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Abstract
A light ray, incident at about 5° to the ﬁormal, is
geSme:rically plécced through the drawing of the cross section
of a soybean leaf using Fresnel's Equations and Snell's iau.
The optical mediums of the leaf considered for ray tfacing ara:?
alr, cell sap, chloroplast and eell wall, The above ray 1s also
drawn through the sama leaf cross section considering cell wall
and air as the only optical mediums. The values of the reflgc—
tion snd transmission found from ray tracing agree closely with
the experimental results obtained using a Beckman DR=-2A |
Spectroreflectometer, Similarly a light ray, incident at about
60° to the normal, is drawn through the palisade cells of a soy-

bean leaf to illustrate the pathway of light, incident at an ob-

lique angle, through the palisade cells.

I. Introduction

Willscatter and Stoll (W-S) in 1918, proposed a theory to

explain reflectance froﬁ a2 leaf on the basis of critical re-

The work reported im this paper was sponsored by the National
Aeronautics and Space Administration (NASA) under Grant No. NGL
15-005-112, ' .
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flection of wvisible light at spongy mesophyll cell wall -~ air

interfaces. According to several authors (i.e., Gates et al,?
and Gausman et al,3) their expéfimental results on reflectance
from leaves seem to have supported the W-S theory. Sinclair
et al‘a‘° gave an excellent veview of the :eflectance-and trans-
mittance from the leaves. They critically examined the commonly
accepted W-S theory and proposed a wodificatlion, termed the
"diffuse reflectaﬁce hypothesis,” which is based on diffusing
reflecting qualities of. cell walls oriented at near perpendicu-
lar angles.” They pointed out that the microfibril structure of
the cell wall presumably ianduces the acattering necessary to
have diffuse reflectance. They présen:ed experimental results
on both the reflectance’ and trenswmittance frém varicus species
of leaves for both the visible (0.50 to 0.72 um} and the re-
flective infrared (0.72. to 1.3 um) wavelengths, which could not
be satisfactorily explained by the W-8 theory, but which they
felt could be accounted for on the basis of their hypothesis.
Myers and Allen® explained the K-M (Kubelka - Munk)
scattering coeffieient (of diffuse reflectance) for a tybical
leaf by Fresnel reflections at normal incidence from 35'inter—
faces along tue mean optical path through the leaf. Gausman
et al,.® noted that 4f ohliﬁue reflections are consldered, fewer
interfaces account for the results. Knipling7 emphasized that
the air spaces within the palisade parenchyma layer of a leaf

mesophvll may be more importent im sesttering light than air



spaces in the spongy parenchyma 1ayer. Allen‘éz a1,8 ha&e';-”
proposad that the complex structure of the leaf can be aimulatedm
by a pile of transparent plates with perfectly diffusing
sqrfaces. Birth? has given an excellent eritical review of
egisting‘concgpta_on the rgflectanca from a leaf. He pointed
out that the work of Sinclair" ie eﬁlightening in that the
diffuse character of light in the leaf is shown to start at the
initial interface. Recently, Kumar'®? hes reviewed wuch litera-
tﬁre'pertaining 4] refleézion'from legvese. | |

| The purpose of ;hia inveaﬁigation is to compare the
refleccance of a cypical leaf found by mra@ﬂﬁg the ray of light
through the leaf with &he.emﬁerimen@ally.detetmﬁne& f@fl@c&ance'
values of the sams lgafa In addition, the authafm‘W@uid like
" to dnvestigate 1f considering only cell wall and alr as the
optical mediums in ray tracing leads to good predictions of
experimentally determined reflectence of the leaf; and if other
optical mediums -- c¢cell sap and_chlaropiasts == ghould also be
included in the ray traciag for significently better p:ediction
of the reflectance. Furtharmore, the authors would like to
ereate a more realiétic illustration to show the pathway of a

light ray ;hroﬁgh the leaf than shown by Willsedtter snd Stoli.!

