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ABSTRACT

An investigation was made in oxder to determine the effects
of the roughness height of a surface of 99.99% aluminun metal on the
Intensity of the light reflected from this surfece. The angular dis-
tribution of the reflected light was measured with a goniophotameter
and measuremants of the roughness height were made with the proficorder.
These measurenents showed that these surfaces could be divided into
three regions. The first region consisted of specular reflection
vhere the intensity decreased sharply as the roughmess height increased
from zero to /3 microinches, The second region, which extended over
2 Toughness helght range from A3 %o 37) microinches, was a transition
reglan as the surface was changing from total specular reflection to
almost total diffuse reflection. The thirxd rugion foumd corresponded
o almost total diffuse reflection and existed for values of roughness
heighis greater than 3 A .
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During the past fow years uith the inoreased usefulness of
slnpinnm aetsl in industry, the solving of some problems whick have
prablems Ins besn the fact that the incident 1ight on soms surfaces
‘wes scattsred 1n suoh & mammer thal an ohserver saw & varimmce in
“the intensity of the reflected 1ight as his position is changed with
yespeot to tie eurface, Ons factor which comtributed to such &

" ‘ghenimena wes the topography of tle eurface. The topogrephy of any
surface 33 composed of many irregularitiss of varicus lengthe,
widtds, direstions, and beights including the pomsidility of having
sven smaller irregularities superisposed on the surfece of the larges
irregnlariticn., Sinme these surfaces consisted of & succession of
peaks and valleys which vary widely in magnitude, 8 dstailsd study
of the varistlon of the intensity with tia surface topography would
be difficult and very tedious ani i impos=idble to includs within the
scope of this investigation, FEven though the geomatry of & gurfacs
i3 exceedingly complex and difficult to Jescride, It has been found
by Hagem and Lindherg (1) and the dmerican Standards Association (2)
that it was quite adequate and gorrect Lo describe ths surface topog-
raphy by means of the everage roughnesp beight of tle surfece. The
roughnass height is definod ss the aversge of the peak to vallsy
distances of the isrvegularities xhich maie up the surface.

In the psst, only & few attsmpte lave been made to find
Telationships wiich exist betwsen the argular distribution of the
reflescted intensity and the surface roughnsss for different materials.
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An attempt to find the reflsction for single wave lengths from &
gomdg}naamfmmwzmwammm in an effort to
dom'hiehpertofthipectrnngavsthsgmatestmmd
mcﬁmm:m@m Hetoumthattmmtnnection
was obtaimd with tbs amothest aurfaee for the longer uan—lmgth
region of the spectTum, Chinmayanandan (3) perforned an investi-
gathn'wfmsmwedofmu forM of Gortonts work, He

%o the normal distribution law and developad a relaticnship for the
intensity as a fanction of the wave length of ths incident light as
given belows _ _
- (&12 cos 2 #) jla
Img |

where Ais them]mthoft}aincmught,#n the angle of
incidence ; =~ 33 & constant, and I is the ratio of reflected infensity
to the incident intensity.

Only over the past few years have imvestigations of the intensity
distribution of the light reflected from materials been attempted,
¥ost of these investigations have been dons by persamnel at the Hationd
Bureau of Standards on matt surfaces, and acid etched black glass,
It should be noted that separate investigations in the two f£ields, the
methods of analysis of a surface's topography and the intensity dis-
tribution of reflected light from differant materials have been and
still are being porformed. However, most correlations which exist
betwsen a surface's topography and its optical effects such as reflect-
ance, intensity, abscrption, ani transmission are generally unknom.

The purpose of this investigation is an attempt to carrelate the
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soughmess beight snd the intansity of the light reflected from 59.99%
aluménvm dital , hereafter simply referred to as aluminum metal, and
to try to explein their mesning,.
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Apparatus

The geometric mamer in which the mos.aent 3ight on a surface is
reflected in diSfeyent dirantium is xaaaaumd with an instprusent
called the gonisphotemeter 51, Tne znmuon of the goniophotomster
was brought about by tha need for infamation on the angumr disris-
bation of reflected 1ight from different surfaces. The earliest known
goniophotonster was built by Bouguer (8] in an attempt to verify
Latbert's lan experimantally, Several types of goniophotometers have
been developad since. .A visual ganiophotometer has been dsvalcped by
Mckichalas (7} mainly to obtain intersity distritution curves for
diffusing madin. Westlanfer and Scott (8) have described a photoelectric
goniophiotomstar used to obtain information conoerning the varistion of
intensity for different materials ezhibiting reflected intensities
ranging from neavly completely specular to nearly completely éiffuse.
Their studies were made in the region near the angls of visw equal %o
the angls of incidsnce of forty-five degrees, Hammond and Nimerodt (%)
have described the optics of a photoelectric momoplacs gonlophotometer
which had high resolution @ ihe major improvement over the previously
mentiored goniophotometers, With this instrumant, fractioral reflsctance
curves were obtained for a series of different samples. Parry Moon and
Jacques* Lawrence (10} have discussed the construction snd calibration
of a gamaral purpose goniophotometer using the photocsll principla.

