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INTRODUCITON 

THE FACT that the apparent hue of saturated colours depends slightly on luminance was 
discovered independently by VON BEZOLD (1873) and BRUCKE (1878). They gave a quali- 
tative description of the phenomenon occurring when one observes the total spectrum. 
Later, this has been studied quantitatively by PURDY (1931, 1937) who compared two 
monochromatically illuminated fields. He determined the wavelength difference between 
the two fields needed for equal apparent hue when the fields have two fixed but Merent 
luminances. This wavelength difference is a measure for the Bezold-Brilcke effect. It 
depends, as he found, on the luminance of the two fields and on the region of the spectrum 
involved. Only at three points in the spectrum, 476, 508 and 570 11111, is the phenomenon 
absent. 

More recent quantitative studies were made by BOYNTON and GORDON (1965), in which 
they used a forced-choice colour naming technique. A theoretical analysis of the effect 
was made by WALRAVEN (1961, 1962), on the basis of Pitt’s fundamental response curves 
and certain assumptions regarding saturation in the stimulus-response relation for each of 
the colour mediating systems. 

We made measurements similar to those of Purdy. However, because of the possible 
influence of lateral inhibition on such saturation effects we introduced systematic variation 
of the size of the visual field as an extra parameter. Such a parameter also seems relevant 
because of analogous studies on apparent brightness. Indeed, the relation between 
apparent brightness and luminance, changes from a power function with exponent + to 
one with exponent l/3, when the size of the visual field is increased from a few minutes 
of arc to over a few degrees (STEVENS and GALANTER, 1957). 

In this paper measurements on the Bezold-Brtlcke hue shift are presented for stimulus 
fields consisting of two half fields, of various spatial frequencies, and of two circular 
fields, one with a variable diameter. The results are discussed in terms of the hypothesis 
that apparent brightness is the crucial factor for apparent hue. Predictions based on a 
model for lateral inhibition from VON BBK&Y (1960) are compared with the experimental 
facts. 

PROCEDURE AND ARRANGEMENTS 

For our experiments two stimuli of different luminances and different wavelengths 
must simultaneously be presented on either adjacent or, occasionally, remote areas of the 
retina. In Fig. 1 a scheme of the experimental setup is presented. At the location of G the 
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subject observed either a grating on which reflecting and transparent bars alternate, or two 

half-fields, or two separate circular fields. 

, : 

FIG. 1. Experimental arrangement to measure the Bezold-Briicke hue shift with several 
stimulus patterns as described in the text (not to scale). 

The period of the grating and the diameter of the total visual field of the two half-field 
test target were parameters. In the case of the two circular fields, the size of one of them 
was varied as a parameter while the other one was constant and acted as reference. The 
luminances of the stimuli were varied by current strengths through the incandescent light 
sources L1 and L2. The wavelength of the light from L1 was continuously variable by two 
oppositely moving interference filter wedges (FW), for L2 various single interference filters 
were used. The stimulus from L2 served as reference. The Polaroid P eliminated reflection 
of the light from Ll on the transparent parts of G. In Fig. 2 the various stimulus conditions 
are shown , With the grating (b) measurements were made for various periods which are 
indicated as degrees of visual angle. With the two half fields (a) measurements were made 
for sizes of the test field between O-2 and 1.5 degrees. With the two separate circular fields 
(c) the reference had a size of l-2 degrees, the other one was varied in diameter between 
O-2 and I +2 degrees. 

(0) !bi ice 

FIG. 2. The combinations of grating G and diaphragm D (see Fig. I) with the visual fields 
to match. 
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Each measurement, except for the condition c (Fig. 2), started with a brightness match 
by the observer for equal h, and h2 of the two stimuli from L1 and Lz. Afterwards the 
luminance in the Lz beam was increased by a factor between l-7 and 10. The observer 
now changed the position of the interference wedge until the hues of both stimuli matched. 
In case the difference between h2 and the new h, was so large that, relative to the luminance 
step, the change in spectral sensitivity of the test subject became significant, appropriate 
corrections were made for U and a new match in hue was taken. In condition c (Fig. 2) 
the h-differences needed for a match in hue between fields of different diameter, but equal 
either in luminance or in apparent brightness, were also determined. 

