
CHAPTER 8 
MODELS FOR IRRADIANCE FIELDS 
8.0 Introduction 
In this chapter we shall develop some simple models of light fields in natural optical 
media, models which have been found to be most useful in the study of radiative 
transfer in the seas and the atmosphere. These models are built around the concept of 
irradiance and derive their simplicity and utility directly from the simplicity and utility of 
irradiance itself. For irradiance is the concept which describes radiant flux per unit area 
on a surface, and as such utilizes a single number rather than an infinite set of numbers 
as in the case of the radiance distribution studied throughout Chapter 7. The 
introduction of irradiance fields into the study of natural light fields is also encouraged by 
the following convenient geometric structure of the light- fields found in the atmosphere, 
the sea, lakes and other natural hydrosols: over relatively great distances in all 
directions within horizontal planes in the sea or air, the natural light fields 
are often found to vary essentially very little, so that an irradiance value at one point of a 
plane matches that at other quite remote points on the plane; the points being 'remoter 
in the sense that they are separated by distances vast compared with the attenuation 
lengths of the media. 
This latter feature is especially noted in the seas and other laterally extensive natural.-
hydrosols. Because of this gentle almost imperceptible variation over such planes., the 
radiometric field over these planes may be characterized by the single irradiance 
magnitude common to all points of a given plane. As a consequence the description of 
the flow of radiant energy down into the depths of the sea or into the atmosphere can 
often be reduced to the description of an irradiance flow along any one of the straight 
lines normal to the family of horizontal planes comprising that portion of the air or sea of 
interest. In short, the appropriate introduction of an irradiance field into a plane parallel 
medium reduces the description :of the radiative transfer problem within that medium to 
a one-dimensional problem. 
One of the more fascinating features of irradiance fields in plane-parallel media, 
especially for the theoretically inclined investigator ,is the fundamental similarity 
between the basic equations for irradiance fields 
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and those for  the radiance d is t r ibut ions  as s tudied,  e.g. ,  in  Chapter  7.
 The s imi lar i ty  is  a  thorough-going one which may,  indeed,  be 
used as a heur is t ic  guide in  pursu ing e i ther  subject  mat ter ,  us ing the 
other  as a base.  In  th is  connect ion,  i t  may be noted that  the or ig inal  
forms of  the invar iant  imbedding re lat ions and in ternal  source re lat ions 
s tudied in  Chapter  7 were tentat ive ly  found in the . i r rad iance context  
by means of  in formal  scratch pad calcu lat ions;  the s impl ic i ty  of  the i r  
der ivat ion and resul tant  forms in  that  context  encouraged the r igorous 
search for  the associated fu l l  f ledged operator  equat ions for  radiance 
spr ink led throughout  that  chapter .  
We shal l  be -  gu ided in  our  d iscuss ions in the in i t ia l  sect ions of  th is  
chapter  (8.1,  8 .2)  and once again in  Sect ion 8.7 by the c lose 
conceptual  connect ions between the funct ional  equat ions for  
i r rad iance and radiance f ie lds.  



In  th is  way we can effect  a  smooth t rans i t ion f rom the genera l  
formulat ions of  Chapter  7 to  the s impler  set t ings of  th is  chapter  and at  
the same t ime gain some ins ight  in to the unity of  the theory engendered 
by the invar iance concepts.  However,  for  the main sect ions of  the 
chapter  (8.3-8.6)  the d iscussions wi l l  for  the most  par t  dwel l  on 
speci f ic  models which have-been t r ied and found usefu l  in  the dai ly  
tasks of  obta in ing numer ica l  est imates and ru le-of - thumb-algebra ic  
approx imat ions to the magn i tudes of  l ight  f ie lds,  and the proper t ies  of  
the ir  associated opt ica l  media.  
Throughout  th is  chapter  we shal l  work wi th  an arb i t rary  p lane--para l le l  
medium X(a,b)  and adopt  the reference f rame for  X(a ,b) ,  as  def ined in  
Sect ion 2 .4 .  Fur thermore the 
s teady s ta te  i r rad iances  H(z ,±)  def ined in  Sect ion 2 .4 ,  a long wi th  
the i r  a t tendant  rad iometr ic  concepts ,  w i l l  be  adopted  wi thout  fu r ther  
exp lanat ion .  The medium y(a ,b)  w i l l  be  assumed f ree o f  in terna l  
sources un less spec i f ica l ly  noted o therwise,  and arb i t rar i l y  s t ra t i f ied  
wi th  a  s t ra t i f ied  l igh t  f ie ld ,  so that  both  rad iometr ic  and opt ica l  
p roper t ies  depend on ly  on depth  z  w i th in  x(a ,b) ,  a  <  z  <  b .  Arb i t ra ry  
sources are  inc ident  on the upper  and lower  boundar ies  o f  X(a ,b) .  ( In  
rea l  media ,  however ,  i t  i s  cus tomary  in  prac t ice to  have no sources 
inc ident  on the lower  boundary . )  The exp l ic i t  re tent ion o f  a  source on 
the lower  boundary  w i l l  have the ef fect  o f  keeping the resul tant  
theoret ica l  imbedding re lat ions in the i r  fu l l  symmetr ic  form.  
 