The goniophotometer consists of three essential camponsnts (ses
Figwrs 1) . (1) a source arm which cam be placed in a known angulamr
relation to the gample and which contains & somrwe lamp and collimating
lans systenm for projecting a beam of nearly parallsel light onto the
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samles (2) a devies, contrally located so that tbe axis of the source
arm and the axis of the receptor arm interssct &t the sawple planse,
for holding and rotating the sample %o any desired position with re~
spact to the sowrce arm; and (3) a 1ight sensitive detector, which s
& stationary photocell, for receiving the rays reflscted from the
sample. Ib iz to be noted that o of the thres companents are free
to rotate sbout the cemtrally located pivotal point so that the angles
of the incident beam and viewing beam may be varied as desired. The
angls of incidence, dencted ag L« , i3 the angle between the normal
to the sample and the direstion of the incident light., The angle of
view, dencted as {v, 1is the angls botween the normal to the surface
and the photocell receptor,

The source a&rm contains a normal white light lamp which has a
wavelength . range of 3700A° to 7700A° with an sverage “‘wavelength about
57008° and with & meximom ensrgy vavelangth at 55604% Power to the
lamp is supplied by a constant voltage source in the mpasTremant wnit.
The converging lens projects an imags of the filament to a correction.
lans whick mrojects & beam of light onto the sample. Also in the
source arm are two comparison photocells which are constantly lighted
by the source lamp in order to provide a reference current for measuring
the output of the first photocells The compariaon phatocell current
is adjusted electrically.

A photocell is contained in the receptor which receives the light
reflsctad from the sample after it has passed through & receptor window
and a converging lens, 7The curremt through this photocell iz measured

with respect to the reference current of the comparison photocalls and the
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tesultof the ratis of ihe two cursents. Tva Intensity, dencted by X,
13 uand B2 the mtio of the reflacied imtensity from the sample to tle
inpident intenaity on the sample and i messured as 3 porcertage..

te sample bolder, wiioh holde the surface verticsl, is located on
on top of & cixemiar table whish rotates on tha exee centyal yiwt &s
the source arm, Atisciod to the botioz of the table s a cirvile graduaied
in degrees in both directions froe a normal fo ihe sawple., The inside
of tre goniophotometer iz blackened oorplsiely 8o aa to ¢lininate ex-
traneous reflzetiona. Moasuresants can be wade to vithdn five dogrees
of grasing imvidence.

The proficordar 137 49 one of weveral instrurents which cas be veed
to give a reproduciion of the pofile of the suwrface of tis sauplese The
esgenbial featurss of the pwoficcrdar, shomn in Fig, &, aves {1 &
eseasuring bead carrying & stylve mounted Lo motion parpendicular to the
surface of the samplo snd an indiceting device complad to he stylus,
{2} & mmans for moving the seaswisg bead acrose the sasple, and {3) a
zears for providing 2 4race,ar record, ropresaniing the movemonts of the
stylus.

The stylus 1z & conical digrom! with 2 rounied tip which travels
over the sanplsts surface. 7These tracor-type instruoonis redswre the
vertical deviation of the stylns with respect to some reference plams.
On this inptruzent the reference plave 3z establiched Ly & skid attachsd
to the measuring head and which rides over the swrface, Yha skid has
to be mach larger than the frregalarities of the surfgos so tbat its
1ins of motion remains comstant. The speed at which the ztylus traveraes
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across the surface should remain constant, and for this reason &
motorized drive is used {0 move the siylus.

Tha up end down movements of the siylus are displayed on & graph
which represented a oross section of the profile of the sample's
surfaces This was aocomplished Ly sending the vibralions of the stylus
%0 & pregoelsstric crystdl. The pieza dsvice, which mmndsd 0 the
potion rather than to the position of the stylus, tramsformed the viw
brations 4{ato an elsciric algnal and sent them to an amplifier. A
sizmle comneclting ciwvculd, consisting of resistancs and cepacitive
resctance was inseried betweon two sections of the amplifier. I the
rauge of frequancies for which the reaotance of the c¢apacitor was =mall
compared with the resistanca, the fraction of the output potential
tapped off to feed the second section of the auplifier decreased limsarly
with the frequency and exactly compansated for the riss in the pickup.
¥%han the reactance bscomes comparable with that of the resistance, the
corrective action of the oircuit ceased. This deternined the Jow
frequency limit of the ingtrmmant, The outpul from the smplifisr must
te indspendent of the frequency over the working remge. afler ampli-
fication, the signal was msasured by a meter calibrated in units of
surface roughness. 4a the stylus passed over tho variations in the
surface, the moter fluwctuated over a range of valves, These signals
ware sent to the recarder which traced out a profils of the surface