To prevent errors caused by the Stiles-Crawford effect, precautions were taken so that 
the light beam passed through the central area of the pupil. To accomplish this an illu- 
minated narrow ring R (Fig. 1) of large diameter was used concentric with the optical 
axes. The eye position is correct when the ring is just invisible. With improper alignment 
some part of the ring is visible, hence the observer can correct his position. 

The subject observed the stimuli in Maxwellian view through an artificial pupil (AP) 
with a diameter of 1 mm. 

All brightness values are given in relative units: B1 =l. The absolute value of the 
brightness B1 is a few hundred photopic trolands. 

EXPERIMENTAL RESULTS 

There are two main features to be distinguished in the results as presented in Figs. 
3 and 4. 

450 500 550 609 650 

FIG. 3. The wavelength difference dh corresponding to the Bezold-Brticke hue shift caused 
by several values of the huninan ce B2 of field 2 as a function of the wavelength X. Two half 
circular fields are used. The dii of the total circular visual field was 1.5 degrees (visual 
angle). B2 is given in relative units (Bl=l). Each point is the mean of at least three 

measurements. 
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Fm. 4. The wavelength di&reme AX comspoMiinp to the Bezold-Bticke hue shift caused 
by an &crease of the bminarm by a factor 1.7, as a function of the wave&q& h for severaI 
diameters (d) of the visual field. d is expmsed in degrees of visuaI angle. Each point is the 

mean of at least time measurements. 

1. The locations in the spectrum of the three wavele~~~ at which the Bezold-Briicke 
hue shift is absent, are invariant despite variations in geometrical relations in the visual 
field. 2. The decrease of the diameter of the visual field has the same effect on the amount 
of hue shift as an increase of luminance difference between the two haif fields. From 
recent m~u~ents by LURIA (1967) we also know that an increase of tempora1 frequency, 
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Ffo, 5. The absolute vale: of the wavelength di&ence AX vs. the diameter of the visual 

field using a stImuIus of two haIf circular fields, for severaI WaveIengths. 
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as obtained by a decrease of the time of presentation, has effects on hue that are analoguous 
to the influence of luminance increase. However, Luria made his experiments by means of 
colour-naming techniques so the results are not quantitatively comparable with those 
presented in this paper. 

In the Figs. 5, 6 and 7 the absolute values of the wavelength difference corresponding 
to the hue shift are shown as a function of a fixed increase of B2 (by a factor of 1.7) and 
changes in the geometry of the several stimulus patterns. 
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FIG. 6. The absolute value of the wavelength difference dh vs. the period, p, of a grating 
of alternately rectangular light and dark bars of equal width, for several wavelengths. 
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FIG. 7. d/\ vs. the diameter of field 1 for several wavelengths. Field 2 is used as reference. 
Two separated circular fields, of different fixed luminances are used as stimuli. 
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DISCUSSION AND THEORETICAL ANALYSIS 

In view of the conformity of the set of curves obtained for several luminance ratios and 
those obtained for several dimensions of the stimulus, we start from the assumption that 
there must be a relation between them such that, for instance, a decrease in the size of the 
visual field introduces an increase in the apparent brightness ratio of the stimuli which in 
turn causes a change in the hue shift. It appears in Fig. 5, 6 and 7, that for larger values 
of the geometrical parameters the wavelength difference is nearly constant, while for 
smaller values it increases, although the luminance difference in the stimulus stays constant. 

If this increase of hue shift is caused by a change in apparent brightness difference 
there must also be an increase of brightness difference due to a decrease of the diameter 
of the field or of the period of the grating. There is something which could be responsible 
for this, namely the phenomenon of the Mach bands [RATLIFF (1965), MATTHEWS (1966)]. 

In Fig. 8 we show schemati~y the response to a rectangular shaped luminance pattern. 
The bands are present only in the neighbourhood of a change in the luminance and consist 
of an increase in brightness contrast. 

FIG. 8. Response to a rectangular shaped brightness pattern (schematic). 

When the period of a rectangular grating with alternately light and dim bars is 
decreased, i.e. the width of the bars becomes smaller, the Mach bands could overlap each 
other resulting in an increase of brightness of the light bars and a decrease of the brightness 
of the dark bars. This fits in with our assumption. 

