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MEDEA
ABSTRACT
OPTICAL PROPERTIES OF EXCISED PORCINE SKIN
1. SURFACE REFLECTION FACTORS
OBJECT

This investigation was undertaken to discuse and evaluate the
ezrors caused by surfsce reflections in measurements of the in-
ternal reflectance and trangmittance valuesof excised skin specimens.

RESULTS AND CONCLUSIONS

A method for determining the zpproximate values of the internal
surface refloction factore is given and applied to excised ekin speci-
mens of the Chaster White pig for two waveleugths {514 and 731 m ).
The factors contributing to the errors and to their magnitude ave
discussed.

The excised skin of the Chesier White pig, 20 to 30 pounds, is
for practical purposes optically homogenous at the weveicngihs 514
and 731 my

RECOMMENDATIONS

It is recommended that these studies be continuad to cover the
wavelength region of intsrest in the thermal burn problem, namsly
ultraviolet, visible and near infraved.
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OPTICAL PROPERTIES OF EXCISED PORCINE SKIN
I. SUYRFACE REFLECTION FACTORS

1. INTRODUGCTION

On'y that part of the radiant energy which is absorbed by any
substance can exert a primary offect on it, In order to evaluate the
magnitude of the primary effect, it is necessary to know not only the
total amount tut aleo the spatial distribution of the absorbed ansrgy.
Accurite values of tha absorption of visible and infrared radiant snergy
by skin are esssntial for the dutermination of its heating power., Numer-
ous data relevaat to the spectral absorption of such energy have been
published (1-8), yet thare is considerable disagreement among them,
Soms causecs for the discrepancies v7ill be Z#alt with in the following
paragraphs.

Two factors can contribute significantly to the error in the measure-
ment of the reflectance and tranemittarce of & substance such as skin.
Skin is & diffusing maedium, that is, light paesing through a sheet or
lay.r of this material mmay be repoatedly scattered, Thus, the direction
of the emergsnt radiation may have ro reiation to its incident direction.
Failure to measure the emergont radiation in all directicns can introduce
a serious error in the moasured valua of the absorbed ensrgy.

The second factor, which has been generzlly recoganised but not
corrected for, is the effect of surface reflectioa factors. When the
transmittance of a sample of skin is to be measured, the specimen ic
uguzlly in the form of a layer of finite dimsnaions immersed in another
madium, ususlly air, which hss g lower wndex of rofraction., Af the ai.-
tissue interfrce, a portion of ths incidoat light will be reflected. The
magr._. ude of the refiectio. facter depends upon the relative index of re-
fraction and the angle of iacidence of the ligkt beam. Such reflections
will occur at the firet curface for the {ncidant light and at the internal
surfaces {or the emorgent iight.

The sffect of the latercal s v{sces on t"¢ omargent light ie illustrated
in Figure 1. The solid lines from & ¢o the . . 5.0 repyrosent raye of
light ecattered fram 8 and inctden o the interfece of the two subulances
with the noted (ndices of refractics oy wed az. The dashed lines leaving
the interface reprocent rays thel urdergo pariial reflection and partial
- .fraction; the solid lines originatiag at the interface rapresant rays
thai aro totally reflected. Any ray striking the internal boundary 0-0 at
an sngle greater than the critical angle ¢ (sin P = nl/“z) will be totalls

1
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reflected. Knowing the angular distribution of light and the relative index
of refraction at a plane boundary, the suriace reflection factors can be
calculated by Fresnel's equationz. Judd (9) has calculated that about 60
per cent of completely diffused light incident internally on a planebounda-
ry of nz/nl = 1.5 is roflected, wheraas only absut four per cent of normal-
ly incident light is reflected. Ryde (10) and Duntley (11) point out that
internal total reflection occure at large angles of incidence; therefore,

any slight deviation of the diffuse light from perfect uniformity et thase
angles has & conciderable sffect on the value of this reflection factor.
Consequeatly, this factor miust be determined experimentally.