being traversad by the pick-up assemhly.
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In order to obtain & wide rangs of roughness height values, the
gamples used in thess experirents were prepared hy various methods as
described below. Howerer, at the same time it was desired to use sur-
faces vhich were gimilar in nature to those surfaces actually developed
for infustry, All gamples wers taken from the a=ms sheet of 99.99%
alumirmm metal. This was done in oxder to eliminate, as far ss possible,
the effeclts of such varishles as rolling direction, curvature of the
surface, chemical composition, grain boundaries, and copdition of the
initial surface. When the smmmles were subjected to a chemical actiom,
all were subjected to the same solution at the same time in oxder to
ninimize any variance in temperature, time limits, and any possible
changes in the chemical solution's composition, The samples were pro~
pared as follows:

Sample 1, average roughness height = 2.15u%, where u® is
ugsed to denote microinch, This sample was given a thorough tuffing:
sequsnce using & rough buffing compound. Aftervand, it was subjected
%0 a degreasing action and washed with distilled water.

Sample #2, average roughness height = 1.07u", and samle #3,
average youghness height = 0.93u"s These samples were treated alike
with one exception. The pimcess consisted of buffing the samples as
before. Then, after subjecting them %o the degresasing aciion and
leaving them ten seconds in a three percent hydrofluoric acid, ten
percent nitric acid solution, they were rinsed in distilled water and
put intc a five percent Nlchemiza (12), ninety-five percent puosphoric
acid solution at a temperature of twwo hundred degrees Fahrenheit.
Sample #2 was left in the phosphoric acid solution for two mimutes
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while sample #3 was left in for five minutes.

Sarmle #4, average rougimess height = 1.53u® and sample #5,
aversge rougmess height = 1.50u?, Thess samples were subjected to
the degreasing acllon and then put into twenty-five pexr cent sodium
hydroxide solution at room tamperature, Sample #4 was left In the
solution for one mimte while sample #5 was left in for three minutes.
They were ringed with distilled water after being taken out of the
solution.

Sammle #6, average roughness hedght = 176u", Thisg sample was
panded along one direction with #180 grit paper, subjected to the de-
greaging solution, and rinsed with distilied vater.

Samples #7 through #10, average rougimness heights of 288u",
420", 21u® and 11.2u® respectively. These samples were subjected to
gimilar processes. All were sanded alang one directlon in varying

snounts, degreases, and rinsed with distilled water. They were left
for ten seconds in a three per cent hydrofiuvoric acid, ten per cent
nitric acid solution apd rinsed in distilled water. Samples #7 and
#9 were laft in a five per cent Alehemize, ninety-five per cent
phosphioric acid solution at 8 temperature of tvo-hundred degrees
Fahrenheit for two mimites, Samples #8 and #10 were left in the same
solution for £ive mimites.

Semmple #12, average roughness height = 0.95n", The sample was
buffed, degreased, end ringed in distilled water, After belng left in
the three per cent hydroflworic acid, ten per cent nitric acid solution

for ten seconds and being rinsed, it was left for seven mimutes in the
five per cent Alchemize, ninsly-five per cent phosphoric scdd solution at
a tempereture of two hundred degrees Fehrenhelt.
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. After the samplos had besn prepnﬁed.w described a.bovo, meRsure-
mants of reflacted intensity as a functian of the angle of m were
mads with the goniophotomster as son as possible in ordar $o eliminate
any other varishles such &a the surface being damaged by other materials
in the area, phtting, and currosion, - To celitrats tho gonicplwtameter,

_the 1ight frois the source lamp wes ellowed to fall directly om the

- recsiver, and the moaswement mschanism wes set to read ame-bmndred
percent cr full scale deflection. The measuring device then expressed
the intensity as the ratio of the reflscted intensity to the incident
4intensity. The calibration of the instrument was checked before
smsasursments were taken for each sample. The goniophotosetric measure—
merts wers confined to & plave perpendicular to the sample plans,

- After the sample was placed in the sazpls holder, measuremenis of
the intersity wers taken for & fixed angls of incidsnce while the angle
of visw was varied, These measurements of the intensity for different
mgles of view were taken at sufficiently small regular imtervals %o
give a itus rendition of the guniophotometric curve. In the reglon where
the angle of vier equallsd the sngle of reflection, measurezents wers
talken at one degres intervals. Outside this region, nmeasuwrements were
taken at five degree intervals. Similar mcasremsnts wors mads for the
tiree angles of inetdences - 30°, 15°, and 60°,

The trace of the profile of the sample's surface was cbtained from
the proficorder. After the proper magnification had bsen abosen, both
vertical ond harisontal, the stylus was gently placed on the surface and
allowed to traverse a ane-half inch section of it. An attampt was made
to make the trace for tim same partion of the sowple as was illuminated
by the incident 1l4ght.



