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NOMENCLATURE

Angle of Incidence Measured Between the Light
from the Collimator and the Normal to the Sample
Surface. I

r Angle of Reflection Measured Between the Reflected
Light Received by the Telescope and the Normal to
the Sample Surface

Ii Current Reading on the Electrometer Corresponding
to the Incident Light Flux (Plus the Background) I
Weighted by the Sensitivity of the Photomultiplier
Plus Dark Current

Ir Current Reading on the Electrometer Corresponding
to the Reflected Light Flux from the Sample in a
Cone of 10 Arcminutes Plus the Background Weighted
by the Sensitivity of the Photomultiplier Plus
Dark Current.

Ii Adjusted for Background, Dark Current, Lamp ]
Voltage and Reference.

r Ir Adjusted for Background, Dark Current, Lamp
Voltage and Reference.

b.c. Current Reading with Room Lights Off, Light from
the Collimator Closed Off and Telescope Open. i

d.c. Dark Current of Photomultiplier (d.c. s b.c.) '1
B.G. Total Background, equal to b.c. Plus Background

Off Sample Support (with Disc Removed) with Light
from the Collimator Present.

ref. Reference
-I

t Thickness of Sample Coating.

2r Diameter of Sample.

Wr * Wratten Filter Number.

ND # Neutral Density Number Optics Technology Filters. 4
MgO 03 Disc Sample Coated with NgO (tm2.Omm)

W.P. #1 First White Paint Sample Coating. I
iv ii

1



QUARTERLY PROGRESS REPORT

Contract AF 33(657)-9014

1 October 1962 - 31 December 1962

.. INTRODUCTION

This is Part 2 of the second Quarterly Progress Report
submitted in partial fulfillment of the requirements of Contract
AF 33(6r7)-9014. The report covers a phase of the work completed
during the period 1 October 1962 through 31 December 1962, and
is concerned with the experimental determination of the degree
of departure from Lambertian optical reflection for several
standard surface materials.

2. WORK PERFORMED

In conjunction with the determination of optical
cross-sections of various geometrical bodies, this report is
conccrned with the investigation of the departure from Lambertian
optical reflection for several standard surface materials under
different angles of incidence. As the measurements of the near
horizontal reflecting power which were made for standard geomet-
rical bodies and models of actual targets did show discrepancies
with values calculated according to simple laws of reflection, a
more thorough investigation of the actual prevailing relations was
indicated. If one wants to perform integrations over various
surface shapes in order to find an estimated value for the reflec-
ted power, one usually assumes complete diffusion according to
Lambert's law. However, in every case of a material used for the
surface of an actual target very substantial deviations from
complete diffusion can exist and sometimes even specular reflection
may occur.

Although investigations and measurements about these
problems have been done in the past, they are not applicable for
specific optical radar and photometric problems such as detection,
recognition, and tracking of artificial targets. The reasons arc,

1) Measurements are not easily accessible (1870-1920)
and were published a long time ago.

2) The acctiracy of these measurersents is not too
reliable because visual photometry instead of
photoelectric measurements was employed.
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3) From the almost infinite variety of materials ]
those were investigated which have practically
no bearing on modern space and aircraft designs.

4) Since problems of this kind were of no great
importance in the time when investigated, one
cannot derive, because of the scarcity of the
data, relationships which are applicable for
today's problems of optical cross-sections.

The behavior of reflected coherent light, especially I
when of narrow band-width and a high degree of polarization as is
given in most cases of laser illumination, will be even more
particular for specific materials and surface arrangements. Hence I
it is intended to compare the values given in this report which
will serve as standards with those found under the same conditions
by laser illumination. Sets of measurements of this kind will then
lead to the prediction of the general behavior of certain surface
materials and surface forms. Mathematically, these sets of meas-
urements will be approximated by empirical equations which express
the reflected power as a function of angle of incidence and some I
prevalent parameters of material reflection coefficient and bodyshape factor.I

Several diffuse samples were investigated which
approach an ideally diffuse surface, and these measurements were
compared to measurements of reflections from a special white
paint and from polished aluminum. The source of illumination I
was incandescent incoherent light. The investigation of other
materials will be added in the future.

3. EQUIPMENT

The experiments were conducted in the X-Ray Laboratory
at the University of Dayton, Dayton, Ohio. In this laboratory the
surroundings could be darkened to less than the noise level of the
measuring device. Furthermore the photometric system was curtained
off in one corner with the electrometer and observer outside while
the measurements were being made.

The experiment was set up on a Gaertner L124 high -

precision spectrometer which had already been aligned to *1 arc
second for previous experimentation and checked with a calibrated "
prism obtained from the National Bureau of Standards. .

A tungsten ribbon filament lamp (G.E. 1SA/TlO/l) and
a condensing lens were sealed into a box at one end of the coll-
imator and ventilated as shown in Figure 1. The ribbon filament
was imaged on the entrance aperture of the collimator by the
condensing lens and aligned so that a uniform beam of parallel ]

2
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( light was obtained from the collimator. A 6 Vdc, 18 saps, regulated
lamp power supply built at the University of Dayton was monitoredV to '0.01 volts. Filters could be placed immediately in front of the
entrance aperture. This aperture was square and its width subtended
an angle of 10 arcminutes at the center of the spectrometer the
dimensions of which are shown in Figure 1. The sample was mounted
on the rotation axis of the spectrometer in the center of the beam
of collimated light. (See Figure 2.) Only the sample and part of
its supporting shaft were in the beam of incident light. The sample
was aligned perpendicular to the incident light by auto-collimating
on its back surface which was nearly plane parallel with the front
surface. The alignment was checked at the end of a series of sees-
urements. The spectrometer table could be rotated in one plane and
angles of incidence I were set with the circular scale attached to
the table and could be read to *1 arcminute with a vernier.

Reflected light was observed through the telescope
with a photomultiplier fixed to the exit aperture. The photo-
multiplier used was type 931A (Sylvania Electric Products, Inc.)
with an S4 response and an average sensitivity of 30 vamp/lumen
for tungsten light. It was powered with N.J.E. Corporation Model
S-326 high voltage power supply at 1000 volts dc with a ripple
content of only one part in 100,000. Current was detected with a
Keithley Model 610A electrometer. The telescope was positioned
opposite the collimator, and a stop with a circular aperture of
10 arcminutes subtended from the center of the spectrometer was
placed in the focal plane of the telescope (this position was
determined with a small error of up to 1 millimeter) and in
juxtaposition with the image of the entrance aperture of the
collimator. The spectrometer circle was zeroed to read 180' for
this position of the telescope. The photomultiplier was securely
attached with the cathode surface 3cm behind the focal plane and
was not moved from this fixed position throughout a set of meas-

I urements.

A black felt cloth backdrop was hung opposite the
telescope, and the photomultiplier housing was taped and surrounded
with biack coth. The spectrometer table was covered with black
felt paper, and surfaces near the sample were painted flat black.

I. Angular setting of the spectrometer and readings on
the electrometer were made directly. Temperature and humidity
were kept constant at 240C. 1 6C. and 15% * S% respectively.

I3
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4. MEASUREMENTS

Measurements were made on the following seven samplesr

1) A front surface mirror, whose surface area was
4.8cm2 , which was simply stood on edge on the
spectrometer table with the lower edge stopped
off.

2) The same front surface mirror employed as a diffuse
sample after it was smoked with MgO to a coating I
thickness of t=O.Smu.

3) Similar to sample 02 except the mirror was smoked
with MgO to a coating thickness of t=1.Omm.

4) An aluminum disc (2r=2.Scm, A=S.Ocm2 ) smoked with
MgO to a coating thickness te2mm. The aluminum
surface was highly polished although the edges
were slightly rounded. The rim was covered with
black felt paper and the vertical supporting I
shaft was painted flat black.

5) A highly polished and somewhat flatter end of a
cylinder (2r-2.Scm) fine sprayed with a special I
white paint received from Surveillance Branch,
Reconnaissance Laboratory, Wright-Patterson Air
Force Base, Ohio, to about a two or three coat I
thickness. The surface appeared very smooth and
wet even after it had dried. The side edges of the
cylindrical body were painted flat black.

6) The same cylinder with a much heavier smooth coat
of the same paint. "

7) The highly polished specular base of a 30" half
angle aluminum cone (2r*2.Scm) was measured.
Again, the surface, though well polished, was
slightly rounded near the edge. The lateral
surface of the cone was painted flat black.