II. Cross Section of the Sovbean leaf

The cross section of the soybean leaf was tgken from .
Sinclair's thesis.!! Thie cross section had been cbtained by

Sinclair by microtome cross-sectioming and & micvoscopie slide



‘Was prepared using the téchniqueu outlined by Jensan,'? Thie
crose section was enlarggd. An artist, well familiar with ﬁhe
CYoss seetioﬁ‘ﬁf‘leaves, drew the above mentiﬁﬁed ér@ss section
on a plain paper showing expiici@ly the cell walie, cell sap
and chloroplaéts, a part éf which iz showm in 2ach of Figures 1530'
The cross section of Figure 1 vés enlazged in oxrder to do

ray traﬁing conveniently and accmratelyo

IEIG‘ Reflectance From a Lgaf

A. Proposed Leaf Reflectance Model, The following

assumptions are made in the reflectence wodel of o leaf:
1. The leaf is assumed to comsist ef homogenaous and
isotyople wmedia - cell wall, chloroplaste, cell sap and
alr. This assumption is made for mathematﬂcai gimpiicicy
s0 that Fresnel‘’s Equations can be applizd at each inierw
face,
2. Geometvrical Optics is assumed to be walid for the media
of the leaf mentioned above. Thie ig not quite valid for
chloroplasts (typical dimensions 5 wm to 8 um in diameter
and about 1 um in width? ) wheve diffraction is likely to
be important. i
3. The Rayleigh end Mie scattering by the leaf e@mstizugnts
(of the order of wavelength of light or smaller) is ne-

glected. Cates? pointed out that cell dimensions of & leaf

1



are generally éoprlarge for scattering; however, the
‘chloroplaSta and grana dimensions are such as %o create
soma acattefing (L.e., grana 1s about 0.5 ym in length -
and about 0,05 um in dlameter). Scattering could also be
caused by mitochondria, :iboaomes, nuclel, starch grains,
and other plastids, etc., It is very hard to take scatter-
ing into account because the dimensions, dist:ibution and .
refractive indices of these particles in ths leaf cells

are extremely cﬁmplex.and unknown.

4. The absorption of light by the leaf media iz neglected.
This is quiﬁe valid for most leaves in shout 0.7 to 1.3 uﬁ_
wavelength reglon. Sincé the leaf media absorxb the light 
in the visible wavelengths, their indicee of refraction are
complex nuﬁbers. The model presented here can also be
spplied to the visible wavelengths for Fresnel's Equations
and Snell's Law are'aiéo valid for absorbing media, 1f one
uses the apprépriate complex index of refract_ion.13
Howevary, the ray tracing'i& not done in this manuscript

for the visible wavelengths @inca the complex indices of
refraction of the leaf constituents in these wavelengths
are not vet known. Also, the ray tracing in the visible

~ wavelengths becomes involved because the index of

refraction, angle of ngractidn, ete., are complex numbers.



5. The two dimensional cross section of a leaf (three
dimensional leaf) is used for predicting the reflectance

from a leaf.

B, Basic Bquations. Fresnel's Equations, Snell's Law and

boundary conditions used for determining reflection and refrae-

tion at an interface are givenm below.!3
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whate
my = refractive index of the first medium
m, = refractive index of the sacond medium
Bi = angle of incidence
Bg = angle of refraction

R, é;reﬂectim pamliel to the plane of immméq :
R o *kefl@cﬁm perpendicuiéxﬁ to he plmé of imcidmegé

R m total rvefleceion | . |

I“ -incident iateansity parailel to the plene of incidence

I_L ineident intensity perpendicuiaz- to the plene of
incidencee .

s T = transmission parallel to the plane of incidenca
T.L = gransmission perpendiculer to the plma of incidencs

T = total tmnsmis?sim

€. Indices of Refracetion of Leaf Cans&ituent&.