1. THEORY
The symbole usad ir this paper ars defined in Table !.

TABLE 1

Definition of Symbols

7 measured transmittance
¢ measurod reflectance

4, measured reflectance with black backing
in optical coxtact

T internal transmittance
R isternal reflecionce

r. external or incident surface reficciion
factor

r_ internal surface refiection factor
8§ scattering coefficient
K abeorption cosfficient

X thickneoo of sample
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Addifional subscripts | and 1l indicate the orientation of the othier
symbole as to the reepective sides of the rample.

The following aesumptions are made: 1) the sample 18 of constant
finite thichness, and is extended infinitely in the direction parallel to
ite surfaces, 2) the optical inhomogeneities are small compared to the
thickness of the sample; and 3) both the incident and internal flux of
light are completely diffused.

A homogeneous specimen is defined ag one in which the absorption
and ascattering phases, or optical inhomogeneities, are uniformly dis-
tributed throughout the sample and the two surfaces are equivalert. In
a2 nonhomogeneous sample the optical inhomogaeneities vary vertically
to the surfaces and/or the surfaces are not equivalent.

A, G_eneral Case

By taking iato account all succeszive multiple internal re-
flectiong, it can be shown that the measured transmittance 7 and re-
flectance » are related to the internal tranamittance T and reflectance
R, by the following equations:

(Lery Mlerop) T

pd
e-rpRoplerapRon) - w217 2T

Bog t-rapRorp ¢ ranT?
T 2
UoroRoX-TogRo) - forran T

The internal transmitirece 12 convidered to be apolar; that is, 1t 16 1n-
variant with ragard to directiocn of illumination. Zocker and Torok (12)
have thaorsticelly proven the apolarity of ihternal tranamittance in a
noahomao eneocus gpecimen, Kubelka {13} has demonstratsd theoretically
and experimontally that, in addition te the apolarity of internal trans-
mittance, the intsrpal raflectance of 2 sonhemogeneous sample depands
upon the direction of illuminetica. Howover, Kubelka pointed cut two
canet of nonhomogeuscus layers in which the internal reflectance 13 1n-
depeandent of tha directica of illumination. These two ceses of pasudo-
homogensous layers are {&) where the optical inhomogeneities are sym-
metrically dletribuied around & central plene parallel to the surface of
the layer, and (b whare the spatial distribution of the scattering and
abeorbing phasea varias vortically to the surfaces of the layer but the
ratio of the abeorption couefficient to scattering coefficient {K/S) 10 con-

atant.

[}

e

Tyt (l-rll)(l-ra)
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Homcgeneous Specimens

In a2 haomogenesus sample FiI1= T r21 = r21. Rop = Rypg 2c¢-
torcing to definition. In this casc Equations (1) and (2) reduce to
(i—rl){l;rz} T

= \
(1—2'2&9)2_ - IZZTZ (3’

k4

. iy ]
Ro(l-rzno) + 1T
(1-r,R )% - r,2T2

These equations are identical to those derived by Ryde (10) Zor
the limited conditions of homogeneous samples and completely diffused light.

(4)

©
"

ry ¥ (l-rl)(l-rz)

C. Determination of Surface Reflection Factors

. The method discussed here for determining the surface re-
flectance iactore follows that suggested by Stenius (14). Equations (3)
and (4) give the measured transmittance and reflectance of homogenecus
sumples. As the thickness of the specimen approaches sero, it follows
tnat T approaches one and R, approaches sero. Substituting T = 1,

R, = 0 in Equations (3) and (4) gives

lar
lim . | 5
%o " 70" o, *
um- rall-n) (6)
%eo FforT1? T+r,
Solving for r,
et R ™
) 4 - -
2" T
rye 2ol (8)
l-po

By measuring v and o as a function of the thickness and extra-
polating to X = 0, the spproximate values of the imternal surface re-

flection factor r, can be determined. Empirically, it hae been found
for excised pig a.i.n of young animals that the transmittance data can t2

readily fitted to the type equation 7 = 7,e~PX, thereby simplifying ‘e
: 4



extrapolation to sero. The marked change in slope of the refiectance

curves of excised pig skin at emall valuos of X, as shown in Figure 5.
makes this extrapolation impractical,