The background current (b.c.) given in the data
sheets is the photomultiplier readings obtained with room lights
off, collimator closed and telescope open to catch stray back-
ground reflections. It was equal to the photomultiplier dark
current in all instances and therefore indicates that the
surroundings were sufficiently darkened.

The background of the black supporting shaft with the 11
collimator open was measured with the sample removed (see Table 6).
There is some question about the background for measurements of
very large angles (itr large) due to the secondary reflection from
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Sthe front of the collimator and scattered light from its less, The
telescope did not see the illuminated blackened surfaces of the
semple except for a few Measurements on the negative side, These
measurements stomed to be only slightly affected, if at all by
the reflected light from these blackened surfaces,

The background from the shaft at any telescope setting
was added to the background current and this sum subtracted from
the sample reflection current roading. Improvements in temple
mount that will reduce baekground are shown in Figure 3. The entire
equipment area has since been painted flat black.

Adjustments were made in the readings for lamp voltage
variation. At Ir-l.8O x 10- 7 amps a chaste in lamp voltage of 0,02
volts resulted in an average change of 0.035 x 10-?amps in Ir and
this corresponding correction was applied proportionately to each
reading.

Measurements of the incident light Ii were made by
replacing the sample as accurately as possible with a stop opening
in the same position. Measurements were made at four angles of
incidence. Each value was divided by the cosine of the angle of
incidence at which it was obtained and these quotients, which were
nearly equal, were averaled to obtain the full incident light Ii
at normal incidence (isO ). Measurements were made both with the
stop in the focal plane of the telescope in place and with this
stop removed. In this way it should be possible to detect any
uncollimated light in the incident beam since this uncollimated
light would be focused by the telescope outside the image of the
entrance aperture. Very little uncollimated light was observed in
the incident beam visually and so a value for the incident light
(Ii) was taken for measurements with the stop in the telescope
removed.

Specular reflections from white paint and aluminum
were measured with the stop in the focal plane of the telescope.
Since angles of incidence could only be set with a precision of
*2 arcuinutes on the graduated circle attached to the spectrometer
table, measurements of specular reflections were made by varying
the telescope position slightly and observing maximum readings.
In measuring the specular reflections off the special white paint
not all of the specular reflection was received through the exit
aperture because the surface of the white paint only approximates
a pure specular surface. Therefore the reflected light measurements
represent the total light flux emitted from the sample in a cone
of 10 arcninutes.

Measurements of incident light (Ii) and specular
"reflections had to be taken using ND filters. The transmission
of these filters was measured separately but because of the limited
range of the photomultiplier it was not possible to measure then
in combination at this time. This measurement was needed for

[.



determining Ij. A nominal value of 10.6 was therefore taken for the
transmission of ND #21 #3, and #1 in combination. However, this
value is sufficient for presenting the information which is of,'
interest now.

Measurements were made with white light of tungsten
at 5.00 volts and with Optics Technology interference filters
#436, #546, and #656 with a band pass as shown in Figures 4, 5 and
6. These measurements of the reflected light are dependent upon
the sensitivity of the photomultiplior as a function of wavelength,
and when the photomultiplier is calibrated it will be possible to
take into consideration the selective reflection of these samples.
Measurements were made for i=0, 20, 40o, 60%, 80 and r was varied
in 10 steps and in one degree steps around points of interest such
as i-r, the surface normal and at large angles greater than 8S.

After the preliminary measurements on the first few 1
samples, all data for the diffuse reflection for the MgO coated
disc and samples coated with white paint were normalised in the
following way. For each set of measurements at an anglo of |
incidence (i) a reference measurement at inO*, r=4S was made.
Ratios wore taken of the reference measurements off MgO and also
the reference measurement off white paint to the unstopped full
bean with the telescope at 180" and the sample removed and with the I
same combination of neutral density filters. The incident light
(Ii) upon the samples was also referenced to the full bean at 180"
with the same conditions as above. By comparing these reference 1
measurements, data which were taken with these references respec-
tively could be compared by assuming that all the readings taken
at one time were proportional to the readings taken at another
time and differed only because of the change in sensitivity of the
photomultiplier of possible change in the light source. A number
of check measurements were made for the same sample at the same
angles i and r only at different times and different references
existing, and were found to be in good agreement when compared
to these references. This procedure was necessary in order to
make all measurements without removing the photomultiplior.

Moreover, improvements in the equipment and measuring
technique are intended as they are indicated by the present
experiments. An Eppley Thermopile and a Standard light source from
the National Bureau of Standards have boon received with which the
light source should be calibrated. The response curve of several
photomultipliors can also be calibrated in order to assure rolla.
bility and to compare results for different wavelemnths. The
circuits of the photonultipliors will be improved to lower noise
level of about 10"11 so that a better signal to noise ratio and a
little wider range Is possibrle. The. range of the l3lA photonul.
tiplier used was not great enough to measure the Iacident light or
spocular reflections without several ND filters In combinations T}
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Ii mentioned previously. An improved power supply for the loop is
being built and a means for holding the current through the lamp
constant will be included.

The overall experimental error was not more than *1
digit in the second significant digit.

Another effect to be considered is the finite size of
the entrance and exit apertures. The reflected intensity measured
is actually an integration of the light from a cone of AS arominutes
and this collection would change with different angles of incidence.
By increasing the light source and decreasing dark current, the size
of openings can be decreased and the precision of the photometric
measurements increased.

S. DISCUSSION OF RESULTS

5.1 Specular Front Surface Mirror

The specular reflection percentage was measured
for the aluminum mirror at an angle of incidence
of 20* and found to be 92% in good agreement with
reference works.

5.2 Front Surface Mirror Smoked with 0.Sm MgO Coating

The MgO cco ting was found to be too thin since a
small specular peak occurred at iur.

S53 Front Surface Mirror Smoked with 1.0mm MsO Coating

The specular peak present in the previous sample
disappeared with the increase in coating thickness.
This minimum thickness of smoked MgO is thereforenecessary to insure the absence of specular

components in the reflection curve.

5.4 Polished Aluminum Disc Smoked with 2.0mm MgO Coating

I The diffuse reflection from this sample was found
to vary from Lambert's law in a certain definite
pattern. At angles of incidence close to 45 the
roflicted light intensity was exactly proportional
to the cosine of the angle of reflection within the
limits of experimental error. At normal incidence,
the refleoted intensity decreased slightly withI increasing angle of eflection compared with the
cosine, while for large angles of incidence the
reflected intensities did not decrease with in-
creasing angle of reflection as much as the cosine

F7



of this angle, The reflected intensity diltribut~ion I
about the normal to a smoked MgO coated surface is
therefore dependent on the angle of incidence at
which the sample was illuminated.

Within the range of experimental accuracy no change
could be found in the pattern of the reflection1
function when the incident light was filtered for j
different spectral regions. However, it is known that
the overall intensity ratio of incident to reflected
is slightly dependent on wavelength.

5.5 Polished End of Cylinder Fine Sprayed with Thin Coat
of White Paint I
Reflection from this sample followed the same pattern
as the MgO coated sample except there was a strong
reflection received at ixr and an increase in the I
distribution of reflected light intensity about this

position.

The most interesting observation, however, was that I
for increasing isr positions with respect to the
normal to the surface, the reflected intensity I
increased becoming very large for inr=8S. This
effect was obvious visually and was compared to
the specular reflection obtained from a highly
polished aluminum cone of the same size, in the same I
position and at the same angles of incidence. The
reflected intensity for this aluminum disc decreased
with increasing angles of incidence as expected. I

5.6 Polished End of Cylinder with Thick Heavy Coat of
White Paint

Results obtained for this sample were similar to the
previous white paint sample.

5.7 Polished Specular Base of Aluminum Cone.

This is the sample referred to in the comparisons
made of the specular reflection from white paint
and a polished aluminum cone in section S.S of this
report.

