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2.9 Radiant Intensity

The concept of radiant intensity, the last of the set
of basic radiometric concepts to be introduced in this chap-
ter, is designed to give a measure of the solid angle density
of radiant flux. Thus radiant intensity is a dual concept to
irradiance in the sense that the latter gives a measure of
the area density of radiant flux while the former gives a
measure of the solid angle density of radiant flux. At one
time the concept of radiant intensity enjoyed the place now
occupied by radiant flux. In the days of the candle and gas
lamp there were very few artificial extended light sources.
The controlled artificial point source, such as a candle's
flame, was the sole basis for radiometric standards and its
radiant output was conveniently measured in terms of intensity.
However, with the passing of years the numbers of extended
artificial light sources increased and the classical mode of
use of radiant intensity has become correspondingly less fre-
quent than that of radiant flux. Eventually radiance for the
most part usurped the once centrally disposed radiant inten-
sity concept. Despite this displacement of radiant intensity's
status, it appears that there will always exist times when its
use arises naturally. For example when emitting ‘'point
sources' are considered, the use of radiant intensity seems
automatically indicated. This useful aspect of radiant inten-
sity will be discussed during its systematic development, to
which we now turn.

Operational Definition of Empirical Radiant Intensity

In presenting the concept of radiant intensity we
shall be guided by operational considerations so as to give
the concept a secure footing relative to the other radiometric
concepts already defined. Thus our first encounter with the
notion of radiant intensity is in the following context: 1in
the operational definition of P(S,D) (Sec. 2.3), a radiant
flux meter with collecting surface S and collecting directions
D and monochromatic filter passing a single frequency v re-
cords an associated amount P(S,D) of radiant flux incident on
S through the set of directions D. Once the datum P(S,D) is
obtained, then one conceptual path leads, as in Sec. 2.4, to
irradiance H(S,D), i.e., the area density of P(5,D) over S;
another path leads to J(S,D), i.e., the solid angle density
of P(S,D) over D, where we have written:

ny(s,D)" for P(S,D)/2(D) . (1)

We call J(S,D) the (empirical) radiant intensity of P(S,D)
over D on S. The dimensions of radiant intensity are radiant
flux per solid angle (per unit frequency interval), and con-
venient units are watts/steradian (per unit frequency inter-
val). In full notation for the unpolarized context, we would
write:

"J(s,Db,t,F)* for ¢(S,D,t,F)/Q(D)
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or.
"J(S,D,t,v)" for P(S,D,t,v) /(D) . (2)

However, we shall need only to employ the briefer notation in
most of our discussions.

An examination of the operational definition of empir-
ical radiant intensity, summarized in (1), will show that
there is no restriction on the set of directions D. That is,
D may be an arbitrary fixed set of ‘directions along which the
radiant flux funnels down onto the points of the collecting
surface S. In practice, however, a radiance meter is the de-
vice used to estimate the radiant intensity of the light field
at a point in an optical medium. In such an instrument, the
set D is a relatively narrow conical bundle of directions
whose axis is perpendicular to the collecting surface S of the
meter. The connection between field radiance N(S,D), and ra-
diant intensity in such a context, follows from (1) and 1is
- readily stated:

J(S,D) = N(S,D)A(S) (3)

The connection between J(S,D) and N(S,D) can be generalized
to take into account radiant flux which crosses S obliquely
within the narrow set of directions D. The geometric setting
is essentially that depicted in Fig. 2.6, the setting for the
cosine law for irradiance.

To establish the generalized version of (3), we re-
turn to (1) and within the setting of Fig. 2.6, compute P(S'D)
i.e., the radiant flux over S':

P(S',D) = P(S,D) = N(S,D)A(S)R(D) .

The reason for the equality of P(S',D) and P(S,D) stems from
the hypothesized setting of Fig. 2.6, and the arguments pre-
sented earlier. Therefore, from (1):

J(s',D) = P(S’ ,D)/Q(D.)