Experimental Results and Discussion

‘From previons visual observations of rough surfaces, 1t has bean
imown dhat as the ronghuess height of a surface increased, the re=
flocted imtensity dscressed. It is mot known in what mamer this re-
flected intensity deareased with ‘the increased rougimess height. By
firding the anguler distribution of the reflected intensity for
surfaces of known Toughness heights the efiects of the roughness height
on the intensity can be examined,

Since the material of the surfecs was the same for each sample,’
the sssumption was made that the inteasity of a rough surface depended
only on tte surfzcets topogrephy. It was also assmed that the elsments
of . the rough surface arc equally illuminated by the incident Xight, Ib
. was assumed that the angles of incidence of the light with the surface
were 60°, 45°, md 30° although actually the shape of the irregularities
gould eangs the angle to vary from ite assumed valus,

The goniophotamsiric usasurements of the intensity as a functian
of t!& angle of view for the three angles of incidance have been tabn=
lsted for each of the samples in Appendix I. Tt is observed that nomwe
of the samples bad a peak inmteasity of one lnmdred percent as would be
snticipated since this would oecur only for a theoretically perfect
surface, Two sampiss, #3 and #12 had the highest intensity observed,
2 valus of ainsty-four percent, Two fagtors which resulted in the
ntensity valus being bolow the theoretical valus of one-bundred per |
cent were the commence of pita in the eurface which devisted from the
&varage voughmess hoight; and also the fact that the ganaral shape of
the sample surface on which the irrvegularities were imposed was not

P!i‘feeih‘ flat It possgessed some curvature, however slight. Further
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eeamination of this date indicated that as the angle of incidsnce was
increased, the intensity also :!.mnased. This inorsase in intennity was
fourd t0 be appraximately constant for aach particular sampls, buf. the
valve varied from simple to sample, For example, referring to the
tables in.&ppendix I, the eonstant fer aamplo #1 in anpzwdmtely % untts
aaMdemedbythn SntensityhmasQBIrwan:hn of 62.2 for30
incidence, to 66.8 for 1° incddence, to & value of 70.5 for 60%incidencs,
However, for sample #5 this constant was approximately 8 units as shown
by intensity increases from a valus of 59,3 for 30° imidmee, to
66.5 for 45° incidemce, to & valm of Th.6 for 60° inciderca.

Goniophotomstric curves, which are plots of the log of the inten-
ity as a function of the angle of view for a constant angle of incidencs,
are drown for the samples from the data in Aprendiz ¥, The surfaces
of thesa samples are found tc have reflections which ranged in nature
from Very specular to very diffuse. Figures 3~5 srs gontophotomstric
curves for some typical eurfaces for & 60° anzls of incidence.

Figore 3 is representative of & very high specular surfacs, sample

#3, while Figure | represents a medium specnlar surface, sample #10,
md Figue 5 is typical for a very diffuse purface, sample #7. From
Figure 3, it is noted that the spscular portionm of the ¢wrve ccours
at the angle of view equal to the angle of incidence. In Figure 3,
the intensity dscreased rapidly over a region of five degrees on
either side of the specular angle, 60°, before leveling off to a valus
dependent upon the smomnt of diffuse reflections by the surface, By
camparison, Figure 5 showed that the intensity for a surfece with a
large amant of diffuss reflection has a small peak value, 8.4 a8 &
result of the wide scattering of the reflocted light. Also, in comtrast



Page 15
to tis curve for the specular swface, Figure $ showed that the inten-
sity for adiffuskly Teflecting surface changed slowly with changes in
the angle of view in a region of about, twenty degrees on eitler side of
the angle of view equal - to the angle of incidence. Figure i repre-
sented a surface which was intermediste in nature in that it is less
specular than the sample of Figure 3 and less diffuse than the sampls
repregsented by Figure 5, It had a value of 1i0.7 for the psak intensity
and a valus for the diffuse reflection of appraximately 1 as compared
to a peak intensity valus of 94.2 and a diffuseness value of 1 for the
specular reflscting surface and a peak intensity value of 8.5 and a
diffuseness valwm of 3 for the extyrems diffuse reflscting surface.
When the three goniophotcmstric curves are compared with one another,
the angular half-width, defined as the angular width at one-half the
maximum intensity for the intensity distribution about the angle of
reflection equaled to the angle of incicence, is noted to vary greatly
fron the sgpecular surface to the diffuse surfaces The value of the
angular half-width ia dependent on the amount of reflected light
scattered and increased as the reflected light became scattered more
and morej that is for reflection from rougher and rougher surfaces,