Assistant Research Physicist

Dr. wernerRF-ain"auske
Principal Research Investigator
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Figure 7. Gaertner L124 High Precision

Spectrometer and Apparatus.
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Figure 8. Spectrometer with Sample

on Table.
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TABLE 6. BACKGROUND OFF SAMPLE SUPPORT

Background Current
Telescope Setting Off Shaft Dark Current

(ui.r)

350 2.22 x 10-9 amps 1.90 x 10-9 amps

400 2.20 x 10-9 amps 1.90 x 10-9 amps

450 2.18 x 10-9 amps 1.90 x 10O9 amps

500 2.18 x 10-9 amps 1.90 x 10-9 amps

600 2.18 x 10-9 amps 1.90 x 10-9 amps

70" 2.16 x 10-9 amps 1.90 x 10-9 amps

800 2.15 x 10-9 amps 1.90 x 10.9 amps

goo"2.13 x 10"9 amps 1.90 x 10.9 amps

1000 2.13 x 10-9 amps 1.90 x 10-9 amps

1100 2.12 x 10-9 amps 1.90 x 10"9 amps

1200 2.12 x 10-9 amps 1.90 x 10'9 amps

130* 2.22 x 10-9 amps 1.90 x 10-9 amps

1400 2.32 (?) 1.90 x 10.9 amps

1500 2.42 (?) 1.90 x 10.9 amps

160 (?) 1.90 x 10.9 amps

23
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I
SPECTROMETER DATA

Contract AF 33(657)-9014 -:

Record number 1 Incidence i-00

Filter No'ne

Type Reflection Diffuse Sample Diffuse Standard £

Remarks: Dimensions Disc"2 =2.5cm
Coating T0 #3, tt2mmi

Incident Light Ii=0.298 cos 0° Reference: at i=0. r=4so

Adj. Ref. for Ii 1.66 x 10-7 For reflected light Ir-l.41 x I0"7

for ref.) 0I242 Filter None
Ii ad. frrb.c. 1.34 x 10-9

Lamp 5.00 volts
I'r adj. 1.35 x 10-7

r IiD(amps) Lm Vltage~volts) b~~I9ap~jrI7sp~i/,X0

350 1.63 5.00 1.31 1.57 6.49

400 1.51 5.00 1.32 1.45 5.99

50s 1.26 5.00 1.34 1.21 5.00

600 0.960 5.00 1.34 0.920 3.80

700 0.625 5.00 1.33 0.592 2.45

800 0.312 5.00 1.33 0.296 1.22

85' 0.169 5.00 1.33 0.153 0.632

.40" 1.57 5.00 1.36 1.51 6.24

-500 1.28 5.00 1.35 1.23 5.08

-60' 0.960 5.00 1.37 0.920 3.80

-700 0.610 5.00 1.37 0.581 2.40

.800 0.300 5.00 1.37 0.284 1.17

-85' 0.166 5.00 1.40 0.150 0.619
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Function of the Angle of Reflection f(r)(IIr/1i) x 10 7

Record Number 1

0- 0 f(r) Measured

X -X f(r) =cos r
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-0 
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SPECTROMETER DATA

Contract AF 33(657)-9014

Record number 2 Incidence i-200
Filter None

Type Reflection Diffuse Sample Diffuse Standard
Remarks: Dimensions Disc, 2r=2.Scm

Coating M1g0 #3, t=2mm

Incident Light Ii=0,298 cos 200 Reference: at i-0, r=450
Adj. Ref. for Ii 1.66 x 10-7 For reflected light Ir-1.41 x 10-7

Filter None
I' (adi. for ref.) 0.228 b.c. 1.34 x 10-

Lamp S.00 volts
Ir adj. 1.35 x 10-7

r [IrXO7(amps)lLame Voltage(volts) b.c.xlOg(amps) IrxlO7 (amps) I'/I'i)xl07

iS° 1.87 5.00 1.35 1.80 7.89
200 1.80 5.00 1.3b 1.74 7.63
25" 1.72 5.00 1.37 1.66 7.28
30* 1.63 5.00 1.37 1.57 6.89
400 1.42 5.00 1.37 1.37 6.01
500 1.17 5.00 1.37 1.12 4.91
600 0.890 5.00 1.37 0.849 3.72
700 0.580 5.00 1.37 0.551 2.42
800 0.297 S.00 1.37 0.274 1.20
85" 0.168 5.00 1.37 0.148 0.649
86* 0.141 5.00 1.37 0.121 0.530
87" 0.118 5.00 1.37 0.099 0.434

886 0.097 S.00 1.37 0.079 0.346
90g 0.057 S.00 1.37 0.040 0.175
180 1.82 S.00 1.37 1.76 7.72
190 1.81 S.O 1.37 1.75 7.67
200 1.79 5.00 1.37 1.73 7.59
21" 1.78 5.00 1.37 1.72 7.54
22" 1.77 5.00 1.37 1.71 7.50
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Function of the Angle of Reflection f(r)-(Ir/I') x 107

Record Number 2
0 O f(r) Measured

X -X f(r) - cos r

1. 27

-70I 1 e
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SPECTROMETER DATA

Contract AF 33(657)-9014

Record number 3 Incidence i=200
Filter N.D. #0.5

Type Reflection Diffuse Sample Diffuse Standard
Remarks: Dimensions Disc. 2r=2.Scm

Coating tRO #3, t=2mm

Incident Light 1,nfl -n4 rn% 200 Reference: at i LO', r-45"
Adj. Ref. for Ii 1.66 x 10-7 For reflected light =r=l.41 X 10-7I' (adj. for ref.) 0.0721 Filter Noneb.c. 1.34 x 10-9

Lamp 5.00 voltsIr adj. 1.35 x 10-7o

r . ooxl0a(amps) Lam Voltag(volts) (amps)i/'x07

15 0.575 5.00 1.41 0.558 7.73
190 0.560 5.00 1.41 0.543 7.53
200 0.559 5.00 1.41 0.542 7.51
210 0.554 5.00 1.41 0.537 7.44
250 0.533 5.00 1.41 0.516 7.15
30" 0.507 5.00 1.41 0.490 6.79
40* 0.442 5.00 1.41 0.425 5.89
50" 0.365 5.00 1.41 0.348 4.82
60" 0.278 5.00 1.41 0.261 3.62
700 0.191 5.00 1.41 0.175 2.43
80s 0.102 5.00 1.41 0.086 1.19
850 0.061 5.00 1.41 0.045 0.624
87" 0.048 5.00 1.41 0.032 0.443
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Function of the Angle of Reflection f~r)=(Ir/I'i} x 10 7

Record Number 3

0- 0 f(r) Measured

X-----X f(r) = cos r

1.
0.2

-70 - -! 700

I-500 0 -- o6--
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SPECTROMETER DATA

Contract AF 33(657)-9014

Record number 4 Incidence i=20'
Filter ND. 91

Type Reflection Diffuse Sample Diffuse Standard
Remarks: Dimensions Disc, 2r=2 Scm

Coating MO _ 3. t=_mm__ _

Incident Light li=0.0288 cos 20" Reference: at iO*. r=4-45'
Adj. Ref. for Ii 1.66 x 10-7 For reflected light Ir,1.48 x 10-7
I/ (adj. for ref.) 0.0236 Filter None

b.c. 17.0 x 10-s
Lamp 5.00 volts
Ir adj. 1.4 x 10-7

r IrX 1(amps)iLam, Voltag(volts)b c

156 0.207 5.00 1.41 0.190 8.05
190 0.200 4.98 1.43 0.187 7.92
20' 0.197 4.98 1.43 0.184 7.80
21* 0.195 4.98 1.43 0.182 7.71
25* 0.188 4.98 1.43 0.175 7.42
30e 0.177 5.00 1.43 0.160 6.78
40' 0.161 5.01 1.43 0.143 6.06
So* 0.135 5.00 1.43 0.118 S.00
600 0.105 5.00 1.43 0.088 3.73
700 0.074 5.00 1.44 0.057 2.42
80 0.044 S.00 1.44 0.027 1.14
85' 0.0304 4.99 1.44 0.0146 0.619
87' 0.0255 4.98 1.45 0.0098 0.415
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Function of the Angle of Reflection f(r)=(Ir/I') x 107

Record Number 4

0 -0 f(r) Measured

X -X f(r) = cos r

I -0.1 800

0 2! -706 700

-I a

01 3
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SPECTROMETER DATA

Contract AF 33(657)-9014

Record number _ Incidence i-400
Filter None

Type Reflection Diffuse Sample Diffuse Standar;d
Remarks: Dimensions Disc. 2rm2.Scm

Coating MllO #3. ts2mm

Incident Light I-=0.298 cos 40" Reference: it i=0". r=45"
Adj. Ref. for Ii 1.66 x 10-7 For reflected light I=1.48 x10-7 .
I (adj. for ref.) n-loo Filter None

b.c . 1 ,50 x 10 -9
Lamp 5.00 volts

Ir adj. 1.45 x 10"7

r rXlO7(amps) LamD Voltage(volts) ib" x109(ampe) r'XIlOTmmmW•m i'ýx I o

-so 1.61 4.98 1.53 1.59 7.99
00 1.60 4.98 1.53 1.58 7.94
5s 1.58 4.98 1.53 1.56 7.84

