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Abstract

The paper presents a method of measurement of angular distribution of radiance in a light 
field simplified to an axially symmetrical one. The principle of the optical system accomplishing 
the measurement is described. The reality o f reproduction o f the point source’s radiance has been 
examined and its connection with geometry of the proposed system has been determined.

The majority of problems in marine and atmospheric optics related to the transfer 
of radiation, require a knowledge of some boundary conditions, among which the 
directional distribution of incident radiance L0, e.g. in spherical coordinates: zenith 
50 and azimuth <p0 angles, is one of the basic. The reliable, i.e. fast and sufficiently 
precise measurement o f such distribution is very hard in practice and up to now was 
carried out only by means of “fish-eye” lenses with 180° field of view [3, 4], However 
many problems in the field deal with two-dimensional space integrals of the product 
of radiance L0(30, <pQ) and a function /(<90) independent of azimuth <p0. The best 
known examples are irradiations [1]. Such integrals are also involved in the deter
m ination of the vertical components of the light field, e.g. for remote sensing needs

It is easy to prove that the latter problems can be solved replacing the actual 
radiance distribution L 0(90, <p0) with an appropriate distribution of radiance avera
ged over azimuth (p0

The field of radiance L 0 is symmetrical in relation to the perpendicular and therefore 
two-dimensional space integrals can be reduced to one-dimensional integrals over 
zenith angle &0 with no distortion of final results.

This suggests application of such averaged value of radiance to simplify computa
tions wherever possible, the more so as it can be measured relatively easily. The 
method of measurement based on relation between radiance L0 and irradiance 
£(S0) defined as

[2].
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is presented here.



The differentiation of both sides of (2) leads to the following expression for L0

1 d £ (9 0)
Loi^o) —

2 7 rsin 9 0 c o s 9 0 d 9 0
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Thus the determination of radiance distribution L0 requires knowledge of variations 
of E(So)· An optical system measuring this quantity is presented in Fig. 1. It consists 
of a flat irradiance collector of diameter d and a cylindrical collimator of diameter D 
and variable height h limiting the collector’s field of view. The system, completed 
with a phot odetector sensing the average irradiance of the collector, enables measure
ment of E(30). The measurement is exact, however, only in an ideal case, when 
collector diameter is infinitely small as compared to  other dimensions.

The angle 90, being the limit angle of the collector’s field of view in this case, 
can be expressed as follows

30 =  arctg
6 )

(4)

Finite dimensions of the collector introduce some distortion into the reproduced 
variations studied. These distortions will be estimated assuming incident radiation 
to  be th a t of an infinitely distant point source located in direction (0O, <P0)

Lo(&o > Vo) —
ô ( $ 0 — 0o) ( Vo ~~ &o) 

s in  $ 0
(5)

where 5 is the delta function. This will enable the optimization of dimensions of 
components of the optical system, among other things.

Fig. 1. A  schematic diagram of the optical system which give an approximate measurement of 
£(i90): a — vertical cross section, b — horizontal cross section. Notation: 1 — irradiance col
lector, 2 — collimator (of variable height /»); 0o — zenithal distance of point source of light, 
S  — illuminated part o f the collector.



The radiance defined by (5) does not depend on the position of a source and gives 
constant unit scalar irradiance E0. This is a very good approximation of direct 
solar radiance. The irradiance E(90) due to the radiance (5), measured by an ideal 
irradiance meter, expressed as a function of the limit angle of view 30 of the point 
collector is

0 for 90<Qo
)cos0o f°r 30 > 0 O

E(9  0) =

■which is summarized as follows

E(9o,6 o) = H (9o- Q o)cos0o (6)

where H  is the Hiviside function.
In order to simplify the following considerations we introduce a function F0 

which is defined as a ratio of an irradiance dependent on the limit of the collector 
field of view to total irradiance collected from the hemisphere

Fo(3o,0o) = 1̂ ^ - i = H ( 9 o- 0 o) (7)
E (~—
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The derivative of this function is the delta function 

dFo(9o ,0 o)
dS0 -=<5(3O- 0 O) (8)

As indicated, neither irradiance (6) nor the function (7), which means relative 
irradiance, cannot be reproduced exactly because the finite dimension of every true 
irradiance collector. The average irradiance of a collector with a diameter d is pro
portional to the area of its illuminated part, denoted as S  in Fig. 1. This area can be 
related to the angle <9 between the system axis and the line connecting the centre of 
the collector with the edge of collimator. Then the function F  can be defined analo
gously to the function F0 as the ratio of an irradiance dependent on the angle 3(h) 
determined by the collimator height h, to the total irradiance collected from the 
hemisphere (henceforth D = \)

(9)

where

, 90 , d'SJ = E 0cos90 = cos00 

The function F  can be transformed to

FtQ n a  1 V ( “ n - sinCin)cl2"F {9, 60 , d ) = ~  X
2 7i „to d 2 (IQ)
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using the proportionality of the irradiance E(3) to the illuminated parts ^ of the 
collector’s surface.