= N(S,D)A(S) 8

But: |
A(S) = A(S') cos Z¥ .

Hence: |
J(S',D) = N(S,D)A(S') cos 2¢ .

By the radiance invariance law:

N(S',D) = N(S,D) .

J(s',D) = N(S',D)A(S') cos 2/ , (4)

Hence:
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whenever the inward unit normal £' to S' makes an angle 2/
with the central direction & of D, as in Fig. 2.6, Eq. (4)
should be compared with the special case (6) of Sec. 2.5. It
is worthwhile re-emphasizing that relations (3) and (4) are
relations among empirical radiometric quantities, i1.e., ra-
diometric quantities obtained with the use of a radiance me-
ter of finite solid angle opening Q(D), and finite collecting
surface area A(S). The more finely-honed theoretical radio-
metric concepts come later with the help of the various addi-
tive and continuity properties of ¢ postulated in Sec. 2.3.
The empirical concepts serve to establish the bridge between
theoretical constructs and the immediately given physical
realities. The empirical concepts serve also to block out in

rough form the incipient analytical structures of the theoret-
ical relations., |

Field Intensity vs. Surface”Intensity

There is a distinction that can be made in practice
between two types of radiant intensity, a distinction that 1is
exactly analogous to the distinction made in Sec. 2.5 between
field and surface radiance. Indeed, by referring to Fig. 2.12
wherein is depicted the two types of radiance, N¥(S,D) and
N-(S,D), which in turn are defined as in (30) and (31) of Sec.
2.5, we are led to write:’ | |

wg*(s,0)" for PY(S,D)/R(D) (5)
and |

"J (S,D)"* for P (S,D)/Q(D) . - (6)
in complete analogy to the definitions of W(S,D) and H(S,D)
in (17) and (18) of Sec. 2.4. We call J-(S,D) the field in-
tensity and J*(S,D) the surface intemsity over D within 5.
The utility of this distinction and the basis for the names
of these concepts rest once again on the remarks for N*(S,D)
and N"(S,D) in Sec. 2.5. In actual practice in natural opti-
cal media it is the surface intensity which is used with
greatest frequency. However, in these settings it is the
field intensity (or rather radiance) which, in the final anal-
ysis, must be measured before the surface intensity is ob-
tained. The basic quantitative connection between the two

types of radiant intensity is analogous to that between sur-
face and field radiance in (22) of Sec. 2.5:

JY(s,p) = J°(s,D) . (7)

it follows from (30) of Sec. 2.5 and (5) above that:
N*(s,D) = W(S,D)/2(D) = J"(S,D)/A(S) (8)
and from (31) of Sec. 2.5 and (6) above that:

N"(S,D) = H(S,D)/@(D) = J (S,D)/A(S) . (9)
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Henceforth we shall drop the ''+'" and "-'" superscripts
from the symbol "J'" when it is clear from the context (or im-
material) which interpretation of radiant intensity 1is to be
used in reading a statement using the concept of radiant in-
tensity. Occasionally, however, especially for the purpose
of emphasizing a delicate point in a discussion, the plus and
minus appendages will be reattached to "J". In general, the
following rule may be observed in regard to the base symbols
"J" and “N'": whenever "+" and "-" are omitted from 'J' and
"N'", then the associated statement or term in which "J" and
''‘N'' appear is valid under both surface and field interpreta-
tions.

Theoretical Radiant Intensity

Suppose now that in the operational definition (1)
the set of directions D becomes smaller and smaller, such
that it always contains the direction § and such that the flow
of radiant energy is onto S. Then write:

"J(S,E)" for 1lim  J(S,D) (10)
D+{£}

The existence of this limit is guaranteed by the D-
additive and D-continuity properties of ¢ postulated in Sec.
2.3. The radiant intensity J(S,§) is called the (theoretical)
radiant tntensity in the direction § on S, It is important
to note that non-zero values of J(S,§) are necessarily asso-
ciated with surfaces S which have non-zero area A(S). This
fact is based on the S-continuity property of ¢ recorded in
iec. 2.3. Thus, by S-continuity and S-additivity of ¢ we

ave: |

1im J(S,§) =0 , (11)
S+{x}

for every x in S. However, once again by S-continuity and
S-additivity of ¢, we have from (1), (4), (10) and the defi-
nition of N(x,§):

N(x,E) = lim J(s',£)/(A(S')&-E" (x)) (12)
S'+{x}

where £'(x) is the unit inward (or outward)* normal to S' at
x. See Fig. 2.6.

