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Forewoxrd.

It is well known thot irradistion Ly ultra-violet rays
of wove lenpths ghorter than approzinately 3200 angstroms
will pyevent end cure rickets and nopoibly other disenses LY
vroduoction of vitanin D3 in the skine Thot such irradiction
may produce beneficiel cffects other thuu those atiributed to
the formotion of this vitomin is perhaps less cortain, Irree
diction with wove lengths shorter than 2800«2900 fngatrons is
known %o be harmful to the sxine

Luckissh and Hbll&duyl state: “Littlc is lmown definite-
1y about the benefits of erythennl (28003200 Al) radiction to
gso~colled lealihy personszy but an impresusive case can be conw
structed", and srgue thet en wltra-vioclet component in cverys
dey lighting will provide "whutever benefivence there is in
oummer aunlizhit?s The effioicnt use of such lighting will roe
guire interior pointa with high ultro~violet roflcetancos,
and Luckiesh has propered enmein points with reflectonces as
high as 54 por cent,

This dissertation is op uttcupt to opply the nethods of
soience to tho study of ultrueviolet reflecting voints, and
deseribeg puaints of superior film propertics which attein re-
fleetonces over 70 per cents In thils study, the importunce
of agorepntes in producing high refleoctivity from inert plge
nents beocne cvidcnt. Study of the reflcetion frowm points of
different thickuesses led to g funchionel relatvion betvecn
veflection end thiokness whieh pernits acourste cvaluntlion of

iiding power for visible ca well ¢s ullrue-violet licht,.
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1le Deseription,.

An apperatus was designed to wmeasure the trancmlssion

coelficlents of liouids and the integrated roflection
faetors of pignents end solid surfaces in the near ultroe
violet band, 2800 to 3200 Angstromn. It is shoun Qlograns
oatienally in Fisuwre 1, snd consicts of an ultre~viclet
source with current and temperciure rogulntion, o sphove
reflectoneter, phototubss with balencing circuit, ond an
auplifioxr,

The source is a Cencral Electric S-~) Sunlanp. 4
clear Corex gloss cnvelopo enclosen a tungston filement
end o mexcury arc betwcen tungsten elsctrodes. Oince Corex
cless does not transnit moro thapn anell ezounts of redlation
of wove length less then 2800 Angstroms, the onvelope acts
08 ¢ Tilter to nrovide the lower linit of the bond of
weosuraments Tho ocurrent input to the Sunlanp is pessed
through a8 bank of HCA UVE76 constant current tubes, A
variable speed fan provides temperature control of the
weyoury are in the Sunlenp, since its output is temperature
cenaltlve.

Two quartz lenses gre used to foous @ beum of light
from the Sunlemp on the window of the sphere refloctoncter.
The sphere integrates® all the light reflscted from a

genple, a property which ig importunt in tosting sumples
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which rofleet dirfusely. The ifuside surfoaco of the gphere

ig ¢ooted wilh nagnesiun onide, ¢ substange with a very

igh refloction fuctor Ln the wliraeviolet. 4 phototube,

=

(P1)y ploeed ot o window at the bottom ol tho sphere,
moagures the light intenoity within the splcres 4 Poflcees

tion fzctor 1s detorained by toiung the retis of the

nhotolvbe currents vhen the light beoen 15 dirccted on the
somple, end when it is dlreoted on the sphorc woll.

The sphore reflectoncior, ¢s used in this apporstus,
cives an absolute wmcosurenent of reflcetion factor; that is,
the meesurement does not depend on the refleccetion factor
of the sphero conting or cny other substence os @ standard,
The aoecuraey, thorefor, io afrceted only by clight souroces

L crror due to the conatruction of the cphore itsolfa.
The accuracy of tranesaission neasurements, elthough depends
calb on the reflection fastor of the saphere coating, is nod
cifceted by 1% since thoe refleetion fuctor Lo constant fox
mopneciun oxide ot 98 per cent fron 25650 to UAGL Anastroua4.

The theory involved in neasurenents with the sphere is
thet of the Taylor reflectometer5'6 which nmeasurcs diffuge
cofleetion foactors for light, and which hes been copplied bY
Taylor o ultreeviolet mccsurem»ntaa. Thoe theoxry upplied
to this cquipnent, together with en cpalysls of the crrors
to be axpocted, i presanted in Appendix L.

The phototuves sre General Zlectric FJ=135 sudnium

alloy ecells, ‘They do not reupond to light of wove length
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greater than 3800 ﬁngatromsv, and thus provide the upper
Liridt of the band of measurcment.

Deeplite the constont current input to the Sunlamp,
there are reletively rapid, irrceguler varietlonc of several
pey coent in the output, and, since two congecutive readings
are required for coch peasurenent, it is important that the
effecet of these voristions be eliminated. This ls eccone
»lished by using & sccond phototube, (Pal, so placed wg to
reccive light directly from the sources By employing the
rutlo of the ourrents £rowm both phototubes instead of the
current from the single eoll (Pq) bsneoth the sphere, it is
possible to coxreet antometicully fox fluctuwations in light
intensitye The phototubes, of courso, should have idcnticel
charactoristics. lurthorpore, it weg found that the relgoe
tion between thew rexuins constont only when they cro ploced
in neaxliy the samc dirvection fron and on the same side of
the gource.

4 simple clrcuit is used (FPlgure 2) which gives the
ratio between the two ourrents diractly with only once roide
inge Yoints A and ¢ are Lrought fo the scume potential by

adjusting Ree Thon:

and sinee 11 end Iz are proportionsl to the light Intensie
tics @) ond #p respectively, the ratio of & to @, is:

& - 8%y alili*‘zg .
Qg  Koip MNgRy
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-

Ry iz o constont and cencols vut in mehldng ¢ roflection

feetor measurenent oo follows:

& D Rog
Rofleotion ioetor = (é Bﬂmplﬁ « SOHY = nf'}S

Ql) ilingy  Bpoay
(5 bugers Bl

The method descridbed above applics to tranamisgion
ueasurenents o well, since these olso are nedo by telking
o rondings on the gphere wall, once with the sample in
the light boam, and one without the sanple,

Por wll tronmalssion neasuremonts, and for sorics of
reflection factor mecourenents on $ho same samplo, stw TC™
nains gonstant, so thot onece 1t is determincd only o olnglo
reading is necescory for oach meusurenment. it firot, the
osphere hed @ large window three inches in dienetor for tho

reflection sample, so that R, veried for cuch sumple due
"

ov
to its elfect on the interncl relflections of the aphere,
und boih Hgpy 0nd 323 had to be read to dotormine the yow
flostion factor. IHeducinge thoe oize of the semple window
Yo one inel hos mede the variotion in stw Iron acmple to
aample noeglisgible witﬁout Lipalring the coguracy.

voints & and € are brought to the sane potential Ly
a null methods That is, the cnmplificr gelvaenouster rust show
no deflootion vwhon iy und 23 ure slertod flowing by opening

8 shutter in the light beeme Switelhes cunnot be usod in
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the cirecuits beesuse of conteet votentinloe

The npaximun notential drop ncross BO ia about 1:210™2
volte., 70 measure this with an seccurcey of 0.1 ner cent
requires the dotection of lxlo“ﬁ volts notentinl differenco
betwesn A snd C, Such e potential is ecanily neaoured with
8 galvanometor in a lov registence oircuit, but is pogaible
in a high resistance circuit only 1 an emplificr io uscde

The amplifier circuit {Figure 3) is o nodificotion of

8,9,10

whe Soller balaneed circuit » Using a desiorn

flectric Bleotroncter vacuun tube {Ho. DIGEYS), asnd a
galvunometor of lxlo"lo Giperes per L senoivivity. The
vacuun tube hug a vory nigh grid resistance und 10 well
adupted to meosurenents in high resistonco oircuits. 4l
power foxr Lhe waplificr ig supplied by onc battory and the
clyeuit bulancos out the erfeet of variastion in battory
voltages, The anplilior works well with tho main pert of
the cirsult unsbielded, but it is necessary to shield the
clectrometer tube and all leads in the phototube circuit
w1%h grounded ahieidug Plate 1 showa the electrometor tube
in its shield cor, plsved clusc to the phototubo bencath
the sphere, so thot the capecitonee to ground of the grid
lend will bo us low es pocsibles Due to this copacitonee,
it takem & omll but Tindto time for the voltage ucross AB
%0 bulld upj a longer time than for the voltoge wcross BC,
Thus there is o voltage dirfference during the transiont

stete which givea the gaulvavometor in the amplirier & kiek,
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waking 40 difficult to obtaln an exuct bolance aeross AC.
The coadenser pluced across phototube flos & (Figurc 2)
tends to cquallize the {ransient stetes in both phototube
gircuits and greatly reduces the crnount of lkicics

This method of ncasurement hea threc principsl
adventagec, First, by ecsentiaelly meling simulioncous
readings of reflected intensity and totel light intensity,
the effeet of fluctuations in the scurce output is clicw
inated. Second, by neasuring directly the ratio of these
two intensities, the error in making simultoneous reudings
io cvoldeds. ©Third, by bolancing the two phototube
currents before they cre enplified, voriciions in tho
eraplification factoyr of the cumlifier do not aifeot the
neagurencnts.

In opersting the epparatus, 1t is necesssyry to allow
an hour ror the electrometcr tube to reach chexnnl
cquilibriun before the auplifier iz ocufficiently steady
Tor accurate readings. & better method is to run the
tube continuously, which 1s fcusidlo since it drows only
027 auperese.

The Sel1 Sunlamp reaches an approximotely stesdy
outpvut in avout helf an houre A thormometcr placed ¢loae
to tho lamp but shielded by esbestos frecwm its direot rays
gives the aly tempersture neer the lamp, The lonp is

cooled and kept ot a constant temperature by & low speed
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fan. This is neceassory since not only does the total
output of the Sunlamp vary with tenpercture but the
specirel distribution of the rodiuted eunsrgy shifts to
sone extent dus to the chenge in vapor presosure vith
temperature of the meroury witiiin the lampll. This
shift in speotral distribution affcots ithe measured
reflcetion factore Figure 4 shows the reflection footor
of & perticular gseuple, measured et severel lamp tenpere

atures. The usuel ombient teumperoture is 47°C.

e Tosbing,

Pipments ora tested dry by pocking then in a shallow
stoel cell (Plate 11} Aluminum bLronze could not be
packed in the cell, and wes tested LY cooting o amall
panel with & rapid drying demar resin solution and dusting
it over vith tac dry pigmont. Peots mado on busic core
bonste white lcad by both mothods difrfercd by only 4 pex
cont in rolflccetion factor.

Liguids cire measured in e apecielly constructed
vitreosil cell. Vitreosil, or fused siliee, iz, like
quurlis, tronsparent to ultra=violet 1light. The ccll
{Plute II1) oonsists of & stecl body, A, in which ¢
1rxleel /32" polished viiressil plate is ccuented with

godiuwm silleate; & copper spucor, I, 0.027% thick, whioh
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provides spoce for the liquid; e sccond vitroosil plaic,
Gy 1xluxl/6"; & rubber washor, D3 end a ateel top plate,
By with witich the entire vosembly is clamped together,
There is a clour light path throush the coll 5/« in
Qlonotcde

Yhe eell i. constructed Lo be as thin as poosslible on
the side which 15 next to the eplhicrs. for reflection
nessurenchtas, the cdapter plete, ¥, cowted on 1ts inney
Laoe with mugnesiwn oxide, bolds the ¢ell in position on
ihe gpheres For transilssion measurements, the coll is
slid into stecl ways wbich hold it in tho light beum dircotly
in fzont of the sphere window.

It 1l customnry o upne these transsission cells in
such & usy that the transmission of the cell contoining o
seolution is compercd %o the transalssion of tho cell cone
tuining pure solvent, thus elininating the cffoct of the
culls In teating oils end solventa this cunnot bo donce
Marthermore, with certain liquids in the cell, tho per eont
Pranealssion is greuter thun Tor $he enpty celle. Theae
liquids, being cluost couplotoly tronaparcnt to the ultres
violet, and hoving an indes of rofruction groater fhen
that of air, reduce the anount of ligit reflootad Lrow the
vitreosileliquid intericces end s0 inereusce Lha oversll
tronenission of the eulls This oxtrexs cuse shows the
necousdty‘of analysing the effeet on trtnsuission nousur@e
ments of the multiple rerlections from the Your surfuces
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of the cell.
It con be shown (Appeandizx B) that the trengnission

cocllicient, t, of the material in the ocll ia:

2
- z-m'v o, e mh
Fe-ld g% =y S .]1.1

where R ond T ere the neasured overoll refleotion ang
tranosisszion coefficionte of the filled collse Coloulotions
on pany asumples have shoun that € is uswally oboud 10 per
ecent lorger thon T Lombertts Law, tnedkd, 18 uted to Obe
feln tho coefficiont ¢k* which is chuructoristie of the
ligudd and independent of the thickness of the tdot sample,
raints are tested by brushing or sproying on 47"x4r

stool panels which can then be placed in the semplo position

on the cphere,

Se_ Hellability of eusurenents,

For u series of tosts on suceessive deys ol the sone
sanple, the rerroducibiliiy ottaineblo with the apparetus
was found to be within 0.2 per cent bused on the incident
lighte OSince the nmensurczents are made in e bond 400
Angsorons wide contoining several stroug mereury linces cund
pince oot moteriels orce selective in absorption and reflege
tion in the ultya=violet, the encygy distribution in the

and will have an effect on the nmessured reflection factors.

The cherscteristics of the messured cnercy in the bund
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were determined by mecouring tiw response of cach of the
two phototubes’ot dirferent wave lengths to the light fyronm
the Se1 Sunleup, using & quartz nonochromctors The Jollar
clrcuit with an input resisicncce of 14,000 megohus was

uscd to necaure {he phototube currcents. The results (Figure
G) whow that their choractoristios ere similer, but that

one phototube nes about twice tho current reoponuse of the
othcre Tho moxinum measured cnercy in the bond is of 302¢
Ltagstroms, with the “center «f gravity" of newsured cnergy
af about the snme wave length,

The Gata ghown in figure 6, togzetber with the doto by
ﬂarneala for the energy output of the S«1, enuble the
sensitivity curves of the two phototubes {o be determinod,
Barnes moesured the enorgy outpul pernoendiculer to the
nlang of the leads for the lump running vertically in the
open, Whiclt was its position for the meagsurcnentso for ripguro
s Toble I gives the ccleuloted sensitivitics 1~ the two
pvioto tuben, and Pigure 7 shous the egreenent bLetwecn these
culculetoed results cnd the gensitivity curve furnished by
the nolier for Fhototuba ilos S

48 en indencndent chcel on the results furnished by
this gpperatuas, Dre L. He Teylor of the lele Foerk Laboro~
torles of tie Genersl Zlectric Coupany wus hind enough fo

measure the reflectances of geveral puncels ot 3024 Lngotrons

£
d
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Table L.
Phototube Sensitivity.

oyl fal Relative Galv, Relative Boduccd
lenptl tnerpy,Sel  fevding Sens sitivity scensitivity

Phototube Lioe L

S150 155 e 985 0105
084 Seodk 63 1440 Ce4l
8967 2054 40 15.86 Qo485
5894 Ga71 16 2544 0.70
2804 0.69 ad G0ei 1.00
Fhototube I
23,50 1545 114 8440 06115
o024 Aot 144 S2a7 04442
a0067 - el 82 Of 8l 04355
2094 0473 8% (out.) 3048 044l
2604 - 0469 5L 7440 1,00

whilch 1s tiie most dntense mercury line in the bond
Deasured by this apparctuse Dre Teyloy used & 4 inch
intepreting sphere, o quorin spectrogeaph and o quarts

0 Table Il io e comparison bLee

sodluvn photovlectric ecll™,
wween the reficetoncos obtuined by Dre Toylor asnd the

reflectances obtodned with tho epparatus desceribed horeins
The'sepreencnt Is oxecllent vhen 16 is considered that one

neasurement is for a single speotral line ond the other
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Toble L1,

Conmparison of Reflactonecse

Retlectunce for band Reflgctanpc
Yoned 265003200 Sy at 5094 L.
G-5e, 5447 534
=5 4141 48,
ﬁ‘vf'j 41: & ‘150
3=10 2led 454

Tor o 400 Angstrom bonde The higher refleetance for Ge5a,
tad the Jower reflectances for the I series panels, oblained
Loy the band are probobly the resuli of differences in thoe
sucetral absorption ocurves of thesy paints.