10" 1.55 4.98 1.53 1.53 7.69
20" 1.45 4.98 1.53 1.43 7.19
300 1.36 4.98 1.53 1.34 6.73
350 1.28 4.98 1.56 1.27 6.38
40° 1.21 4.98 1.56 1.20 6.03
45 1.11 4.98 1.56 1.10 5.53
500 1.01 4.98 1.53 1.00 5.03
60" 0.808 5.00 1.53 0.770 3.87
700 0.557 5.00 1.53 0.525 2.64
800 0.300 4.99 1.53 0.276 1.39
850 0.174 4.99 1.53 0.153 0.769
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Function of the Angle of Reflection f(r)u(Ir/Il) x 107

Record Number 5

0-----0 f(r) Measured

X -X f(r) cos r
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SPECTROMETER DATA

Contract AF 33(657)-9014

Record number Incidence i-600
Filter None

Type kect .t. __________ Sample Diffuse Standard
Remit:, : ,• .t • a,•, pe in ref. durinp Dimensions Disc, 2r=2.Scm
readings. Coating Ma0 #3. t=2mm

Incident Light Ii=0.298 cos oo° Reference: at i=00 r=45
Adj. Ref. for Ii 1.00 x I7-7 For reflected light "Ir-l.32 x 10-7

1'i (adi. for ref.) 0,116 Filter None
b.c. 1.91 x 10-7
Lamp 4.98 volts
I'r adj. __ _ _ __ _ _r d1.29 x 10-7

r JIrXl07(amps) Lamv Voltage(volits) b.c.x109(axps) IrxlO7(anps) I/1'xlo

-250 0.790 4.98 1.90 0.784 6.78
-15 0.824 4.98 1.90 0.818 7.08
-so 0.840 4.98 1.90 0.834 7.21
00 0.840 4.98 1.90 0.834 7.21
so 0.835 4.98 1.90 0.829 7.17
100 0.821 4.98 1.90 0.815 7.05
20" 0.798 4.98 1.90 0.793 6.86
300 0.748 4.98 1.90 0.742 6.42
40" o.bgo 4.98 1.90 0.683 5.91
S0o 0.615 4.98 1.91 0.607 5.25
550 0.578 4.98 1.91 0.569 4.92
590 0.535 4.98 1.91 0.525 4.54
600 0.527 4.98 1.91 0.517 4.47
610 0.518 4.98 1.91 0.508 4.39
65" 0.475 4.98 1.91 0.463 4.00
700 0.418 4.98 1.91 0.405 3.50
800 0.262 4.98 1.91 0.245 2.12
85" 0.161 4.98 1.91 0.141 1.22
87* 0.119 4.98 1.91 0.098 0.85
890 0.078 4.97 1.91 0.057 0.49
90g 0.059 4.97 1.91 0.037 0.32
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Function of the Angle of Reflection f(r)-(Ilr/I'j) x 107

Record Number 6

0 -0 f(r) Measured
X- X f(r) cos r
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SPECTROMETER DATA

Contract AF 33(657).9014

Record number 7 Incidence i-80o
Filter one

Type Reflection Diffuse Sample Diffuse Standard

Remarks: Samnle not perfectlv plane DiUmensions Disc, 2r=2,5cw
Coating MeO 13_ t__ _ _

Incident Light Ija0.298 cos 80* Reference: at 1-O'. r-4S'
Adj. Ref. for 11 1.66 x 10-7 For reflected light IF.wl62 x 10-7

(adj. for ref.) 0.0484 Filter None
I . b.c. 2.31 x 10-'

Lamp S.00 volts
I's adj. 1.55 x lO-7

r Ir71 0 e(amps)JLan Voltasg(volts) b.c.xl0(au.ps) lIxlO7(aeps) I /I 107

-45" 0.296 5.00 2.33
-40* 0.310 5.01 2.33
-300 0.323 S.00 2.33
-20 0..331 5.00 2.33
-106 0.335 5.00 2.34
O6 0.330 S.00 2.34 0.304 6.28
106 0.327 S.00 2.34 0.301 6.22
20* 0.321 5.00 2.34 0.29S 6.10
30" 0.315 5.00 2.34 0.289 S.97
40" 0.307 S.00 2.33 0.281 5.81
Soo 0.301 S.00 2.33 0.275 5.68
60* 0.298 S.00 2.33 0.271 5.60
700 0.286 5.00 2.33 0.258 S.33
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Function of the Angle of Reflection f(r)-(Ir/I'i) x 107

Record Number 7

0- 0 f(r) Measured

XX f(r) = cos r

-708 700
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SPECTROMETER DATA

Contract AF 33(657)-9014

Record number 8 Incidence i-00 -
Filter OT. W430 blue

Type Reflection Diffuse Sample Diffuse Standard
Remarks: Ref. for IT without filter Dimensions Disc. 2r=2.Scm
1.76 x 10-7 Coating MfO #3. t=2mm

Incident Light It-0.00640 Reference: at i=O°. r=450
Adj. Ref. for 1i 1.66 x 10-7 For reflected light I o.=.593 x 10-7
I' (adj. for ref.) 0l0067Q Filter 0.T. *4S6blue

b.c. 2!21 x 10"
Lamp S.00 volts
I' adj. 0.0378 x 10-7

r Ilir 0(gamps) Lamp VoltagV(volts) b.c.x109 (amps) Ir1(a~p) I'r/I'O)XlO7

40° 0.0633 4.99 2.28 0.0390 5.75
4S 0.0593 4.99 2.28 0.0351 5.17
50o 0.0559 4.99 2.26 0.0316 4.65
60e 0.0473 4.99 2.28 0.0227 3.34
70" 0.0388 4.98 2.28 0.0146 2.15
800 0.0302 4.98 2.26 O.OOS7 0.84
850 0.0264 4.98 2.26 0.0018 0.27
40° 0.0630 4.99 2.26 0.0017 0.25

-40° * 0.0650 4.98 2.43
-SOO * 0.0570 4.98 2.43
-600 * 0.0492 4.98 2.43
-700 * 0.0412 4.98 2.43
-80* * 0.0319 4.98 2.43

* New Reference Ir= 0 , 0 3 8 3 x 10-7 at i-00, r=45o
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Function of the Angle of Reflection f(r)-(I'/I') x 107

Record Number 8

0- 0 f(r) Measured

X- X f(r) cos r
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SPECTROMETER DATA

Contract AF 33(657)-9014

Record number 9 Incidence _ _20 _
"Filter 0 T 9436 blue

Type Reflection Diffuse Sample Difuse Standard
Remarks: Changed settiny before second Dimensions Ds r-2e5cm'
20" readin . Costing M O #A- tu2mm

Incident Light 0,00602 Reference: at i=00. r=45"
Adj. Ref. for 1i 1.66 x 10-7 For reflected light I.-0.0607 i 10-7

ref.) 0,00643 Filter Q.T. 0436 blueI (adj. for r.b.c. 2.33 & 10- -
Lamp S.00 volts
I'r adj. 0.0381 x 10-7

r IIrXl (amps)JLami Voltago(volts) b.c.zlI (amps) I IrxlIO(&11P I'7/I'jIx1

20° 0.0700 4.98 2.33 0.0461 7.17
30' 0.0660 4.98 2.33 0.0420 6.53
406 0.0608 4.98 2.33 0.0367 5.71
50 0.0540 4.98 2.35 0.0298 4.63
60' 0.0467 4.98 2.35 0.0221 3.44
700 0.0388 4.98 2.35 0.0142 2.21
80s 0.0312 4.98 2.37 0.0060 0.93
85' 0.0278 4.99 2.37 0.0023 0.36
20' 0.0710 5.00 2.40

40



Function of the Anple of Reflection f(r)-(I'/I'i) x 107r

Record Number 9

0- 0 f(r) Measured

X -X f(r) - cos r
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SPECTROMETER DATA

Contract AF 33(657)-9014

Record number 10 Incidence i=400
Filter O.T. 0436 blue

Type Reflection Diffuse Sample Diffuse Standard
Remarks: Dimensions Discl 2r-2.Scm