For example, the angular half-width for the surface for which Figure 3
is drawn is kL.l degrees while the angular half-width for the surface
which figure L represents is 5,5 degrees, and the angular half-width
for the surface shown 4n Figure 5 was 19°. The angular half-width
was found to be practically a constant for the smoother surfaces of
roughness height less than ten microinches, as these samples had small

diffuse components and large specular components. The diffuse compo-
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nent Ior tie sazplea wit: roughness hsight values greater than ten
wicroinchas incyeased, the sngiler balf-eidth also inoroased very
rapidly, and the pesk intensity value became correspondingly soallor,

Tt traces recorded with the proficorder are reproduced in Appendix
II. Trs avorage peck to vallsy distance as deturzired from thest traces
are used &6 & suaeure of the yougkness height of the surface, %his
wothod of deternining the rouphnoss beights is uped as it hss Deen
found by experizent m}wgﬁaﬁmmzmwcmml nathods (14)
attempted, IS i« noded from the traces timt & wide yange of
soughneas beights resulted from the different sothods of samle mrepar-
ation; £:r example, 0.930" for sexple #3 and 250u® for sample #7.

From the tables of Appendix I end roughress heights as detornined
from Appendix 1I, tbe peak inleneitiss sre plotied as a funoticn of the
roughnesds baight for each of the augles of incidente. Thsma curves are
shown 1n Pigures 68 for 30°, 45°, and 60° angles of Incidence,
respactively. A1l indieated & sharp Secreasein the intengity as the
roughness beight incressed froa serc to twonty-cne microincies after
which the decresse became more and mere gradusl as ibe rouchness helgh
wag incressed further. Therefore, ~ . the intenaity spmroeches a constant
as very bigh roughness height values were reachsd, If was expected that
the eurves wonld spproach & constant intenaily, 4dther ihan a valus of
2610, &3 socae }irht elways will ba reflected froo the surfaces althowgh
the smount might be smallp this constant aaounl corvespon
intennity reflccted from a perfectly diffuse surface. Tba constant

proaciad was noted to decresse 88 the angle of
incidenve decreased and, st tho saze tlms, the curve apjroached this
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constant value more rapidly for smaller angles of incidence thandr
larger angles of incidence.

Algo, from these curves, it is seam that increasing the angle of
incidence increased the slope of the curve in the range of roughness
height values from zero to ten microinches. The smoother the swrface,
the greater was the increzse in the gslope. The intensity curves with
the largest slopes are found for the smoothiest surfaces fur lerge
angles of incidence,

Figures 6-8 also showed that the curves coneisted of three regions
regarding the intensity. 7The first reglon is characterized byhigh
gpecularity and extended over a rougimess height range from zexn to
sbout geven microinches; or A/3 microinches vhere ). is %he average
vavelength of the incident light, At the upper limit of this region,
the intenaity decressed yery repidly with the increese in roughmess
height. A surface which has such a bigh specularity is represented by
the gomdophotometric curve in Fguve 3,

The second Tegion ghows & transidion occuring as both specular and
diffuse components are present. This region, vhich is featured by the
gharp chenge in the slope from almogt vertical to one almost horizontal,
extended over a rougimess helght range from sbout seven to seventy-
five microinches, oxr A/3 ta 34 . A surface, vhich this transition
region represents, has an intensity distribution as shown by he
geniophotametric curve in Figure 4.

The third region, congisking of almost all diffuse reflection shows
the intensity decrease becoring more 21d more gradual and slowly approache-
ing a constant as the rooghness height value increaged from aboui 374 o
very large values, The intensity distribution for a mrface in this
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region which has a large diffuse reflection is shown in Flguxe 5.

The occurence of these reglons can he explained by & cormparison
of the average wavelength of the incident 1ight and the roughness
helght values. For youghness heights less than /3 the surface re-
flected spscularly almost all of the incidemt 1ight, The trensition
region occurred where the wavelength of the incident light is the
game order of magnitude ap the roughness height, In this regi.dn," the
light was both specularly and diffusely reflected; but the scattering
of the 1ight increased as the roughness height incressed resulting in
a contimued lowering of the specular component of the intemsity. In
the third reglon, where the roughness hedght is greater than the average
wavelength of the incident light, the Teflected light became more and
mora scattared as the roughness height increased which was 2 result of
pits and other abnommal irregianrities in the surface topography,
causing the light %o be pubjected to manmy miliiple refleciions.