The function F  satisfies the conditions

J i m F ( 9 , 6 0 , d ) = F 0(90 , 0o) 
d->0

d F (» 90o ,d )  dFo(9o,0 o)
h m ----------------= ------ ——
^->o dS d90

which can also be given in a simplified version: 

l i m F O c ,  d) = F 0( x 0))

'- o
-  l im F ' ( x , d)=rF0( x 0)j

J-0

where

(13)

(14)

X q * ~ ,  F 0( x 0) =  I —H ( x 0 — 1) , n ( * o ) = - < 5 ( * o - l )  
tg^o

It should, however, be stressed that the transformation of derivative F ’(x) into 
F ’(9) is carried out as follows

r w f t  ( is )d9 d$ sm 9·

while in the case of functions a simple substitution of x(&) given by the equation 
 ̂12) is sufficient.

Fig. 2. The average relative irradiance F = E (x )/E (0 ) o f the collector versus parameter x (9 , 0O) =  
■= tg O0/tg  3 for various diameters d  o f the collector.



The derivative F ’(x) can easily be computed as 

r w ~  <16) 

The functions F(x, d) and F'(x, d) are shown in Figs. 2 and 3. The basic parame
ters determining the dependence of F'(x, d) on the collector diameter (Fig. 4) are:

Fig. 3. The derivative o f  the average relative irradiance F '=dF Jdx  o f the collector versus para
meter x (9 , Oo) for various diameters of the collector (vertical arrow denotes the delta function, 
for d =  0).

Fig. 4. Parameters determining the shape of the derivative F \x )  versus the collector’s diameter 
d: .v0 — limit o f the range of nonzero values o f F'(x), x i /2 — half-width of F'(x), x m — the posi
tion o f the maximum value o f F'(x), x  — the average value o f the argument jr.



— limits x 0 of the range of nonzero value of the function F'(x)

*0 =  1 ± d  (17)

— its half-width

j jE i ± i£  (18)
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— the position of its maximum

x m= J J ^ I 2 (19)

— the average value of the argument x
2

x = $ x F '( x )d x  (20)
o

The analysis of the relationships presented indicates that the intended aims of 
measurements eliminate a system in which the collector has the maximum diameter 
d= 1. The reproduction of the assumed function F0 improves as the diameter d  
decreases, becoming acceptable only when d  falls below ~  0.25.

Fig. 5. Apparent directional distribution o f point source radiance reproduced with collectors 
o f different diameters d  for zenithal distance o f the source 0a =  15°, 45°, 75° (vertical arrows 
denote the delta function, for d = 0 ).

This is confirmed in Fig. 5, where an apparent directional distribution of the 
radiance L0, defined as the average (1) of incident radiance (5) over the azimuth 
angle

W o - O o )
Lo($o > ^o)- (21)

reproduced by optical systems with collectors of different diameter d, is shown. The



reproduced radiance can be determined according to the equations (3), (9) and (14) 
as

l o f l b . 00, d ) = l 0( S , 0 O, d ) = - - F- (X^ -  (2 2 )
27rsint/0sm y

assuming S=,90.
The values of the radiance Z 0 in Fig. 5 are multiplied by sin #0 in order to decrease 

their range. This does not influence the shape of the relationships examined.
The variations of basic parameters of the reproduced function, related to the 

zenith angle 0o of the source of incident radiance, are shown in Fig. 6 for a critical 
collector diameter d — 0.25. These parameters are:
— the angles 9'0, .9o limiting the range of nonzero value of reproduced radiance,
— the angle >9m of its maximum value.
The functions presented in Fig. 6 shows variations of these angles related to their 
common value 0o at d=0.

Fig. 6. The characteristic angles determining the shape o f reproduced directional distribution 
of point source radiance for the collector’s diameter i/=  0.25 versus zenithal distance 0o o f the 
source; 9'0, ÿ'ô — limits o f the range o f nonzero values o f radiance, 9 m — the position of the 
maximum o f reproduced radiance.

One can easily see (Fig. 6) that the total width of the reproduced run is still 
large enough for 0° <  0o < 30° and decreases considerably only with continued increase 
of the zenith angle 0o. On the other hand, the position of the maximum of the run 
differs by no more than 8 % from its actual position, even for the worst case when the 
source of radiance is located in the vicinity of the zenith, approaching the latter 
as 0o increases.

It is obvious that the fidelity of reproduction improves as the collector diameter 
decreases. However, over-decreasing this diameter leads to considerable technical 
problems due to the decrease of system sensitivity if collimator diameter D and its 
height h remain unchanged. These are to be increased if there is no sufficient reserve 
of photodetector sensitivity, which may be very inconvenient in view of the necessity 
to adjust the collimator height.
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