Coating MgO 313 t=2mm

Incident Light !|=0.00490 Reference: at iuO*. r=45
Adj. Ref. for I1 1.66 x 10-7 For reflected light =I-f=06U7 x I0-7
I" (adj. for ref.) 0 5Filter O.T. #416 blueIib.c. 2.40 x 10-9

Lamp 4.99 volts
Ir adj. x_10-7r 0.0386 x1-

r Irxlo 7ampe)l Lau Voltage(volts) €

0 0.0640 5.00 2.43 0.0373 7.04
100 0.0632 4.99 2.43 0.0367 6.92
200 0.0607 4.99 2.44 0.0348 6.57
300 0.0581 4.99 2.44 0.0328 6.19
40* 0.0540 4.99 2.44 0.0282 5.32
S0o 0.0500 4.99 2.45 0.0243 4.58
600 0.0446 4.99 2.44 0.0187 3.53
700 0.0385 4.99 2.44 0.0125 2.36
80 0.0308 4.99 2.44 0.0046 0.87
00 0.0640 4.99
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Function of the Angle of Reflection f(r)=(I'pr/I'i) x 107

Record Number 10

0" f(r) Measured

X _X f(r) cos r
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SPECTROMETER DATA

Contract AF 33(657)-9014

Record number 11 Incidence i-606Filter O.T. #436 blue

Type Reflection ni , ln Sample Diffuse Standard
Remarks: Dimensions Disc 2r=2.-Sm

Coating MoO #3 t=2mm

Incident Light Ii=0.00320 Reference: at iao" r=
Adj. Ref. for 1 1.66 7 For reflected light ,0 7 I1o-7

I' (adj. for ref.) 0,00344 Filter !.436 b0 u
b.c. 2!___ ___ lue__

Lamp A.98 volts
1r adj. 0.0383 x 10-

r I 0iO(amps) lauu Voltagq(volts)Jb.c.x10 9(amps) I'.107 (amps) I'1./I'j)xl

-20* 0.0470 4.98 2.43
-100 0.0478 4.98 2.42

06 0.0476 4.99 2.41 0.0216 6.28
100 0.0470 4.99 2.40 0.0212 6.16
20" 0.0461 4.99 2.40 0.0204 5.93
300 0.0456 4.99 2.40 0.0201 5.84
40" 0.0437 4.99 2.40 0.0182 5.29
50s 0.0412 4.99 2.40 0.0156 4.53
60" 0.0387 4.99 2.40 0.0131 3.81
70* 0.0358 4.99 2.40 0.0096 2.79
800 0.0312 4.99 2.41 0.0043 1.25
-200 0.0470 4.98 2.41
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Function of the An.le of Reflection f(r).(,'./,'i x ,07

Record Number 11
0- 0 f(r) Measured

X -X f(r) cos r
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SPECTROMETER DATA .1
Contract AF 33(657)-9014 -r

Record number 12 Incidence i80e*
Filter O.T. 9436 blue

Type Reflection Diffuse Sample Diffuse Standard -
Remarks: Dimensions Disc. 2r2.Scma

'_Coating M__o._3 _ t_2m_

Incident Light li=o.O0111 Reference: at i=O* r=4S
Adj. Ref. for 1 i 1.66 x 10-7 For reflected light Irs..0607 x 10-7

Filter 0.T. #436 blue
Ij (adi. for ref.) 0.00120 b.c. 2.43 x 10-9 -

Lamp 4.98 volts
I'r adj. 0.0383 x 10-7

r JIrxlO (amps) Lamv Voltage(volts) b.c.xlO9(amps) 7x0(&mps) '/ixO

-40° 0.0304 4.98 2.41
0 0.0308 4.98 2.40 0.0050 4.17

40* 0.0306 4.98 2.40 0.0051 4.25
70* 0.0303 4.98 2.40 0.0027 2.25
80g 0.0295 4.98 2.40 0.0017 1.42
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Function of the Angle of Reflection f(r)-(Ir/Ij) x 107

Record Number 12

0- 0 f(r) Measured
X -X f(r) u cos r
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SPECTROMETER DATA'

Contract AF 33(657)-9014

Record number 13 Incidence i.O9
Filter T #S46 areen

Type Reflection Aiffuce Sample Diffuse Stsndnrd
Remarks: Ref. for 1. without filter Dimensions Disc. 2r=2.Scm
1.73 x 10- Coating MrO #3, t=2mm

Incident Light I4=0,0138 Reference: at i- 0.-r.4S"
Adj. Ref. for 1 1.66 x 10-r 7  For reflected light I-0.104 x 10-7
I' (adj. for ref.) 0.0144 Filter 0.T. #546 green

1 b.c. 2.33 x 10-V

Lamp 5.00 volts
I' adj . 0.080 x 10-7

rI 10 7(amps)lLano Voltage(volts) b.c.X10 9 (amps) 1rx1O7(amps) LI'/I'iýx107

45* 0.104 5.00 2.24 0.078 5.42

40° 0.109 S.00 2.24 0.083 5.76
s0° 0.0933 5.00 2.24 0.0696 4.83
60° 0.0758 5.00 2.24 0.0517 3.59
70" 0.0562 S.01 2.24 0.0313 2.17
80° 0.0390 5.01 2.24 0.0141 0.98
85° 0.0312 5.01 2.24 0.0063 0.44
400 0.109 S.00 2.24 0.083 5.76
-40° 0.109 S.01 2.23
-s0° 0.0923 5.02 2.23
-60° 0.0729 5.00 2.23
-70° 0.0548 5.00 2.23
-800 0.0380 5.00 2.23
-85° 0.0302 S.00 2.23
-40° 0.108 5.00 2.23
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Function of the Angle of Reflection f(r)=(Ir/I'j) x 107

!r

Record Number 13

0- 0 f(r) Measured

X- X f(r) - cos r
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SPECTROMETER DATA

Contract AF 33(657)-9014

Record number 14 Incidence i-200
Filter O.T, #546 'reen

Type Reflection Diffuse Sample Diffuse Standard
Remarks: Dimensions Disc. 2r=2.Scm

Coating ___O N3_ t=2mm

Incident Light In.0 0130 Reference: at i=O. r=45"
Adj. Ref. for Ii 1.66 x 10-7 For reflected light r=O,104 x 10--7

I (adj. for ref.) Filter Oren
b.c. 

2 .2 S x 10_-

Lamp 4-99 volts
I's adj. 0.082 x 10-7

r IrxI 0(amps)ILamp Voltago(volts) b.c.xlO9(amps) I'r xlOT(amps) Ir/)iO

200 0.126 5.00 2.26 0.100 7.25
30" 0.116 5.00 2.26 0.090 6.52
40* 0.104 4.99 2.26 0.079 5.72
S0o 0.091 4.99 2.26 0.066 4.78
600 0.074 4.99 2.26 0.050 3.62
70* 0.0552 4.98 2.26 0.0321 2.33
800 0.0386 4.98 2.26 0.0148 1.07
200 0.125 4.98 2.26

So
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Function of the Angle of Reflection f(r)u(Ir/I1) x 107!i

Record Number 14

0- 0 f(r) Measured

X- X f(r) cos r
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SPECTROMETER DATA

Contract AF 33(657)-9014

Record number is Incidence i-40
Filter O.T. #546 green

Type Reflection niffugs Sample Diffuse Standard
Remarks: Dimensions Disc. 2r=2.Scm

Coating MPO #3. t=2mm

Incident Light I1=0.0106 Reference: at i=O*. ra 0
Adj. Ref. for Ii 1.66 x 10-7 For reflected light -i=0-102 x i0-7
1 (adj. for ref.) 0-0111 Filter O.T. #S46 oreen

- b.c. 2.20 x 10- 9

Lamp 4.98 volts
I'r adj. 0.081 x 10-7

r In 10 7(amps) 'LanD Voltage =volt~s)b b.c X10 9 (amps) I~rxlO 7 (am~ps) KI'* /I' "Yl

06 0.111 5.00 2.21 0.086 7.75
100 0.108 5.00 2.21 0.083 7.48
20* 0.103 5.00 2.21 0.078 7.03
30" 0.097 4.99 2.21 0.073 6.58
400 0.088 4.98 2.21 0.065 5.86
so* 0.0767 4.99 2.22 0.0539 4.86
600 0.0659 5.02 2.23 0.0408 3.68
700 0.0521 5.00 2.24 0.0281 2.53
800 0.0379 5.00 2.25 0.0137 1.23
00 0.111 5.00
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Function of the Angle of Reflection f(r)-CI(/I') x 107