L& Purther check was provided by duplicating am ulirée
Tiolot point deseribed by Iucliesh mnd Holledeyt®, their
Paint "0, Phey glve itves reflocetion fuctor us 5440, and
the volue obltgined Tov vhe duplicuto with this apparatus
T8 B5a0a

The pefloction fuctors obtained foy pipments e sube
Seet to on additional error besides thot inhorent in the
epnerobus due to the fact thet the manner of pocking then
into the cell end loveling off the surfacce is not ontirely
reproducibles BDarytes, for cxpmple, exhibited ¢ voriction
of 1.5 pay cent vhen several suoeesoive detcrninations were

woade on freahly preperad samples. Conscquontly, tie results
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I%. DEVELOPEET OF ULPHA=VIOLLT PAILTS.

da Refloction ond Tronsmisgion of Paint Fasoerinls,

4 systemetio inveastigotion of the possibilities of
taliing vainlo with high ultras~violet reflectancos requires
& laowledge of the ultro-violet beheviour of the nmatoricls
of uhieh such points mizht be mades To this cnd, the ro-
flcotion Tuotors of whito end colored pigaents end tho
tronsuission cocificleonts of oils, resins and thinners were
mnngurads ALL pateriols arc of comnoreinl syade ond purity
unless othormise indicated.

in Pable IXI oro listod the reflectonces for the uhite
Plemonta,  They cgree quolitotively wiih the deto which
Pfundl‘g Stutzlg, Luckieshls’ls and Goodev917 hove obtained
for the more common plemontse This i satisfoctory when
W in resenmbered $hot the results in Table 11l arce for the
band 28005200 angstrous (Figure 6) whereas the duts in the

L] L} 16
Lltereture with the oxzcopitlon of awze by Luckiesh

wre for
individunl lines of the meroury sposbtiuime

Prund points out that there is an inverse relotlonship
hetwesn the reflection faotor and opucity (l.oe¢ light abe
soxpiion) of u plrmont, and odbacrves thubt "lfhe incrts, ns &
¢lanss, cre muach less opeque, podblenlarly in the short wave
length region™.  From o brict study of Table 1il, it is
evident thet magnesium, zireonium, silicon, aluminum, loed,

calelum, and veriwa pigsents do not absord erythemul
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Table III (Continucd).

Chenical ¥ex Cont
% e

Plement Comvosltion Reflection
84lica S10s 71
Sapesiun Oxide, bheavy, g "y

{Gquibd) L 3
P wondun Ozl QC, Cas s uroz 70
Llunluun Bronse AL GO {cotie)
Lognesiug Carbonebtc, UeldePa, L a1

(.;.u" l’l..."’ot‘t) 4.:,-:-:(;0{5 s
Lagnesiun Corbonote, Comls g G059 fid ()8 )f3 81
Magnosium Oxdde, light, . as

(Squibl) 1o
17, . N - n
Lamssiun 0zide, Celle, )

(3akar) e &3
Eognesiws Curbonatc, UeBel sy

(Coltcman & Bell) Ligl0s, 89
ﬁurnOuiuu Gzide, Uslelo,

{Biew & uen&, Lev3) g a0

Lotneglwn Onide, Sreshly . .

cuornd 360 o8
ulire~violed soprogsiuobly, whereas sinc, titaniuy, ond

antinony pigmonbes abgord it to ¢ large cxtent. ddxconiun
e hwo & rofrective index cf 542, highcer thun that of
any of the hiph rofleeting piguents, so that 4L 16 cun be
obitained I o purck stobe commercinlly, 44 should be the
beot covering nigment that con Lo used in an ultra-violet

neinta 4 surprising foctd is Ghc onull but defialte

%
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supcriority in reflcction of the Duteh process over the
Corter process white lecd, since the Certer process plgnent
1z wvhite and the Dutch process pigment hos o decided
yellomegray ccgts

Teble IV shows the results for colored pigmenta.
Although not oomplete, the list io represcntative of the
chenieal groups found in golored pigments. The results
caree well with those of Stutzlg for 3024 Angstrons.

Table V lists the absorption coefficients for oils,
thinners dricrs end other liquids, resins, and plasticlzers.
Since the surfuce reflection from e liquideanir interface is
neplicible up to an angle of incidence of 50° from the
normol, it is evidont that eny liquid or resinous mcterial
$0 Le used in o peint, other then voletile thinner, wust
have & low abgorpiion coelficlent in order thut light nay
be rofleeted by the pigment without undue cbsorption by the
vchiclee In practice, 1t has becn found that a cocefficlent
leps then 60 to 70 is falrly satisfactory. Hrom Table Vea,
it is evideat thet no odl willl be sutisfactory. Refined
custor oil 1s possibly an cxeeptlon, but, when nede into u
drying oil by dehydration, 1t is unsatisiuotory.

Table VeB shows that tnc common driers cunnot be used
cxeept in minute coounts. Mowever they nced not be used a¥
0ll sinece the oils themselves are unsatisfactory. liany of
the common solven 3 huve low ubsorption coefficients, 60

that they can be used to test resins in solution. Casein is

7 Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Table IV.
Colored Figments.

Yer Cont
Pimment nefleetion
Solifast Sy Dlue 1
Chinose Plue {4 Prussien Bluc) 2
Cs ¥, Para Tonecr Dorh 2
Yoluidine Yoner H
Lts rara Yoney o
Copner Carbonoate 2
Grophic ned 1 (Lithol ned Toneyr) 2
tlopico Yollow Lenon o
Chremo Yellow Led. 9
Lolybdute Oronge 9
Codudun Sulfide k)
Zine  Loonmto 9
Ce P, Chrome Orenge bDavk 5
Chromiun Oxido 9
Rose Take o
Aliserine Lake 5
Pergion Culy Oxide (Irvon oxide) 5
Litharee 6
Sublined Blue Lead 10
Ultra Lorine Blue 20

7 Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Table Veb

Ukteae~Tiolot Absorption of Oils.

Lbsorphion wl
Coefficient {in"~ )

nterial

Oltleden 0411 Infinitc
Chine vcod 012 1.6x10%
Hout Dodicd Linseed 041 162207
Refined Perilla 04l 1.6x10°
51kpli Rofined Linsced 04l 1452167
Heat Dodded Forilla Oil 1,5x10%
Shoeinl Dehydrcted Castor 04l 1023107
4lkeli Refined Soye Been 01k 1.33103
Dehydrated Castor 01l 95
Castor 04l, Com'ls 74

62

ZoRined Coshor 04l

Table Ve
Ultpa~Violos Afbsorption of Phinners Dricrs and Other Liquidse

Absorption ol
Ceeflicicnt ‘in z

Paterial
65 Coboult [uodex Infinito
8-’,‘3 funrpnesse uodex Infinite
2475 Lead Imodexz 1,6x107
Leetone 1.3x102
smliate vood Turpenting 76
Casein Solution 57

Idnersl Spirits 44
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Table V-3 {Continued).

Absorption -l
Foterial Coafficient (in )

Solvesgo Hoe 2 &8

Conmeroinl Xylol 4

Toluone 945
Butanol e
Sthylene Dichloride 3.9
Glycorine Je0
Absolute Aleoliol 1.1
Distilled Watex Ou4

Tound Lo be only moderately absorhents Luckieshle has proe
pared paintc with reflectances as high as 54 pcr cent with
casein as binder.

The resins were testod in golutions In colouleting
Ve chsorpiion coefficlents of the rosing fron the coplffle
cient for the solutions, & wmodificatlon of Lcerts law was
ngeds It woag casuned that che absoxpiion coolfficicnts are
additive in proportion to the reloative voluue ol each
component, and that the volunes of resin and solvent ore
edditive in solution, These cscunpvions’ re op accurate os
the datu warrent, since the thickness of the maberial in
the eell is kunown only to two figures, Tablc VeC shows
that the nutural resins huve very high absorption coeffie

cientas., Of the synthetie resins, uree formaldehyde,
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aitro-eellulose lecquer, etbyl cellulosc, the methacrylote
egtors, and vinylite ore lovw in absorptions Urca=forzaldes-
hydc, however, must be buked, ond it iz well kuown thet
nitrow~ccllulose deteriorates upon exposure t0 ultra~viclet
radictions,

Poble VeD shous tae aboorption cosirficlents of
plesticiners used with ethyl celluloss and the methucrylotes,
The resulin on the Dow Plasticizers ore intevesting in view
ol their structurcs {Pigurc 8), The substitution of torti-
ary vubyl croups in vpara posltion on triphenyl phosphate
decreases the ubsorption slizhtly. The oubatitution of one
phenyl evoup by o diphenyl group inereascs the absorption
irenendouscly, but the substitution of 4 sccond has no
furthoyr erfcet. The explunation of thio cffect is o subjeet
Yor further investication, but heo no dlrect beoring on this

W0rlce 7

* Sivinle Painbue Ywo Coxponelt Svystciise

2e Progerties o

4 bypieal paint fopmule 1a very couplelr, and nay ine
clude several plononts emd 21llers, onc op wore olls op
varnishces, deicrs and thinne Thds conploxity io tiue G
suld of the moediviestion o an origincelly sinnle fovimmlc in
oxrdexr tu give the point verlious deslrable properbics such
us btruskabllity, leeclh: of seitling, high hiding powor, and 80

forth, Oince this vorl is wn investigetion of the posgivile
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wShe

ity of new types of puint which will reflcet ultra~viclet,
end sinee in complex systems it is Airficult to distinguish
the properties of the individucl components, the simplest
roBsible systons of pigment und vehicle wore studied first,

Sines surfoce reflectinon ot the vehicle=alr interface
ean &ecount fox bui o omell pert of the refleotion of
paint, roflcetion nust result chiefly from reponted reflec=
tion and refraotion of the light by the pigeent purticles
With the final result that thot light which is not absorbed
cniergos from the puint £iin as reflected lighte It io evie
dent then that, avong other propertics, it is desireble thatl
both pigmont end velilcle possess low sbsorption in oxder
thot the poxinun oumount of light nay be seturned from the
Lilme Hegleeting the effeote of refroctive index end poxe
ticle sine, o hizh reflecting pipment will have a low
tbsorption soeffiedcent,

Therelor it wes decided to propore o number of prelins
inery sinple peinty to test the truth of the above conclue
sions; clso, in slighily nove complicated systeus, 10 obsirve
the effect of verying onc component et & tine, Irom these
teats the combinctions of pigument ond resin which would
prove sttisfaetory wore detvermined, %Then, ufter satisfacte
ory plesticizer couposition ond content hod beon deternined
for cael resin, trivl pointe viere nilled and coupured, and

the correot plazent volune per cent deterninede
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The prelimincry peints were ground by hend in a mortar
end pestlc with an appropriecte thinnexr, and brushed to &
heavy C©ilm on stecl ponels. iio 6ffort wos mnde to aonirol
cxactly the pigaent volume per ocent, &s its effect and
correcet value vere not known, and only the gonersl cfiects
of pigment cnd vehicle were desired. Teble VI is ¢ complete
tabulagion of the points ground by mortar and pestle.

The combinationg of & single pigrent with e single oil
ox resin show thet voth a high voflecting pizment and @
vchicle with 4 low absorption cocfricient ore necessory in
order to produce & paint with o high refleotion factoxs
This 18 clearly shown in Table VII which shows the relztion
of reflection Lactor to vehiele chsorption end piguent row
flcetion, und which is a retebulation of part of Tadble VI.
Anothoer fact, not so obvious, is illustrated by tihis table,
nanely that thoee uhite plgments which are used as lnerts
end f£illers in paints refleeting visible ligh€, behave in
sopewhat the sowe mannsy in paints rofleoeting ultroeviolet
lisghts In other words, “inert* pisnents, whioh cre ooterials
with refractive indices for visible light so close to those
of mosf oils and xresins that thelr perticles ere ineflicient
reflecetors end refracstors, also have refrcotive indices in
the ultra~violet comparable to these of the resins, Thus,
dry silica powder rctlects 71 per cent, but inuersed in o
ures~forucldohyde resin reflects only about 26 per centj

whereas dry white lead reflects 02 per cent and lmucrsed in

e
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urea=i'orsneldehydc rezin reflecets cbout 45 per cente

Moght of the light rofiocted from o point is not refleci-
cd from the surince, but has twoveled o veriety of paths of
dirferent leagths thaough the paint, a cortain amount Loving
been ubsorbed @long cach path before it encrges co reflected
lighhte Thwt iight which dooa not appecr os reflucted Light
has been clsorbeds o moan iight path can be dotdned, such
that il all the light traveled thet path, the same froction
vould have exgrged on reflcocted light. Since the yatio of
the refroctive indices of the tvo mo” —isls of an interfaco
deternines the desrec of bending of licht rays possing
through it, one sould expect thot the luyper the ratio of
refructive indices of pigment and vehicle, the sherper would
bo The average curvaturs of the lishe poths througsh a paint.
shayper cvrvoture Leuns ghorder light poths, tad consequente
ly, Toy the suze ahrorpticn cvelficionts, leas total abgorp-
tion end nore reflection Lo larger refrective indox ratios.
L odry pioent con be thoughi of we & point with no vehicle
for thest coaciderations of reflecoed light.

The eirfeet on roflection of varying the relotive pro-
portions of plgneut und resin was determined fox busic cere
bonute whibte lead and Tor nmuegnesiuvn ecurboncete with Lerylold
=7 gz vehiclc {Figure 9)s It can be shown (ace appendix C)
that e thoese cuxves one con calouvlute very approxiuutely
the seon 1ight path ¢hrough tho dry plaaent, Lg, and the

nbgorption coeflicient of the plouont, ky, providicd onc
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Inows the obsorption cocfPiciont of the resine The meon

1igh ebserption ccoffictents Loy the two pig~

::"':
>
[
-~
{=
&
Py
po)
©
r«
[
e
o
=

sents, colevlobed in this usy, are given in Table VI1ie

Peile VIII.

fbhsorption off Figuentse

Lbeorption

iean Light Goefficig*ﬁa

Ddoont Tath, Lo (i) ky (in7+)
Lagaegsiug Carvonate C.0L 20

Ho Co Uindte Load 06002 300
Lognegiun carbonote vainte ettedin half thelir neximmn sofloce
sLon Danotor ob o Phiclness of abourd 06,001 inchese IX the
Lirsht poths oie considercd us scniecirelces, this twoeuld
corresnond $0 o neap light path of sboul 0,005 inches for
films oF infindse sthileknescas Thus tho caleoulatod meen Light
vaeth is of ohe right order of wagnitudo, since tie wcbual
Light patls uould be oxpected to be more irresuled and

longey then acniecirilegs

Se Propertics of Sirmnle PYaintsz.  Three Comvonent Systomg.
328

o fur, only painto contuining ¢ sindle piguent have
best considereds Since it 15 often desizable to incorporate
tmeyirg

ows than one pisient in o point elther Lor cconony, fov

loprovement of Lilm propertics, or for tinting, threc
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goaponcnt sysbtens vere also invectisguteds
Figure 10 shous the erfect on reflection of vurying
Lo proporticns of en inert type pignent, surfoz, end =
noderete hiding pignient, wvhive leed, in nn epyloid paint.
floure L1 shovis Lhe effect on reflection oi different proe
portions 2f ugnesiuvn corbunuto, clgo en inert tyne pizment,
and whige lead, in vio differont vehielese The two velicles,
Lenyioid end Ve7946, heve about tho come aboorpbtlon coelfie
3

gicnte The conoraticn bebooon o tho curves shows the

- - ‘e Liv H
efffget of differences in totol picment concentration b cach
nigment cermosition, highor refleciunces cocompanying higher

nignont concenbrotions,

o men

wolnbo. 45 vould be oxpected Lron Table IV, onull amountc
of colored pignent depross the rericolence o grael deel.

+

The »ate of dopression 1s someshut nore repid with tho

tome fad W30

vagnesiun corbonute Shan with the widie Jcas wints, ond in
: s ey 1Yy Iue 1t ia 1Y mytars e«'vﬂﬁd Mo
he ase of vitrn mexine blue L6 i owen owore 200 s L0
may be cxplained by the faet tha6 due to the longer 1llghi
2.3 «$ye ) ¢ R - VIR -\1"' !")} v oy M l Wid t‘? ';:"’"C"'i’"
novh throusdl Lo leGIUD CeXonnve UALLivl, COLOYCL DIZLCNIYE
Neetten (5 T Evmevesdy o ramsiyd P 13Ny in thoase neints dhen in
con renove ¢ laveer coount of Light ip those paints thoa
thite leod nuinitss
She effest of the eddition of incrensin, waonnto of
aluminuiz bronse on the relficetion factors of rogmesiug

curvonute and vhite lead noinbs 1o flluctrsted in
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Piguzre 14, Uhese curves indicate that the olunimum bronze
firoy depreases She rerlection fector, much os do Ghe
¢eloved pigmente, ond then roiscs SU eguine The color of
tre polpgo manges frem shitve 10 o dull groy ot Ghe ninlmuag

end beyond vhe Rininws thoe soinbe booone sors end LD

~luninan broawe g u metallic plouneant, with £led thin

)

i

porsicles, It differs fvom the viite piements (Zeble I
i thet coch ponticele Sranouits pracbicelly no Lighi, bub
rerleety o lorge troobien, whereos cach pariicle of o white
plouient trenmnits o lurge Trection, buw roflects only &
bl Yraction of ohn LiAghi ivedident upon 1t It aapetys,
vhiont, what tlhe actien or i oluninum bronce b low coucens
teations ip duo largely to tho opucity o itg particles,
Lid et high concentrutions lo due princivelly to theilr
nreiellie refleetions.

