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is the representation of the n-ary radiometric function CR
associated with the general radiometric concept C. In par-
ticular, we write: |

ncrt  for N*&L (22)

where N* is the path radiance (the scattered) component of N,
as it occurs in (5) of Sec. 3.13. C* is the diffuse radio-
metric funetion of C in X and relative to NO, Together, C*
and CN are the decomposed radiometric functions. Radiometric
func;ions which have not been decomposed are call undecom-
posed.

5.2 Equation of Transfer for n-ary Radiance, Diffuse
| Radiance, and Path function

' The equation of transfer for n-ary radiance will now
be derived. The equation is an elementary consequence of
relation (11) of Sec. 5.1. To see this, suppose we fix at-
tention on an arbitrary path (Pr(x,£). Then holding the ini-
tial point x and the direction § of the path fixed, and dif-

ferentiating NP along the path with respect to path length r,
we have: | | |
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At this point we observe that, by (3) of Sec. 3.1l:

| dTr-r'(x"E)
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Then using (6) and (11) of Sec. 5.1 we arrive at:

(1)

which is the requisite equation af'transfhr for n-ary radi-
ance with n > 1. Observe that the equation of transfer for
N is not an integrodifferential equation for NT; rather it
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i1s a first order linear differential e?uation for NR with
known n-ary path function N, once NM-! is known. This
suggests a conceptually powerful natural mode of solution of
the general equation of transfer for N, which we shall s tudy
throughout this chapter. 1In the following section we shall
place (1) into its canonical form, thus rounding out the
studies of the canonical equation given in Chapter 4. In
Sec. 5.4, the complete natural solution will be obtained.

Before concluding this discussion on n-ary radiance
equations, we mention two more transfer equations for radio-
metric concepts which are closely related to the family of
equations in (1). Note that (1) holds only for n > 1, the
case n = 0 being excluded. This singular case n = 0 is
readily stated using (4) of Sec. 3.10 and (2) of Sec. 3.11.
The result is: |

(2)

for source-free media. A generalization of (2) for media
with sources is given in (2) of Sec. 5.8. The remaining
transfer equation to be noted here is that for the diffuse
radiance N* (or path radiance when a specific path of length
T is given somewhere in the medium). Thus, using the concept
of n-ary radiance, let us write:

"N" for ¢ NJ (3)
j=0 '
IANE. 2L J
N for. jzl N (4)
and
"N®" for % Ni . (S5)
j:uz |

Then summing each side of (1) over all n from 1 to =, we
have:

N (6)

(7)

This is the equation of transfer for diffuse radiance N*,.
By assuming that N} obeys (1) of Sec. 4.4, i.e., N% decays
exponentially with depth at the rate K, then (7) supplies a
somewhat more powerful description of the light field than
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that given by (2) of Sec. 4.4, It is clear from the discus-
sions of Sec. 5.1 and (5) that: | | |

N = N*R o (8)

We shall return to these ideas in Sec, 5.4,-65pecially
to that of N, as defined in (3), wherein we will show that N
so defined is a solution of the equation of transfer.

"Finally, by applying the operator R to each side of
the equation of transfer for radiance, we find:

——

-E'VN* = - oNg + Nga (9)

which is the equation of transfer for the path function, and
where we have written:

"Nog' for NiR . (10)
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5.3 Canonical Equations for n-ary Radiance

We pause in the present development of the natural
solution of the equation of transfer to present the canonical
form of the transfer equation for n-ary radiance. We shaill
be particularly interested in the case of n = 1, that is; in
the case of the canonical equation for primary radiance. " -
From this case we can derive an expression which has often
formed an integral part of expressions which attempt to ap-
proximately represent radiance distribution with a modicum
of analytic complications. The derivations below are pat-
terned on those in Sec. 4.5. Hence we can proceed with a
minimum of motivation and explanation for the present dis-
cussion. Let us write: |

n
HRnH for - E_N__ (1) :
Nn
Then (1) of Sec. 5.2 beconmes:
- gK"N" = - oN" + Ny,

whence, for every integer n with n > 1:

(2)
N,T [-a] + _Na (I-T [- (0-£+K™) ]) (3)
oTr o - XV T
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