Record Number 15

0- 0 f(r) Measured

X- X f(r) - cos r
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SPECTROMETER DATA

Contract AF 33(657)-9014

Record number 16 Incidence 1600
Filter T . 546 green

Type Reflection Diffuse Sample Dause Standard
Remarks: Dimensions OisAc,2Ir2.Scm

Coating MnO #3. t=2mm

Incident Light li=0.00689 Reference: at i=O*. r=45"
Adj. Ref. for Ii 1.66 x 10-7 For reflected light I... 103 x 10-7Filter n.T. #546 ree
I4 (adj. for ref.) 0.00709 b.c. 2-32 x N1 0 -

Lamp SOo volts
Sdi. 0.079 x 10-7

r JInx1 0 7(amps) Lano Voltage(volts) b.c.x10 9 (amp) I 0l7(amps) 11'i/I'ýI0xl

-200 0.0725 5.00 2.25
-100 0.0738 5.00 2.25

0* 0.0738 5.00 2.25 0.0496 6.99
106 0.0735 5.00 2.25 0.0495 6.98
200 0.0710 5.00 2.25 0.0471 6.64
30" 0.0681 S.00 2.25 0.0443 6.25
40* 0.0642 4.99 2.25 0.0410 5.78
50s 0.0598 4.99 2.25 0.0365 5.15
60" 0.0538 4.99 2.25 0.0303 4.27
700 0.0466 4.99 2.25 0.0224 3.16
800 0.0377 4.98 2.25 0.0132 1.86
-200 0.0720 4.98 2.25
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Function of the Antas of Reflection f(r)/(Irll/ ) x 107

Record Number 16

0-----0 f(r) Measured

X-X f(r) - cos r

r

-704 7o°

oeo• 0.3

" - o 4---os.--

0.1

.5SS



SPECTROMETER DATA

Contract AF 33(657)-9014

Record number 17 Incidence _ _801__,___ ..__

Filter 0T. 546 areen
Type Reflection Diffuse Sample Di fuse Standard
Remarks: Dimensions Disc, 2r=2.Scn

Coating MRO #3, t=2mm

Incident Light Ii=0.00240 Reference: at i-00,
Adj. Ref. for 11 1.66 x For reflected light T.=fltn0 z 10-"

Idj. (ad. for ref.) 1.6S6 x0-Filter . /54zoune
I" (Wj. for ref.) 000256 b.c. '_IR ___n-___

Lamp ;-nn ynlts
I' adj. 0082 x07

I IrX (a Lan, Voltage(volts) "

-40° 0.0374 5.00 2.28
-200 0.0382 S.00 2.29
00 0.0382 5.00 2.32 0.0128 4.99

20* 0.0379 S.00 2.32 0.0127 4.9S
40* 0.0368 5.00 2.32 0.0117 4.S6
60* 0.0365 S.00 2.32 0.0104 4.06
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Function of the Angle of Reflection f~r)-( j) x 107

Ir

"Record Number 17

0__ f(r) Measured

X-X f(r) - cos r

.0.2

+x

-3"5 ----- -10- low

1 57



SPECTROMETER DATA

Contract AF 33(657)-9014

Record number 18 Incidence J=O0

Filter 6.1'. #656 red

Type Reflection Diffuse Sample Diffuse Standard

Remarks: Ref, for Ir without filter Dimensions Disc. 2ra2.5cm

1.75 x 10-7 Coating 1ijt'#3, t=2•m

Incident Light li*0.00460 Reference: at i=O. r=45

Adj. Ref. for Ii 1.66 x 10-7 For reflected light .8.0,0485 x 10-/
Ii (adj. for ref.) 0.00485 b.Filter !. 6 x5 10-d

b.c. 2.3lit 0-
Lamp 4.98 volts

I'r adj. 0.0270 x 10-7

r I !xiO(amps) Lamo Voltage volts)lb.c.x0
9 (am ps)I'x r/'i)xi

400 0.0520 5.00 2.32 0.0263 5.42
450 0.0485 4.97 2.32 0.0245 5.05

500 0.0461 4.98 2.32 0.0214 4.41

600 0.0406 4.98 2.32 0.0157 3.24

700 0.0345 4.98 2.32 0.0096 1.98

400 0.0518 4.98 2.32
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Function of the Angle of Reflection f(r)=(4r/Ii) x 107

Record Number 18

0- 0 f(r) Measured

X-X f(r) cos r

-7000! 7o°

II

-300 - -9 I 0
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A

SPECTROMETER DATA

Contract AF 33(657)-9014

Record number in _ Incidence i-20*Filter O.T. #656 red

Type Reflection Diffuse Sample Diffuse Standard
Remarks: ._,_Dimensions Disc. 2r-2.Scm -

Costing MoO #3. tn2mm

Incident Light 1i=0.00432 Reference: at i=O'- r-45*
Adj. Ref. for Ii 1.66 x 10-7 For reflected light I-O0.0502 x 10-7
I' (adj. for ref.) 0.00442 Filter Q.T. #0656 red

i b.c. 2.45 x 10-6

Lamp 5.00 volts

I'r adj. 0.0262 x 10-7

r Irx Ix0I(amps) LImI Voltage olts) b.cxlO9(amps) I'rxlO T (amps) /I',)X10 7

200 0.0573 4.98 2.45 0.0316 7.15
300 0.0542 5.00 2.42 0.0278 6.29
40* 0.0501 5.01 2.42 0.0231 5.23
500 0.0460 5.01 2.42 0.0191 4.32
600 0.0403 5.01 2.42 0.0135 3.05
700 0.0352 5.01 2.41 0.0086 1.95
800 0.0294 4.99 2.41 0.0034 0.77
20* 0.0573 5.00 2.41
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Function of the Angle of Reflection f(r)u(lr/I'i) x 107

!
!

r.

I. Record Number 19

0- 0 f(r) Measured

- X- X f(r) cos r

-oo

++ "----0.5---6II

1! 61 o°,!2
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SPECTROMETER DATA

Contract AF 33(657)-9014

Record number 20 Incidence i-40'
Filter OT. 8656 red

Type Reflection DUIffuoA Sample Uiffuse Standard
Remarks: Dimensions Disc, 2r=2tScm

Coating MRO 43, t-2mm

Incident Light I;=000352 Reference: at isOf r=45
Adj. Ref. for Ii 1.66 x 10-7 For reflected light i.,.O$4O0 x 10-7
I' (adj. for ref.) 0.00382 Filter O.T. 9656 red

b.c. 2-37 x 10-9
Lamp 4.98 volts

I'r adj. 0.0278 x 10-7

r In 1X 0 7(amps) Lamp Voltage(volts) b~ JI§ap)Ix07ap)IrI 0

O6 0.0520 4.98 2.38 0.0268 7.01
100 0.0514 4.98 2.38 0.0263 6.88
20" 0.0499 4.98 2.38 0.0248 6.49
300 0.0474 4.98 2.38 0.0225 S.89
400 0.0450 4.98 2.38 0.0200 S.23
Soo 0.0419 4.98 2.38 0.0171 4.48
600 0.0375 4.98 2.38 0.0125 3.27
700 0.0337 4.98 2.38 0.0086 2.25
go* 0.0291 4.98 2.38 0.0038 0.99
O" 0.0520 4.98 2.38
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Function of the Angle of Reflection f(r)-(I'r/I') x 10 7

r

Record Number 20

0- 0 f(r) Measured

X- X f(r) cos r

-S0. SO"

I

-70S 700

0.3

"---0.5--."