In oxdey 1o ¢binin o moroe detindte piclure of its
cevlon, cocune thev the slunimus bronse cobs es & 100 per
cent sboorbing pignent mized with the vihise pignent, deduct
the erfeet of this mixture fron the reflection of cuch
paint, and cseribe thie bolunces to ueteliic refleetion Yrom
the gluninun bronze noerticloese Fipure 15 ghows the sz
curves peplotted with log relfleetion fector os ordinatc.
The pigoaent mixture cbsorbs move light uws the perceentuge of
clumimus Lronte is inercased. Thio increuse in cbsoyption

is gxponenticl, due to Lunbord's Low, o that tho effeet of
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the mizture can now be representoed by a atroight line
vangent to emch curve ab zero pey cont aluninum bronZle
Figure 16 shows the difference betwcen ench curve cnd 1is
tangent plotted egoinst per cent of aluminum bronsee Eoth
curves con be opproxiucted by the smse straicht line passe
ing shrough the origin and the point €0 per cent reilleciion,
100 per cent wluminum bronzce This straight line reproscenis
the metellic reflection Lron the oluninun bronzoe 48 ONe
micht expeet, it is directly proporitional to the volunc

por cent of cluminun bronte present in cach'puint, indicate
ing direct reflection from the porxticles ot the suriacecs

Pind

Sinee i% is the diffuse reflcetion fector whichh igs belng

o

noosured, 1 is not ncecssery thot thesc perticles be
orlented perallel to the surfoces. .

From the lerge deerence in reflcetion foctor on uddle
tion 0P amall cwounts of colored vigacnt, it would soca that
an uliraeviolet peint will huve to be either dead vwhite, or
et most ¢ very iight vint. Lluninun bronse, houetver, pros-
vides «n interesting excephions Fhe left bremeh of creh
curve provides @ series of croys uith o fairly high reflece
tion rector and without the objectioncble nciullie lusitre
of an aluminun painte This sugrests cddition of colored
piraents to these greys to produce subducd colors topether
with soderste ultrae-violel reflcctance.

Paints Pell5 ond P-l16, which reprecent the conbinatlon

of 25 und H0 per cont wltrs marine blue respeetively o
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sluninum bronge, snow very little color and 1ittle loss of
metallie lustre. Paint P=11l7, however, which is a nixturo
of aluminwg bronze, uwlira moerine blue end white lead, is a
sky bluo with »rectionlly no metnllice lustres The presgsence
of the aluninum bronze is indicated by a slight sparkle in
the surfece and by the high ultra~violet reflection faoctor
of 40 per ccnt, ZThus 1t appcars thuet o colored uvltra=~violet
paint containing both aelumimun bronze and white pigments

canr be produced with & mederoete ultrawviolel reflcotencos

4, Unpippented ilns,

The general behaviour of pigmeniercain conbinations
with/regard to reflection bas been dnvestigoated, vut litile
attention hus been paid to the physical propexties ol the
£l produced, except for the rough observetions that a
©ilu is brittle, tough, hard or soft, adheres ucll o peolss
The properties of its £ilm are important for o practicel
raint, They are principally dependent on the properties of
the vehiele and on the proporiicn ol pigment to vehiclos
Henoe 1t is loglesl to study the propertics of unpiguented
L£ilms, before proceeding further with the otudy of ultra-
violet printsa.

Phe possible resint for use in un oir drying palnt for
ulbra=violet service have been shown to be ethyl cclluloscy

vinylite, ond the methocrylates. Strain, Kennelly ond
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18 -
Dittnor™ have Goterained the compatibilitics of the

witheerylotes for & nulber of plastlcizers. Infornution

241

on plasticizers for ethyl ccliulosce wud vinylite was fube

nished by $he Doy Chemicul Compony, Dags and ﬁaupnilg huave
tlac given valuoble informmtion on tho webion of sovercl

plusticizers on ethyl celiuloss, Plosticizors with alph
oboorption coeffioients vere olininated from conciderction
by use o the doto of Table Ve-Des Tricrcsyl phosphato ves
clininctod becouse of 4te toxicity,

Tho various vossible computible combinstions of reoin
and plosticizer were imude up in solubtion at soveral concene
Prations between 0 and 40 per cent plesticizor content end
flowed out on atecd penels. Afder thorouch drying, they
Vere examined for toughneess, nurdiecs, brittleness, oend
ndheslons Tho combinctions exwimined veres ethyl collulose
with driphenyl phogphote, tripropilonin, Dow Plasgticlizer Ho.
2y Dow Plasticizer Hoe. 7, snd vinylite; nethyl mothacrylato
with triphenyl phosphute, nebutyl detortrato, end triproe
pioning isobutyl methacrylets wuith triprovionin, buityl
staeerote, n=butyl d-tartrotc, triphenyl vhonphate, Dow
Plusticizer os &, Dow Plasticizer live 7, cand vinylite; and
viaylite with Dowr Plusticizoer Uos 7. Vinylite, olthough &
resin, odr dries to ¢ soft £ilm, ond sets cs o plagtlciser
in othyd cellulose with which it is competible up to aboup
G0 per cent vinylito,

AL wethyl methacrylete £ilms peel resdilye OFf the vee-
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meining cocubinetions, four give good Pilmg. Thoy are?
cbhyl cellulose with 20 por cont iow rlasticizer lice 73
cthyl cellulose with 20 pur cont vinylites; isobuityl
mothacrylateo with 13 per cont vutyl stozretos; oud isobutyl

mothacrylete wibh G0 pey ceat Dow Dlestieiscr i0s Se

5. 1:41lcd Paints

“he obove Tour combinotions of resin und nlaoticloer
produco satisfoctory unpignented rilmse Theldr aetlion when
combined with pigment, and thc best provortion o9Ff pigment
to vehicle st next be congldoreds Althoush preiininory
obsexrvations of hondesvound puinds indlcsied that the ree
Lleetion factor of o combinotlon of Hwo plgncnts dld not
excoed thot of thie bebter of the tuo, combinetions off pige
nents were used beeause of possible desirable of{cots of
mixcd plgaents on £iln propertics.

For thesc studiesy paints vero nilled in ¢ bell mill
g0 thet a betier and oorc wnirorin grindlng of the pigaent
into the’vehicle would be obtelnods The nill used wes O
& ineh digmeter vorceloin boll nill with 5/8 inech porcclalin
ballse It wes ro¥obted ot 90 r.p.ne  Tho composition ond
raflaction factors of tho aceveral pulnts thus ground axe
listed in Yeble I, The thinncys used were tolucne for thc
rethteryletes and an C0=20 tolucncealeohol mixture for the

ethyl celluloses Unless obherwice indleuted, ©ll paints
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wore ground toy 70 hourg. 4rter grinding, the puints vere
flliterad thryouzh cloth and & gortion wes thinnad cad sprayed
on 4'x4* stesl ponels to o hicavy ccut.

G=l, G=2, und G=3 ghow tie¢ eifect on rerflcetion fuetor
of the wore intinate grinding of the nill us comparcd with
grinding by hande I Lhedr reflection fuctors ars cumparced
with those in Figure 11l for 100, 0 cnd 79 por cent magnesium
carbonute (by volume), 4t will be noled that the more
thorough grinding of the rill produces @ suall decreasc for
wvhitc lead, e slightly greater decrease lor the mixturce of
white lead and nagnesium cerbonote, ond a vory large dcoreasc
for cagnesium corbonaies

In paints Ged throush Ce7, a nmizture of vhite lcod and
nosnesiun carbonete wes usod up the pipguent in tosting the
gction of the four geod resinepluasticlser combinctions when
pigmented wné the effect of vorying the pignent velunoe por
cont in tho dried r£ilm, Lach paint scived as e base grind
to which the proper cuounts ol resgin~plesticizoer colution
wore gdded to give picument volwie porcentoges ranging fron
50 to 85. "

Fgure L7 shows the cifect on the refleootion factor of
reducing the volume of pigment in the pudnt ilme Whe
resson Loy the dirffereace befwceon the owrves for the cthyl
¢olliulose paints end the curves for the lsobutyl methacrys
late paints is not clecar, cepeclelly ia wview of the fact

thnt the formeyr resineplasticizer coubinations have higher
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ahaoprption cocificients thon $hc lottor. Thon tooe Gwl;
which 1 on ethyl celluloce puint contalning botll plasgible
cluers presoab in Ge4 and Ge5, behavas like the mothaceylote
painto. Iurther, Ge4 and Ge5 cre “"flat? at all piraend
volumes, nhercag Ge6, G«7 cnd CG=8 are slightly glossy ai
pigment volunes helow 40 por cenb.

It is cvident fron Figure LY thel,; whstever the recson

ooy be, ¢thyl cclluloge is sonewhad supcvior to loobutyl

ct

sethoceryleto Tor the purpoldcs of an ultrosviole$ nuint, and
that 1t is sdvantegeous Lo kecp ohe piguent volwuc por cenb
oz high as possible. The Limit to the pigmeant volwic vhich
con be used is sat by the physicnl sirength of the flluiag the
wasker the £ilnm vhich ¢un be tolerated; the higher is the
pheacnt volune which cen be uscd and e higher the reflece
tlon factor which can bLe cticined,

Oueriination of the £ilns showed thut o pioment volune
betmeon 40 and 50 per cent would boe gatisfocstorye 'The Lilus
tdhered better und were toughcr at 240 pey centy wuere less
adherent end more brittle at 50 per cont, iiowover the $0
voy cent rilms comparsd faveorably with ctendord intorior wall
finishes, The rilma conteining cthyl celluloge vore loos
brittle «nd more coheoive than thoce containing rethaeyylotee
=8y ocontaining e’ plesticiver toth vinylite cnd Dow Ploactie
clzer los 7, wae no botter thon Ge4 or G=5 in £filn quualisy,
end lower in ultra-violet refloctonce. licnece the woXo

sinple formulations wore edhered to. PFour recsonu suggest
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the choice of ethyl colluloce os the bLogic yassezn Lo ultyrle

violet peinte: iv pives hickor refleotance £ilnsg 44 p20e
duges ¢ truly *"flat? finish; it produccs a clightly bhotiez
filmy cnd i is aloo, ot the prosent tine, less copensivee

Tho determination of the optimunm ccubinution of plpe
ments iz not so simple ¢ the choice of thie bost resing
since factors other than abeorption cre importenti cnd the
best combinction hes not yet been doterminede hite lead
is the only pigment which hap lowv ultre-violet cbaorption
cnd wbich does not ecet as &n inerti and conscquently one
thould try t0 include it in axny formulation becuuse ol its
ragduetion of the ¢hickness negcsonry ror hiding. Jircoaiun
oiide would bo otill better beceuape of ite hich refroctive
index and low ubsorption, 1L 1% could bo procurcd cormere
c¢iolly in a woroe pure stote ond at & rcuesouable cost.

A8 a beglmuing of ¢ more careful giudy of pignent
combinations than was made with $ho »reliminory peints,
three ethyl cellulose puints were ground with white lood,
macnesivg exide and zegnoesiuw csrbonate, respectively, s
plenont (Ge9, G«l0, Gell: Table IX). Thesc three paints
were mixed in the proper yroportions to nyroduce lnoun voluuo
rotios of tho tlwee nignents. {he totel pigzont volume pexr
cent remainzd constont, since 11 threc points were LOrtiw
leted at 640 per cant pigmont volumoe Theac'mizfures ucre
thinned and sprayed to & thick cozt on ateel ponels, and

thoip roflcesion Zactors maugurede The rocults are
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presenicd in Digure 18, o trlangle diegrow with the coastent
rellcotion conbours shetehed ine A surprising reswld io tho
low reflectunce of the mognesiwn oiide pueind, end the dee
croage in reflectance on addition of ukite lead (o magnesiun
oxide, In coounts up to 55 per cent by volumo, ncgacsiwa
corboneto and my gnesiwm oxide sre equilvalent in tholr effects
ox the reflcection of white lead puinltc.

There 1o a diffcrence in reiflection betvween uintis of
$he some composition in Figures 17 ond 18. 7The volume pere
centage of nmognooiun cocrbonuive in the pigzent in Ce4 is 71,5
per cents At 40 per cent totel pigment voluue, G-4 hac e
reflectanse of 53.6 (see Figure 17), uhich compercs vith o
refleetence of 42 for ¢ point of the same composition
according to Figure 18, similorly, G»19, with S0 per cent
megneaivn oxide, hes o vellecteance of 51.6, which coaperes
with o reflcetance o« 45 per eeut for & poaint ol the gone
compoaition vccording to Figure 18a Those diffcrences are
mueh larger than the possible errors in refleciion meusuros
mentse ‘Therefor, for thesc thrce pignents, o higher re-
flcotion is producsd vhen two picnente cre ground together
iuto u peint thon when cech pignent is ground into a
sgpevate peint and the paints nixzed,

There are severel possible rceasons wby thegs dirfoerencces
occure It is shown later {ITI.2) that theseo puluts cousigh
in paxt of clusters or aggyregebes of purticles, and $hoy

%hese'éluaters pvre bho wore offcotive portion of the piguent
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in refleeting light, Fainic sround seheraiely and then
nixed would contoin two types of cluster coch :zde up from
but a single tyoe of pigusnt partieles It oy bo that in
grinding tuo pigzenis $opether, olustcrs containing bLoth
piguents ure Lorred and thet theno conplex eclusters aro
nore effeotive in roflqetiag Lisht than tbhe glmple clustors,
Another nossibility ie that no cozplox clnsters ore rorned,
but that the simple clusters orc destroyed 4o a preator exe
tent when only 2 single pigacnt is ground ot e $ine than
vhen tvwo are ground togethcre The corrcet cxplenntion is
unknovine lts deterninction 13 o problen in itoolf, and was
not congiderad in this studye

Lnothoy inportant fact broupght out by the puinto come
prigine Flouve 1€ is thot ocints contednings mixturas of two
phgnents forn £ilmg with betfer physicel proveritics thon
singe pigaent vzinte. Thus, the mugnoesliun oxide cnd
nugnosiwe cerbonste pulnd Lilns exnack on drying, whercus
whdte leod point rilus chow o tenderey o peel. The mixtures

of white lead w1th cither uscneniun oxide or cerboncte

Toxaed peints which noithoer ceacked nor pceleda

These results indiecete that ¢ nicmont foroulation ol
cbout 60 peyr cent by volume of white lecd - nd the balencc o
wlxture of nachesiun cerboucte and woenesiun oxide, withk 40

s
a

to 50 per ecent piguent Ly volune in the ¢éricd £1lm chouwdd bLO

satisfactory.
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6. Irnooure Tectis.