From (10) and the fundamental theorem of calculus we
obtain: o

p(s,0) = [ J(s,6) da(e) . (13)
| D

*Recall our convention on field intensity and surface inten-
sity stated above.
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From (4) and (12) we have for similar reasons:

3(5,6) = | Nex,©)68" () () (14)

S

where E'(x) 1is the unit inward (or outward)'normal to S at x
and is in =(£).

At this point it would be instructive to view (12) in
terms of (5) of Sec. 2.5. Furthermore, one can compare (14)
with its 'dual' in (8) of Sec. 2.5. This ‘duality’' stems
from a comparison of what is held constant and what is varied
in (8) of Sec. 2.5 and (14) above. In (8) of Sec. 2.5, x in
S is held fixed while £ varies over all directions in Z(£).
In (14), £ in Z(&) is held fixed while x varies over all
points in S. Furthermore, while the integration in (8) of
Sec. 2.5 was limited for physical reasons to a hemisphere
Z(g) at x, the integration in (14) is limited, for similar
reasons, to an S over which £'{(x) also stays within EZ(£).

Hence the duality between H(x,Z(&)) and J(S,E) is quite deep
and complete.

Radiant Intensity and Point Sources

As noted in the introductory statements of this sec-
tion, radiant intensity first arose as a measure of the direc-
tional radiant flux output of spatially very small emitters
of flux. We shall now show that this feature of radiant in-
tensity can still be employed within the operational point of
view adopted in the present development of geometrical radio-
metry. The net result of this observation will be the recov-
ery of the original conceptual feature of radiant £flux but in

a manner which will, it is hoped, now be operationally mean-
ingful. | |

We begin by defining the notion of a point source of
radiant flux. A part Y of an optical medium X is a (radiomet-
ric) point source with respect to point x in X if the set
D(Y,x) of directions subtended at x by the points of Y is such
that Q(D(Y,x)) = 1/30. The basis for this definition rests
in two facts, one empirical, and the other theoretical.

The empirical fact is that radiance meters with solid
angle openings such that Q(D) = 1/30 have been found to be
adequate for the practical purposes of geophysical optics to
distinguish the radiance variations occurring in natural opti-
cal media. Hence any part Y of an optical medium X which can
be encompassed by the field of view of a radiance meter locat-
ed at point x in X is radiometrically a ‘'point source' of
flux. It might be that Y is a ship or an extensive wheat .
field, or a large patch of ocean surface, or a great cumulus
cloud. As long as these objects (they can be either opaque
solids, surfaces, or certain well-defined nearly transparent
volumes of water or air) fall within the field of view of a
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standard radiance meter, they are considered 'point sources'
with respect to that meter.

The second fact on which the definition of 'point
source' is based is that a part Y of X, such that
Q(D(Y,x))=1/306, has the property that the irradiance from Y
on a surface about point x will vary, to within one percent,
inversely as the square of the distance from x to Y whenever
Y is some definitely localizable object such as a ship, or
patch of sky or ocean surface, etc. In short, according to
the preceding definition, Y will be a point source of flux
only if the inverse square law and cosine law for irradiance
holds with respect to it to within one percent. (See Example
5, Sec. 2.11.) It might be of interest to take note of the
logical structure of the preceding statement. In particular,
we do not assert that "if a part Y of X is such that the in-
verse square law and cosine law hold with respect to it, then
Y is a radiometric point source'". By considering a spherical
body Y, the reason for this may be seen (cf., Example 4, Sec.
2.11). Finally, we shall henceforth assume that in the deter-
mination of the surface radiance of a point source Y, the solid
angle opening of the radiance meter can be adjusted so as to
fit exactly the set D(Y,x).

