 .076 1.447 .117
.9900 83.542 .078 1.446 .123
.9950 83.266 .080 1.445 .127

1.0000 83,101 .080 1.444 .129
1.0050 83.019 .081 1.443 .130
110100 82.771 .082 1.442 .134
1.0150 82.798 .082 1.441 .134
1.0200 83.456 .079 1.440 .126
1.0250 84.226 .075 1.438 .116
1.0500 84,.365 .074 1.437 .114
1.0350 84.643 .072 1.436 .111
1.0400 85.061 .070 1.435 .106
1.0450 85.455 .068 1.434 .101
1.0500 85.510 .068 1.432 .101
1,0550 85.821 .066 1.431 .097
1.0600 85.934 .066 1.430 .096
1.0650 86.047 .065 1.429 .095
1.0700 86.273 .064 1.428 .093
1.0750 86.528 .063 1.426 .090
1.0800 86.585 .063 1.425 .089
1.,,50 86,416 .063 1.424 .092
1.0900 85.905 .066 1.422 .099
110950 85.484 .068 1.421 .104
1.1000 84.284 .074 1.420 .120
1.1050 82.147 .085 1.418 .149
1.1100 78.942 .103 1.417 .193
1.11C50 74.356 .129 1.416 .258
1.1200 66.974 .174 1.414 .373
1.1250 56.607 .247 1.413 .558
1.1 3w 45.353 .343 1.411 .800
1.13.90 40.85i .389 1.410 .915
1.1400 47.648 .322 1.408 .74"
1.1450 55.349 .257 1.407 .584
1.1500 62.266 .206 1.405 .455
1.1550 68.806 .162 1.404 .346
1.1600 68.966 .161 1.402 .344
1.1650 67.285 .172 1.401 .372
1.1700 65.042 .187 1.399 .409
I.1750 61.281 .213 1.397 .475

. 1800 :37.816 .238 1.596 .539
i.1850 51.222 .291 1.394 .672
I.1900 52.974 .276 1.392 .636
1.1951,G 65.397 .18. 1.390 .405



3I

T¶ABLE A-2 (continued)

L&MA(UN) %an ODusan

1.2000 74.874 .126 1.389 .258
1.2050 77.501 .i11 1.387 .221
1.2100 79.776 .098 1.385 .1891.2150 80.885 .092 1.383 .175
1.2200 81.392 .089 1.381 .1681,2250 82.389 .084 1.379 .1561.2300 82.552 .083 1.377 .154
1.2350 83.114 .081 1.375 .148
1.2400 83.867 .076 1.373 .138
1*2450 84,254 .074 1.371 .1331.2500 84.531 .073 1.368 .130
1.2550 84.976 .971 1.566 .1251.2600 85,17 .070 1.364 .1241.2650 85.707 .067 1.361 .1171.2700 85.933 .066 1.359 .1151.2750 86.074 .U65 1.356 .113
4.280W 86.018 .065 1.354 .115
1.2850 85.622 .067 1.351 .1201.2900 84.837 .071 1.349 .131
1.2950 85.0;3 .070 1,346 .1291.3000 85.116 .070 1,343 1129
1.3050 84.558 .073 1.340 .1371. 31O0 083.700 .077 1, 337 .1491.3150 82.633 .083 1.334 .163
1.3200 62.7;3 .085 1.331 .1691.3250 Rl.606 .088 1.327 .1791.3300 80.918 .092 1.324 ,1881."3350 80.434 .095 1.520 .196
1.3400 79.226 .101 1.317 .2131.3450 76.538 .116 1,313 .2521.3500 71.289 .147 1.3-09 .5311.3550 64. S2Ž .188 1.3-05 ,436
1.3600 6 2.155 .207 It - . .4821.3650 58.389 .234 1.297 .552
1.3700 54.993 .260 1.292 .6181.3750 52.834 .277 1. 88.66;
1.3s00 52.936 .276 1.283 ,66?1.3850 54.167 .2M 1.278 6638
1.3900 52.767 .27T 1.273 .668
1.3950 53.875 .269 1,268 .646
1.4000 55.485 .256 1.262 .6151.4050 55,,051i .259 1. 26 .515
1.4100 57.859 .258 1. "250 *571
,.415,1 62.590 .20• 1.244 .4:71.4200j 63.456 .198 1.237 .473



fULB A-2 (continued)