Ap wltres~viclet refleeting saint will, in ceirvice, be
subnitied to prolonged exposure to ultrasviolet radiction.
it muet: therefor, be dooigned to zeintein its Ligh roflec-
tivity oo long 4o poasible. aldlihough thut 1sight which is
reflected from @ peint comnot eftfect it, the 30 to 80 per
eant whioh is ebgorbed mey be conversved iuto heat end pasucd
off without furthcr effect, or it rcy couse a photochenicel
reaction with & poesibly deleterious aetion on the paint
£iln o its refleetivity, lence ozposurce tostoc are ncoscscory
in ordcr to cnccritaln the behaviour of the neints under 4he
conditlons of use,

The four types of pnint, Cms, Geby GG, snd Ge7, Teproe
senting the four cetisfocteory resineplesticizor combinations,
end elzo G-9, G110, und G-21, reprosanting a single regine
plesticizer combinction millcd with three different pipnents,
wore exposed to a stronpg ultra~violet source, Dupligste
pancls oi cuach puaind wore xopt in ai envelope es o control.
The panels wore nlaced 128 inches frem 2 Cooperilewits ncre
cupy vre rated at 0.4 ampercs ab 800 1o 250 volte, Jince
the Cooner-Lcwitt are hoe o quords cnvelope, cach ponel vas
proteciel with o sheot of 1/L6 ineh Corex D glass so that
the redietion reoching the point corresponded arproximotely
o that caitted by the S-1 cunlozp, particulerly in the b
pence of rodittion leooe then 800 angstroms in wove lengthe

THe Corex pless sheebs were separated fron the panels by a
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eerdboard spacer arcund the edge, with e smnll vent left
open to provide ventilation,

Table X 48 a compurison of the cnergy output of the
Coopors~llowitt arc ard the Se-1 Sunlemp, in nicrowaits per
en® gt o distance of 30 crm (12 inches). The data on tho
20

outpu{ of the'Cooper~iewitt arc are by Mosllister®”, roughly

corrected to & dlstenco of 30 em by the inverse squurc lave
The data on the output of the S~l Sunlamp running open arc
by Barnosls, sinilorly corrected to @ distunce of 30 cu.
The datn on the 3-1 Sunlenp in its roflector aroc by Taylorgl
end have been converted from the ratio of encrgy output in
reflector %o energy output in open, using Bernest dotes The
intenasitics of the ultraeviolet lines from the CoopoTr=
Liewist ore cre 10 to 20 times the intensities of the lines
from the Se1, so that the 24 dey exposurce in these tcois io
enproxinately equivalent to e yenr'!s service onc foot frorn
0n Sel Sunlaup,

The effect of ultra=-violet radivtion on the reflection
fuctors of tho exposed punels und of eging without irradlas
tion on the standord penels is shown in Figures 19, 20 and
2l. ‘fhe sauil initiel diffevencos in refl:iction between
standard cnd exposed penels 1o duc to the fact that some of
these ponels were not sproyed to ceffectively infinito thicke
nesss rFigures 19 ond 20 shiow thet both the othyl cellulose
tnd the isobutyl methucr&lato puints which did not contain

0 Dow plasticizer inercesed clnost 20 per ocent in reflcetance
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Table X.

e

Comparison ol Coopcrsiicwitt Are oend Sel Sunleupe

Hel Sunlaiip

izggzg, CoopersHewitt fre IR Open
6908 57
6254 15
5780 2240 108
G461 1890 91
4916 67
4560 1610 100
4047 955 64
35906 40 4
3654 2660 193
SO4LL 256 12
9150 1770 150
088 986 49
2967 479 28
8955 65
2694 174 8
2804 S08 8
2762 118
Continuous:
250005200 Praots nono 7
3200~4000 o " 56
" 2520

4000=7600 i

795
&8s
151

40
37
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on expogure, whercas the puainto containing either resin
with ¢ Dow Plosticloer deceressed 25 cnd 850 per cont ot first
on exposure and then gradually incercesced to o reflectonce
almogt as high as tho uncyposed staundard poneloe It 18 eviw
dent that it is the Dow Plasticiser which couses this

transient deterioration,

The stendard penels were kept in the derk in cnvelopes
exeept for tho five ninutes nccessery to determine eusoh
reflectence. They show & siipght deerc. se in reflectonce

with CECa
Pigure 21 shbows tho influence of cach of the thrce
difforent pigments on the deterioretion cususcd by Dow

Plusticlzer Kos 7 in cthyl cellulose peints, The rewctlon

oocurs with ell threce end is grestest with mogncesium oxido.

Yvidently the Dow Plesticlzers undergo o photochemical

Teuotion vhen irredinted with ulsire-violet. In omder o

meke certoin thet this is the ccoc, a sample of Dow Plastie
cizer o, 2 was pleced in the vitreosil cell uscd fop Yronse
ndogion neasurenents, ‘the ocll was thon placed ia the

1ight besn in ihe appoaratus end irradiated continuously ulth
the Se1 Sunlemp for 5245 hours. Its trepemisslon was

meusured periodicallys. fpgure 82 shows the verictlon in ito
absorption coe. .eient with duration of oxposurce Ito boe

haviour is cuite similur %o thot of the peints: an initiocl

rapid increuse in ebsorption followed by ¢ deorG:Be.
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Ol

Following its irradiction, the stmple wed left in the cell
in the dark for tbree dayse &% the end of that time, ito
1

abaorption wus found to hove doercusced $0 2048 in ~, almost

lts initicl valusc.

The reuctlon of these o llegsticliuers ¢lso couses
balinis containing them to yellow budly altor, buit not durlag,
§Xposure, so thot thelr uvoe in any ordinary paint which moy
be ocuusionolly oxposed o ultra-~violet, for oxample sumner

sunlight, ic not adviscble, Furtheri.orc, it 1s 10V nceessts

e < 5 E
*y, since the ‘increacse in reflectance of the paints nob

containing then is an uncxpcetod offect very much to bo

dealred.

~7+ Ctheyr fequirencnis,

Phie studies mo Tar indiccte thut a point with good
ult ra~violet reflcetion cun be mude by uaing ethyl cellulose

and vinylite as vehicle and white lcud with gsome magncsiun

oxido tna marnesiun carbonute es plyment. the requirencenis

of reflcotion and peraanence which this iypo of soint hos
been designed to meet ecre the primury onés clilch uny uliyge
violet paint nust Sulfill und hence they were considered
Pirst. Howaver there are vdded requirencnts whieh urc ine

portant and should be mentioncds Thus ¢ puint for inverior
cas o
use ghould hove ¢ high refleotence for visible light; should

be clecnable, brushable, non settling and nON=poisolous.
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The requircnoent of high reflectance in the vioible

ceems o be aubtorwticully saticficd by o geod wltraevioled

raint, since oot rutericls wiih lou ultra~violet cbrorpiion

huve low visible cbsorption end ure nonwselcciives Figure

25 is ¢ specirel refleotence cwrve Lopr & punel of Leint G«

nace on o lisrdy Spectroprotoncier through the couricsy of
Urs £e e Tayloy ot the Hela Purk Loborotorics off Generel

Plectyrie, This cenic panol hed on wlirasviolet reflcegtence

~

o 54,7 at the tine the ezt wes mode,

An ultra=violct paind should be able $o be cleancd in
such o vey as Lo reiove cny ultrasviolet cboorbing liin of
grecse end divt vhieh oy collect upon if, cud so retvin 1ts
Lhich reflcotances Its golvent fomulation should be odjuste
able so that it cunr be brushod or sprayot on o curluGee
Settling, whiel is ropid in these precont lommlations,
should be overcone without impulinent ol vlira«violcet 1ge
fleetivity, in order to proauce & stuble products ind the

uge of white leed, becavse of its polgsonous nojure, should

be corefully considered.

Other Fuctore ailccting neflection iactor.
of naling peinto which

K
——

In this study of ithe possibility

refloot large porcentates of incident ultra~violoet lichi,

abtention has beeh focused chicfly on the two controlling

v vy ey
fuetors, the trensperency of the vehlicle eng of the pipeent,
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Howovoyr, there buve been indlcuatlons that otiner fucbors
aay elso be importants These .re $he phveloul provertivs
of the pigrent end the iafluenco of the Thicainess of the
applicd (ilm cn reflcectlon Luctor.

The inmportunce of the ruvlo of tho rerractive ladices
of piguent and vehicle, in the dricd £ilm, bus been poluted
out wulready as belopg lmporitant, since it controls the
POs8ible bending of light by cech peprgiele and 30 15 a
factor debernaining dircetly the Yhicuncss of point necessary
for high reflectlon ocnd the offect of wadition of optqgue
pignenta, The elfeets of oo purdicle sige ol o pignent,
lts degree of wetting by the vehlele, snd thc purticlc
crrengenent wvithin the peoint woy oloo bo innortent. Mue
reletion between toe roflection fuctor of e £ilm and 1o
thicknoss has o direct beorins on the hiding powor cnd
coonomy of o paint #o well oo the maxliun veflectonce obs
talnable froo ite These facbors ere elso of imporinnce in

painis designod for visible sexvice, «nd wiil nou be cone

siderad in nore details
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IIX. INFLULLCE OF PIGIEHD PROPIRTILS,

l, Particle Sizo,

The aversge size end the distribubion of sizes of the
particles of o piguent eve iwporteont in deternining the
apoupnt of light seettered by it and hence ito retflecting
povier. This depondence of scattering on pariicle size 18
purticulardy ordtical when the particle diuncier is approxe-
inntely the wove length of the light being scatterod.

Shoulejkinzz has culeulated the radial distribution of
soattored light sround particles of vardous dicneters from
the general form of #fe*a equations ror the scatiering of

clsctronaenetic weves by dielectrie spherese. He finds that

Tor particles very suall coupuzraed to tihe wave length of the
1ight the amount of 1light seatiercd buek is equal $o that
socttered 11 the direction of the imeident light; and that
us the particle size is incroased the amount scattered back
docregses, until, for particles laxge compered to tho wove
length of the light, it is the weount caloulated by the lovs

of optios. le ooncludes that "There is, thorefor, o ciecth

continuous ohngse Lron the geattering of light to iis rew

Lflcotion end refraciion®,
canpernonas, using lile's ond Shoulejkin's theorics; hus

culoulated the ebsorption cocfiicients end the intensitica
of the diffuse soatiered reflcetion for various purticle

diemeteras, save lengths of ineident light, cad ratios of
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refractive indlces of particles and dicporsing nodiwm. lo

£inds thet "...there is, for ench porticle radius, c weve
length for which the absorption at constant goncentrotion is
& raximuie The position of these moxima is shifted nore und
more toward the long wave length speobtrum for larger purs
ticle®, 4t the wmoximws, the particle dimmeter is approxie
mately two thirda the woave length.

The literature on the exporimentel relstions batuoen
particle size end the scattering of light by wnmokeus, sols,
and dilute suspensions is extensivezé"ay. Agrcouent with
dletg oma Rayleight's - worics is nob found, us o rule,
Hevertheless all results indicate thot the particle sige,

in certein ranges, oritically affecis their ability to

soatter and reflect light.

Three generol neans are aveilable for deleriining the

perticle size and size dlotribution of pigments: tho sedi~

mentetion method; the light absorption ncihod; and the

photontorographic nethod, 7“ho sedimentation netiwod hes

many veristions, but all depond on Stokes* Law for the
caloulotion of size, DBy the use of the ultra—contrifugcaa,
very smoll puarticle sizos cun be determined, Stutz cnd
Pruna®d use the percentoge light trensnission in the visidlo
band by 8 suppension of fixed concentrotion Yo determine
prtiele nize, and Gonble and Barnettso use a sinilor nethod

in the infra~red, The method is only applicable to Iaixrly
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uniforis pigments with average norticle size less than theo
wave length of light availoble. It is g relative method
and requlres o soparate conparison with other mothods for
each piguent. The photonicorographie method is direct, bus
may involve sumpling orrorse Iis lower limi? ic approzie
isately the viave longth of " light uscde. Kulhnst tdeserlbos a
method using the Jclss<Thoza blood corpuscle counting
chauber. Greonsz deascribss cn weouratc wmethod bssed on
phnotographing the pigunent slftor dispersing it on ¢ glass
nlide, ead points out the distinetlon between trus ;arﬁiole?
and agpregates, end the importance or eliminoting the letter
by the proper disnsrsing proccdulCe

Be¢nuse of the oriticul cffect of the partiele size con
reflection and hiding power lound with some piguonts 1n¥tha

“ ' ho

visible renge, cn effort wan sode to discover vhethor the
purticle size of the pigucnte uued in ultrce-violel paints
has en ioportont effcct on their ultre=-violet roflcotlon,
The photomicrogrephic mothod wac used in exanining the p::~
ticles, Preliminary cxaninciion showed wagneciun oxide
be the only picaent, of thc three uscd, with nany particles

H 1 v 4
epprogeliing the oriticel renge in sizes Ghe ddffcrence in

; 2 pouders
roflcetion between tho commereln) mugnesiwa oxlde powder

IIT) mey 2 e exigle
and the smoked deposit {Tuble III) mey bo duc to the
itic ange in the
cnce of meny more perbiclee in the criticol range

&0 > it e gotmereinl
okod form, &8s well us to o lock of purity in th
b

forn,
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Tuo forng of magnesiwn oxide pouder are uvailuble,
Plight" cund “heavy"”, of which the 1ight bulks nuch lerger.
In line with the reesoning abave, the reflection fuctor
neasureizents {Tablc I1X) suggest that the light Lform haog
the analler poaydicle oize since it has the larger rerlcer
Lanoes Two painis were ground,; G-17 and G-16 (veble IX),
ddentieccl exeept thot one contoined the heuwvy wund the other

the light fornt of magnesiun oxides 48 might be cxpcelod,

G=18 had a larger uliree~vioclet reflcotance’thun G~17. Yot,

photonicrographs of these tiro paints (Plote V) ot Lirst

glance seen to indlcaite thei (-8 bas the larvger pariicleg.

"his wis Lirsv intimmica by the fact that G-18 filtered

through oloth slower thun Gel? ond wlso sottled foster to a

loogar sediment. Closer exsmination of the pholomicrographs

shows that these lsrge pordviclss ere setually clunte
4lo, purticles cumall

oo oY

ageregates of pony suell purticlese
onough to be in the eriticol ronge for uliru~violet scuticr~
ing and reflection ure Jjust bolow she linit of visibility of

& mlervsocpe using visible ligh#, so thel tucy do not appeer

on the photonicroprapho. ilence 3% is ungertain vhether the

cbaerved difference in vofleetion ian duw o purtiecle sise oy

10 some othor effcete In the coasc of puintu Gel, G=2 and

Ce3, it wes obaorved (pas 67) thot the elffect of Grinding in
the nill wos to produce a reflection Laotor below thet ol

padnts of Adentiocsl composition ground by hend, the dirforence
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being greater the greetor the proportion of mognesium cape
bonate to white lecd, These differences cunnot be due to
differences in the purticle sizes of the pisments, but st
be due to the better disporsion obtoined in the nill, so
that it is likely thot the difference betweon G=l7 cnd G-18
iz due to the different degrces of dispersion in the two
paints a8 indicated by the moeny nore lorge clusters of

porticles in G«18 as shown in the plhotonicrogruphs.

Re Yurticle Structure or icgregation.

In order to gowpare the effect of particlce structure
aione'(i.e. the clustering of o numbor of individual puartile
cles into an aggregete), excnine the photomlicrographs of
the magnesiun carbonate paints, G-10a, in the ground Lori,
and G-l0b, in the unground form (Plates VI end VII). “hese
paints are idonticel except thad Gel0a was ground Y0 hours
ags usuel and Gel0b wea rotated in the ni1ll for the sauwe
length of time, but without bells, Plate VI wes podo fron
the poaints diluted 5:1 with o resin solution of the same
viscosity and composition as thut usod in noking the pointa.
Plate VII was made £rom the peinta diluted H50:1 in the soue
ways OSlides were propared from the diluted puints by place
ing one drop on & clean slide, and spreeding it out with the
edge of another. This procedurc wac found to produce &

uniform dispersion of the puint on the slide without
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destroying the agerecate strueturo bLeoing investignted. Tho
other photomlerographs prosented here were similorly prow
pared fron paints diluted ac indleateds The photomicroe
sravhs werg rede by troncmlited light.

The refleotion factor of G-l0a is 22 per cend, while
that of G=10b, the unground foiw, 18 64 per cont. ‘Mhe
difference is evidently due o tho difference in number
cnd size of the oegeoresotes as shown in the photonicerographss
llotloo that some of the aggresutes are perfectly bluek,
indicating that they are reflecting practically all the
light, Other asmsller agpregates are less opoaque and the
foot that they are made up of a number of small transparcent
vurticles can be scens Single particles aro those with a
clean line border und e clear center on the photographs.

That the Aifference in reflcotion is due o the
prasence of agpgregotes is very roesonsble since in this ocase

the paints are otherwisc identicsl and the agoregates are

dispersed on grindinge Figure 24 shows tho decreage in ree

flection footor which occurs us the grinding time is in-
creused and the agoregutes ave groduslly dispersed by the
‘agtion of the ball mill. Poble XI shows the resulis of o
sount of the rotio of number of aggregetos to number of
single paxrticles in tho ground cid unground paints, mude on
the photomierographss Such a count cannot bLe considercd
socurato sinee the very small porticles do not show on the

plates und are therefor not inoluded: end becouse there ure
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Table X,
agrropate Count.

LAecrecate Mroetion
Leas ﬁﬁan Greatexr than

Paint Dilution 10 nioreone 10 nicrons
Ge10a 51l +05 +00L
Gel0a 5031 02 0007
G=10b gl »07 « 007
G~10b  50:2 04 s 006

borderline ocucses whero it is not definite vhother o group
ol perticles is an agorogstie or g noturelly occurring
ooinoidence of perticles,. Hevertheless, it nakes more
auantitative the conoclusions olready rescheds The lorge
difference between the ground and unsground paints is in the
larger ogeregates, ocnd, ag is evidont from the photographs,
thoy are the ones vhich are most offective in roflection.

There appears to be a deoreesc in tho agsregate count on

dilution, but it is small and crrors in the count and in

serapling noy account Loy lite
Mlates V end VIXT show that aggrogate gtructure occurs

aloo in mognesium oxide end white lead naints, susgesting
the possibility that 44 noy oceur in ell typeo of painb.