Consider now a radiometric point source Y in a medium
X. For definiteness, let the point source Y be a spherical
region of radius a within a vacuum and which steadily emits
radiant flux. Further, Y is such that it can be observed
from all directions. Suppose it is required to estimate the
radiant flux output of Y but the measurements are constrained
for various reasons to take place a distance r not less than
a units from the center y of Y. Figure 2.22 (a) depicts the
present situation. By adjusting the meter's solid angle

FIG, 2.22 Operational definition of a point source
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opening so that the set D of directions from x to Y just fills
the field of view, the field radiance N(S,D) associated with
Y is read directly from the meter. Here S is the collecting
surface of the meter. By the radiance invariance law (1) of
Sec. 2.6, it follows that N(S,D) = N(S',D') where S' and D'
are as shown in Fig. 2.22 (b), and are completely analogous
to the observed surface and direction sets shown in Fig. 2.14.
Hence the radiant flux output of Y across the projected sur-
face S' of Y and within the set D' of directions is estimable
as: |

N(S',D')A(S')Q(D')

after using the measured radiance N(S,D) for N(S',D').
Now we have agreed to write:

"N(S',D')" for P(S',D')/A(S')Q(D')

where P(S',D') is the desired radiant flux output of Y in the
direction D'. Since this radiance may be written as:

J(S',D')/A(S') ,
we can now set:

P(S',D') = J(S',D')Q(D') ‘

At this juncture the reader should first observe how
the number N(S',D') 'belongs' to Y; that is, it is (by the
radiance invariance law) independent of the mode of measure-
ment. Secondly, it should be noted that of the two numbers
A(S') and Q(D'), the area A(S') 'belongs' to Y whereas Q(D')
depends on the mode of measurement (i.e., the distance T be-
tween x and y). It follows that the product N(S',D')A(S')
'belongs' to Y. But this product is simply J(S',D'), the ra-
diant intensity (watts per steradian) of S' in the directions
within D' from x to y. Hence the number J(S',D') is an intrimr
sic property of Y in the sense that it 1is independent of the
mode of measurement. Finally, by recalling that the dimen-
sions of J(S',D') contain no linear (i.e., length) terms, it
becomes manifest that J(S',D') can be conceptually associated
with the radiant flux output of the point y (the center of Y)
in the direction £ (the central direction of D'). In this
way we arrive at the classical conception of radiant intensity
as the radiant flux emitted by a point x per unit solid angle
about a given direction §.

We can now use (13) as a basis for the classical for-
mula relating the radiant intensity and radiant flux output
of the point source Y. Since Y is a sphere, the projected
area A(S') of Y on a plane normal to a direction £ is indepen-
dent of the direction &£. More generally, in the point source
context, we will agree to write:

"J(I,E)” fOI‘ J(S',E)
"P(x,D')" for P(S',D')
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whenever S' is the projection of part (or all of) the bound-
ary of the point source Y on a plane normal to £, and x 1s

some point within Y. Then, with this understanding, (13) be-
comes: |

P(x,D') = j J(x,€) da(E)
D'

- I J(x,6,¢) sin 6 de d¢ (15)
D' '

where (for terrestrially—based coordinate systems) we have
used (9) of Sec. 2.5, and have written "(6,¢)" for £€. 1If

the radiant intensity output of Y is independent of § over D',
then we can make the following statement:

I£f D' = 2, then,

| P(x,D') = J(x)Q(D') (16}
1.e,,

P(x) = 4nJ(x) , (17)

where we have written:

| "P(x)" for P(x,E
and

"J(x)"  for J(x,E&)

- Equation (17) is the customary form of the connection
between the radiant intensity J(x) of a (directionally) uni-
formly emitting point source at x and its total power output
P(x). By retracing the definitions of "P(x)" and "J(x)'" the
reader will see that the emitting object referred to is not a
geometric point but rather a small finite part Y of an optical
medium X, and that x is a point of X in or near Y. In this
way wWe conceptually simplify the description of point sources
to the form exhibited in (17) without contradicting the basic

tenets of radiometry, in particular the S-continuity of ¢
in Sec. 2.3.

