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Equation (15) 1s the required transport equation for R(z,-),
in which R ,(z,-) 1s the attenuation funection for R(z,-) and
Ry (z,-) 1s the equilibrium function for R(z,-) (compare with
(2) of Sec. 9.4). These functions are defined in context by

the following system of simultaneous equations: |

+ ) = a(z,-)+a(z,.+)+b(z,-)+b(z,+)
Ra:(z:'") Rq(z: ) —_‘~BTZ,+) ~

(16)

R, (2,-)R (2,-) = 24l

" As in the case of the K- functions, these may be
solved for Ry(z,-) and Rq(z,-):
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Ru goes with the plus sign, Rq with the minus'sign.
We observe that, in eventually hOmogeneous media, as
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Rq(z,—) > R(z,-) -~ R
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These facts follow from (17) and the asymptotic radi-
ance theorem of Sec. 10.7.

11.3 UniversallRédiative Transport Eguq;}qn_pnd the Equi- -
| liErigm Princiglg | |

For the purposes of this section, let us refer to the
thirteen quantities studied so far as the standard concepts
(namely N(z,6,¢), H(z,*), h(z,*), h(z), K(z,0,9), K(z,%),
k(z,x), k(z), and R(z,-)). A directed standard concept 1S
any of the preceding standard concepts except h(z) and K(z).

The evidence gathered in the preceding discussions may
now be assembled in the form of:
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THE UNIVERSAL RADIATIVE TRANSPORT EQUATION AND THE
EQUILIBRIUM PRINCIPLE. Let X be an arbitrarily
stratified source-free plane-parallel medium with
arbitrary incident lighting conditions. Let "E(z)"
denote any one of the standard concepts. Then asso-
ciated with C(z) are two functions Calz) and ((z),
the attenuation and equilibrium functions for (z2),
respectively. The standard concept C(z) together
with Cy(z) and C;(z) satisfy the functional rela-
tion:

égégl = u(z) [60(2) - C()]C(2) - G(2)1 . (1)

where w(z) and & are known parameters depending on

(). The relation (1) 18 the universal radiative
trangport equation. (1t 1s degenerate if § = 0 ;
and normalized if p =1, & = 1.)

If C(z) is a.directed standard concept and u(z) >0,
then:

gﬁ(zzl) 2 0 whenever ((z) $ eq(z) . > (2)

and 1f Clz) is any standard concept, and X is
eventually homogeneous, then: |

C (=) = lim _ C (2) exists,
' (3)
Cq ) = 1imz+még(z) exists,
and:
lin, () = C(=) . (4

The proof of the statements (1), (2), (3), and (4)
have essentially been covered in the preceding discussions
either directly (as in the case of (1)), or indirectly by
references to the appropriate portions of the present work
(as 1n the case of (2)-(4)). Table 1 below gives the ex-
plicit forms of u(z) and 8 for the thirteen standard con-
cepts: An examination of Table 1 shows that if R(z,-) is
removed from the list of standard concepts, a considerable
simplification is effected in the form of (1). However, in
the interests of completeness we have included R(z,-) with-
in the purview of (1), and we note that by a change of =z -
scale, the equation 1s normalizable. -
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TABLE 1

Standard Cases of the Univérsal

Radiative Transport Equation

| | Standard Concept ' Values of u,8
 N(z,8,¢)
H(z,+ I u(z) =1
h(z,+) - ° =0
h(z) | _l (degenerate)
| . | wK(z:e}¢)- . - .
| K(z,+) u(z) =1 |
 k(z,%) | 0 = 1 ' |
| - k(z) | (normalized)
U(z) = - b(Z,+)
R(z,-) 6 = 1
| | I (normalizable) '
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11.4 Some Additional Transport Equations Subsumed by the
Universal Transport Equation

The standard transport equations enumerated 1in Table 1
of Sec. 11.3 constitute the most frequently used equations 1n
general radiative transfer theory. This 1list, however, by no
means exhausts the various ramifications of the universal
transport equation as given by (1) of Sec. 11.3. An addition-
al set of transport equations which fall under the domain of
the degenerate universal transport equation will now be men-
tioned. This set 1s associated with less frequently used--
but no less important--radiometric concepts than those of the
standard type. We will consider in particular the following
radiometric quantities:

- (i) n-ary radiance NT

(11) n-ary radlant energy gt
(11ii) path function N,
(it) vector irradiance H

(1) The transport equation governing N" in plane-
parallel media is ((1) of Sec. 5.2):

In
- ocos o AHRb) - - a(@N(2,0,0) ¢ Ni(2,0,0) (1)
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