The question naturally criscs, then, whether the prosence of
cgoregete struchure will affeed the light reflection from
othor peints ao markedly as it does in the cesc of maguesium
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carbonute, becouse if 1t does it eatablishes the condition
that dispersion of the pighent in paint menufacture shoulad
be kept to the mindmun neccssary to produce @ spmooth riln,

4 nint as to ho ansver io provided by paints Gel, Ge2,
and Ge3, whichy as had been pointed ocut, show an incroosing
drop in reflectlon fuctor from thet of the hundeground pre-
lininary paints with inoreesing proportion of riagnesium
carbonate to white lecd as pigmentes Grinding or nixing with
a nortar and pestle is opproximately equivelent to long

churning without bolls in & mill, and in fact does not pro-

duce ag smootl 8 product, Therefor these drops in reflcee

tion are ainmilsr to that described for G-10, and herecfter
the hande~ground prelinminery points will be referred to os
unground, Table XII shows the erfect of crinding in relas
tion o the approximate refractive indiceo of pigment cnd

vehiele, for three pigmentss The refractive indlogs ore for

visible light, und so are only approximuie Loy comperison
with ultra~violet reflection dotae It 1o oviduat thabt, as
the ratiov of refractive index of pigrent o voehicle ine
creases sbove one, the effect of grinding’on reflcetion
faotor deorcases rupidlye MHence one will expect the prces
enoe of ageregate structure to be cifective in inoreasing
light reflection only in the case of inert type piguents
whioh have low refrsctive indjces couparable to thoso of the

comnon vehicles. Thus, contrary to the usual punulacturing
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Teble XI1.

LIfect of CGrinding on Different Picmonts.

Refreetive index Reflection Fact%§
Pipment Vehicle Pigment  Vohicle  Ground unproun

mgcoa Ethyl Cell. leSela4 leb 32 64
Dow fioe 7

Hge0, Acrylodd  1,5~1.5¢ 1.6 56 66

110,CePy  DBthyl Celle 1,74 Py 47 70
(Buker) Dow lioe 7

I5g0,hvye. Sthyl Cell, 74 Leb 95 59
(Sauibb) Dow Noa 7

o0y 1t Lthyl Cell, 1474 a6 70 %3
Squibb) Dow lio, 7

BeCe Ve  sexyloid 240 1.6 g1 o5
Lead

BeGs Uik, Ethyl Celle S0 Leb 55 50=50 (@st,)
Lesad Dow 50e 7

procedure of dicporsing the plgment as thorouchly 68 possie
ble, inert type piguents ey be mode wmuch more veluuble by
deliberately crecating 8n ogoregaie structurc within sainte
conteining thon, inproving thedy Light reflection ond hiding
power, Little decrcosoe in refleciion on grinding is obe
gecved in the case of light mapgnesium orxide, bectuse, ale-
though ground at the sore concentration in thoe suie viccosity
resin solution os the heavy/maanesium xzide, it node o point

go viscous tral the grinding cotion of the bollo wus Qe

stroyad.
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Uhat couses tho effcetiveness of cgoregate structure,
end in what ways it oan be crceled or maintained within a
paint, are questions which havo not yeil lLeen anawered
eatigiactorily. The importance of refractive index with
respect Lo Ghe orfootiveness of aggroegetes, as shiown in
Table X1, suggestis thc explunation that there is some aiy
within ecach agaregate, thus paeking the low refractive index
plouents mueh more offeoetive than i evory particle were
surrounded by vehicle, cnd making the higher refractive ine
dex pigncnts also more offeotive, but {o & rmuch lesscr oxe
tents hothor or not {this explanation 1s correct is not yet
knowne ilevertheless, whalever the correet explanation may
be, aggregates arce important in pronoting higher yeflectenocos
from paints contalning inert pipucentse It may bo thet
apgregate atructure i Involwved in the higher roflectencos
obtained wier two pigmonts are ground together into a point

rather thon sepuretely. These questions descrve furthor

study,
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IV, FILN PHICIOESS £uD HIDIHG POJER.

1. Theoretical lelutions.

Hiding power is defined as the crea covered by a unit
voluse of paint wlhien the paint film just obliteratcs e boeke
ground of specificd contrast, usuelly black end whitc of
some spoecified brightnesses, und is obviously an important
quantity, since it cxpresses the ccononie veluc of & peint,
8o far &s hiding is coneerned. LIxprossed as syee per uhit
volune, it 1s recdily converted intc en cquivalent rilm
thickness, and measurensnis of hidlng power ore essentially
neasurenicnts of the £lln thickness et which oblitoration
ooours, Obliteration occurs when the difference in tho re=
fleotanoes of the paint £ilm over the contrasting arens bo=
comes less than the minimum difference detsctcble by the
hunen eye, The experimental determination of hiding power
is difficult because tho variatlon of reflection with film
thickness is very slight ot the hiding thicluess, peraitiing
gongiderable letlitude in {ixing the exact hiding thickness.
Congsequently & number of silcmpts have been wiade to derive
& theoreticel exprossion releting thoe 1ight refleetion of o
41m of light dlspersing materiel to its thickness, so thoy
the exporinentol dotoroinctione from which hidlng power will
be calouluted can be nede in regions where the £ilm thicke

ness is nore eriticols
Tho £irst cittonpt wes nade by ollott¥d, e does not
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define hils use of tho term hiding explicliily, but appeors
%o nean the roatio of the roflection of a palnt £ilw ot a
givon thickness'to 1ts maximun reflection (ot Infinite
thiolknesn)s Ho observed that il @ print bad e hiding of
80 por cent at o certain thiockness, i1t had @ hiding of cbout
75 per cent at twice the thickness, 8740 nor cent at three
tinmes the thickness, and so on. He then agsumies that the
peint £ilu is divided into @ scries of unit layers of une
speeilfied thiocimess and thet hiding io o goometricsl fung-
tion of thiclmess. Those cssumpiiong lecd to the equoabtiond

Szl e (lea)? (1)
whore S ig the hiding of n unit layers end o is the hiding
of & aingle luyer.

Rhodes and Handas¢ pgsuae the peint £iln o bo divided
into layers of thielmess cquel to the averapge diencter of
the picment partieles, cud thel coch layer tronsmits a
fraction ¢ of tho ligcht inoident on it and reflecis o
fraction N.  Then, concldering the multiple reflcctions of

the light between the rirst two and subseoueny loyers, they

derive the cxpreossion:

2{n=1)

Iy = () [l (2)
W = T [m
whore B, D, and B, oro the brightnesscs {verlectences) of
an infinite thickness, of n laycrs, ¢nd of one leyor

ragpectively,
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thiett’s aequatiion ¢an be put in the foin:

B, = By - By(lea)?, (3)
gince & is defincd as Dn/au. Ruodes end Fonda's cquation
differs essentlally in the sxall corrcotion torn B1 fox the
reflection fron the surface luyere Their equation (2) can

.

be rewrlitten:

Bn - Bn - (BunBl}e”k‘n”“ (4)
This is a relutively simple equation which filts »efloctionw
vhiclneos date fairly well., Howover, their derivetion is in
error in the hendling of nultiple reflections beyond the
Lirst two layerss 4 ocoryest dexivation, based on the game
assumptions, is given in sppendix De The correot enclysis
doos not give o swmable {initc geries, vs was obtained by
fthodes and Fonda, but gives ¢ rocursion formula which can

be molved. The solution, not correoted Lfor surface refloge

L g

1~Buo

tion, is:

This equation, vhich negleets surface correction, diffors
frow (4) esgeniiclly in the additional texm in the denonie
nator, @iving lerger voalues of Qn for tho sonme value of Buo
Pokrowaki®® assuzcs that 1ight flux io diminishod
oxponontinlly uith penetration into a body, in deriving an
expression relating the reflection factor of a nixture of

powders (at infinite thiokness) to the reflection factors
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of the component powders at infinite thiclmess. lowever

he gives no justificotion for this assunptions His exprese
sions, if integrated for o Lfinite rovher than en infinite
thickness,sive o dependence on thickness similer to equation
{(B), but with &ifferont constants.

Smithaﬁ assunes that ¢he treansaission and reflection
of light by Giffusing £ilms is independent of the ongle of
incidences By considering the symmetrical cuse of light
souracs on both sides of the £ilm, and using watrix olgebrs,
he obtuina expressions involving the reflection and transe
misaiontor the'£iln end hyperbolic functions of the film
thickness, “hese expressions can be transformed into an

equaticus o tho decreusc in Light intensity through the £ilu is

1 =2kt
= %‘.%:gm-l (6)

vhiere B io the reflection of o £ilm of thickness ¢, k 1o a

cheracteristic oconstent of the wutoricl ond r io the muxinum
vhere B io the reflection of o £ilm of thickness €, k 1o @
jchuractcristic constent of the wuterial and p ic the muximum
*7nluc of Re I the nunabcy of luyora, N, in cquotion (5) be
(6) arc identicole The 1unovtakgo ol Lnib dorivoetion 1s
the simpliclty of tho weosumpilons invelved: no layer
struckure of the paint £ilm is required, cnd no nosuaption
as 50 tho decreusce in light intensilty through the £ilni is
nocessarys

Sadth coes on to derive an cxpression for the “cbsolute

hiding power" of o film, which he defines as

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



w105

e
Ji~p
vwhero Ji and 33 are the reflection fectors over contxrasting
areas of rerleotion foctor 1 and O respestivelys To do
thin, he yognrds the vookground as o source of light ot the
boek aide of the £ilm of reluetive intensity caqual to the
product of the transmission of the £3iln and the reflection
of the bueckpround, and proccods as in his first analysis.
Howevey this i4s only a first cpproximation, since it negleots
subacquent multinle reflections between the £1in and tha
backeround, ond hence hic resulte on hiding power are
approginatae.

Kewiah37 assues uniforn cublond plgnent vorticles
oriented in planes of thiclness equal to the edge longth of
the particlus, no light cbsorption by liquid or piguent,
and licht -incident nowmally on the surfocc, Ly considoring
the probebilitics, for o ¢ivon aumber of planco 1, thet
different mubers of perticles will bo lincd up beneoth
ecch othor, and applying the low of multivle roflcctions for
a sories of reflecting plancs, he obialng an expression
giving the roflection from o vednt £ily n leyers thick oo
¢ aerics of n texms. To doties it hos not booll possidble 10
awy this sericcs Howsver, he hag ohown (Figwe 28) that 4t
oon be exvressed upproximotely by camation (8) (his equaiion

2, Moure 25), but only when x, the veilection of the unit
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particlo, ig larges This ls an intoresting resuli, oo it
Indicatea that paints may Collovw $he usuelly observed forn
of roflcotlione~thiclmess cuyve only when the pigmont nartie
clen arc distreibubed in a noneunifomm munnoy, so thet the
unisy pordiole Tor the above $ype of Gerivation 1s Treolly
clustoer of perticlss with a lerge unit rorflcction. lHowover
too much weight should not be glven this obscrvation, since
no light nbaoxption is aosuusd and cinee the oxporimeniul
cuprves arc {itted Ly oquations, sueh as Suithsz, which ave
doxived vithout reference $0 $he diotribution of the partie
cles excent that 1t be reasonobly uvnldfo.

The writer, with tho aid of Dr. Taylor*; has derived
g relation cquivalent to {0) In o more direct Pashion than
Suith, by considering the roguirements which eny funciional
reletion betwecen refloetion and thichnoas must coblsfy.
Only two casuptions ncsd be made regerding the peint £ilm,
both of which‘éra toeitly mnde in overy derivation. One is
that the £ilm $8 wiforn to the estent tlot cay small, bus
finite, volune of 4% will contoin pigment in the sane cone
gentration ond behave townrd Lisht in the garp lopher as ony
other suell volume, “Wae obher ic that oither the engular
distrivution of the liwvht ponstrating to cny depth in the
£4in is the socue, or the action of the £ilo on Light in
independent of the¢ anguler disgtributions The dGeloiled

* Dre Ue Ceo Taylor, lathennties Dephe, Unive of Cincinnotd.
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dorivation is precented in sppendix B-le Sriefly, the
nsthod i o Alvide tho £1ln arbiirerily into two layers
by an Laaginery plane, and conaider the muldiplo refloctions
botwapn then uhich wnlze up the relleotion from thoe antiro
1le  The reqguirencnt 1o then imwmosed thot the reflection
rugt be the samo vhether ths thinncer or the thicker leyer
i on tope Whis leads to a linoor frcobionel relutlon bow
sueon $ho reflcotion factor of the 2iln cnd the roflection
fnotors of the Gwro layerse 4 sneciel linooy fractional
translornation theon fraenaforns thic relation into one shese
golution is readlly goen, The rosullty not corwvceted fov

»

[
L3

2{ tl
it B2 1.e.u (7 )

whepe R ic the refleetion fuctor ot e £ilm thickioss ¢,

. .

surfaco reilcetion,

'

» 18 the poxiuun volue of By and o i o chnractcristic
constant

The two assumptions iavolved in thic dsrivation obe
viously connot hold cuectly for very thin £ilms of tho ordow
of one pigaent porticle thiok, und honee equetion (V) connot
Yo expectod Lo be cosreet Lor thin Lilus. Houeven Tol;.nz‘
hes found, for cwokos and silice suspensions, ¢ sirict proe
portionnlity Labweon’tho strength of the Tyhdsll been and
the conacntration over a wide range of concentration; ond
¥Xowish has shownsv that for wvory thin filus the Licght rie

Mection should be proportlonal to the ihiclaess, ncgleoting
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corvection for suface reflection, Uitk thic in rind, iU ia
Interesting to observe Jhat the relotion (7) elpo ¢ives a
vefleetion proporéionel to Shickness for omuell $hiclmessos,
und so 1s nrobably valid over the cubire rongo of thiole
NoLeet.
In sppendin D-2, the nceessory correetions arc nade
for yeflection ot the surfucce of the £iln, cnd the couctions
oend  constonts are arranc.d for fitling vo oxperinentsl dcta.
The bricl ourver hereln of the Literulture on reflection-
thiclneos relationshine indicotes a wide rango in the ncone
ing ottoehed to thc tornm hiding povere In Apdendin S5,

1

hiding vovezr 1o defined in accozdenco with (he Le Ge Te Ka
definition, and the relotod quentiiy hiding thicinves io
glao dofincde The correet nothod for deteimining the hiding
thickness fron the refleetion~thickness rolutlon is ouilined,
end it is shoun that it depends on the reflectonces of Gho
contrasting bockeround 3t is desirved to hlde and on The
velue chosen for tho photiomebrice senslbllity of the cra.

The hidine thiclmoss io found to vary inverscly as the cure
vature conaotant o, and to be a fanction of A/2, tho veoiproe
ozl of the naximmwm vossible rofloetion from o iln.

Hﬁnstookba shates wvithout covivetion the spproxinato

relation
- -
L (&)
Aol

for the transaiasion ¢t thy hiding thickucss, where & in

Widaee

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



]l

the/ieuat perceptible contrast, R and « are the refloctances
ol the conbrasting arcas to be hidden, end K is also the

nmoxinun reflootence of the puinte This equotion neglects

oll nultinle refleotions.

S xperinentol Results.

Ihodea and Ebndas4 obtalned reflogtionethickness curves
for points mude from & numboer of white nicunents opd incrts
ground with linseed oil. They Lound good agreement with
their formula, cquation (2), oxcept Cor zine oxide paints.
a4ne Oxide pave higher values for intermedicteo thicknesses
thos could be Litted vith thelr formuley end they attributed
this to the apclomeration of the zine oxide purticles. The
exact equotion (7) should fit this case bettcr, und at the
saue time give fair agreenent with their other resulis.

Rhodes and SterpS’ found the rorfloctionsthiclness rolae
tiom, (2), also volid foz peints wode by adding emnll
amounts of carbon bLlack, prussiun bluc and eluaimuz powder
to white linseed oll points,.