Cosine Law for Radiant Intensity

The cosine law for radiant intensity (Lambert's law)
can be stated as follows (cf., Fig. 2.6): If the surface ra-
diance N(S',E) of point source surface S' is independent of
direction & in Z(&'), where &' i8 the unit outward normal to

S' at y, then the surface intenstty J(S',E) of S' varies as
the cosine of the angle between &' and &, i.e.:

J(S',8) = J(S',E')E" ¢ (18)
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The proof of statement (18) rests on (4). For by hy-
pothesis we now can write:

N(S',D) = N(S',D')

where D' is a narrow conical set of directions whose central
direction £' is normal to S', as in Fig. 2.6. Hence (4) be-
comes: |

J(s',D) = J(S',D') cos 2¢ .

Letting D and D' become smaller and smaller with limit {g}
and {£'}, respectively, we arrive at (18).

‘We have deliberately retained the notation of Fig.,
2.6, despite the fact that (18) can be written with less
primes adorning "S" and "&'", for the purpose of encouraging a
detailed comparison of (16) of Sec. 2.4 and (18) above. Close
study will again reveal the interesting duality between intemr
sity J and irradiance H already discerned by a comparison of
(8) of Sec. 2.5 and (14) above. By dwelling on this recur-
rent duality between J and H, one is moved to inquire whether
the cosine law for radiant intensity can be generalized to a
form which would constitute a dual statement to the general-
ized cosine law for irradiance in the form of (8) or (16) of
Sec. 2.8. It turns out that an exact dual statement to (8)
of Sec. 2.8 can indeed be made for radiant intensity. Now,
since the basis for the generalized cosine law for irradiance
can be viewed as embodied in (8) of Sec. 2.5, we should ex-
pect the basis for the generalized cosine law for radiant in-
tensity to rest in (14) above. We now show that this expec-
tation is correct. We begin with deriving a result, of inter-
mediate generality, from (14), a result which provides an in-

teresting insight into the structure of the classical Lambert
law. | |

Let Y be a region of an optical medium X. The region
Y may be of arbitrary shape. Suppose further that from van-
tage point x, Y is a point source and that the observed sur-
face radiance of its boundary surface is independent of the
direction of observation of Y. For simplicity, we assume
that the paths of sight from x to points of Y lie in a vacuum.
The current geometric situation is depicted in Fig. 2.23.
Let N(S,D) and N(S',D') be the observed surface radiances
seen from two arbitrary vantage points x and x' at both of
which Y is a point source. The surfaces §,S' and direction
sets D and D' are as shown in the figure. Thus S is the pro-
jection of Y on a plane normal to the axis of the radiance
meter located at x. Similarly for S'. Then by hypothesis
and by the radiance invariance law:

N(S,D) = N(S',D') :

This radiance equality can be written in terms of radiant in-
tensity: |

J(S,D) . J(S8',D") (19)
AS)  A(S")
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FIG. 2,23 Establishing the Cosine law for radiant inten-
sity in the context of point sources.

Since the x and x' are arbitrary locations subject
only to the requirement that Y is a point source with respect
to these points, we arrive at the following slight generaliza-
tion of the cosine law for radiant intensity:

If a part Y of an optical medium X hae uniform surface
radiance for all directions and all pointe on the bound-
ary of Y, and Y i8 a point source with regpect to points
X in some subset Xo of X, and 1f the paths of sight from
points of Xo to Y lie in a vacuum, then the quotient
J(S,D)/A(S) is invariant for every point x in X,, where
S and D are defined as in Fig. 2.23.