The index of refraction of the air apaces in the leaf cells
is aamme& to be ons. The refraetive index of a p@@&ﬁ@ eell

wall wa@ found to be aqual to 1,52 by Reuck in the wvigiblae



wavelengths by Index Matching Technique (i.e., The cell wall was
infilerated with varicus liquids, mostly oils; having varying

refractive indices. The minimm reflectance was noted visuallz.
vith a medium having a refracﬁive index of 1,52, which was taken

te be the best approximation to the refractive index of the pota-

to cell wall.) The potato cell wall was chosen bécauae the homoe=
geneous cell wall can be eagily geparated from tbe potate aﬁd it
does not absorb in the.red wavelengtha, The valus of the iwndex

of refraction of thé éeil wall of the soybean lzaf wen ssoumed Eo .
be =qual to 1.52 foé the purpoﬁé of téy tt&cing, az 1t is lik@iﬁr
to be close to the refractive imﬂex @f the potat@ cell well. The
valueg @f r@ffaetive iﬂ&ices f@r e=ll la@ &nd chloroplests ware
t&k@n fﬁ@m Chmﬁn@y @md Bﬁé@k@&ﬁls to be @qmmi t@ 1.36 and 1,42,
reﬂﬁ@@tﬂvalya The values of the index of E@fraetiom of the lesf
cangtﬂtu@mts in the 0.7 um v 1 3 um regiom are pot awailable be=
cauze 1t is quite diffﬁcult to measurae the refractive indiess of
the leaf eonstituents by the Index Matching Techalgue im the infrared
waveleagth veglon as the human eye cannot see in that regiom.

The value of the real part of the index of rvefrasction of wat@f‘

is roughly the same in the near infrared regionlﬁ (Loeos

0.7 um ~ 1.3 um@ & in the visible w@@@length region within .01,
Since w&ter is tha main constituent of the cell wall, cell aap
and chicroplests, and aiﬁce none of these gbsorb light strongly
in the 0.7 uﬁ ~ 1.3 ﬁm region;, the refractive indices of these

consticuents were assumed to be the same in the 0.7 um ~ 1.3 um



region &s in the visible éavelength‘region.

D. Method of Ray Tracing, The four leaf constituents --

cell wall, chloroplasts, cell sap and aglr ~- give rise to the
lfollowing eight optical interfaces 4in the leaf all of which
were considered in the ray tracing: 1) air to.cell wall,

2) cell sap to cell wall, 3) chloroplasts to.cell wall,

&) celi sap to chloroplaats,. 5) chloroplasts te cell sap,

6) cell wall to chloioplasts, 7) cell wall to cell sap, and

8) cell wall to air.

In ray tracing, & ray of light of 1ntepeﬂt§ EH {intensicy
parallsl to the plane of incidemce) = 1,000, and I (intemsity
perpendicular to the plane of incidemce) = 1,000 at cbout 5° eo
the normal wesz taken. The &ngia vas teken 5° to the normsl,
becsusa in the experimental setup with tha DK-2A ppectrorefleee
tometer the light rays were incident st 5° to the leaf mormal.

A tangent end a normal were drawn at the interface. The angle

of incidence of the ray was messured with & drefting set which

can meagura angles yp to an accuracy qﬁ Blmimmzean Kaowing the
angle of ineidence and relative index of vefrection at the {meaz=
face, the valves of ef,_a“ 8 319 Tﬂ ; and ?i vere found usiag
equations given in SQQBSBg_énd the refracted and*f®f1ect@d.raya e g
drawmn. Simllar procedurs was follswed at the subsequent inter= |

faces. Each ray was continuved meil 1t ended vp 28 veflection
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or transmission from the leaf., The rays whose total intensity
became less than 0.018 were discontinued to reduee the time and
efforte redﬁired in raﬁ tracing. The light rvay passed through

a t@talef 253 iﬁterfaces (31 alr to cell wall, 38 cell esp to

cell wallgllz chloroplest to cell wall, 26 cell sap to chiowoplast,
30 chloreplast to cell sap, 17 cell wall to chlofoplas:, 40 call
wall to cell sap and 59 celil wall te alr) cut of which total im-
zernel raflection took place at 18 cell wall-air intecfaces, two
eall wzll-chioroplast interfaces, and one call wall-ecell sap

interfaca.