Neither r, nor r, canbe eliminated fromthe dependent Equations
(5) and (6); therefore, a value of r) must be assumed in order to calculate
r2. I it is assumed that the maximum value of r, is that of the internal
reflection at a plane interface with a relative index of refraction of 1. 35
(water = 1,33), thea for light of normal incidence according to Judd (9}
r; is less than . 02, and for completely diffused incident light ry is less
than . 07. It will be shown that the calculated value of rp is not markedly
dependent on the assumed value of r1. In any case the uncertainty for
r, introduc.d by the assumed value of r, is in most cases smaller than
ﬂfu due to the uncertainty of the extrapolated value of 7,

It is of interest to examine the differences between the theo-
retical values i.e., the internal transmittance and reflectance, and the
corresponding measured values as affected by the surface reflection
factors in an ideal sample. Figures 2 and 3 show the per cent errors in
the measured valuss as a function of r}) for selected values of T and R,

as calculated according to Equations (3) and (4). A value of 0. 04 is
assumed for .

Several important relations are evident in these graphs. The
relative error is strongly dependent upon the values of T, R, and r .
By choosing the proper thickness of the sample, that is the beast refative
values of T and R, ths depsadence of the error on r, is minimised, or
the magnitude of relative error may be miainiis Another im-
portant feature to be noted is that Li.e error may be uither positive or
negative; that is the measured values of transmitiance or reflectance
may be either larger or smaller than the corresponding internal values.
Note the large reletive error in both T and R, for thin samples or samples
with low scattering and abeserbing powers (T = .80, R = , 10), especially
asr, increases.

1, EXPERIMENTAL METHODS
A. Biological

The skin samples were obtained ‘rom Chester White pigs
ranging in weight from 20 to 30 pounds. This animal was seclected be-
cause of the close structural similarity of its ekin to that of humans
(15} it nas been used extensively in the study of injuries resulting from



Crposure 1o radiant encrgy (16), and the spectral reflectance of itos skin
titesely resembles that of a fair complexioned human {8).

Prior to the excision of th: samples, the animals were anesthe
tized with Dial in urea - urethane, 75 mg/kg. Their hair wae remosved
with clippers and an electric razor., Then they were washed with mild
so2p and rinscd throughiy with water, After being suspended by their
rear legs, the animals wore sacrificed by severing the carotid arteries
60 a8 to provide relatively bloodless skin for samples.

One hour later gkin samples were removed from the hips and
dorsal aspects of the sidle with a Brown electrodermatome. The speci-
mens ranged from .2 to 1.5 mm in thickness. It was difficult to obtain
eampleg thinner than . 3 mm or thicker than 1.5 mm using this technique.
The thickness of each specimen was measured betwean glase plates of
known dimensions with 2 micrometer caliper. Immediately after excision
the eamples were mounted on aluminum rings 38 mm in diameter and
6 mm high. The samples were kept in 2 moist chamber at refrigerator

temperature except when being measured. All measuremeonts wsre mace
as ra2pidly as possible to prevent the effectes of dehydration. Hansen (17)
demonstrated that the transmittance of skin changes with its state of

hv rerion.

B. thoical

The transmittance and reflectance werc measured with a re-
flectometer designed by Derksen and Monahan (18) and modified by
Jacques (19) to include an integrating sphere. The specimer holder set
up before th» integrating sphere for reflectance measurements is shown
schematically in Figure 4. The upper part of the positieniag base con-
sists of a tube in which a solid or drilied aluminum rod can be moved
axially. The sample ring with spscimsn slides over the end of the rod
in such a way that the distance between the front surface of the rod and
the back surface of the sample can be adjusted from direct coatact to
5 mm distance, For the msasurements of o the skin specimens were
backed with an aluninum rod drilled and shaped to a cavity 2.5 cm deep
with a 2 mm wall thickness and a taper of 30° at the bottom. The surface
of the cavity was covered with camphor black; its rsflectance was 0.4

per cent,

For the measurement ©, the dermal side of the samples was

11, optical contact with a black backing. The roflectance of the black
backing was 4.5 per cent. Optical cantact was obtained by wetting the

black surface with divtilled water, pressing the sample against it, and
“
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then egueesing out the air bubbles at this interface, The Light beam
incident on the samples waw a paralle) beam with an angle of incidence
of 159,

The reflectance stendzrde were {reshly prepared mignesiumczr -
bonateblocks. Inthebssic Equations (2)and (4)allrsflectanceterms are
defined asthe ratio of reflected light to incident light, i.s., as absolutere-
flectances. To convert the values measured relative to magnesium car-
bonaté to absoluts valuee the vsluse were corrscted to magnesium oxide
by the data of Jacgues (20} and then to absolute velues according to
Middleton and Saunders {21).