LAKAOMBD ) fsa(hnINALPS&
1,.4250 62,6o5 *203 1.230 .491.4300 63,041 0200 1,223 4831,430 64.193 .193 1.216 *4641.4400 66,G35 .180 1.208 .4351,4450 66,9?28 074 1.199 .4211.4500 64.6994 .174 1.190 .4221.4550 .6.9974 .174ý 1.181 .4231.4600 67.192 -173 1.171 .4211.4650 67.658 .070 1.161 .4151.4700 61.793 .169 1.150 ,4151.4750 68.939- .162 1-1-8 .3981.4800 70.4,2 .152 19126 .376

71.4851 71997 .143 1.112 .3531.4900 72,496 .140 4t .098 .3471.4950 73.746 -132 1.083 .3301.5-000 ;75.291 .1253 1.066 .3081.5050 76.086 .119 1.048 .2981.5100 76a765 .115 1,029 .289.1.5150 7rl627 .110 1.008 .277S1.5 50 28.217 .107 .985 .2691.5250 78.759 .104 .960 .260
S1.53W 79,095 .102 .933 .2545350 6102 .902 .2511.5400 79.043 .102 A67 .246
1.5450 79.o•4 .102 .. 29 .2381.550' 780 X" .I0, ý784 12281 .50 7T4 294 .106 .733 .2151.56001. T4.294 .06 .672 .1821.56%0 78.0¶1 .1 SC?- .128
1.57-- 77 3 .l-t 5�-103 .0261.5I o *T446 0 IC7 .500 .0361*5t~074.574 .127 *.50 061,5550 73.454 .134 .501 ..06
1.59(• 7$1093 .U5 ,500 .108

.,63 ,500 .1531.5-950 6.687 , - p63 .500 .1531.6000 65.401 . .5-00 .2071.6050 60.856 .216 .506 .2861 .6 tow) 5555 .255 .500 .385It. 61'0 4T. U* 345 .500 .6121.6200 7,l157 .430 .500 .8251.620 33.95s .469 .. �L ,924
1 25.204 .59250

t6.6350 19- %773717 ..500 1.549
1.600 968.500 2.180



TA!TZT, A-2 (continued)

LJMA(rUm) Tmesn ODaan A ALPIHA
1.6450 4.500 1.347 .500 3.1351.6500 2.818 1.550 .500 3.6471.6550 .798 2.098 .500 5.0271.6600 .075 3.125 .500 7.6141.6650 .020 3.700 1.000 9.3221.6700 .030 3.517 2.500 8.4161.6750 .•295 2.531 2.500 5.9311.6800 .486 2.314 2.500 5.3851.6850 .260 2.584 2.500 6.0661.6900 .424 2.373 2.500 5.533
1.6950 .622 2.206 2.500 5.1141.7000 1.590 1.799 2.500 4;0871.7050 5.087 1.294 2.500 2.8151.7100 9.144 1.039 2.500 2.1731.7150 9.410 1.026 2.500 2.1421.7200 9.854 1.006 2.432 2.1171.7250 10.377 .984 2.369 2.0841.7300 7.041 1.152 2.315 2,5281.7350 6.074 1.217 2.268 2.7081,7400 10.028 .999 2.226 2.175
1.7450 17.767 .750 2.189 1.5631.7500 25.008 .602 2.155 1.2011.7550 26.183 .582 2.125 1.1621.7600 21.587 .666 2.098 1.384.1.7650 17.772 .750 2.073 1.6061.7700 21.080 .676 2.050 1.4271.7750 28.711 .542 2.029 1.0971.7800 35.757 .447 2.010 .8641.7850 36.999 .432 1.992 .8331.7900 35.730 .447 1.975 .8771.7950 34.631 .461 1.960 .9171 ,w000 34.055 .468 1.946 .9411.8W50 33,664 .473 1.9>2 .9581.8150 33.742 .472 1.908 .9641.8150 33.742 .472 1.908 .964