"----40 40e

-30 -Rap -10, 1 109 0o
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SPECTROMETER DATA

Contract AF 33(657)-9014

Record number 21 Incidence i160
Filter O.T. 1656 red

Type Reflection Diffuse Sample Diffuse Standard
Remarks: Dimensions Disc. 2r=2.Scu

Coating MrO #3. ta2mm

Incident Light Ii=0.00230 Reference: at iO*. r*45
Adj. Ref. for I 1.66 x 10-r For reflected light I..0S3S x 10-7

I' (adj. for ref.) Filter 0.T. #656 red
b.c. 2.70 x 10
Lamp 5.00 volts
I1r adj. 0,0271 x 10-7

r lrIn0 (amps)] Lamn Voltage(volts)ib.c x109 (amps) =rxO? a ps) I'/J'TO 1J"

-200 0.0437 S.00 2.69
-100 0.0440 4.99 2.69
06 0.0440 4.98 2.70 0.0155 6.38
100 0.0438 4.98 2.70 0.0155 6.38
20" 0.0430 4.98 2.70 0.0148 6.09
30* 0.0421 S.00 2.70 0.0132 5.43
400 0.0410 5.00 2.70 0.0120 4.94
S0o 0.0393 4.99 2.70 0.0108 4.44
600 0.0373 4.99 2.70 0.0087 3.58
700 0.0350 S.00 2.70 0.0055 2.26
80 0.0319 4.99 2.70 0.0022 0.91
-200 0.0439 4.98 2.70
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Function of the Angle of Reflection f( - x 107

Record Number 21

j0- 0 f(r) Measured

x x f(r) - cos r

I

I

1. 65

0.
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SPECTROMETER DATA !

Contract AF 33(657)-9014

Record number 22 Incidence 1=800
Filter "aT 6656 red

Type Reflection Diffuse Sample Tiffuse standard
Remarks: Dimensions isc 2r=2,Scn

Coating MO 13. t=2mm

Incident Light IN=0.0008 Reference: at i-O r="4S'
Adj. Ref. for I1 1.66 x 10-7 For reflected light Ir-0.0530 x 10-7

I' (adj. for ref.) 0.000856 b.c. 2i67 x 10-t

Lamp 4.99 volts
1'r adj. 0.0274 x 1o-7

r JirXl7o(amps)JLaav Voltage~volts) b.c.xvO,(aps) rIorx0 7(amps. '/I

-40* 0.0317 5.00 2.70 0.0048 5.60
O4 0.0322 4.99 2.70 0.0056 6.54 ""
400 0.0317 4.99 2.70 0.0051 5.96

6
6-6
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Function of the Angle of Reflection f(r)-(Ir/4'i) x 107

Record Number 22

0 f(r) Measured

X- X f(r) cos r

-31 -I70
0 67

I0.
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SPECTROMETER DATA I
Contract AF 33(657)-9014 J

Record number 23 Incidence imO"
Filter None

Type Reflection I.iffuse-na.ular Sample W.P.on nolished Al
Remarks: Paint eoat one day old Dimensions Disc. 2r=2.Scm

Coating White Paint

Incident Light 0.299 Reference: at i=O'. r=4S"
Adj. Ref. for li 1.66 x 10"7 For reflected light 1.44 x 10-7

I (adj. for ref.) 0.274 Filter Non -

Lamp
1'ra x 10-7

r I 10 7(amps) Lam. Voltage(volts) b.c.x109(amps) amps) I'r/I'j)O 1

350 1.73 S.00 1.54 1.67
400 1.60 S.00 1.54 1.54
50* 1.31 5.00 1.54 1.26
60* 1.01 5.00 1.54 0.966 -•

700 0.64S S.00 1.62 0.610
80g 0.258 S.00 1.62 0.239
850 0.100 4.99 1.62 0.082
35° 1.71 4.99

6
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I Function of the AnSlo of Reflection f(r)u(lr/l') x 107

I
I
I

"Record Number 23

S0-0• f(r) MIeasured

X-X f(r) - cos r

-70@ T 70

i

-3C -€ -I0

0 19
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SPECTROMETER DATA

Contract AF 33(6S7)-9014

Record number 24 Incidence i-4S"
Filter None

Type Reflection Diffuse-Snecular Sample W.P.on polished Al
Remarks: Refs. for 14 and I. both Dimensions Disc. 2r-2.Sc__ _

com•ored to full beam ref. Coating White Paint

Incident Light 0.298 cos 45 Reference: at i-O°. r-4S*
Adj. Ref. for Ii 1.66 x 10-7 For reflected light 1.42 x 10-7
I' (adj. for ref.) 0191 except at Filter neisr b.c. 2911 x 10-9

Lamp S.00 volts

Ir di, 1,36 x 10-7

r lIn 0 (amps) Lan Voltage(volts)lb.c.xlo9 (sups)l ixlO7(amps) 1/i' lO J

-10* 1.43 4.98 2.13
06 1.42 4.99 2.13 1.39 7.29

106 1.39 4.99 2.13 1.3S 7.08
20* 1.33 4.99 2.13 1.29 6.77
300 1.25 4.98 2.14 1.21 6.3S
40* 1.64 4.98 2.14 1.61 8.44
Soo 1.79 4.98 2.13 1.76 9.23
60* 0.721 4.98 2.13 0.711 3.73
700 0.4S0 4.98 2.13 0.43S 2.28
80* 0.193 4.98 2.1S 0.173 0.907
85e 0.083 4.98 2.15 0.060 0.315
-106 1.39 4.98 2.15
45 * 2.18 4.98 2.21 2.1S 1130.

* N.D. 02
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Function of the Angle of Reflection f(r)-('1./I'j) x 107

Record Number 24

G"0• f(r) Measured

X- X f(r) cos r

-70I 707

0.5

-40@ a 4S"

• O.O.-1-- x 10 ,7

-30 -Roe, -,o6 1'"9 30 "
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SPECTROMETER DATA 1
Contract AF 33(657)-9014

Record number 25 Incidence ij8se
Filter None

Type Reflection Diffuse-Soecular Sample W.P.on volished Al *
Remarks: SoPe very flat. I. at 70' Dimensions Disc r2 cmj
is 0.11S or l1• Coating_ White Paint

Incident Light 0.298 cos 85° Reference: at i=O0 r=45"
Adj. Ref. for 11 1.66 x 10-7 For reflected light 1.38 x 10-7

I (adj. for ref.) 0.0228 excent at Filter None
isr b.c. 2-16 x 10-9

Lamp 50 ot
Iadj. 1.32 x 10-7

1rx IrXI (amps) Lamv Voltage(volts C-'9&P~ r

00 0.0880 4.99 2.15 0.0664 2.91
106 0.C872 4.99 2.15 0.0657 2.88
20* 0.0850 4.99 2.15 0.0635 2.79
300 0.0815 4.99 2.15 0.0602 2.64
40' 0.0770 4.98 2.15 0.0553 2.43
So0 0.0735 4.98 2.1S 0.0S13 2.25
60' 0.0770 4.98 2.15 0.0S43 2.38
700 0.115 4.98 2.15 0.091 3.99 -"

80 1.70 4.98 2.15 1.66 72.8
00 0.0880 4.98 2.17 0.0664 2.91
8SO * 12.5 4.98 2.21 12.4 S4,400.

* N.D. #2
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Function of the Angle of Reflection f(r)u(I'/I' 1 ) x 107

Record Number 2S

--- f(r) Measured

X -X f(r) u cos r Peak at 85*

+ 5.44 x V,30"3

0~.

1 . 7370

T 0-7

2. ImI

_ O73

40!0
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SPECTROMETER DATA I
Contract AF 33(657)-9014

Record number 29 Incidence i-0 0
Filter Wr #47 blue

Type Reflection Diffuse Sample Front surface mirror
Remarks: Not normalized. only -dc. Dimensions 2.8 x 17.74 76cm2

subtracted, Coating MO _ 1_ t=O._m__ _

Incident Light No. ref. Reference: None
Adj. Ref. for Ii For reflected light 1
I' (adj. for ref.) Filteri b.c.

Lamp
I'r adj.

r '.Xi 0 7(aNps)JLaum Voltage(volts) b.c.Ox10 9 (amps) = xlO)(amps) I'r/I' 107

350 0.87 5.0 2.00 0.85
400 0.80 5.0 2.00 0.78
45 0.73 5.0 2.00 0.71
50 0.65 5.0 2.00 0.63
600 0.48 5.0 2.00 0.46
70" 0.31 5.0 2.00 0.29
800 0.15 5.0 2.00 0.13
850 0.085 5.0 2.00 0.065
-400 0.85 5.0 1.87 0.83
-50s 0.71 5.0 1.85 0.69
-60* 0.54 5.0 1.85 0.52
-700 0.35 5.0 1.83 0.33
-800 0.17 5.0 1.83 0.15
-85e 0.087 5.0 1.83 0.069
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Function of the Angle of Reflection f(r)-(4•/I') x 107

Record Number 29

0-0 f(r) Measured

X-----X f(r) - cos r

-709 7CI

-2 101

1. 7S



SPECTROMETER DATA

Contract AF 33(657)-9014

Record number 3a Incidence i-20"
Filter wr #A7

Type Reflection hi f f, Sample Frnnt surfUrfem I rror
Remarks: Nnt ,invmnl- irp nnlv .-4- Dimensions 2-A x 17w4.76&w2

_ __t_ _ __tA Coating M *i t.O Sm.