Also observed from thess intensity curves is the absence of inter-
ference maxima and minima, Such phenamens are found in the intensity
curves for a surface of remlar topography, an example of which would
be a plane reflection grating placed with the grooves perpendicular to
the plane of the incident and reflected beams of light. The fect that
interference maxima and minima ave abzent from the intensity cuxrves for
the surfaces of samples used in this investdgation is attrilmted to the
fact that these surfaces, instead of being regalar in neture, are ex-
tremsly irregular in structuwe. I} should be pointed out that although
the gamples used did not have a surface of regular topography, samples
were ot used which had deep gouges, scratches, or severe undercutting,
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The path difference between the light beams reflected from two.
surfaces, ons a distance » below the other, is given by ths relation
2 v.cos § where @ is the angle of incidence and r is the mughness
~~beight, The valuo of r was found by takirg the point where two lines,
ong & tangent b‘ortahe nearly verticel sio’pe @ma one a tangent to the
nearly horigontal slope, intersact and finding the coordinate for the
roughness height. In the spscular region of the Figures 6-8, the path
difference was fownd to de a constant approximtely equaled to 1/3
microinches for each of the three angles of incidence. These values
ere shomn belor:

g r {u"] path difference (W*)

60° 6.5 6.5
¥° L. 6

30° 3.8 6.5
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CONCLUSIONS

The axperimpntal evidence indicated that the surfaces fitted
into tlree categories regarding the peak intensity distrfbution of
the reflected 1light as & function of the roughness height of the
 surface, The first region corresponded to the specular portion for
'@ roughineaa height range of sero to appraximately afs‘minroi‘nc}ms.’

In this region, for each of the three angles of incidence, the path
difference 2r cos ¥, was equaled to & constamt whoss vdus was
approximately 1/3. The second region was an intermediate ons where
a transition ocourred from nsarly all specular to nearly all diffuse
reflection and included a roughness height range fom 7/3 to 3A
microinches, The third region consisted of values for the roughness
beight grester than 31 and correspanded to almost total diffuse
reflection., These factss (1) that the intensity approached & cone
stanl for large values of roughness heights (2) a sharp transition
occurred in the slope in the region where the average :wavelength was
equal - to the roughness height, and (3) the manrer in which the
curve approached the Entensity axis suggested a thecretical curve ss
ghown in Figure 9 as contrasted by the experimental curve represented
by the dotted line, It is noticed that the theoreticul curve con«

' sisted of only two regions by pﬁ'poae, & specular region and a diffuse
regions The point of abrupi change would occur where roughness
height is much less than the -wavelength of light. Soms reasons why
the experimental curves did not conform to the theomiical curve wure
that not any samples had a roughness height value low enough to be
entirely specular in nature and also that the proficorder can not
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acourately dsternmime rovghmess heights of such low values,

Soms similar iivestigations could be psrformed with aluminum
alloys as well as pure alumimm metal using monochromatic Iight on
surfaces of known roughness height values. The .wavelengths used
should range from ths shorter ' wavelength reglon of the spectrum to
longer wave-length region. Also, the smount of absorption of light
by such & surface should be studled to see if it varios much with
changes in the roughness height. If an instrumemt could be deviaed
so that the specular and diffuse componcnts could be measured
gseparately, the reflecting power of a surface could be analyzed much
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Appendix I
Measurements of Intensity by the Coniophotometer
TABIE I Sample #1 Average roughness height = 2,15u"

f:;%eiar Intensity % ﬁgggfge« Intensity % ‘A)ggvl;e' Intensity &
__xa=3° 23 S hs® Z = 60°

25° o ho® o 55° 0

26 25.1 In 37.5 56 39.1

27 5L.2 h2 64,5 57 68.6

28 61.0 L3 65.7 58 69.7

29 61.8 1Y 66.5 59 69.8

30 62.2 bs 66.8 60 70.5

k11 61.2 46 66.6 61 68.7

32 60,5 N7 65.4 62 68.2

3 58.h 48 63.8 63 67.7
3 2h,2 L9 18.7 6k 53.6

35 (¢} 50 s} 65 0
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TABIE 2 Sampls #2 Average roughmess height = 1,07uM

Angle . . Angle Angle

of View Intensity % of View Intensity 4 of View Intensity 4
21 = 30° | 213 15° 21 = 60°