It is clear how the classical form of Lambert's law
(18) follows from this new statement and its analytic form
(19); one now lets Y be a plane surface and lets X, be all the
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appropriate points of X lying to one side of S.

- It is of interest to note still one more variant of
(19), one which has considerable intuitive value. Let "N" de-
note the hypothesized fixed radiance associated with Y. Then

(19) implies that:
J(S,D) = NA(S) ’

i.e., that J(S,D) varies directly as the projected area A(S)
of Y on a plane perpendicular to the central direction & of

D. This may be compared with (3). From (20) we can deduce by
inspection the direct square law--OT area law--for radiant in-
tensity which states that: for areas which are radiometric
point sources with respect to gome observation point, the as-
soeiated intensity varies directly as the apparent (projected)
area of the surface as seen from that point. If the area 1is
compared with geometrically similar areas, then the associated
radiant intensity varies directly as the square of a common
transverse dimension of these areas. This observation brings
to light still another facet in the duality between irradiance
and radiant intensity, the dual law for irradiance in this

case being the inverse square law.

(20)

The preceding discussions on point sources and radiant
intensity lead us to formulate several useful alternative ver-
sions of the classical Lambert law for radiant intensity.
During those discussions it was observed how the concepts of
irradiance and intensity played the roles of dual concepts in
a sense made clear in those discussions. This duality of ir-
radiance and intensity is capable of being expressed in a pre-
cise fashion and on a level of generality comparable to that
established for the general cosine law for irradiance (8) of
Sec. 2.8. We now pause briefly in our developments of geo-
metrical radiometry to establish this interesting generaliza-
tion of Lambert's law. In doing so we round out and make for-
mal the recurrent theme of duality between surface intensity

J and irradiance H encountered throughout this section.

Let Y be a region of an optical medium X such that at
each point x of the closed boundary surface S of Y the surface
radiance is uniform over the hemisphere (&' (x)) where £'(x)
is the unit outward normal to S at X. Let "N(x)'" denote the
common value of the uniform radiance distribution at x on X
over the set Z(£'(x)). Observe that the variation of the val-
ues N(x) over S is left to be quite arbitrary. For the pres-
ent discussion the only restriction on the radiance function
is that it be uniform over EZ(£'(x)) at each point x of S.

Some approximate physical realizations of such a region Y are:
an opaque irregularly shaped body painted with matte paints
such that the paints have an arbitrary spatial pattern over S;
a luminous, dense region of space such as the sun which, for

practical purposes, has a directionally nearly uniform radiance



SEC. 2.9 ' RADIANT INTENSITY 81

distribution at each boundary point, but which still may be
mottled with lighter or darker regions; the moon's surface
forms still another example. However, when each of these ob-
jects is examined with extreme accuracy of radiometric detail

in mind, a wealth of departures from these ideals is encoun-
tered.

Now returning to Equation (14) and using the present
radiance function in the 1ntegra1 we consider the particular
integral:

f NX)E-E'(x) dA(X) . (21)
S

Our studies of the duality between J and H led us to
~believe that we may be able to do for J what we did for H
when going from (8) of Sec. 2.5 to (2) of Sec. 2.8. There-
fore, we are led to take (21) as a base and write:

"J(S)'" for I N(x)E'(x) dA(x) . (22)
S

We call J(S) the vector intensity for S. The defini-
tion of the integral is based on the notion of an ordered tri-
ple of integrals, using the form (3) of Sec. 2.8 as a model.

Now J(S) is a bona fide vector. As such it has three
real numbers as x, y, and z components, and so a non zero mag-
nitude |J(S)| and a direction J(S)/|J(S)|. This observation
~will allow us to state succinctly the radiant intensity analog

to (8) of Sec. 2.8. However, before doing so, we explore one
further facet of J(S).