Table L{a) shows the values of the reflected snd trensmitted
ingensicty of the ray at the interfaces. Only the rays vhose
total intensity 18 more than 0,05 ave shewn in Table 1(a). The

]

pathway of cthe vay in a part @f the leaf cross section, a3 givem

by this medel, ls shown by solid linea in Figure 1. The numbera'_
-along the rays vepreseat theiwx total imtemsity. TFor eimplieity,
oaly the ravs whose total intensity 1s more than 0.05 are shown
in Figure 1. Figure 2 18 » more complete versien of Figure 1
in that the rays whose total intemsity lies batween 9,018 and
@a05"éf@ also ghown in Figure 2. Figure 3 ic a more complete
version of Figuve Z {n that somg of the rays whose total imtensity
is less than 0.018 are also shéwn in Plgure 3.

Razy tracing was also done following the same procedure as

the one mentioned zbove for the same original ray of lighe
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(1, = 1.000 and I, = 1.000) except that only the fbllwing two
interfaces were copsidered: 13 air to cell wall and 2) ceil wall
to air, The light ray passed through a total of 144 interfaces
out of which total internal reflection took place at 13 cell wall -

air interfaces, Table l(b) shows the values of the reflected and

t:ansmittad intensity of the ray. Only the rays whose total
intenaity 1is ﬁmre than 0.05 ;re shown in Table 1(h). The path-
way of the ray considering the above two interfaces, in a part
of the leaf cross section, is shown in Figures 1 te 3 by dotted
lines. It can bé seen from Figurea 1 te 3 that the light ray
shown by dotted lines follows quite a‘different path than Ehat
shown by sclid lines.

Rey t¢racing wasg alaé donz through the drawiang of a pagt of
the eross-gsection of palisade cells of a saovbean leaf, follewing
exactly the sams proéedute reportgd above, The light ray was
taken at sn angle of about 60° to the leaf mormal. The 1jight
ray was not drawn through the complete cross section because
the only purpose of thls ray tracing was ¢o creat a realistie
illustration showiag the pathway of a 1ight r&y,'incidént at an
oblique angle t@‘che leaf mormal, through the palissde ealls,
Tables 1l(c) and 1{d) show the values of the reflectad end trans-
mitced intensity of the ray at the interfaces in the palisade
cells considering all the eight interfaces ourlined in Sectiom 
ITI(D), and considering'only cell wall -~ air and alr - cell wail
interfaces, respectively. Only those rays whose inten3ity is

more thas 0,05 are shown in Tables 1{c} and 1{d). Figure 4
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ghows the pathway of Light through the palisade cells exactly
similar to Figure 1 (which shows the pathway of light through a
leaf cross section). Only the rays whose total intensity fs more
than 0.05 are shown in Pigure 4. TFigure 5 is a more complete
version of Figure 4 in that some of ;he rays whose intensity is
less than 0.05 are also ghown in Figdre 5 for illustration.