At
4
‘Vu

For the transmittance measusrements the istograting sphere
wae used ae a sourcs of diffused light. The spacimens ware placed
over the photecell aperture of the integrating sphers 30 that they srere
between the light sour.a ar- the photocsil {see Fig. 4). A spacer
providad & 5 ¥ 5 x .7 2 chunber for the specimens between the aper-
tura and the photoceil, The chember was blackenes to reduce scattered
light, Thke distsace between the sample and the photocell was such
{5.5-7. 6 .nm) that no corroction for light multiply reflected betwaarn
sainple and photoceli wes ésemed necessary; the maximum arror is
sstimaied to be of the eame order of magnitude ao the error inherent in
the ins.rumeni. Por theee maasuremaonis the light beor wan directed
onto the sphere surface between the sample and staadard parts.

All samplee wers meacured ith the spidermal side toward the
incidst light umlese otberwise specified. Initislly, the messuremenis
were mass withis two to five hours &ller sucieion ead then repsatsd
dally for four days., [ was soled, bowsver, that there was a steady
sigaificact dscrease iz the tyansmliitance vaives of all samples over this
pericd of timwe. I!a fsaxtesr samples, rargiag from .2 to 1.3 mm thick-
Docs, the waily rate ef dscresze la transmittanze relative to the origical
value wee ¢ per ceat far wevelangth 514 oy ead 2 per ceat for wavelength

L
., »

731 ;. Therafore, the dsia reportsd in the following sectiona ars con- >
fined to the first measuremsnts (tws to five kours after axcisionj ualess ;::i\\‘;.j
otherwise statod. Ths momiasl band width at the exit slit for both wave- RO,
leagtho wss & mu, .:‘_:{,:,:g

:i‘.‘::kn‘.‘i

€ =
IV. RESULTS - —

A. Homegereity of Spsclinsns

By measuring the reflectance of s sample {rom both surfaces,
it can be determined whether or not the sample ig opiically homogeaeaus
or pssudoh~megnrneous a8 dafined sbove. A= mentionad above. the

7 -



retirctance values from the twy Jurfaces of a non-homogensous sample
\11i not be the same, whercvas for a homogsnacus or pssudohomogencous
sampie the two values will be iaenticsl. For homogeneous samples
Equations {1} and {2) reducs to the simpler Equaiicns {3) and {4) which
can be soived more sagily. Algo, the scattering and absorpiior coef-
ficienis cannet be detarrined for & non-homogonscus sample 2 Stenius
{22} has showm,

Tabie 2 gives the reflectance values of thirteen skin eamples
from two animals when the light iz incident on the epidermal eide and
dermal side of the sample. Opindicates the difference bstwaen ths two
values. The two reflectances for each sample are average welnas ob-
rained from daily measuramonts made on 4 to 5 conascutive days. Over
the period of five days the average daily decrease in reflsciance values
wap legs than one-hsif per cent, 1 is feilt that this mothod best arerages
out the variations due 0 differsncsz in sample thickaegees when the
specimens ars inverted on the sgsuple rirge and to small variaticze in
ine moisture content of the spacimene, The magnilutia of the differences
. -, the somewhat random distribuwtion of positive a=d nsgative vailuss
ar.c the absence of influence of sample thickneas oe the difisrence
strongly suggeests that excised skin of pigs in this age reoge and of thick-
nesses up tc about 1.% mm is opzically homegeazous to light of wave-
lengths 514 and 731 mu.