1.8300 30.806 .511 1.776 1.075l.8300 30.806 .511 1.876 1.0751.8350 33.632 .473 1.866 .985
1.8400 35.393 .45, 1.858 .9301.8450 35.217 .453 1.849 .9381.8500 34..01 .466 1.841 .9731.8•550 35.185 .454 1.833 .9451.8600 36.229 .441 1.826 .9151.8650 35.321 .452 1.819 .946
1.8700 33.864 .470 1.812 .994

3.



TABLE A-2 (continued)

LAMBDA(UM) Tmeazn ODmean N AIM

1,8750 33.877 .470 1.806 .9961.8800 33,886 .470 1.800 .9981.8850 31.823 .497 1.794 1.0681.8900 26.776 .572 1.789 1.2591.8900 26.776 .572 1,789 1.2591.8950 18.932 .723 1.783 1,6401.9000 16.496 .783 1.778 1.7931.9100 31.694 .499 1.768 1.0821.9150 37.049 .431 1.764 .9131.9200 38.499 .415 1.759 .8721.9250 38,046 .420 1.755 .8861.9300 37.451 .427 1.751 .9051.9350 37.660 .424 1.747 .9001.9400 38.895 .410 1.743 .8661.9450 40.836 .389 1.740 .8141 9500 41.636 .381 1,736 .7941.9550 42.116 .376 1,733 .7831.9600 41.634 .381 1.729 .7971.9650 40.330 .394 1.726 .8311.9700 39.944 .399 1.723 .8441.9750 40.220 .396 1.720 .8381.9800 40.687 .391 1.717 .8261,9850 40,446 .393 1.714 .8331.9900 39.034 .409 1.711 .873S1.9950 37.759 .423 1.708 .9112.0000 36.549 .437 1.706 .947

32



TABLE A-3. FB-111 GOLD-COATED WINDSCREEN

LAMBDA(UM) Tmean ODmean N ALPHA

.3200 < .010 >4.000 2.500 > 9.633

.3850 < .010 >4.000 1.923 > 9.847

.3875 .011 3.960 1.910 9.752.3900 .020 3.698 1.898 9.096

.3925 .089 3.051 1.886 7.471

.3950 1.192 1.924 1.875 4.633.3975 3.878 1.411 1.865 3.347
.4000 11.250 .949 1.854 2.185.4025 19.483 .710 1.845 1.588
.4050 27. ', 9 .562 1.835 1.217
.4075 34.343 .464 1.826 .974.4100 40.4t78 .393 1.818 .797
.4125 45.635 .341 1.809 .669.4150 48.978 .310 1.801 .594
.4175 50.391 .298 1.794 .566
.4200 50.352 .298 1.786 .569
.4225 50.351 .298 1.779 .572
.4250 51.106 .292 1.772 .558.4275 52.934 .276 1.765 .522
.4300 54.961 .260 1.759 .483
.4325 56.953 .244 1.753 .446
.4350 57.780 .238 1.747 .432
.4375 57.851 .238 1.741 .433
.4400 57.433 .241 1.735 .443.4425 57.040 .244 1.730 .452
.4450 57.388 .241 1.724 .447
.4475 58.725 .231 1.719 .424
.4500 60.103 .221 1.714 .400
.4525 61.539 .211 1.709 .376
.4550 62.487 .204 1.705 .361
.4600 62.525 .204 1.696 .363
.4650 62.217 .206 1.687 .371
.4700 63.681 .196 1.679 .348
.4750 66.574 .177 1.672 .302
.4800 68.002 .167 1.664 .281
.4850 67.941 .168 1.657 .285.4900 67.677 .170 1.651 .291
.4950 68.493 .164 1.644 .280.5000 70.646 .151 1.638 .248
.4950 68.493 .164 1.644 .280.5000 70.646 .151 1.638 .248
.5050 72.115 .142 1.633 .227.5100 72.495 .140 1.627 .224
.5150 72.308 0141 1.622 .228
.5200 72.376 .140 1.617 .229