It can be understood from Figures 3 and 5 that if one takes
a number of parallel réys incident on the leaf, each ray will en-
counter different geometrical internal surfaces and conseqq&ntly
will be reflected and transmitted im diffevent direetioms. That
is how a collimated beam of light ineident on the leaf kespz om
beeoming diffuse slowly as it passes through the leaf, The
greacer the number of fincerfaces the light rays @ne@@ntef i
thelr path, the moere diffus@ the rays are likely to be. The
pathway of light rays as envisioned by Willscatter sand Seoll
ie shown im Figure 6. It can be seen from Figure 6 that
the light ?&VB‘p&Bﬁ through the epidermis and palisade cells
without any deviastion, which is unrealistiec. Furthermore,
Willetatter and Stoll did not show the refiection of light ét
alr - cell wall incerfaces, and atlcgll wall - air incerfaces .
at angles of imcidence less than the eritical angle,' The
authors would 1ike to emphasize that although cell wall - aix
interface causes more deviation of the tay than sny other

single interface for a given angle of incidence, and is perhaps
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the most important interface for contxibuting to the refleection
from the 1e1a-f,‘ the other interfaces can also contribute
significantly to the reflection from a leaf {Figure 7).

It seems that the refleétion of light in the near infrared
wavelengths (0.7 ~ 1.3 um) from a typical leaf fs likely to be
" more diffuse than its reflection in l:'rl\e visible wavelengths,
<This is becauserthe near infrared light rays are 711ke1y to pass
through many more interfaces of the leaf (because of almoat no
absorption of 1ight in the near infrared wavelengths) than the
corresponding light rays of the visible wavelengths. Algo, the
transmission from a leaf in the visible as well as mear lufraved
wavelengths is likely to be fairi}r diffuse becauzse a typical
1ight ray has te pass through a feirly large auwber of fntewr
faces before 1¢ 43 transmitted. Th';ese qualitacive conélusiam
support the experime:ital résulta of Breece snd Holmes'? om

healthy green 2oybean and corn leaves.

IV, Experimental and Ray Tracing Results

The value of zeflection found by Simiaﬂ.fn ysing &
Beckman DK=24 Specttoreflectmtér on the same lsaflp whose eroys
section ia shown in ?igure % in the 0.7 ~ 1.3 um region, wéa
4TE. Tranémiséion @ 100 - 47 = 537 (because ghsorption of a

leaf ia almost equal to O in the 0.7 ~ 1.3 um wavelength pegion}.



R

Ray'Tracing Results

Note: The values of (reflection + transmission) found were
assumad to be 100%.

Reflaction (using 8 interfaces = 45.6%
' mentioned in sec. III D)

Transmisstbn {using 8 Iinterfaces = 54,47
mentioned in sec. III D)

Reflection {using air - cell wall = 30,3%
and cell wall - air interfaces)

Transmission (using 5ir ~ cell wall = 49,7%
and cell wall - air interfaces)

Experimental results of Woolley!® on tﬁe-soybean leawes:
stvongly support these ray traciung results. Woolley founmd the
r@fl@ctange‘@f a S@ybea@'le&f in 0.7 ~ 1;3 um wavelerngth regiom
to be ghout 47 percent. But after tﬁ@ gaybean i@af WES VACUUR
infiltrated with oll of refractive index 1.48, which gssemtially
eliminated the alr to cell wall and cell wall to aiy Interfaces
only, its refleectance dropped to about 15 percent, 7This
experiment clearly shows that the reflectance caused by the
dlscontiavities in the in&ices‘af refraction of the peometrical
surfaces (@f the dim@nsi@na‘ﬁueh lavger tﬁan the wavelength of
light) i& éfgnificantlv more than the refleétion cavsed due to
Rayleigﬂlmndi@ﬁ Mie scattering by the partiéies (ef the order of
wavelength of light or smaller) inside the leaf cells because
the reflectance caused bylscattering should essentially remain

unchanged after the leaf fs vacuum inflltraced with oils of
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different refractive indices. Furthexmore, it seems to eupporcj
“our conclusion "eptical 1nterfacés other than the cell wall to
alr and air to cell wall can concributa significantly to the

raflsetion from a leaf.