TAAE 2
ETLECTRMT OF SXBI 6P
RO TE EYRERAL (o)) B uﬁ MEERAL BIFEE Wgp)
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B. Determination of Iniernal Rafleciion Faciors

A simple method for demonstreting the effect of the internal
reflectance factor on the mesasured reflectante values ig to eliminate
one surface of the sample. I v, is set equal to tero in Equation (2},
the equation ig reduced to the following form for z homogeneous sample:

(l-r1}{i-r2iRy
{1-T2R,)

This transformation reduces the measured velue of reflactance. The
differencs botween o and py, decreases with increasing thickness, and 23

the opticel thicknens approachas infinity, oy approachess. Expsrimental-
lv, the citusticn represanted by Equation (%) can be approxzimztad by plecing
& black surface in eptical contact with one surface. In thess sxperiments
the black surfsce used hud 2 reflectaice velue of about 4 par cent.

{9)

Pp=1xy ¢

Figure 5 democnotrates the differsncee betwesn 2 and 2y, as a
funct’ n of & sample thickases for the two wavelengrbs 514 and 731 mu.
Itis . at that the opticul surfaces can materially alter the messured
reflactance. Alzo nots that the difference betwoen the two measure-
ments decreses as sample thickness incressee.

Tas ¢esta presanted {n Flgure 5 are based on the messurements
of seven san:ples »f skin from one snimal. They are ropresentative of
the data from four amimale. The reflectance curves were visually fitted
to the experimontal poists.

Ths curves for the transmitancs values 7 {or the two wavelsagths
srs based on the measuremenie 86 described eariier. Table 3 gives the trans-
mittance values, correctsdto absclute valuss, of twenty-cuo eamylce taken
fromfour ples. Figure 3 shows the veluos oltained irem samples irom one
animsal. These values ars representasive for the four animeals. O alogarith-
mic seale, thetransmitience values ave ropresanted by straight lines over
the thickness remge of tho sarnples. Thus, the attenusting power of the tirsus
is related to the thickrese of the sample (in tha tacted rengs) through a simple
function of the form ln 7 = § {X) which can bo expressed within the margin of the

sxparimseaisl error by the e?ﬁoa
T = v’oe'h {10)

where 7, i the Mmit of 7 as X approaches sere, b {2 the attenuation co-
sfficient and X {2 the thickness of the sampls. The constants {or the
transmiftance curves ware detormingd by the method of least squarse.
The valuas of 7, ware then used to calculate rp from Equation (7) with
an assumed value of . 0¢ for rj. The cosstante 7 and b of Kgquation {10}
and the calculated valees of r, ave given for four animala in Table 4.

g
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B. Determination of Irteraal Raflection Factors

& eimple methed {or demonstrating the effect of the internal
reilectance factor on the meacured refloctance valucs is to etiminate
one surfuce of tho sample. I r,q is sot equal tv zero in Equztion (2),
the equation is reduced to the ioq owing form for a homogeneous sarmnple:

(lex1)i-22)R,
ﬁ-r{ﬁ;}

This transformation reduces ths measured value of . :flectancs. The
diffovencs between o #ud 0y, decreasne with increasing thickness, and an

the optizal thicknzes approaches infinity, o) approachesp. Exparimentai-
ly, the situation represented by Equatien {9) can be approximatad by placing
& black surface in optical contact with one surisce. In these experimants
the black surface used had & reflectance valae of gbout 4 per cant.

(9

Py =ry ¢+

Figure 5 demonstrates the differences betwssi £ and Ay ae w
furction of a samzis thickness for the two wavelengths 514 and 731 mu.
It iz videnmt that the opical surfaces can materiglly altor the measured
reflectance. Alseo note that the diffarence botween the two mcasure-
mente decrease 28 ssunple thickness incroases,

Ths data presented in Figure 5 are based on the mcousurements
of seven suinpies of skin from one arimal, They are representative of
the date from four sminesls, The refiectance curvee were visually fitted
to the expurimaental points,

The curves for the transmmitiance walucs 7 for the two wavalengthe
are based o the measuremensts s ¢eccrivad eariier. Tabis 3 gives the trans-
mittaace values, correctadto asbeciute valuns, of twoniy-one saunples taken
from {wur pige. Figure$ sbows the values oblained from saraples from one
animal. Thoses values are reprecentative for the feur antmals. Caalogarith-
mic scale, thetramamittance valuesare ropresssied by stzalght linse over
the thicknoes rasgs of the samples. Thus, ths attenuatiag power cfthytiseue
is related to the thicknase of the sample {in the tested range! through a simple
function of the form in * s { (X) which can be expressed within the margin ofthe
expsrimental error by the e ion.