To make a more q~~tative comp~son of this hypothesis with the expe~mental 
data, it is possible to construct Mach bands by means of a model of Iateral inhibition 
described by VON Bikfm (1960) as a “neural unit.” In Fig. 9 (a) such a neural unit is 
given schematically. The stimulus produces an area of sensation and a refractory area in 
which a neighbouring stimulus is inhibited. 

A simplified pattern of the neural unit is shown in Fig. 9 (b). S and R are the area 
respectively of sensation and inhibition. With this rectangular neural unit it is possible to 
construct the response to a stimulus as given in Fig. 9 (c) in the manner described by 
von B&k&y. This is as follows: the stimulus pattern is sliced into vertical sections of the 
width of the sensation area of the neural unit and the sum of the refractory areas is sub- 
tracted from the sum of the sensation magnitude. 

Similarly it is possible to construct the response to a one-dimensional periodic lumin- 
ance distribution such as given by the gratings. 

To ensure that the overlap of the Mach bands begins at the same values of the period, p, 
for which the increase of the hue shift starts, we take for the width, r, of the refractory 
area of the neural unit of von Btk&y {see Fig. 9 (b)) the value of 4 min of arc. Von BekkCsy 
found an r=12 min of arc. Our value, however, is more in agreement with those found 
by BAUMGARTNER f1960), KORNHUBER and SPXLLMAN (1964), GLEZER (1965), BRYNGDAHL 
(1964, 1966). They found for the diameter of the receptive fields (neural units) in the fovea 
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FIG. 9. (a) Neural unit, (b) a simplified version of the neural unit, (c) the waponse to a step- 
function in brightness, constructed by means of the simpliticd neural unit (b). 

of the human eye values between 4 and 5.5 min of arc. From the responses constructed 
with this corrected neural unit of von Bekesy, we can determine the apparent brightness 
ditference between the bright and the dim parts as a function of the period. 

The results are given in Fig. 10. In order to compare these results with the experimental 
data, the following procedure was used. 
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FIG. 10. dB, is the subjective brightness difference calculated by means of the neural unit 
of von B&&y, for a rectangular grating of alternative light and dark bars with a luminnnce 
difference between the light and dark bars dB, and several periods p. p is given in degrees 

of visual angle. 

From Fig. 3 we obtained the relation between the hue shift Ah and B2 by making 
vertical cross sections for different wavelengths (see Fig. 11). We used the stimulus of two 
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half-fields since, with them, there can be no question of an influence of Mach bands on 
the subjective brightness differences. 
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FIG. Il. The wavelength difference d h (absolute value) corresponding to the Bezold-Briicke 
hue shift as a function of the luminance Bz (rel. units; B1= 1) for several wavelengths. 

Now it is possible to obtain from Fig. 11 the values of luminance difference, B2-Br 
(Bt=l), necessary to explain the increase of the hue shift as a function of the grating 
period p (see Fig. 6) in the absence of an apparent brightness enhancement due to the 
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FIG. 12. Luminance difference needed to cause the same hue shift in the two half-fields 
(obtained from Fig. 11). as measured for the grating with variable periods. The curve is 

theoretical. 
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Mach bands. The data obtained in this manner are given in Fig. 12 for several wave- 
lengths. The curve is the theoretical one from Fig. 10 except that it is normalized to agree 
with the data for the large periods. As is evident from this figure, the theoretical curve 
has the same general shape as the curve constructed from the measurements of the hue shift. 
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FIG. 13. Luminance differences which produced, for a large 6&d diameter (l*S*). the same 
hue shift as measured for several small@ diameters, compared with the theoretical curve 

for the gratings when p= d. 
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FIG. 14. Luminance differences which produced, for a Iarge field diameter (1*.5’), the same 
hue shift as measured for several smaller diameters when &-Bl=O=7. The curve is the 

theoretical one from Fig. 10 when p=2dl. 
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The experimental data, however, show a dependency on wavelength. For instance, 
for A=460 nm, the increase of the hue shift caused by diminishing the period of the grating 
is larger than that which can be expected from the effect of the Mach bands. There are 
several possible explanations for this. In the first place we have constructed the Mach 
bands by means of a very simplified model of a neural unit assuming an independence, 
in these Mach bands, of brightness and wavelength, while WATRAWIEWICZ (1966) has 
found a relation between the Mach bands and these very parameters. Secondly, we com- 
pared (Fig. 12) intensity with a sensation magnitude using a linear relation between them. 