39



TABLE A-3 (continued)

LAMBDA(UM) Tmean ODmean N ALPHA
.5250 73.188 .136 1.612 .218.5300 74.181 .130 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 .190.5600 76.641 .116 1.583 .177•5650 77.447 .111 1.579 .166.5700 77.833 .109 1.576 .162.5750 77.735 .109 1.572 .164.5800 77.637 .110 1.569 .167.5850 77.656 .110 1.566 .168.5900 77.805 .109 1.563 .166.5950 78.460 .105 1.560 .158.6000 78.965 .103 1.557 .152.6050 79.357 .100 1.554 .148,6100 79.630 .099 1.551 .145.6150 79,775 .098 1,548 .143.6200 79.385 .100 1.546 .150.6250 78.645 .104 1.543 .161.6300 78.491 .105 1.541 .164.6350 78.740 .104 1,538 .161.6400 79.097 .102 1.536 .157.6450 79.841 .098 1.534 .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 .133.6700 80.329 .095 1.523 .144.6750 79.626 .099 1.521 .154.6800 78.747 .104 1.519 .167.6900 78.553 105 1.515 .170,6950 78.926 .103 1.515 .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 .178.7300 77.311 .112 1.500 .192.7300 77.311 .112 1.500 .192
.7350 76.200 .118 1.498 .209.7400 75.446 .122 1.497 .220.7450 75.130 .124 1.495 .225

40



TAIITXB A-3 (continued)

LA19DA(UM) !iTmean ODmean N ALPHA

.7500 75.675 .121 1.493 .218
,7550 76.221 .118 1.492 .210
.7650 76.815 .115 1.489 .203
.7650 76.815 .115 1.489 .203
.7700 76.727 .115 1.487 .204
.7750 76.311 .117 1.485 .211
.7800 75.342 .123 1.484 .225.•7850 74.682 .127 1.482 .25
.7900 7'3.697 .133 1.481 .250
.7950 72.757 .138 1.479 .265
.8000 70.151 .154 1.478 .305
.8050 68.718 .163 1.476 .328
.8100 67.861 .168 1.475 .342
.8150 67.513 .171 1.473 .3 8
.8200 67.719 .169 1.472 .345
.8250 68.474 .164 1.470 .334
.8300 69.406 .159 1.469 .319
.8350 70.306 .153 1.467 .305
.8400 70.997 .149 1.466 .295
.8450 71.754 .144 1.465 .284
.8500 71.030 .149 1.463 .295
.8550 70.421 .152 1.462 .305
.8600 68.703 .163 1.460 .333
.8650 66.321 .178 1,459 .372
.8700 64.776 .189 1.457 .398
.8750 64.344 .191 1.456 .4-06
.8750 64.344 .191 1.456 .406

.8800 63.372 .198 1.454 .423

.8850 61.905 .208 1.453 .449

.8900 60.481 .218 1.452 .475

.8950 59.308 .227 1,450 .496

.9050 57.028 .244 1.447 .540
,9100 57.015 .244 1.446 .541
.9150 58.466 .233 1.444 .514
.9200 59.415 .226 1.443 .496
.9250 59.889 .223 1.441 .488
.9300 60.299 .220 1.440 .481
.9350 60.382 .219 1,439 .480
.9350 59.922 .222 1.439 .488
.9400 60.299 .220 1.437 .482
.9450 60.292 .2,,0 1.436 .482
.9500 60.321 .22-0 1.434 .482
.9550 59.880 .223 1.433 .491
,9600 59.349 .227 1.451 .501
.9650 58.945 .230 1.430 .509
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TABLE A-3 (continued)

LAMBDA(UM) !mean 0Dmean N ALPHA

.9700 57.786 .238 1.428 .531.9800 55.379 .257 1.425 e578
.9850 54.014 .267 1.423 .606.9900 52.754 .278 1.422 .632•9950 51.705 .286 1.420 .655