25° o Lo 0 550 0

26 42,2 v 1 50.9 56 78.8

27 66.1 L2 15 57 81.5

28 70.5 13 6.k 58 85.6

29 4.} ik 7648 59 8642

30 75,5 45 7.1 60 87.6

A 73.5 L6 4.4 61 85.1

32 70.5 b7 7346 62 83.2

33 66.9 4B 70.1 63 79.5

3 3.5 h9 .2 6l hs.6

35 1h3 50 12,1 65 17.5
o 51 o 66 0
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TABIE 3 Sampls #3 Average roughness height = 0,93%"

Angla Angle Angle

of View Intensity ¥  of View |Intensity ¥ = of View Intensity %
223" ez 1o 2= 60°

25° 0 1o° 0 5° 0

26 15.5 la 1i8.2 56 hls.2

27 711 h2 5.4 57 85.1

28 86.5 13 90,1 58 88.6

29 87.1 kh 90.5 59 93.5

k) 88.k Ls 90,9 60 94,2

3 86.2 k6 90.8 61 9242

32 85.1 k7 88.5 62 90,5

33 82.2 18 82.8 63 oA

3k 73.2 L9 765 6l 7.5

35 9e5 50 9.8 65 8.3

36 o 51 o 66 0
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TABIE k& Sauple #l) Average roughness height & 1,53u®
Angls L Angle Angls -
of View [Intensity ¥  of View Intensity 3 of View Intensity 3
_ Zi= 30 . 2L = s & = 60
24° 0 35° 0 5° 0
25 11.2 40 12,0 55 .2
26 3746 A 31 56 34
27 53.h h2 59.1 57 66.6
28 57.8 43 6T 58 TheS
29 59.1 1k 67.6 59 755
30 59.3 hs 66.5 60 7he6
3} 589 hé 6l.2 61 3.1
32 58.1 L7 62.1 62 Tih
33 56,2 L8 59.5 63 69.2
3k higels L9 149.9 6l 9.5
35 19.1 50 19.5 65 21,0

36 0 Sy 0 66 0
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TABIE 5 Sample #5 Average reughness height = 1,58u"
Angle &ngle Angle
of View Intensity % of View Intensity & of View Intemsity %

. &% = 300 Zi= }5° Li= 60°

2l° o 39° 0 a® 0
25 k.2 ko 3.4 55 k.5
26 2942 In 31.6 56 39.5
27 LB.6 e 58k 57 6l 5
20 59.6 i3 68.9 58 76
29 €4l iy 72.4 59 9.5
30 65.2 hs 73.5 €0 80.9
3 6h.2 b6 72.8 a 1949
32 62.4 kt 71.8 62 788
33 58¢6 L8 67.6 63 73.12
3k 50.44 L9 57.1 6l 61l
35 28.1 50 32,1 65 291
35 940 51 124 66 15.2
I 0 52 0 67 (]
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TABIE 6 Saaple #6 Aversge rounghness height = 176u®
ﬁ?g%r’m Intensity % :f@ﬁew Intensity % 3%:« Intensity %
zi = 30° 1 = )s° Ls = 60°
20° 2.6 20° 0.9 350 o
25 5.9 30 3.9 Lo % |
26 6.2 Lo %1 N 7.2
27 6.k I 9.3 50 2.0
28 Gl 2 9.6 58 9.8
29 6.5 L3 9.6 %6 10,1
30 6.6 il 946 57 0.1
3 6ok ks 9.8 58 10.2
32 6.h 16 9.6 59 0.4
33 6els k7 9.6 60 10,5
61 0.1
34 6.2 48 9.6 62 9.8
35 6.1 k9 9.1 63 9.5
S0 1.5 50 8.6 6l 95
65 8.8
0 0.7 60 b.3 70 8.2
70 70 1.2 75 645

0
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TABIE 7 Sample #7 Average rouglvess height = 288u®
%oiew Intensity % ﬁgglvg“ Intensity % ﬁ!fg%:?ew Intensity %
28 = W° 24 = ))5° 44 = 60°
10° 2.5 s° 0 10° 0
25 he.s 10 2,5 20 2.5
26 R 5 3.5 30 1% 1
27 1.8 20 % Lo 6kt
28 k.8 30 645 55 8.1
29 L.8 ko 6.5 56 8.5
30 L la 6.5 57 8.5
31 he8 he 6.7 58 8.5
32 4.8 L3 6.8 59 8.6
33 k.5 kb 6.9 60 8.6
3k he5 4s 6.9 a1 8.5
35 b k6 6¢5 62 8.5
50 247 v 4 6.5 63 845
éo 0.9 L8 6.5 6L 8.3
70 0 ko 6.3 65 8.1
S0 6.1 70 7.5
70 ha2 8o 6.5