P'o2iwlien ond Ritch1040 cive o reflection=-thickncso
ocurve obteincd with o reecoraing spoctronhiotomcter, but noke
no attempt Lo £1t en cquoation Yo it. Figure 26 shows the
£it which con bo obteined with cquation (7) to thedr curves

URuchamﬁl hes neasured the trensmission of paint £ilus

on glass plates at verious thiovknessess although he d4ld
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not uce ¢ ophere to gather all the diffuscly Vranonitied
light, he obteined nmost of 1t by plocing his oylindrical
vhotoelectric cell so thet iV touchod the dack of the plute.
Equation {13), Appendix £, exprosses the tronamission of
the £1lw in terms of the sune constants whioch are used in
the reflection relations This equution iss
Do ‘1.rsg°~at/2 (9)
I~x"e

Onc would expect 1% to £it Licachon'®s results, and Figure 37
gshowg the £1% of this equation to his dota for two diflarent
white painta,

it is evident thet the funetionul relotions derived in
Appendix B fit the cxperinmentol datn vell for reflcotion of
vieible lichte ‘Iw0o questions then arisec. Do thine roloe
tions hold for ultre~violet reflection? snd what are tho
relations betwaeen the constants ¢ and » and thc propertics
of the individuel natericls compriping the f3ln?  Fron
practical experience, onc wowldsd czpect that both ¢ end o
vould inorease with increase in the ralfo of refractive ine
dices of piguent and veblcele, and that incretsc in $he obe
gorption coarficiont of pigment ox veliiele uould deerense e
The pature of these relationships 1o not knowm, and gxXpellie
nental vwork to discoveor them would bo uorth whilce

The scope of such work is go great that the solutilon of
only o snell part of the problem could bo attempled horc.
It wes decided to investigzte the efiaet of tho abuorption
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cocfficiont of the liguid, cnd by meking roflection reoofoy
reedings in Lthe ultresviolos to dotormine whothoer tho ce
flecﬁion~thicknesn.curvos follow the cume lew in the ultpoe
violet cs in thcjgisiblc raglone. Lagnesiun curbonute vno
¢hogon s tho pipgncut for these teais boenuse 1tc long mean
light path should meke the offect of vehiele absorption
lorger end beeouse it requires e reletively thick £ilm te
reach naxitun reflcetion, thus making thoe weasurexents of
thickness nore aecourctes <he series of methaorylote estexr
resing vins chosen fox the serics of vehioles bseause tholr
physicol and chenicul properiies are similer and they differ
chicfly in their ultra~violet sbaopption coofficienta,.

the serics of paints, G=12 to (~16, was ground, cuch ab
40 peuxr cent pigonoent volunec, ‘The pignent for cueh wos taken
from the sume sample of mognesiwn ecurbonnte, The vesin of
each wus dissolved in the goeoo cmownt of colvent. Loch
paint was ground £4 hours ot 90 repete in tho some mill with
the gune set ol bolls,

The points viere sprayed on cteel nanels couted with @
buked hluack finish, whosc solid vebicle hes ¢ yefraetive
index very neurly tant of the methuerylates, so thet reflcee
tion from the background would be nepligibles Tho pancls
wore musked durdng spraying so that only un ares 1 1/2
inches squure would be covered, und ¢ more uniforn ri

would be obtaineds The velght of palnt upplied was obtainaed
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by welphing the poncls befors spraying and ulter the point
had dricd, and froz this woight o relative £iln ihickneas
was calculeded from the specifie grovitics of the couroncnd
zictericlo,

The results obialned for cach paint are displayed
erophioclly in Figuros 28 und 29 Yogzethor wilth the curves,
of the fornz depived in Anpondix E-3, which haveo been fitted
to the rosulic for cuch paint. 7Tho results for G182 scatter
badly and cnnno“’: fitted aecurotoly with o curves, This is
due to tha faet that the rosin of G-12, rothyl metheoryloto,
althoush epparently well digpolvad in iis solventy ohioch was
toluens and cellosolve, tended to forn an oly cmulsion in
the gpray cun aad to leeve tho gun in Pibyous cobucheliin
strondag, Thus mich ady ves tropped in dhe epslied filmg
with ¢thic effeot of increousin: thelr reileetion fuctors due
to the incrcased bonding of light o the vehiclemuiy intore
Lugon ereeted within the £iln, This offcot ip quite similer
to that sugrested cs the eiplannidon for the cffectivencos
of ageregutes vith iuert pigments, cnd might pousibvly bo
daveloped & a necns of improving the reflcotlon Iron paints
conteining inert pigentse Since the cmount of wlxr trapped
in this wuy in the Gel2 poncls will vary for each panel
sprayed, the reflection factors of such ponels may differ

widely,
For G=14 the last point, ct v £ilm thiclmess of 0,00
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inches, is low, This is due to the foct that films as

thick es this dry very slowly so that the pilguent lies &
chance to scttle, crcating o Iilm with a nonsuniforn ©opoe
sitione Thus tie principel assumption in the derivation of
the rerlectionwthickness relation is violeted, end o differe
ent reflection foctor is the result. This condifion is ole
most impossible to avaid in sproying thick filno with paints
of the locquer type, since cuch succeeding coct tends to
reodissolve the £ilm already applied,

The £it of the celeulated curves to the results indie
oates thot the derived reflections-thickness relation also
holds in the ultro-violet region. The constents a, },, and
r emnloyed in’ ritting ourves to the results for the five
paints, together with the nbsorptlon ccefficients of the
rosins, and their densitles cnd rofractive indices as given

by Strainla, are tobuleted in Pable XIIL.

Tablo XIIT.

fteflect ion«rhickness Curve conshbants,.

Curvature llesin
Paint Surface axinun Gons;int ADSa HOLL e
iibre  Rells,Ry Helle,r _8 {ia™) Coerf. JIndex Density

Ged 2 «0B 2390 1180 48.8 1.490 1.19
Q=13 07 0246 425 40,5 1.485 1.1
G4 «Q36 « 366 605 24,8 1,484 1.06
Ge15 04 «320 628 £1.8 1,483 1,06
G=16 «05 0308 642 2060 1.477 1,02
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Exeluding the values foy G=12, for the reasons givon
above, the curveture constant is found to deorevse with ine
ocrense 1in absorption coefficient o the rosin and with dew
eveane in the refructive index ratlo of pigaent and resin.
The neximun eflectlion, r, howevor, does not very 1u
uniforn manner with cny of the indicated variables, cbaorpe
tion coefficient, rofractive index or densifys Sinee it has
been shown to what o large extont cgpregates can affect the
reflestion fuotor of wmugnesiun carbonute paints, it is
possible that thiz fuotor wous the controlling onc in these
tasts, obscuring the effeols of resin asbsorptions Tho diffe
erences in viscosity boetween the resin solutions used in
Gel3 10 G=16 are nepligible, so that viseosity differcnces
probably did not affeob the dispersion in the nill, Eut
differencas in the uvebiing of tho verticles by cach resin
oculd affceet the degrce of dispersion of the aggregcates by
the nill, especially 4 the view ia {alen that aggrepates
contain entropped vire IR this coansotion, 1% oy also be
pointed out that the dirrorcuces boiwoen othyl ccllulose and
joobutyl metheeryiate palnts shown in rigurce 1?7 muy be 4w
t0 better wobtiing of the pignont by the lattor reain. should
wetting wcosurenents substantiate this supposition, it
would account oy the difference In glooss which was noted,
gince it hwos bLuon sghoan thet addition of vetting wgenis to
vchiocles whioh wol the piguent poorly cun 1mbrove the cloaséa

Poorer wetting of the pigkent by the ethyl csllulose would
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provide the opportunity of oceluding sorc air in the £ilnm,
particularly since the pigment volumes ure high, with the
result of higher roflcotion beceuse of the refroctive index
effeote Although the presence of oir in the point £1lnm ic
only definitely kunown in the cese of thoe sprayed G-18
panelsy which showed hlgher reflection fuctors, it ls intere
esting that it also provides ¢ consistent explanution of the
caae ubove ond of the effectivencss of agoregotes as well,.
This explannticn, however, 1s cniirely speculative and
further research on thisc particular gsubject should be
valuablo.

This work on reflection~thilckness curves is jreliminery
and shows tho nedd of core oxporincntation of this type with
ocarcful control of all varicblcs, [Fox this, the choleo of
white lend, vhich is not so gensitive to the presence of
scpregates, 1s indicoteds The offect of refractive index,
light abaorpiion, purticle size and porticle structure of
piguents on the constants & and ¥, us vwell as the effeot of

vehicle absorption, should be gstudicds
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Ve SUARY,

L+ The development of paints rofleceting up to 70 per
cent in the ultraeviolet 18 deseribed., The four steges of
developnent are (1) tosting of rerlceticn or tronsnission
of 211 noasiblc paint matericls to scleet thosc suitable
(2) nixineg and testing of the simplest poassible cambinations
of piguent and vehicle to deternmine sulteble conbinations
(3) determineotion of low ultro=violet absorpticn rosine
plaatioizer ccnbinctions which foim good filmsy end (4)
sagcurate nilling of the nost likely point formulations end
testing thom for reilecotion ond deterioration,.

2¢ For this purpose, au apparatus wee developed which
measures accurately the integrated reflection foctors and
the transnission coefficicents of subsbinces in the bond fron
2800 to G200 Anpgstronse This apparatus bolunces out fluctus=
ctions in souroe intensity, and its resdings ore indepondend
of the emplificotion of its anpliricer.

Be A0 euuct nethod of tuking into account the mulidiplo
rofleetions in an absorption ccll ip derived,

44 L p0othod 4o dorived by vhieh opproximats velues Tor
the sbsorution coclfliclent of & picnment oud vhe lengih of
thoe nmean light path through 1t can be obiuinced from the
varistion in roflection with pigrent conccentretion 1n paints,
et vory high nigment concoentrutions.

B, The effect o pignent properties wnd piguent
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giructure ic dlseussed, and to~ _reat ioportanco of an
sregate struclure in ioproving the rofleetion of puints
contalning inert piguento is dewmonstruted,

Gs The theorctlcul relation boetucen the roflectlon and
the t ieckness of o« £iln le ddscusoed in the lisht of the
wvork of other lnvestipgatorss .. funectional derivation or
such a ralation is msde on thc basls of 1o reusonadble

sswaptions, and a beginning ic usde on tace utudy o the
connection betugen the congtanits of this reletion and e
P

phvesical propertics of pigment and vehiclcoe

“
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Appendizx A.

Theory of Inteprating Sphero.

p Absolutf; E'%efleetion leasurenents, (ACier sumpner, Taylor,
and others) .

Assune the inner surfoce of the sphere to bo a perfest
diffuscr, go thut 1igh® reflected fron 1t obeys the cosine
lawe That is, (Figure 30~1}),

E.c =G cou & (1)
where #,c io the intensity of light rexlected in the dirce-
tion 4C, end ¥y is the iuntensity of light reflceeted in the
direction AO, vhon light 1o incident on the point A,

If 9, is the intenscity of the Llight reflcoted rormully,
the intengity in the direction AC at € will be:

@, cos ©
R
20
The intensity normal %o the surface ot C, due to pefleection

Lrom 4 will Do

. =&, cos & Cov @
¢ o (2)
1=.C=3

Hdwcver,

7C = 2u con 8 (3)
henee

By = 9, cos e - lio (4)

(pa cos 6)% 4a®

Thus, aitce a is the rodiue of tke ephere, ond constant, the

intengity ct ony point C inside the ophore duc to the first
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refleotion from A will be the somee In other words, cach
portlen of the inner cwiece will fllwinsteo uniformly
each “other woﬁ'“ion.

Concider aow bho ophere refloctometers The light bean
enters {hs cphere tirough ¢ emoll openirg, cnd strikos
cither the sumple or the spnere wall depending on how the
sphiere iz turncd. Leb

r = 2eflection vatio of sphcre coating, 1.6 ratlo of

all roeflcetced light Yo inelident light.

R == refloction ratio of somple.

4111.9«- cron of cphori,

Congider first the cume vheres the light is igeident
onn the opihere well (figure 80«1} Due t the fizat roflocs
tion from £, the intonsity ot any polnt ¢ on thz gphora

the

surface will be B¢, B, vitere & i the &n%eaeﬁty of, incldent
dmp*

l;eht, singe the ephere ic cqually 1lluninoted Cpom As.  This

will algo be the intonsity et Py due to the rirst veflcetions
The second veflcctlon Lrom all polnts € to P can be
evolucted oo followss Irom eny unit cren of the sphere, the

intensity at P duo o sccond reflcobion will be ar .z,
%wa“&vq“

son the enbire sphere suxfocs, the intengity at ¥ Gue to

the sceond rorlectlon will be dx 4ra a a_ ..
dru’ 4wn 4nes

Sirilaxly bha intensity due Lo tho third reflection will bes

Y o Swaming up cll the muliiple refleotions, the totol
uQr
4ma”
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intensity ot P g
ﬁ 51" (2."3.‘*2‘.‘8*0&!) (5)
ﬁrad
Since ¥ iLs loss thapn one, fthe seprles coen be summed, snd
&, "9.....,,.. . (G)
4T'0. lnx‘
dow conglder the cese manere tho light is dncident on
the ammple (Figure $30-1I)s, It is not nccessory to cssume
vhet rocslection from Uhe sguple oboys the cosine luwe Lot
& und @ be poluer cogpdinates with origin ob B, and £{8,9) be
$he funcblon reprosenting the distribution of zefloucted

1ioh® fron the sunmples Thon the refleotlon yratio 3 is
™

nmf[2(6,9) d8d9 (7)

o
The dntensity dug Lo Livot reflootion ot any point €
will bo & r(e,9) dede. Due to the scrcen befwicen B and P,
this first reflected Light doces aol ncach .« The intensity

due to tho sceond reflection al ? will bo, beoause of
T LW

equation (7): [ [& £18,9)_x_, 039 = 8B,
0 4ma 4na“

tne intensity due to fthe third reflection at P will be

‘u
&Rr g 4‘1\'& w QUL imr .
41:&‘* mra 4ma®
Suming wp all tho multiple rofleotions, tho total inlensity

at P igs

0
G w gy (142 + 2% %40 0) =88 (8)
¥ 4.-11‘&8 .ﬂm“ I"’r

Coupering couations (6) and (8), 1t io seen thab

%=n (9)
ap
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Thisg is the ratio of intencities which 18 nmeasured
in en experiment by measuring the ratio of vhe phototubo
currents when the sphere 1p in the two pocitiona. Eaustion
{9) shows thut such ¢ refleotion meosurcnent is independent

of the reflcotion fuctoxr of the gphore surifacs

2e lirror due to U-iea und Semple.

In this derivetion, the effects of holes in the sphere
end of low reflcotion fuctor semples huve been neglcetod,
The eryor due to them cun be found readily if tho sample
snd sphere wall aro assuned to ohey the cosine law. Lot
b be the sren of sunple expesed in the sphere, ond ¢ be the
arens of holes in the spliers,

considering Lirst light incident on the sphere wall at
4, the intenslity at any point C dus to the first reflection

from & will be, as bofore, @x .» The internsity et P due to
4ra*

the seeond reflection will, howover, now los

{_Lm&-b-c) - Rb) E...,‘}- .--..‘,(b 40 - g}zﬂ

,m ey = gt
4wn“ (10]

where (el - L 2(b 4 o - IB)
(1)

n‘d
Similarly, the intonsity due to the third reflcotion will bve

:raj‘ o Swiaing up all the multiple relloctions, the total
it -}
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intensity ot P igs

8p = 3z, o} ¢ 203~ I
4‘_"&3 (1#;?#1‘ 1 S n)ﬁ4m2W (12)

Congidering light incidont on the sompley the intonsity

ot any point € duc to the rirst reflection from B is &R,
4ne®

Thig first roflection does not reach P beeause of tho
Bexcenne The intenslty ot P due to the second roflection is

now: @R [r(z&na"«’nb-gL 2] . girs . Sinilorly, ths

4ma® g ~ 4ra”
third rerleution will gtve @Rpd3™, Suemildng up ell the
4

rmultiple rerlcotions, the total intensity at P due to light

incident on tho sample is:

3 m@izd (Laxsexti’e s o) il , 13 {13)
4mas 4no® 1l

I? one now takes the ratio of the intensitics, fronm

cquations {(12) and (13), onc obiains:

1

&
L= on (14)

)

%hus the footor §, defined by equaiion (13}, ls the
approxinate correction for holes ond ror low rerlcotance
sampless The correction fuctor § 30 unily (i.ce 1o corrvecw
tion) only when the sample has the sane reflection as the
aphere wviull, and there cre no holes in the sphere, Neivher
requirenent oan be achieved practiccllys. Henee, in order to

Xeep the correction factor s ncamr one as possible, the area
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of holes cnd the arca of sumple cxposed nust Le koept ag
sucll ag possiblee Tho correction will clways be larger
Tor szoller volues of sawple roflectonee, and the measured

e

low.
reflection foctor will aluays be slightly k%%ﬁ.
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Appendix B,

Analysie of Transmission Cell,

1o Transmission of Iioterial in Cell,

-

The trensnicsion cell is couwposed, essentielly, of tvwo
vitreosil ploetes with spoce between Lfor tho material to be
taesteds The tvo surfaces of coch vitreosil nlate con be cone
sidered, for this analysis, oo one composito surfuoce, which
reflects o certoin percentuge of the light striking ite The
cell oan then be represonted (Figure S5) as an absorber trange
nitting o fraection "$" hetween two surfaces cooch reflectbing
a froectiion "x". If we let

x = the Lructlion of light reflceted fron the two

surfeces of eesh vitreosil plate,

R = the totel retlection from the cell (measured),

4+ = the fraotion of light itransmitted by the nate

eriel in the cell,

T = the overall transmission of the cell (measured),
we oon wyite the total reflection Crom the coll as the infli-
nite series:

Relp mx (1-:)21:2:: - (1-:)8t415 * 400

i3
=X e (J.-x)""’xbg (3 + x243 o xhtd o ,..)

o "
This can be swed, sinece %4~ is less then one, whencc

Razx 4 11-::!’3;1;3 _x(1 A 52 e axt® (1)
lexote 7 1mxss

Similavly, we cen write the overall transniscion of the
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cell as the infinite series:
Ty . (12075 4 (1) P20 & (1ex)%60 4 L,
g
= t(l—x}z(l 4 Z’.'.‘?"b‘?‘ 4 x%é L g aou)

. «©
whence, since x*t% 13 loos then 0ne,

P = t{1ex)®
g 2

In oxdey %o eliminote x and solve for t, note theb
ecuations (1) and {2) con be combinecd to give:

CB=z 4+ xtT or x.. R -
R (3)

Substitute for x in equation (1) frou equetion (5):

gatz
14#.&"1"-135 0
(L 4 tT)“

Cleayr of fractions:

(14t7) % R22 = (1447) (1et7) ~ 2Rt
iultiply out and rearrexnge:

Pt3 4 (L~ZR4RCTZ)EE & (T=27)E &= O
Divide through by &T:

tz*uzz_uﬁaf’;ﬁt-vl:o

Vhence, solving for 4@ a4

= 1-2 £ q® =1t} B2
S B *3 (4)

2e Refructive Index of ligterial in Cell,

Let us consider in detail o single vitreosil plate,
assuning that it abasorbs no light. If we define the
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folloviing ass
G == Uhe fraction of 1licht reflected frow the
vitreosilenlr intorloce,
b = the feanotion of Light reflected fron $he
vitreoail«liquic intorfuce,
s Uhio roiroctdve index of vitroocil,

o the refrective index of matorlel in cell,

then
© .
Xoma e (1=0}"D & {I=e)%8D" * cee ma + b;1~a;3
0D

and

Kb ez« D ~ 20b
vhoneo:

D= _z~a e

Tawar (5)

a can be culewlated 2o iyconcld?s Lows

14 sl (%‘l)z

i e ead

Ngel
x oun be celewleled Lfrom R and T by cquutlons (5) and (4).
ilence b eun be celeuloted from cquutlon (H)s also, Lron

iresnel's Lasw:

b = [ngny s
ety
sn that ny ccn be caleulotod:

Iy o 3o # 1
g, = ‘:(. _ “.J:” (6)
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Yhus the vefractlve index of the materiol boing tested
cun be detexpined opproxinntely from (6) if 4t is known
whother it lo lepger or smaller than thed of the vitreosil

In the ultra-violet.
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Apvendix C.