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 .7091.0250 49.326 .307 1.410 .709
1.0300 49.168 .308 1.409 .713
1.0350 48.982 .310 1.407 .717
1.0400 48.542 .314 1.405 .728
1.0450 48.161 .317 1.403 .737
1.0500 47.774 .321 1.402 .7461.0550 47.558 .323 1.400 .752
1.0600 47.395 .324 1.398 .756
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 .8261.1050 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 .483 1.374 1.162
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
'.1700 29.225 .534 1.350 1.297
1.1750 27.183 .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
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TABLE A-3 (continued)

IAMBDA (UM) Tmean ODmean N ALPHA
1.2000 30.913 .510 1.333 1.2391.2050 31.846 .497 1.330 1.2071,2100 32.523 .488 1.327 1.1851.2150 32.892 .483 1.324 1.1741.2200 33.195 .479 1.321 1.1641.2250 33.644 .473 1.318 1.1501.2300 33.945 .469 1.314 1.1411.2350 34.264 .465 1.311 1.1321.2400 34.722 .459 1.308 1.1181.2450 35,098 .455 1.304 1.1071.2500 35.262 .453 1.300 1.1031.2550 35.344 .452 1.296 1.1011.2600 35.230 .453 1.293 1.1061.2650 35.154 .454 1.289 1.1091.2700 34.860 .458 1.285 1.1191.2750 34.434 .463 1.280 1.1331.2800 34.022 .468 1.276 1.1471.2850 33.160 .479 1.272 1.1761.2900 32.522 .488 1.267 1.1981.2950 32.111 .493 1.262 1.2131.3000 31.593 .500 1.257 1.2321.3050 30.942 .509 -1.252 1.2561.3050 30.942 .509 1.252 1.2561.3100 30.340 .518 1.247 1.2781.3150 29.504 .530 1.242 1.3101.3200 29.053 .537 1.237 1. 3281.3250 28.545 .544 1.231 1. 3481.3300 27.827 .556 1.225 1.3771.3350 27.311 .564 1.219 1.3991.3400 26.530 .576 1.213 1.4 311.3450 25.062 .601 1.206 1.4951.3500 23.176 .635 1.199 1.5821.3550 20.458 .689 1.192 1.7191,3600 19.261 .715 1.185 1.786S.3650 17.955 .746 1.178 1.8641.3700 16.435 .784 1.170 1.9621.3750 15.611 .807 1.162 2,0201.3800 15,312 .815 1.153 2.0421.3850 15.383 .813 1.144 2.0381.3900 14.720 .832 1.135 2.0871.4000 15.206 .818 1.115 2.0541.4050 15.102 .821 1.105 2.063

1041, 15.694 .804 1.093 2.0221.4150 16.898 .772 1.082 1.9421.4200 17.215 .764 1.070 1.922
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1EAL A-3 (continued)

LMDA(UM) Tmoan ODmean N ALPHA
1.4250 16.965 .770 1.057 1.9391.4300 17.195 .765 1.043 1.9251.4350 17.660 .753 1.028 1.8971.4400 18.290 .738 1.013 1.8591.4450 18.722 .728 .997 1.8331.4500 18.875 .724 .980 1.8241.4550 19.115 .719 .961 1.8101.4600 19.407 .712 .942 1.7921.4650 19.710 .705 .920 1.7731.4750 20.361 .691 .873 1.7311.4800 20.821 .682 .846 1.7021.4850 21.300 .672 .817 1.6701.4900 21.464 .668 .785 1.6521.4950 21.833 .661 .750 1.6201.5000 21.996 .658 .711 1.5931.5000 21.996 .658 .711 1.5931.5050 22.173 .654 .666 1.5591.5100 22.150 .655 .616 1.5221.5150 22.225 .653 .557 1.4601.5200 22.132 .655 .500 1.3921.5250 22.066 .656 .500 1.3961.5300 21.884 .660 .500 1.4051.5350 21.730 .663 .500 1.4 121.5400 21.439 .669 .500 1.427

