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The Analytic Form 
of the Daylight Locus 

Geoffrey Iverson and Charles Chubb 

It is an interesting computational exercise to take the full collection of Munsell 
chips, including the grays, illuminate them all with a standard source such as 
D65 or a flat equal energy source, present the reflected lights to three receptors 
following the spectral absorption profiles of human cones, integrate to produce 
receptor excitation 3-vectors, one vector per chip, and plot the totality of excita
tion vectors on a computer screen. What does one see? 

Not much at first: a blob, a splotch with no apparent structure. However, 
as one zooms in on the blob and rotates appropriately, a structure appears. The 
excitation vectors corresponding to the same Munsell value (gray scale) fall in 
parallel planes, and within any such plane, the colors form nested chromatic 
loops (roughly, "ovoids"), each loop being distinguished by a different value of 
chroma (saturation). Qualitatively, the overall structure resembles a double
cone, just as one would expect if Munsell reflectances were well represented by 
the simplest Fourier basis 1, sin, cos . 

What happens to this structure when one changes the illuminant? If the 
illuminants are the different phases of daylight, and the receptors are based 
on the Commission Internationale de l'Eclairage (CIE) 2deg color matching 
functions (Stockman & Sharpe, 2000; Stockman, Sharpe, & Fach, 1999), the 
constant (gray) reflectance moves along a three-dimensional curve, which when 
replotted in CIE chromaticity coordinates (x, y) is the daylight locus. This locus 
is known (Wyszecki & Stiles, 1982) to be well fit by a quadratic equation, 

Yv = -3x1 + 2.87 xv - 0.275. 

In Figure 4.1 the circles represent, in CIE chromaticity coordinates, 12 
phases of daylight equally spaced in reciprocal correlated color temperature 
(mired scale). The extreme points correspond to Tc 

= 4,000 K (upper right) 
and T

c = 25,000 K (lower left). The curve represented by the continuous line 
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