T = rged (10)
where 7, 18 tha limit of 7 as X eppreaches zoro, b i the attenuation co-
officisant and X is the thicknese of the sample. Ths conetaats for the
iransmittance curves were Getermined by (he mathed of least squaves.
The values of 7, wers thea used to calculate rp {rom Equation (7) with
an ssaumed valus of .04 {or ). The conctants To and b of Equation (10}
and the calculated values of r, are given for four animale in Table 4.
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TABLE 3

WEASURED TRAMSNITTANCE OF EXCISED PORCINE SKIN

N DYR.T
Pig 49 Pig 80 Pig 31 Pig $2
cuple] YEIck 17 ple] TBRIcE- | r ple] THick: T 7 ple %] 7
- 2658 (na nets(an) nete (an) ness (kn)
1 B | ; 644 1 47 1A 1 A4 1.8 1 1 28 1.6
3 .38 1 8% 2 <] 722 2 N .4 2 5% .38
3 .40 | .86 3 38 N o] 3 B8 411 3 N ] -4
4 .89 1,858 4 .83 KU .04 A1 | ¢ 1.13 .387
5 85 | .47 § N LS00 8 1.42 508 0 ¢ 1.30 |.306
6 \ 1.13 .68 ¢ i.08 | .3M™| ¢ 134 (.46 | ¢ 1.8 a7
7 5 1.3) | .18 7 1.34 L3338 7 1.27 .l
™ o
i L3 | T4 1 17 R 1 N g2 1 20 4
(I 38 | . m7 2 2 JR) 2 J7 1469 ) 2 .58 0
T A0 | .73 1 S8 ) T2 3 A48 (483 | 8 N .. ]
+ .88 | .700 4 .8 6781 4 1.6 12 1.13 388
9 8 . 3 J4 833 $ 1. AR % 1.80 . 333
6 1.13 §.6ll 3 1,08 | .57 @ 1.% A8 8 1.48 487
! .
1 H 1.1 | .54 7 1.34 .aook 7 1.89 M
L TWHE ¢
CORSTRHTS (F IRAMBNITIANCE TQUATICRE AD CRLIVATED INtial arienyitd
et ICTENTS OF EXCINED PIC 8Z%W
™ T '
VAVELIRGTH ) 12119 l g\ Qe Ty
(pag) ! ‘m'l) -
4 . ™ I £33
i 50 38 L2818 “el
51 1) 7ig .248
&2 9% - ..:ﬁ!ém A8
Bo = 797
e
'] .33 .852 133
! 80 .38 Je86 188
FAN 81 1 . %% .3
sg '3’ wacr .—éngbs .1&
‘ s ° (B3P
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The accuracy of r, is influenced by the value assumed for r,.
it wags pointed out above that the value for r, may reasonably be assumed
to be less than .07, The srror caused by different aseumed values of
r) is probably less than that intreduced by the uncertadinty in the exira-
polated value of }r: FTigure & shows that the internal surface reflection
factor r, ranges from: ,20 %6 .27 for the 514 m, wavelength and from
.11 to . I8 for 73! myu when the asgumed extsrnal surface roflection
factor r, varies from . 0l to ,07. The averaga values of 7, for the two
wavalengths from Table 3 were uead ir the calculations. The dotted line
in Figure 6 shows the variation of r, a3 a function of 7,; for an #ssumed
value of . 04 for r). Reference to Table 3 shows that r, ranges from
.19 to .34 for 514 my and . 13 to .19 for 731 mu. Values of v, of the
order of , 20 for 514 my and .13 for 731 m, may be sssumed to be re2scn-
able estimates.