Celeulntion of Piemert Abscrniion.

flgure 0 shous tho decrease in ulira-violet reflection
factor with increaasc in the voluue vatio of vehicle 4o pige
nent, for two pignentoe It is seen that, for auall volume
in the logavithm of +he rveflection Eactor
reflos, the decrcioe,is proportionsl to tho volumz ratios
Sineo a refleotion factor less thon one reprcsents absorpe
tion by the reflecting muteriunl, it ic reasonable to noeribe
this decercuse 1n reflegtion to abzorption by thc vehiocle,
Ir this 10 80, onc should be oble To culculate, £rom the
rute of decreuse and the ebsorptivn coefficient of the vehie
cle, the length of o nenn light petn through the paint, and
therefron the abgorptlion coelfficient of the pignents one
must ke seversl ecssunpitlons, hogever, vhich ronder the
results only approxincto.
Iet V= patio of volume of vehiclo to volumo of piguent,
R ® rgilection factor at o volusc retio V,
Ry® reflection factor of dry piguent (V=0),
k = gbaorpticn coefficient of paint,
k,® gboorption coeificlent of vchicle,
kb' abgorption cocfficlent ol pignment,
L ® longth of the mean light puth tlwough the
peint, not ineluding dlotance traveled
through air between pariicles, defined

by the equation Rleka. Tous reflectiion
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lc here ropresented es the rocult of
ebsorption, cecoxding to/Lanbert's Law,
ang oo tuig cquution is clpo 4o definie
tlon of ke Ia other words, of all tho
1isht patho possible through the paint,
the moon 1ight path, L, ie thet one
vhiich, i traveled by all the light,
voeuld give the observed reflcction

factior, Ro

L5 that poriion of L contalned in vehiclo,
Lp= thoet pordtien of 1 contalvad in pignont.

L = lengih of ¢the meon light path through

O

the vy nizment {(VR0),
n S Lhe nwaber of ploment porsicles along

the wewn puth L.

For saall velues of V, cach ourve of Flgure ¢ can be
reprosented by & streight lipe vhose cauction ls:

I R ln By ~ WV {1}
where w 48 o constont cxproscing iho slope of the ourve at
VR0, Lquation (1) con be rewritien:

R = 0™ (2)

Consider o cublonl particle of cdge lensth 4, covered

by & very thin unifo:nn coating of vehicle of thickness b«

Then, for this particle:

F/ . .. ‘
Y o 64“b . Ob (3)
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squation {3) algo holds for o oohorieal pariiclo.

Legsunme thet the followin:~ approxicstions holds
l. L approzches Lo €8 V cpprocches O0s Thic 1o strongly
zuggested by the gzooth trancition fron posint to dry nis-
ment for mogneclun carbvonute. The tyve of packing of the
pertlceles uill not effeet this assumption nuterinlly,
since L and L, do not includc tho digtence iroveled through
air betucen narticless
24 The porticlec cro or unifoim slze, and the nurber of
particles, 1, in the mean light path remsina the same as
V approachea 0, so thut Lszos Thio c¢en only Le taue Lfop
vory onold) values of V osbon bhe vehiole surrounds caoh
particle with u thin coct and iz otill r£ille the spacos
betweon perticloey. )
5s When ¥ s omoll, the voliicle surrocunds caeh perticle
with o uniforn coat.
4, The thickuesgces of the paint Jilus teoted for refleciion
are great enough so thot all light puaths are included In
rorflecetion moasurcnents, end the £1lus oy by conslidered as
efxeotively infinite in thickness.

The accompanying diugran represents the nean light
peth straichtoned out, with the pignoent ond vehicle paths
seporateds Irom thilc diagran, 1t 1o cvident that, with the

. Ly=lp -~ ALk

I

] ) o , s __R%,

e e -...—’ —— -

e e s mol - = " ‘—ﬂzbm'-v‘———
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3

assumpsions above,

Lad ‘Jb
s B v AR (2)
" -k L
end Rgac 270 (5)

Dquating 1 from equatione (2) and (4),
Wi o el B2)

V7 == 1‘. ./-’n -
Or L T vt c-U'- ‘au (6)
(']

Subgtituting for b froaa eguation (u),Sl

Velkiv ko 1"(rLo

e 53 1 ()

S

-

¢

Substituting for I, from equation (5),

- (8)
5 )
. D
oy .': - % :
% om = B 18 o (9)
N
Bquation (7) can be zrouritton:
Yo Bt (10)

Bguotions (9) and (10) cro the decsircd rosultu. It
must be renenbered thet they dre only wpproximute duc $o the
ssauaptions involved, und con probably give only arder of
ragnitude results. for tho curves ol Fleure 9, kS80. For
magnesiun corbonate, weQ,127 and «ln 2 30,220, L{ron which
L,®0,01 inches and }.pn 50 in"te For wiitu lcad, w20.,024 und
~in 3010.4&1, from which L,%0.005 inchos and }:?3800 1n~t,
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Appendix D.

Derivation on Rhodes and ionda's Assunptions.

lisking the some cssum tions as Rhodes cnd fonda, 00N
sider the point £1lm as o serics of superimposed leyers ecch
refloceting a fxaction R and tranexitting a froetion T of the
inoident lizht. Consider now the nultiple reflections bee
twoen the n¥lk layer snd the n~-l loyors bensuth it, mueh as
in sppendix B

B, =R e TBy37 ¢ TBuoRBpqT # vee

mR e B T2 (14 BBy » B85 » ,..) (1)

where B, end B, 4 denote the reflection Lrom 1 cnd n~l
leyers respectively. Sinoe RBj.; is less than one, (1) cen
be rewritten as:

By =R B  Re (1%R)Bpy (2)

1=RBp.y ~ 3 = RByy

Let
Bh=8 40y (5)

l e aGn

where ¢ ia a constant and G, is a function of n, related to
B, os ahown in (3). Substitute (3) in (2):

1 e aGn - (l‘ﬂon.l) - R(a’(}nul)

Solve for Gui

Gn:(aaz-am.a('rﬁ-nz)) - (Ra-a?'pnaorz-Ra)Gn-l (5)
(1~Ra~Ra~8°(T2=RE)) + (B~k~a~Re=a{T"~R%) )Gy

In order %o uake the relationship between Gy end Gp.y simple,
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set:
t’tg- lﬁ’.\.‘“q}.i“a * 1l=0 (6)
1
Then:
- r'wa - u

L2 o a“{T-‘t~) n~1
Sinec r, T, and R cre congtanis, this can be rewritien,

G = KGy_; (e)
where X is & constonts The solution of (8) is
P .
Gy = CK (9)
where C is an arbitrary constant. Equation (3) then

btocomes:

o CEP
B = ace (20}

In order to cvalunte K, substitutc fop az fron

equation (6): "
202, (ﬁ—r&-’ = “)
I& ?——E-;-ur o4 - (11)
T el al4a (Toait (T mReml ) =2R )
H
K will be less than ono if
T2elei® J (18.08)(78wn2=1) = 2R° (12)
or ir
422 ] (2%=5®) (2%-r%1) ~ 0% & 5° 4 1
or if
4n8 § (72apPe1)® (15)

This inequality, (13}, can be shown to be true, for,

ginge ther: .8 alwoys sone absorpilon,
T/1eR (14)
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and 72 /1 ~ 28 & R?
or on /£ 1w 3% g%
M
and 482/ (Len%p?)” = (27%m1en®)® (15)

lonee K 1a lese thon ono, provided tho £ilm has some Gbe
sorption, and one can then writes

1 o g™
where k i3 a posivive congfoent. Then

- "'kn
Bpmaste . (16)
leaCe
Bn wust oppreoach B,, the ultlmeio or rolimun reflection, as

n approacies Inzinity, oo (hag

Bu =8 (17)
B, sust equel O uvhen n®d, o thet

0= 3, #C
or C = ~3, (J.e)
The {inul resullb, 50> substituting for o und €, is thent

By g By (3 = 6™ (19)

L B}i@"ﬁ
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Appendlix Re

13 “hickness and iding Power.

l. Redection=Thioknezs Curve Derivaetion.

In order to derive the Lunctionel relation between the
refleetion factor of « filn cnd 143 thickness, one need nake

only two QuBump’ ongs ZThey are:s

$-3

£33

o The nateriol cemrvosing the film is of uniforn
couposition throughout.

IZ, zither the angsular digtribution of the ponee
trating light ig the somo at any depth in
the filmy or the reflection of light by the
film ot any depth is independent of the
angulaxr diatribution,

Let #{t) be the fraction of lighi refleeted from a filu of

thickness 4,

?{t) be the fraction of Light transmitted by o film of

thickness t.

Consider ¢ £1lm of thickness t divided by an ingsginary
plane into o layers of thicknosses tl and t,e Deonuasc ol
the ansuaptlons above, the rofleotion ond tranamission of
the lower layer coh bo expressed by tho swac functions It and
T, where the light incident on the lower loyel is that transe
uitted through the upper layera. [For brevity, denote R(%y)
by Ry, T(ty) by ¥y, R(t)=R(t14tg) by Rygy und 80 forthe
Taking ccoount of multiple reflections in a nunner cn8loe=

gous to thet used for tho tronsmission ccll (Appendix L),

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



~-151~

one obtoins fop Rm the infinite scrico:
o - D¢
Rl{‘? Ryl BT rP Rl RoTyts eens Rl*Tj:Rg { l+RJ R‘?ﬁ'RiRg-kn ve)

The series con be swimed, since RyR, [ 1:

(A}

Ryosz Rys T5R R, - (‘1‘2-1-23)3
e 1 188 .__'l 1741748 (l)

1=lyRs 1 e B3Ry
By syrmetry,

a
Rey™ Myg= g (S5 RplTy (2)

1 = B4Ry
Zauating these two velues of Hga,
Ry & R)T8 = RyRS = By » Ryif = ning
Dividing by RyRgs ond redazronging,
1~ a8 1.7 .50
By = n,
Equetion (3} states that a funetion of loyer 1 dlone is

(3)

equal to & function of layer 2 alomes Sincc the thicknssses

tl and ta are arbitrary. this function rust be & constant,

¥, choracteristic of the moterial composing the {ilu, so that
1 - 7% & R = IR (4)

“hen t8 2, 7., =0, R approsches & moaxiown value », und then

R=wey (5)

by

L3)
Substituting fox Tz in equation (1) Ly ecuation (4),

In order to solve the funotionsl rolation (6), let
ift) =y ~ 3t
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where S{t) in o function of ¢ to be detcrmined. Tauation
(6) becenes, on substituting (V)3

e r~3;3(1~r S ) {2eS0 ) (=23 J=K{r=Sy ) {r=8s)
l“xsl?. - {1=x33 ) (1mrSg) - (z=3q) (r-wg )

Solving Lor 8yaa

81 w (FSy HImrSp)e(mtn) (1ordy Jki(p~0y ) (2Gg o {18y } (105 5)
op(1=97 ) (2=55)
[ demmig UAmDE p J# 2y J{neig Jar {23y JTL-T0 0 Jor (T=5, T (1257 )
”rh(”"‘SI) ‘r“ua’

Collaehing tewnas,

910 = (ror-x.r“-ra-r'-")-(1&“~»:m~r~¢:~} (S19300e( ‘lr-;,.-r'-’ar)sl
(-lor“4r~¢r~~xr“)¢(r~r~x-r“¢Lx~){ulfn3)0(~c~t1¢r~0r-hr)Sls:

or,
..;w,r(l-xxor“) o (LeErers) {945, }o(Breke=rv)5150 (@)
(aLeBremizo)ms (Leliparsd) (57885 e Lealizazi) 5150
Mo equatien (5),
lelrex=mg (9)
Substituting cauction (9) in cquation (8),
Sp = (SrrelferOlonsy oL g, (10)

] #5577z Eup
Ixeept for the trivicl soluiion &m0, cquation (10} oun
be aatigfdied only by an cxponcutinl relotlon of the forn
5(t) = pa~Bt (21)
whore & is u constant, churceteristic of the netorial of wh

#11n, Squuidon (7) anow bLocoucss
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there the subsorlipt p refers o the puint £iln of thielnoss
Ty with no correciion for awelece pelflegtione in orpder thot

RP puy cpproach ¥ o % bovoses inlinite, @ must be ¢ positive
congtunt, thus Justifying the nogstive sizn in the oxponont.
The trenmiisulon of tihe £iim is oblained by subsiituie
ing equations (12) and {5) in cquation (4)¢
— T T -
7, F (2ed) mm “a%) (10702
~Bv { L cf'&i} ) e

(’*r a )

l - ra "a:tv
or,
"ﬁt/ﬁ )
T, =L (;-E“Z
»= J -~ 2% (13)

Souctions (12) end (18) oun be expressed very concisely
by making the substitution, vhere o ic o conctant:
ree™8 (14)

They thon becomo:
" +at/u ~at /0

1 oy
zp 1”6"’u8"0.c 305.11'[3 ’ﬂ“a'b/u
end

“ﬂt/w u on
r’e‘ ¢ 'V ) "'Q oat i)
PEIET = BRI/

These oun now be expressed din toerms of the hyperbolic

Dunotions cs follovs:

R g sinh (at/o 15
b= B -
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and
7, = Sigh (o) (16)

aes) woapty
= T Binh (oeanss

2e¢ Correction Loy sSurface Il'eots.

Up Yo this point, the roflociion ob $ho swrlfaco of the
7iln and tbe rerflection ot the interfaco between tho filn
end its supporting swrface hove been neglected. Iultiple
reflections will of course %ake pleco botweon these surfuces
and the body of the film, cond :ust be conoidcreds The ree
flsetion at the interface io Anporiani vhen considering tho
ebility of & il of Tinitc thicknecs to hide & buclkground
of varying reflcotion foctor, In tho oxperiments heve cone
duoted on filnm thicimess, the films veres sprayed on a backs
ground of baked’bluck cuanel wvhoae vehicleo hos & roefractivoe
index so close to that of the vaints beins tosted thet the
rcefleation foctor of the interface is nepligible. Ieneo
only the surfoce rcrflection nced be consldered,

The multiple reflestions betwgan surface ond £iln con
be curmed exuclily as for the cage of two layers of the film.