8o Y




Page 36

TABLE 8 Samils #8 Average roughness height = 1h2u®
?fg;;s- Intensity % ﬁgg%;ew Intensity % ’f.’}g%?e. Intensity 3
4= 30° L = |is° I3 = 60°
10° 7.5 s° 0 10° 0
25 8.5 10 2.5 20 2.5
26 8.7 20 Ll 30 bel
27 9.0 30 6.5 Lo 6.4
28 9.1 1o 10,1 3 1.2
29 943 5] 10.4 56 .5
30 9.5 k2 10.7 5T It
31 9.;3' 43 11.0 58 1L.7
32 9.2 Lk 11,1 59 1.7
33 9.1 s 1a 60 s
34 8:9 46 1.2 6 1h.3
35 8.6 k7 10.9 62 13.9
% 2.7 18 10,7 63 13.6
60 0.9 b 10.5 6 23.3
70 0 50 10.4 65 12.8
70 4.2 70 7.5
80 . 80 6.5
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TAELE 9 Sanple #9 Averags roughness height = 2lut
'g!r)%?iew ‘Intensity % %ogg%feiew Intensity % %gg*lfgen Intensity %
Ii = 0% Z1 = 15° L1 = 60°

10° 5. 20° 2.6 200 0

20 15.5 k! 10,0 30 1.5

25 20,9 o 22,0 Lo L8

26 21.6 b1 § 23.8 55 25.5

4 23.3 k2 2le7 56 26.8

28 23.6 i3 25,7 57 27.5

29 2h.1 by 26.3 L] 27.9

30 2h,2 45 26.6 59 28.3

3t 2h.h 46 26,6 60 284

32 24,1 Y 25.8 61 27.6

33 23.4 L8 26 62 2647

34 22,2 o 23.2 63 25.5

35 21,2 S0 21,1 6l 2li.2

4o 23,5 60 75 65 22,5

50 ha 70 1.6 70 13.1

60 0.6 0 80 3.2

K




Page 38

TABLE 10 Sampls #10 Average roughness height = 33,2u"

ﬁ?%:.ew Intensity £ ?ﬁga Intensity % ﬁ?’%ﬁew Intensity %
L3 = 30° i1 = h5° 11 = 6p°

10° o 20° L 35° o

20 Tl 30 hal Lo 2.5

25 17.8 40 22,1 50 20.9

26 28.1 Ny 26.2 55 22,2

27 35.2 2 35.2 56 25.1

28 38.5 i3 38.k 57 3ha1

29 h kh W.6 58 37.8.

30 42,0 3 42.0 59 ho.1

31 k1.1 46 1.3 60 40.7

32 40.2 L7 1.1 61 40.3

33 375 u8 38.2 62 38.5

3k 33.1 59 34.2 63 37.6

35 21.6 50 2l.2 6k 31.8

o 8.1 60 3.5 65 2.7

50 1.1 65 ] 70 95

58 o 80 1.5
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TABLE 13 Sample #11 averapge roughness height = 98u®

Angds Angle Angle
of View Intensity &  of View [Intensity § of View Intensity
L1 * 30° ‘ 11 = ligo L3 = 60°

30° h.2 10° 1.6 20° 1.h

20 5.1 20 3.2 30 3.1

25 645 X 6.1 Lo 5.6

2 7. 10 10.1 5 ‘o

27 7.6 I 1n,2 55 10,6

28 8.2 2 12.3 56 n,.5

23 8.8 13 13,5 57 32,8

30 9.k 51 13.9 58 13.7

3 - 10.0 45 1.5 59 14,2

32 12.2 b6 1h.6 60 .8

33 k5 b7 4.5 61 .6

34 2.5 b8 14,0 62 k.l

35 10.8 k9 13,3 63 .1

50 3.8 50 12,1 64 13.5

€0 1.6 €0 5.6 65 n.?7

70 0 70 2.9 70 1.6

80 0.6 80 2.2
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TARIE 12 Sample #12 Average roughness height = 0.95u"
Argle Angle Angle
of View Intensity % of View Intensity £ of View 1Intensity %
, s = 30° 11 = ks° i3 = 60°
23° 0 36° 0 520 0
2k 5.k 37 2.1 53 1.8
25 ho.ls 38 2. 1 2.8
2 88.6- 39 3.9 55 6.5
27 fn.2. o 1.6 56 28,5
28 92,1 51 Thbs 57 89.8
29 9243 k2 90.8 8 942
30 93.1 43 92.5 59 ko5
1 el bh 93.6 60 94.9
32 88.6 b5 9345 61 93.8
33 8.6 1) 92,9 62 93.k
34 25k L7 92.1 63 9243
35 33 8 90.1 64 81.2
36 1.1 k9 62.5 65 7.0
37 0 50 65 66 2.1
51 1.5 67 ]
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APPEDIX II

PROFICORDER TRACES FOR THE SURFACES OF THE SANMPLES
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