V. Concluding Remarks

The preliminary conciuaiona, yet to hé confifmmd by
further ray traﬁing, and experiments are: considéting only cell
wall - air and alr - cell wall 1nterfs¢ea seems to underestimate
the reflection and overestimate the transmission from a ieaf.
éignificantly in thie part1¢ﬁ1ar tage. Congiderinpg all tha.
edght interfaees‘mentioned in Seecion IIT Dg zay &réci§g geems o
give results very close to the exée:imental gesulta, Further-
more, congidering only ceil wall - air and air - cell walil
interfaces i3 likely to gi§e léss diffuse reflgetance &nd
transmittance than that given by considering all the eight
interfaces., There 1s gome contributiqn to the reflection from
a leaf due to Raylelgh and Mie scattering caused b?_tﬁe;pafii@ _
cles {of the ar&ef of the wavelength of light or smmller).in the
leaf cells but the veflaction caused by the leaf constituents -
cell walls, cell sap, chloroplasts, end air, as given by the
geometrical optics, is probably more significant than the re~
flection caused by scattéring. Gates? pointed out that what-

ever scattering does exist is probably more of the Mie type than -
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the Rayleigh.type hecause the scattering pheﬁomena‘ié not
strongly wavelength dependent., Thelmodel presented here caﬁ
also be applied to the visible wavelengths Lf the appropriate
complex indices of refraction of the leaf constituents in‘the
visible wavelengths are known. The authors believe that phe
model of a leaf prééented in this article is more‘compléte and
realistic than as proposed by Willstitter and'Stoll.l -It
supports tﬁe expérimgntal results of Breece and Holmes,!7 and
Woolley.!8

For important assistance with this work we wigsh to thank
Prof. R. M, Hoffer and Prof. M. M. Schreiber of Purdue -
Univeréitf; ané ﬁr. G. S. Birth of Russell ﬁesearﬁﬁ Céntéfg
fc;merly with Purdue Universitﬁ, We alsoe wish {‘:o thank
Dr. T. R, Sinclair of Duke University, formevly wich Purdue
University, for letting ﬁs use his experimental vesults om the

reflectance of the leaf.
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—— Optical Mediums Cell Wall, Chioroplasts, Cell Sap and Air

Figure 1. Pathway of light ray through the leaf cross section.
R denotes the reflected ray. Solid lines show the pathway of
light considering cell wall, chloroplasts, cell sap and air as
the optical mediums, Dotted Iines show the pathway of light
considering only cell wall and air as the optical mediums, The
numbers along the rays denote their total intensity. The rays
vhose total intenaity is less than 0,05 are not shown.
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— lIntanstty O 70-1 00

Inlensity 0. 50-0.70

~—— Inlensity 005-Q 50
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—-— interaily below Q.08

Figure 2. Pathway of light ray through the leaf cross section.
R denotes the reflected ray. Solid lines show the pathway of
light considering cell wall, chloroplasts, cell sap and air as
the optical medfums. Dotted lines show the pathway of light
considering only cell wall and air as the optical mediums. The
numbers along the rays denote thelr total intensity. The ravs
whose total intensity is less than 0.018 are not shown.



19

- ---- - Opticd Medims Cell Wall ond dir Only
—————— Opheai Madums Call Wall, Chicropiasty, Celf Sap and Afr
—— infemily 0.TO-100Q
—— IMtenaity O.50-0.70
—— Inlmity Q05-0 .50
—— Intwkily 0.018-0.95
— Inkemity briow 0018

Figure 3. Pathwsy of light ray through the leaf cross section.
R denotes the reflected ray. Solid lines show the pathway of
light considering cell wall, chloroplasts, cell sap and alr as
the optical mediums. Dotted lines show the pathway of light
considering only cell wall and air as the optical mediums.
The numbers aslong the rays dencte their total intensity. All
the rays whose total intensity is more than or equal to 0.018
are shown. Some of the rays whose total intensity is less
than 0,018 are also shown.
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of ¥y —- ~ Optiont Medims Cetd Wall ond Air Only
Optical Mediums Call Wall, Chioraplasts, Cefl Sep and Air

Intansity 0.70~- 100
Intensity 0.50-0.70

Figure 4, Pathway of light through the palisade cells, R
denotes the reflected ray. Solid lines show the pathway of
light considering cell wall, chloroplests, cell sap and air as
the optical mediums, Dotted lines show the pathway of light
congidering only cell wall and air as the optical mediums. The
numbers along the rays denote their total intensity. The rays
whose total intensity is less than 0.05 are not shown.
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Figure 5. Pathway of light ray through the palisade cells.