Bquation (1) then beeomes:

m f";?o o 8 ry - 2 '{'{
R = i‘° * (J.o %);12”& * (3. P\o).n {17)
1 = Rylty 1 ~ HgRy
whexre now

Rp = reflcetlon ol paint £1lm, neglecting aurfoce

effeot, equation {(15),
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::O « 2ellechion factor of suricoo,
gz Lol oo Urononisslon factor of surfecc.
Yor a filu of infinitc thiclmoeas:
e 177
L Ry

(i8)

For o Tilv of thicknuss approaching zero, R will approuch

e

Roe This iz o delinltc vulue for czoh cxperimeniol owrve
whioh oan be cagily detormined since the reflectionebhic!
noegs curve ig lincahr al very gnall thiclmesses cnd can be

extrapolutod to zcoro thickneoss

By substituting equation (12) in (17). one obiain
R (Romfzrzzo-»r} » r(:‘a’.f{o-'l-r-'%o)a"m’ (19)

(1-7R,) + p(n -r)e™Bt

Elimin:'ztinr botween equations {(18) end (19), one obteins:

Q?«/»..QES SRp @Dy Dol ]
H:: "330‘ igileo [. 1-~R o RJJ‘ e {20}
(1-R )" (“%"‘“o) [r‘o(l'kRo‘Béaw)“( HoRy )] ot

1-PRgoRR.. | (1-ERgeBgh-d”

Rearxranging,
Cs -t
I = Ro? Ei” (21)
S ;.‘. -8t
¢
where
Gy m {deRo) (1-Rg)~Ro{l~Re) (22)
(ReurTig) { 2R PRyt
and
Co 1-31’30230}1 (23)
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The usual problen is to it cquation (21) to the oxe
perimentel dote and determino the constents e and R.e for
this purpose, it con bLe revyitten:

= Cz?ﬂ
45 vas pointed out above, Ry is rendily determineds Re,can

(2¢)

be ontimatod quite clogely if the dote include pointo at
lerge £1ln thicknesse Inowing By and & trial valuc of Roy
one caleulates Gy and Cpe Thon ono colouk tes, for cech
value off I, tho cxpresston on the »icht side of equation
{24)e Ir this exprossion iz thoh plotted on senmielog paper
against ¢, e stroieht lino will resuld 10 B, hes been

correotly chogene The slope of this lince will be the cone

8tnnt, 8e

By lidding Power, o
oF & r*' +hat
iliding thickness,is hero uef’inm‘i us ke filn thic"na)

15 have defirnant

of—t—siron—dnd, end hiding power, oo ths area covered by

W ohw\

unit volwie of the paint ot H-w thic}.nes.,,jwhich is neces~)
‘ 8oYy to neke in.zezmible to the eye tho aif ferencc bctueon /
Ltwo contragting surfaces bencoth Lho 1‘11132)/""11 b is, the

e e e o P

diffeyenco in reflection fuector of tho paint £ilu over a

—— o —

low reficetence end ¢ high reflectence bacikground must be
Just leas then tho "least pereeptible contrust"” ox “photoe

notrie sensidbility" of the oyes. Whus, no molter what relae
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tionships vre used, any deternination of hiding vower is
axbitrery to the extent of the value used for the lesst
perocptiblo controot. Lou’rym rieasured the photonotric
sensibility aB/B, where B s the Lrightness, of & nunber

oi' obasivers ut different ficla briceotnesses, ile found
thet 1% varded with the ficld brightness, uith a niniown
value of 1.37 per cent ot 25 mililomberts. Proviously, the

occeepted velue wos & per cent, as deternincd by lonig cnd

As o firct approxwinetion, the surfocc refleotion fronm
the £iln will be neglecied in celeulsting hiding poucr.
This is recaoncble, since R, will bo the sare for the save
point over different backcrounds. Lot

iy, be the roflcotance of the peint £ilm over a
backsround of reflectunce L,
RD be thoe reflccetunce of tho paint £ilm over a
bockpround of reflectance D /L,
k be the leaat percentible controsat.
Then, adopting ccuction (L) to this oase,

R o B e L) (55)

3-112’ (26)

and RD..R -

re he J
pon: { o2

Ble e lle Lowry = The Ihotometric Senaibility of the Byc and
the Irecision of Ilhotomeiric Obsorvoations. Je0elehe

21, 132 (1951},
E2e Po Go lLutting = Outline ol spplied Uptics, p.126 (1012).
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The eondition Yor the hiding thiokness io then
k povand "2 “I. o L) ¥ "-,"\‘..E = .
g (f‘"fﬁ)({l‘%{vﬁ” o ) (27)
Ry =

The most oxtreme cuse of hiding is when L™ aud L%0.
Bquation {&7) then beecoues:

Ne?“OR“  R~R“aT”

Ssubstituting fop R aad © from equetlons (1g) eund (13),
g"8b(1.p2)2
2(1~870%) (1-x%,"8%) 5 0705(1.3%)° . p2(1.670%)7

ox

™ %
X (1-r) (2 g) " ”
T a (Le LR {29)

2 P

This is a quadratic cquation In e*“t, ¢nd, sincs r and &
are known from the roflcotione~thickncsgs curve, cen de
golved nuncrieally for ¢” ~at end t4 If the cheracteristics
of the background {o be hidden are known, that is iY L and
D are known, ouhstitution fron cquations (12) and {l.3) is
node diroeotly into ecuntion (27). The reosult will in
genaral be a cublie ecuction in o~8t, crom which the hiding
thickness oan be deterninoed.’

It la evident from cquetion {29) that, i& tho velus cif
¥ has boen declded on, the hiding taickness denends on both
¢ und a, oz two paints huving the puus LAAimum.réfiectanoe,

r, vhe hiding thiclmesses will ba 1n?eraely V= 3t AL A ATT e

their g conatunts, For curves having the scme curveture
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constont g, the hiding thickuesc decrezses as r oincrecoes

fron almost z2ero Y0 nearly onc. Thig can be geen nost

a5ily by using cquation (12), cheosing a valuc of e'at

(o]

nearly O (say, 0.05) znd compubing 353*100, the pereentagoe
deorease bolow thc moaxiswm,

in evalucting a paint for dbrightncss and hiding pover
fron the experimentul consiuanis g and ¥, therefor, r ray
be taken s u diveet, measuwre of brightnoss, and the lurger
tiis constonts & and r the boetieor the hiding powcr. This
does not contradict the lnown faet thed cddition of o bleck
or colored pignent $o ¢ white 1auint docicueses the bripghtuness
end ineroascs the biding power {soe, for example, the vork
of Rhodos end Starr593, for sueh en additvlon wild inerease
a Tfester thun 1% decreuses », so thet the hiding thickness

will decretse,
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Gth Suppe
9«08«59

. N vy v e vac yreemere “rr emssee s % PV,
VIN., of "L0'T FACTORS LLFLUIZICING T8, L ¥ LeClIon

Y ULTRASVIOLET LIGHT DY 2aIliis”,

Re :ie Hewich

"Sone Footors Influcncing the heflcetion of Ulbra~violet Light by

Poines” is o roport Ly ve i« wilcock covoring the escoliomt wori: thet ho
bas carried out in the problem of dovoloping o point havisg hich reflection

o

in the near ultraviolet. In roviewing this roport, o tabulated stobenont
of tho thinge that Wilcock has necomplichod will first Le piven, thon o
discuscion of those cceamplichments, and finelly a criticiszn of tho voport.

le
2e
Je

4o

Ge
Te

8.
e

10,
il.
12,

Lict of Thinzc Aecomvlichod

Tiio dovalopent of o preeision ncthod for meosuring rofleetion end
tronenigoion of uliroviolol 1lipght,

The improveront of the precision «f the intorrating cphere by the uce
of a emallor wvindeow {or tho somplc,

The derivation of oquatlons by nicaus of wiilch corrceticn ean bo made
for tho of"eet of hales in tho sphore.

Tho derivotion of cquations ocscontiel to the cccurasy of iLrancmission
cell ucasurarenice

The ueasurmacut of refloetoncos of o lergo nwaboyr of pi rments, end
abzorption cocfiicionts of o large nunbor of thimnmers, oils, rosins,
driers, and plasticiszors,

Tho measurcacat of tho effcet of cdditione of clumimui bronse to white
plgmants end tho vorling out ol wn explenation for tho wausunl resulice
The diccovery thal lorgoer egrregzato size londe Lo groater reflcotion,
a1d that the ercetion of on egpregute struoturo with inorts improves
their ability Yo roflect 1izht and tholr hiding povor,

Tho developont of pigneat conbinations for ono or 4o pleasing tints
of high ultraviolet yefloctoncos

The develapuent of roveral paiuts which huve catisfeolory relflcetonce
and £iln chorectoristios and vhich rotain their reflectnnce propereics
eftor prolonged oxposurs to wlireviolot licht,

The dorivetion of oquetions foir doterminin; from tranmmission cell
meesurenents o liguids thoir refractive imdices for ultraviolot lighte
Tho dorivation of cyuations Loy dotermining mewtn lisht poeth throuch
cnd absorption coefficionts of pigmients.

The deedlvation of oquations rolobing roflectance Lo thiclmess of paint
£ilnge

Diseusnion

Undoubltedly tho greatost contribution witich wilooel: hes mado is tho

precicion mothod which ho hos deveoloped for micnsuring reflcetlon and irente
sicslone By using tuo photecells, the effcots of vardntion in tho inigcggm_ilty
of tho 1ipht cowreo are oliminated, cud by o diroet baleneing of potcatial

v v
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in tho phototubo oirenits Lotore wmplificaticn, the efloct of verictionio
In emplification ero climinatede Other nothods olther do nol elinminoto
veristiens in tho coures, or oloo require a compliceted systc of rolabing
prisms to split tho 1i-Ht into two Loons of equul intensity, In .ilcockts
nothod thoe procicion is atboined with rcletively incxpeasivo cquinmont,
Tho Lagortance of this coabribution is not centorod solely in the coswrc-
nont of ultraviolot. &y tho uso of other photocellr tho niothod cav bo
casily oitonded o tho measurccnt of vwisiblo lijhk, :iero o great mongo.
of uso bocoues apparcat, for cxmmplo: measurenent of ploso Ly mensuring
the imtonsity of rofleetion at verious enplos, accurato comporison of tho
offcetivencess of {1atiing egonto, accurato measwrancnts of hidin; pous
and opocity, color compurigons by tho uso of £ilters or nonoshronati
1izht sources ~ In other words a vholo ramgo of propertios thoet wo havoe
no feeilitioc for neasuring ot thoe precect timo. Tho practicazl velue of
such menguronents in regearch, production conbrol, acnd technical dovolope
ment is obvicuc,

Tho dovolopment of the escurcte equatione. for coll Lrencnicsion,
elthoush cogsonbinl to tho devalomient of an wliravioletersfleeting peint,
nay be of gomovimt leus practicanl velue to use hoy aro ossentiel to the
accuracy of any trencnission coll meosureroents,

The cthor cguations which have been dorived ere at osresent of o
rather nore theorcticnl Lhan practical interects 7Tho cauations on neon
light peth, absorption soofficient of pigicnts and reflectomico vee filn
thickmens forn o workin, basic for cny fundomontel invesliction of hiding
povIeL,.

Tho discovories os Lo tie elfcets of euprogete sicze are of gront
practical. valuo cnd open vp o wide £icld for investipation,

cireoniua oxido ip imborcsting es o new pigment possibility,

ko several vilte ead tintod peints of high ultroviolol reflectonco
and sebiclactory £iln properiics have been developed, tho origingd pwrpose
of the work has been eccemplishod, Tho worl: which renains to be carriod
out is the adjustment of colvent boalance so thet the palnts will havo
catisfectory working churcctericticse The teudency toverd oxoessive
cottling clso much bo correcied. Tho worldng out of tho {irst of theso
probleas dependo alaogt onblrely or tho usors to uhlch ihe paints ave put,
and on the mothods of apslication, Tho prolimivery problen horo, thon,
4o one of cales imvostization, Verious posusiblo usos vihich hevo bowm
curgosted for ullreaviolot-reflceting points aro:

1l¢ In homes or offico buildings In connection with illuminetlon
containing vitraviolot lights tinlls may bo puinbted vith en ultre-
violob-refleotbing peiut, or papercd srith o paper coated with an
ultrewiclot-refleoting paint,

2« In hoopitels shich waintoin rooms in which the eir has Leon
sborilized by weons of ultraviolol 1ighi,

Se In wmoeat poeking houses vhich aro using witreviolet light for tlho
repid cwring of neat,

te Vicstinghouse is momufocturing o "Gterilamp” forr uso in prevoating
nold end bactoriel growth in refrigorators. 4 coubing of high
ultraviolot roflcetion vonld bo egucntdad to the eificient use
of vuch lawmns,
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S ‘hite points heving hizh wltraviolet reflectomcoe havo ronrly
porfect vefloobanco in tho visible, The suints rnay Cind sore
uce In cages vhore high illuwninating oficiency in dosired.

Criticicn

There ero no unfovorable criticicmas to bo nado othor then to point
ot a f'ow widnor correctlons in torminoloyy end nathaacbice,

e 1324 It would geca thet the terminolo sy here could bo co: idora bl"
irnroved by using the tom "illuninetion” ingtced of "intensity

rormal to tho surfecc’.

pe 152, In the cecond prragreph the statcrent ic nado thoat ¥ - dle

Intensity at wny point ¢ on %he sgh(,z\, surfoco will be Cr

viero § is the intengity of incident 1ijht, - o . wory aorrov
ineidont Leam of 1_,_,‘.' of o given Intesity would not illu.dnete
the point r to tho oo c;:i.cn!, ec o lorger beanm of tlze oero
intonsity. llenco incorrecet torms are bo:".ng uscde & boticy
gtotancat would bo ¥ « The iliwinebion ai eny point + on tho
sphere owrfeeo will be ¥r o sdigro 1Y is tho flux of incident.
4 ef
1ight, ~ " luwxw i« pover factor wid roprogesls tho totel
qu.n:*ti“‘*' oi imeident 140hD por seooned (Lnbongity times croos
geebional oaren)e
Pe 1304 It might bo a litile wwother wyronch te eoncidor tho effcot
of o singlo hole in the .,Lﬁzo ro ond ilon goint out thet the
effcol of the samplo would be thut of ¢ holo of rvco (=I)b |
-

ps 137, Tho cquatlen for a sinzlo holeo ig -

!,
) C
&n ( s )it

I tho dicmotor of tho gphero io 25,4 e (10 in,) thon tho
crror in dotormining R by simply talin: tho ratio of Q'p ‘o G
i1l be 0/20.'50. In ordor for tho crror of neaswraent to be
leas thonm 0,1% the eree € rmot bo lecs than 2405 ©qe
Howover, it wouvld not bo nccossary to hold tho aren of € 4o
thio veluo, cinco the correcct velue of ¥ con Lo oblained by
neras of tho avovo countione To Co thic the arca of tho holo
throuph vihiieh tho boem entorc, oo woll as tho offcot of the
phouobube o'acnm,_, would havo to be Imows Sinco it ic the
retio of C&, to &p that ic uc'btally noasured, noglect of theco
corvco{,.'.o’m leads €o oliyzhtly lowery veluos of R, co that it
may bo geld that tho refloo tances that Wilcook hao obbained
ero sliphtly low, rather the olightly high es ho hes indieated
on pago 138,

Pe 145, -~ 1line 4, « chould rcad "= tho deoroace iun tho loraritiza of
the rofleotion faotor is proportlonnl to the voluwio ratio”.

pe 140, Tho asoumptions given wro ronsonablo, cnd within thoso
esowaptionn tho derdvation ic correot,
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Pe 157

pe 160

pe 158,

CIrTise
LT ]

BV
bAx

J fxd

(0" L
I‘z.le
Bxtro

Bguation (11) chould read -

- Trale B2
pe Tate1 sl El
(i )("’"—’tw-l} =ERo

T Y o+ o (
(Tloto that tho Pirst wo tormo in the denominator cre counrcd.)

This corvcet slatoient of tho cgquation romoves s doubt as
Yo the volidity of incgualitios (12) exnd (15) cnd tho aquostion
nerks are wmceessarys

iadin: owor

A bebler statonont of tho first ceatonee in the poresroph io:
"Hiding thielmess of o poaint is here dofined oo “uz"c filn U icl:no"a
whiiol is necossuery to malo ingoncible to tho cyo tiic diffcrone
botucen o contm..t:im" surfacos beaopth tho 1'13.1'.1, cnd hldﬁ.n"
power is horo dofined ss tho eroa covored by wiit volumo of tho
pam‘c at hiding thiclmoss.

Equation (20) chould rcad
K oe 1 - (1-R)R =

=

R¥P#=RE Reell?34 38

(Tioto tho nogebive sipe in tho denominator of tho firct
froctions)

liext to lost lino. " - ¢ho hiding thici'nea.m v-ill bo

invorsely proportionel to thoir o conr.:ta.rb stotoment
is not truo in a ctrict censo, but io appro: --Lm.e j truce

e .o howigh
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