Stenius (14) reports r; values between .11 and . 16 for visible
light for white paper dried betwesn & mirror and a pad of blotting paper.
Ryde and Cooper (i3) give r; value in the same wavelength region for
opal glase ranging botwecn . 35 and .45, The values reported here for
excised porcine &Xin are seen to iie hatween those of paper with a fibrous
surface, and opal glass, having a polished surface,

V. DISCUSSION

Two basic cornditions for the above equations are (1) the incident
light is diffuse and {2} the angular distribution of the light is not changed
by the sampie. It asust be cald 482 diflase incldent liaht dasm not give
the agsurance of diffuse iantornsl light, For cxample at & plane interface
of two regicas of different indexes of refraction, the maximus: angle a
light ray pecetrating the interfacs mey have ie that of the critical angle
of internai reflectica. Such g surface then teads to reduce the angular
distribution of an incideat beesn. The presence of scattering sites in
tho sacond laysy texdc o increcse the angular distribution in that layer.
As the scattering pewer of this layer increaves, the angular disiribution
of the light flux approaches that of a diffuse boam. BDucause »of the high
scottering power for tho weveleagthe uved in this study and the rough
surfece of the skin, the error ingroduced by the segcond coudition is as-
sumed to be negligible, excopt for very thin samples,

The firot condition was rerlised only in the transmittance meagure -
ments. In the raflgctance measuromante a parallel beam, incidant on
the sample surfece &t an angle of i3°, wus used. The effect of this mud
ification {e congldered slight on the bacis of the following arguments
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According to McNicholas (24) the reflectance values obtzined with diffuse
incidence and direct viewing are identical to those of diffuse viewing of
direct incidence at the same angle used for viewing in the former case
(Helmholta reciprocity law} and if the sample follows Lambert's law of
diffuse reflectance. Therefore, it is assumed that viewing such a sample
with an integrating sphere (diffusing viewing) and illuminated with nearly
normal incident light is essentially the same 2¢ normal viewing of diifuse
incident light. The reflection of excised human skin, when corrected

for external surface reflaction, follows closely Lambert's law in the
spsctrai range .55 to 2,20 u, as Hardy (5) has shown., Therefore it can
reasonably be assumed that thase two conditions are .osely spproximated
for the internal reflectance, R,.

When a collimated beam of light entors a turbid medium its identity
is lost to some sxtent by scattering within the sample, The scattering
resulte in a change in the average path length of the beam within the
sample s2 well a5 & change in the sagular distribution of the light reaching

the internal surfaces. As the averags path length of the beam within the
sample incresses the absorption of radiant ensrgy increases. As the
angular distribution of light incident cn the surface of emergence in-
cresses, the reflection of lght back into the sample increases. Ac -
cordirg to Judd (9) in the case of a plane glass air interface of relative
index of refractios of , 67, the internal surfsoe refloction factor varics
from . 04 for light of normal incidonce to .60 for completely diffused
incident light. Therefore the messured ‘ransmittance and roflectance
of turbid madis can vary markedly dapending upen the angular dietri-

bution of the incideni Hght. As 3o sepiterias sowar of 2 eample increases,
either through incrossed thickeses or an incresss of the scattering cosl-
ficient, the anguler distributice of light within 2 sample illuminaied with

& collimated boam, wpproschkas that of ditluse light. Coaseguontly, to
avoid an spparest changs 1o tas fundamental scetteriag and abeewption
coefficionds as a fuscticn of thickanes of the saraple either diffusa illumi-
nation is reguirad or with o eallizasied beam the samples thicknoesee

must be restricted ¢o guzinsily thick cazaplee. Hardy (8} reported that

{or thicknesoes of gueissd humwa skin 8o grees ac 1 mm scattoring wao
meximal for all wavolesgths ix the range from .59 to 2,20 4,

Vi, BUMMARY

Neglactiag the effset ef surface refisctions con intreduce s significant
error in the weasurcd internal transmittence aed reflactance valuss as
shown here for excicod pig akin st tho wavelengthe 514 and 731 mu.  The
magnitude of the srror dopends upon the thicknase, index or refreciion,
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aad the acattering and absorption coefficients of the sample, also upon
the geornetrical design of che measuring instrument. Methods for cor-
rectiug or minimizing the effect of surface reflections are given.

Thae bloodless skin of the Chester White pig, 20 to 30 pounds, is

for practical purposes optically homogeneous at the wavelengths 514 and
731 mu

ViI. RECCOMMENDATIONS

k is recommended that thess studies be continued to cover the wave-
length region of interest in the thermal burn problermn, namely ultraviolet,
visible and rear infrared.
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!. Diagram of inlernal reflection of diffuse light.
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