R denotes the reflected ray. 5So0lid lines show the pathway
of light considering cell wall, chloroplasts, cell sap and
air as the optical mediums. Dotted lines show the pathway
of light considering only cell wall and air as the optical
mediums. The numbers along the rays denote their total in-
tensity. All the rays whose total intensity is more than
or equal to 0.05 are shown. Some of the rays whose total
intensity iz less than 0.05 are also shown.



22

a0 QY
a
-

=]
(w13
()

@
(o, ()
Qo o X O e P o
[a}
07 8
fa! % 2 O
O g 0000

oo wlt o s o | N\ <

Pathway of light through a leaf as envisioned by

Willstatter and Stoll theory.
(Taken from Sinclair

Figure 4.
")



23
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Figure 7. Reflectance vs., Angle of Incidence for Optical Interfaces
of a Leaf



Nomenclature for Tables 1(a) to 1{d)

Tables 1(a) to 1(d) show the intensity of the reflected ray and
the transmitted ray at each interface. The total intengity of the
incident ray is tsken to be 1.000, The rays whose total intensity

(reflected and transmitted] is less than 0.05 are not shown in the

tables,
oy
Ry
INCIDENT LIGHT
Ty
T
R" = reflection || to the plane of incidence
R; = reflection L to the plane of incidence

= transmission || to the plane of incidence

= transmission | to the plane of incidence

i
R = denotes that the ray has ended up as reflection

= denotes that the ray has ended up as transmission

= denotes total internal reflection
xx = denotes that the ray is discontinued in the table because

its total intensity is less than 0.05.
--= = denotes that the value of intensity is less than 0.0005

AW Air to Cell Wall

SW Cell Sap to Cell Wall

CW Chloroplasts to Cell Wall
SC Cell Sap to Chloroplasts
¢S Chloroplasts to Cell Sap
WC Cell Wall to Chloroplasts
WS Cell Wall to Cell Sap

WA Cell Wall to Air



Table 1(a]).

The values of the reflected and transmitted intensity of the
ray at each interface of the leaf cross section. The rays
whose total intensity {reflected + transmitted) is less than
.05 are not shown in the table. The optical mediums con-
sidered are cell wall, chloroplastis, cell sap and air., The
pathway of light rays whose intensity is given in this table,
is shown by the solid lines of Figure 1,
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Table 1{b). The values of the reflected and transmitted intensity of
the ray at each interface of the leaf cross section., The
rays whose total intensity [(reflected + transmitted) is
less than 0.05 are not shown in the table. The optical
mediums considered are cell wall and air. The pathway of
light rays whose intensity is given in this table, is
shown hy dotted lines of Figure 1.




Table 1l(c). The values of the reflected and transmitted intensity of the
ray at each interface of the palisade cells. The rays whose
total intensity (reflected + transmitted) is less than 0.05
are not shown in the table, The optical mediums considered
are cell wall, chloroplastg, cell sap and air., The pathway
of light rays whose intensity is given in this table, 1is
shown by the solid lines of Figure L,

INCIDENT INTENSITY
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Table 1(4).

1.000
1.000

The values of the reflected and transmitted intensity of
the ray at each interface of the palisade cells. The rays

whose total intensity {reflected + transmitted) is less
than 0.05 are not shown in the table,

considered are cell well and &ir.

The optical mediums
The pathway of light

reys whose intensity is giwven in this table, is shown by
the dotted lines of Figure A4,
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