Figure 2,24 depicts a typical region Y with boundary
S for which J(S) 1is defined. If a direction £ is chosen, then
the boundary S of Y can be partitioned into two parts S(£) and
S(-&) (or "S," and "'S." for short) with the properties that
S(&) consists of all points x of S such that &<£'(x) > 0, and
S(-£) consists of all points x of S such that £<£'(x) < 0.
There is generally, for all surfaces of use in practical radi-
ometry, a closed curve C on S such that £+E'(x) = 0 for every
X on C. C is the boundary between S+ and S.. Observe how
S(£) and S(-&) in the present context have their counterparts
in the sets Z(£), Z(-£) used in the vector irradiance context.

Returning now to (14) we choose a &, determine the as-
sociated S+ and S. as just described, and then evaluate:

IS,0 = | NEE®) )
Je

Suppose we write:

"J(S,E)" for J(S,,£)-J(S_,E) .
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FIG. 2.24 Establishing the general Cosine law for radi-
ant intensity.

Then from the definition of J(S) and J(St,E) it follows that:
E+J(S) = J(S,&) = J(5,,8)-I(5_,8) . (23)

We are now ready to state the generalized cosine law
for radiant intensity.

Let N(xX) be a uniform radiance distribution over the

hemigphere E(&'(x)) at each point X of the boundary S
of a region Y in an optical medium, where £'(X) is the
untt outward normal to S at X. Then the veetor (sur-

face) radiant intensity J(S) ae defined in (22) has the
property that: |

| £.3(8) = |3(S)]| cos 2*

where "|J(S)|" denotes the magnitude of J(S) and " 2/ "

denotes the angle between £ and the direction of J(S).
Furthermore:

(24)

(25)
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The parallel of (24) and (25) with the irradiance case
in (8) and (9) of Sec. 2.8 is exact. 1In particular, from (23)
wWeé Ccan now write: |

J(S,E) = J(S,m)m*E , ' (26)

where m is the direction of J(S). This is the radiant inten-
sity counterpart to (16) of Sec. 2.8. The special case (18)
of Lambert's law now follows upon applying to (26) the condi-
tions stated for (18). In particular Y now degenerates into
a plane, we let N(x) = 0 on S_, and N(x) be constant on S,.
It should be noted in passing that (24) holds for regions in-
cluding non-point sources. The duality between J and H now
becomes clear upon comparison of, say (26) above with (16) of
Sec. 2.8: a point x in the irradiance context is replaced by
a surface S in the intensity context; the set =(£) in the ir-
radiance context is replaced by the point & in the intensity
context.
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2.10 Polarized Radiance

In this section we shall develop an operational defi-
nition of polarized radiance. The development shall take as
a point of departure the notion of empirical radiance intro-
duced in Sec. 2.5. The details of the development shall be
kept to a minimum, as we will not in this work make extensive
use of the concept of polarized radiance. For a somewhat more
detailed theoretical discussion of polarized radiance suitable
for geophysical applications, the reader is referred to Chap-
ter XII of Ref. [251].

Before going into the technical details of how to
measure polarized radiance, a few comments may be made on the
reason for wanting to measure polarized radiance in natural
optical media. The first and most important reason is that
the systematic documentation of the state of polarization of
submarine (and atmospheric) light fields increases our store
of basic optical knowledge of the world in which we live. For
those of a more practical turn of mind, it may suffice to add
that knowledge of the kind and amount of polarization extant
in a natural light field could yield efficient means of in- ;
creasing visibility in both the atmosphere and the sea. For,
the contrast of objects seen against a sky or underwater back-
ground 1s occasionally increased when viewed through a mater-
ial which can transmit polarized light in various amounts de-
pending on how the material is held and oriented. If we pos-
sess systematic tabulations of polarized light fields and
some workable theoretical models of such fields, these empir-
ical observations can be more deeply explored and applied.
Finally, there is the question, still not fully resolved-- 5
especially for the hydrologic optics branch of geophysical oE- ’
tics--of whether and to what extent polarized light is used by

Creatures in navigating, in foraging, and in their biological
growth cycles. '
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