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ABSTRACT 

Skylighting which is symmetrical about the zenith generates a 

light vector diagram which is symmetrical about the vertical axis. 

When the sun departs from a position of symmetry the light vector diagrams 

become distorted. The extent of this distortion can to some extent be 

predicted from a knowledge of the scattering and reflecting properties of 

the water. The method of prediction is explained. 
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On the Effect of Sun Altitude on the Horizontal 

Dis t r ibut ion of Natural Light Underwater 

In homogeneous water, a t a fixed depth, the d i s t r ibu t ion of l igh t 

with azimuth angle in the horizontal plane wi l l of course depend on the 

sun's a l t i t ude in the sky. I f the sun i s exactly at the zenith in a c lear 

sky the l i gh t vector diagram for the horizontal plane wi l l be a c i r c l e , that i s , 

the magnitude of the flux wi l l be a constant for a l l azimuths. If the sun 

were jus t below the horizon and the sky were c lea r , one would also expect 

that the horizontal l igh t vector diagram would approach a c i r c l e of somewhat 

smaller magnitude than in the previous case. A t ru ly c i rcu la r l i gh t vector 

diagram would resu l t in the l a t t e r case i f the sky dome exhibited a constant 

gradient from zenith to horizon at a l l azimuths, but th i s i s not the case a t 

sunset. 

In between sunset and zenith-sun the hor izontal l i gh t vector diagram 
1 2 3 

i s known ' "' to be pesudo-e l l ip t ica l in shape. Thus, as the sun moves from 

the zenith to the horizon, the horizontal l i g h t vector diagram must s t re tch 

in to a pseudo e l l i p s e , a t ta in ing a maximum major axis at some intermediate 

sun angle and then shrink back again to a near c i rcu lar shape a t sunset . 

3 
Experimental data has recently been obtained by Dr. T. Sasaki a t 

the Tokyo University of Fisher ies , Sc ient i f ic Research I n s t i t u t e and his 

co-workers, Watanabe, Oshiba, and Okami, which demonstrates th i s sequence 

of changes in the horizontal l igh t vector diagram. 
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The phenomena can be explained and the sun angle for maximum d i s to r t ion 

of the l ight vector diagram can be predicted from fundamental hydro-optical 

considerat ions. There are two major factors which govern the shape of the 

horizontal l i gh t vector diagram. The f i r s t of these i s int imately associated 

with the scat ter ing function of the water. From Figure 1 i t can be seen 
o 

tha t as the sun se ts and the angle of incidence, i , increases to 90 , the 

angle of refract ion, r , increases to 48.6 , and 9 = 90 - r decreases to 41.4 . 

Considering only the collimated l i gh t from the sun, the objective lens of 

the instrument, which is pointed horizontal ly , w i l l face more and more into 

the forward lobe of the sca t te r ing from th i s collimated beam as the sun s e t s . 

The reading obtained w i l l therefore increase more or less proportional to the 

scat ter ing function of the water and i f nothing intervened would reach a 

maximum at sunset. 

However, as i increases , the ref lect ion of the a i r -water surface 

increases in accordance with Fresnel 's equations and the flux transmitted 
o 

through the boundary decreases, f ina l ly reaching zero at i = 90 . The 1jwo 
• s * 

effects are illustrated in Figure 2. The Fresnel transmission data are 

plotted from zero to one hundred percent on the ordinate. The scattering 

function curve is taken from measurements of a water sample having an 

attenuation coefficient of .302 per meter, and a total scattering coefficient 

of .148 per meter. The directional scattering from the sun's collimated 

beam is assumed to be proportional to the shape of this scattering' curve 

but the magnitude of the flux measured would be influenced by the depth at 

which measurements were made and by the volume of water involved. In the 

present problem Sasaki has measured the magnitude of the scattering and the 

scattering curve in Figure 2 is placed to conform with his maximum reading?.. 

* The Fresnel computations are here based on a flat interface. A roughened 
surface would no doubt alter the figures to some extent as would any change 
from the assumed scattering function of the water. 



SIO Ref. 60-17 

- 3 -

The horizontal flux measured in the direction of the sun as a function 

of i or 0 will evidently be proportional to the product of these two 

curves, illustrated in Figure 2 by the dashed line. 

From Figure 2 the maximum distension of the horizontal light vector 

diagram will occur when the sun is 70° from the zenith. The maximum dis­

tension reported by Sasaki occurred when the sun.1s angle from the zenith 

o 
was 67.5 • Sasaki's normalized data are plotted in Figure 2 as circled 

points. In plotting these points the flux in the direction opposite to the 

sun has been subtracted since for normalized data this portion of the flux 

is not affected by the position of the sun. 

This same phenomena should of course be observable at other angles 

than horizontal, and should be greatly exaggerated for observation angles less 

than 48 from the zenith. 
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Figure 1 
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