Incident Light Nn ,.rf Reference: N nn
Adj. Ref. for Ii For reflected light

I' (adJ. for ref.) bc. Filter

Lamp _______

I'. adi .

r I1 0 7(amps) Lamv Voltage~volts) b.c.xlO9(amps) 41x10 7 (amps) I'/I'jýKIO

15 1.02 5.0 1.77 1.00
206 1.08 5.0 1.77 1.06
25" 0.93 5.0 1.77 0.91
300 0.88 5.0 1.75 0.86
400 0.76 5.0 1.75 0.74
S0o 0.63 5.0 1.75 0.61
60" 0.48 5.0 1.75 0.46
70" 0.32 5.0 1.75 0.30
80g 0.16 5.0 1.75 0.14
85* 0.085 5.0 1.75 0.067
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Function of the Angle of Reflection f(r)-(Ier/I'i) x 107

Record Number 30

f(r) Measured

X---'K f(r) c cos r

10.

-700 ro0

-00e CAe

0-- .s--

-we 0O.6-- O

• .7
-408 40

tl ,9
-30 - 01_
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SPECTROHETER DATA I
Contract AF 33(657).9014

Record number _ _ _Incidence __d ___1_

Filter W b *47 hlue
Type Reflection nLL&,,. Sample P ~nnt supfce mirror
Remarks: u^,s ý l . Dimensions 2 2 .
___a_ __h__ __ Coating a t el_ t m.

Incident Light R___teference: _ _n_

Adj. Rof. for Ii For reflected light __

I' (adj. for ref.) __Filter b.c.

Lamp
I', adj. I

r 107(amps)Lamp Voltage(volts) b.c,7lOl(amps)1 rXlO7(amps) Ir/110107

.10" 0.755 S.0 1.90 0.736
-s 0.765 5.0 1.95 0.745 S
00 0.765 5.0 1.95 0.745 T
so 0.755 S.0 2.00 0.735
100 0.7S0 S.0 2.00 0.730 -"

20* 0.710 5.0 2.00 0.690
30" 0.660 5.0 2.08 0.639
40* 0.585 S.0 2.08 0.564
456 0.572 5.0 2.08 0.551
Soo 0.502 5.0 2.14 0.481
60' 0.405 5.0 2.14 0.384
70' 0.292 S.0 2.15 0.271
800 0.168 S.0 2.15 0.147
aS8 0.098 5.0 2.15 0.077
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Function of the Angle of Reflection f(r)-(Ir/I'i) x 107

Record Number 31

G-0I f(r) Measured

X-X f(r) • cos r

I .go* gooo

I
0 1

I .o. 0 793

"509 
a-.6 

be

""--0.7- --

I-30* -209 -10 10
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SPECTROMETER DATA

Contract AF 33(657)-9014

Record number . 2 Incidence i.600
Filter Wr 147 blue

Type Reflection Diffuse Sample Front surface mairror
Remarks: Not nor alized. only dTc, Dimensions 2.8 x l.7=4.76cm2
subtracted Coating M1O 11. tuO.Smm

Incident Light No ref, Reference: None
Adj. Ref. for li For reflected light

I' (adj. for ref.) Filter ' _ _

Lamp _ _--

I'r adj. .

1r xI 0 (a&mps) Lamv Voltage(volts) b.c.xlO9(amps) ýixlO,(amps) i'IXlO

9 .535 5.0 2.00 0.515
*5 .530 5.0 2.05 0.509
100 .528 5.0 2.10 0.507
20 .510 5.0 2.10 0.489
300 .485 5.0 2.10 0.464
40* .448 S.0 2.10 0.427
500 .407 5.0 2.06 0.386
55 .381 5.0 2.06 0.360
600 .358 S.0 2.06 0.337
6S .321 5.0 2.06 0.300
700 .283 5.0 2.03 0.263
80g .183 5.0 2.03 0.163
85" .112 5.0 2.03 0.092
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j Function of the Angle of Reflection f(r)-(I' l/l'i) x 107

Record Number 32

*0 9 f(r) Measured

L X - X f ( r ) -co s

S-3o 

-IO-

8 1

11 
'
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SPECTROMETER DATA

Contract AF 33(657)-9014

Record number 33 Incidence i=20"
Filter Wr #47 blue

Type Reflection Di f f, Sample Front surface mirror
Remarks: Not nJ-nmizaI onlyv d- Dimensions 2.8 x 1.7=4.76c. 2

-ghtrnrted Coating N1O #2. t-l.m

Incident Light Nn ref Reference: None
Adj. Ref. for Ii For reflected light
I' (adJ. for ref.) Filter

b.c.

Lamp
1'r adj.

r Irxl 0(amps) Lam, Voltage(=ots 1bcx19a '17(ms

15 0.970 5.0 2.53 0.945
200 0.940 5.0 2.53 0.915
25 0.900 5.0 2.53 0.875
30" 0.840 5.0 2.53 0.815
400 0.735 5.0 2.53 0.710
50 0.600 5.0 2.53 0.575
600 0.458 5.0 2.53 0.433
70" 0.308 5.0 2.53 0.283
800 0.161 5.0 2.53 0.136
85" 0.091 5.0 2.53 0.066
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Function of the Angle of Reflection f(r)-(I'r/1i) x 10 7

ii

Record Number 33

GG f(r) Measured

XX f(r) - cos r

-tooto
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SPECTROMETER DATA

Contract AF 33(657)-9014

Record number 26 Incidence _=-_._, 1
Filter ND 02

Type Reflection Dise-.naeular Sample W.P. on nolished Al
Remarks: Fu91 beam ref. fnI Tr meass Dimensions Disue 2r=2.Scn 1
n3.96 x 10-7 Coating White Paint

Incident Light o.298 (rat Jl Reference:
Adj. Ref. for 11 1.66 x 10-7 For reflected light 1-37 x 10-
I" (adj. for ref.) 0.00268 (cos L Filter None0 8 b.c. 2.18 x 10-9

Lamp 4.98 voltsI' adj. 1.3S x 10-7

r IrlO 7.(amps) Lao Voltge(volts) b.c. lOC,(amps)I'rXrO,7(amp,) /ijXIlO,

60° 3.97 4.98 2.20 3.93 2930.
17.5* 1.50 4.98 2.20 1.46 570.

Reference: full beam with filters ND #2, #3, #1

180* 3.60 4.98 2.19 3.56
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SPECTROMETER DATA

Contract AF 33(657)-9014

Record number 27 Incidence or
Filter ND *2

Type Reflection specular Sample W.P.on polished AL

Remarks: |,r Ref, hiieh I./14 nrobably Dimensions Disc. 2r=2.Scm
slightly hi@her than shown Coating White Paint

Incident Light 0,298 cos i Reference: 180

Adj. Ref. for Ii 1.66 x 10-7 For reflected light S,25 0-
(adj. for ref.) Filter W 13 H3.#1

i . b.c. 2 35 X 10-7

Lamp S.00 volts
I'r adj. 5.10 x 10-7

11rx Izl(amps-)[Lano Voltage(volts) b.c.xlO9Camps)IrxIO?(amPS) r/1

17.50 1.30 4.99 2.35 1.25 342.
45° 1.54 4.99 2.35 1.48 546.

as* 8.00 4.99 2.35 7.85 23,500.

i

I
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SPECTROMETER DATA

Contract AF 33(6S7)-9014

Record number 23 Incidence
Filter

Type Reflection Snacular Sample
Remarks: High nolish but not outically Dimensions
flat Coating

Incident Light 0.298 (cos il Reference:
Adj. Ref. for I1 1t66 j 107 For reflected light ,Filter
I' (adj. for ref.) 3 i (cam ii b.c.

Lamp i
Ir adj. 3.99 x 10-7

r- Irxl 7(amps) Lamp Voltage(volts) b.c.0 ClOamps)IrIC (amp) r/)

17.5 0.189 4.99 2.33 0.165 5770.
450 0.135 4.98 2.34 0.111 5240.
600 0.108 4.98 2.35 0.084 5600 .
85° 0.0514 4.98 2.35 0.0244 9350 S

• Error in B.G. off shaft
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