1.5450 21.152 .675 .500 1.4421.5500 20.853 .681 .500 1.4571.5550 20.547 .687 .500 1.4741.5600 20.170 .695 .500 1.4941.5653 19.899 .701 .500 1.5091.5700 19.440 .711 .500 1.5341.5750 18.852 .725 .500 1.5681.5800 18.13; .742 .500 1.6101.5850 17.614 .754 .500 1.6421.5900 16.841 .774 .500 1.6911.5960 15.821 .801 .500 1.7601.6000 14.685 .833 .500 1.8411.6050 13.486 .870 .500 1.9341.6100 12.010 .920 .500 2.0611.6150 9.616 1.017 .500 2.3041.6200 7.716 1.113 .500 2.5451.6250 6.894 1.162 .500 2.6681.6300 5.013 1.300 .500 3.0171.6350 3.716 1.430 .500 3.3441.6400 2.123 1.673 .500 3.9571.6450 .751 2.124 .500 5.094
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TABLE A-3 (continued)

LAMBA(UM) faean Wman N ALP&A

1.6500 .404 2.394 .500 5.773
1.6550 .131 2.882 .500 7.003
1.6600 .019 3.723 .500 9.121
1.665c < .010 > 4.000 1.000 > 10.077
1.6700 < .010 > 4.000 2.500 > 9.633
1.6750 .037 3.430 2.500 8.196
1.6800 .057 3.244 2.500 7.729
1.6850 .032 3.488 2.500 8.344
1.6900 .051 3.291 2.5o0 7.846
1.6950 .073 3.138 2.500 7.461
1.7000 .216 2.665 2.500 6.269
1.7050 .772 2.113 2.500 4.878
1.710C 1.717 1.765 2.500 4.003
1.7150 1.748 1.758 2.500 3.984
1.7200 1.800 1.745 2.500 3,951
1.725C 1.747 1.758 2.500 3.984
1.7300 1.174 1.930 2.500 4.419
1.7350 1.060 1.975 2.500 4.530
1.7400 2.019 1.695 2.500 3.8261.7450 3.271 1.485 2.500 3.29S
1.7500 4.505 1.346 2.496 2.949
1.'755C 4.798 1,319 2.453 2.896
1.7600 3.953 1.403 2.415 3.123
1.7650 3.370 1.472 2.379 3.311
1.7700 4.000 1.398 2.347 3.135
147750 5.430 1.265 2.317 2.812
1.7800 6.757 1.170 2.289 2.583
1.7850 7.050 1.152 2.264 2.546
1.7900 6.869 1.163 2.240 2.584
1.7950 6.709 1.173 2.218 2.618
1.8000 6.662 1.176 2.197 2.633
1.8050 6.608 1.180 2.178 2.649
1.8100 6.654 1.177 2.159 2.648
1.8150 6.616 1.179 2.142 2.661
1.8190 6.638 1.178 2.142 2.657
1.8250 5.961 1.225 2.111 2.787
1.8300 6.073 1.217 2.096 2.772
1.835c 6.544 1.184 2.083 2.695
1.8400 6.898 1.161 2.070 2.642
1.8450 6.864 1.163 2.057 2.652
1.8500 6.639 1.178 2.045 2.693
1.8550 6.743 1.171 2.034 24680
1.8600 6.939 1.159 2.024 2.653
1.8650 6.656 1.177 2.013 2.702
1.870C 6.455 1.190 2.004 2.739
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TABLE A-3 (continued)

L A(MJN) Thean ODmean N ALPFA

1.8750 6.353 1.197 1.994 2.7601.8800 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 3.400
1.9000 3.233 1.490 1.953 3.514
1.9050 4.350 1.-361 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 2.771
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 1.871 2.902
1.9750 5.744 1.241 1.866 2.9161.9800 5.737 1.241 1.862 2.919
1.9850 5.537 1.257 1.858 2.960
1.9900 5.297 1.276 1.853 3.009
1.9950 5.041 1.297 1.849 3.065
2.0O00 4.753 1.323 1.845 3.131