In the Figs. 13 and 14 the theoretical curve is compared with experimental data obtained 
with the stimulus with two half-fields and the two separated circular fields respectively. 
In Fig. 13 the data for a fixed diameter of the visual field is compared with the value of the 
theoretical curve for a period equal to this diameter. In Fig. 14 the period of the theoretical 
curve is correlated with twice the diameter of the circular field. While the theoretical curve 
was calculated for a grating, it also concurs with the experimental data from the two other 
stimulus patterns. 
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Abstract-Measurements on the influence of the geometrical proportions of the stimulus on 
the Bezold-Brilcke hue shift are reported. The hue shift is measured by a comparison of the 
colour of two fields, illuminated by monochromatic lights of different intensity. Various 
two-half field arrangements and gratings are used as stimuli. 

For each of the patterns the Bexold-Brilcke hue shift showed an increase with a decrease 
of the geometrical parameter, i.e. field diameter or bar-width. In explaining the results, it is 
assumed that a decrease of the geometrical parameter results in an increase of apparent 
brightness difference which, in turn, produces an increase of apparent hue difference. The 
experimental data were compared with theoretical predictions made with the aid of a model 
of the ‘neural unit’ of von B&k&y. 

R&an&-On mesure l’intluence des proportions g&m&riques du stimulus sur le decalage 
de tonalite de Bezold-Brtlcke. Ce decalage est d&ermin6 par comparaison de la couleur de 
deux champs, d&in% par des lum2res monochromatiques d’intensite differente. On utilise 
comme stimuli divers arrangements de champs bipartite et des r&seaux. 

Pour chacun de ces tests le decalage de Bezold-Brtlcke augmente quand diminue le 
parametre geomttrique, c’est-a-dire le diam&e du champ ou la largeur des traits. On 
explique ces r&hats en supposant que la diminution du parametre gcOm&rique a pour 
resultat d’augmenter la diff&ence apparente de luminositt, ce qui produit de ce fait un 
accroissement de la difference apparente de tonal&. On compare les donub expdrimentales 
avec les predictions theoriques fond&es sur le modele de 1’ “unite neurologique” de von B&k&y. 

Zusammenfassung-Es wird tlber Messungen zum EinfluJ? der geometrischen Abmessungen 
des Reizes auf die Brllcke-Bezold’sche Farbtonverschiebung berichtet. Die Farbtonverschie- 
bung wird durch Vergleich der Farben zweier Felder gemessen, die durch monochromatische 
Lichter unterschiedlicher Intensitiit beleuchtet werden. Verschiedene DoppelHalbfeldanord- 
nungen und Gitter werden als Reize verwendet. 

Fur jedes der Muster xeigte die Farbtonverschiebung eine Zunahme, wenn die geome- 
trischen Parameter abnahmen; so z.B. der Gesichtsfelddurchmesser oder die Balkenbreite. 
Bei der Deutung der Ergebnisse wird angenommen, da] eine Abnahme bei den geometrischen 
Parametem eine Zunahme in der scheinbaren HelligkeitsdifIerenz bewirkt, die ihrerseits 
einen Zuwachs in der scheinbaren Farbtonverschiebung hervorruft. Die experimentellen 
Werte wurden mit theoretischen Vorauasagen verglichen, die mit Hilfe eines Modells der 
“Neurologischen Einheit” von von B&k&y, gewonnen wurden. 

PeWMe - Coo6maeTcg 0 BJlWIIiHXX, OKa3bIBaIOT rWMeTjNiYC?CKHe 
BOCIIpHXTUE ToHa (@eHoMeH 

LptoKKe). CJIBW n3MepIuIcII ocBemaeMbIx 
MOHOXpOMaTEIYeCKIiM pa3JIHYHOti IiHTeHCEBHO-CTE. CTEM~J'IOB 
6bInu IiCIIOJIb30BaHbI pa3JIHYHbIe BeJIKYKHbI paWIEYHbIe 
pemerrtn. 

&In KaWtOrO R3 lXtTTejlHOB CLIBm WTOBOrO TOHa kIOJIbAa6pIoKKe yBenuYIi- 
BancR c yMeHbI.neHueM reoMeTpEiYecKor0 napan4erpa, T.e. mabwrpa nom IUDB 
IlIMpAHbl IIOJIOCbI. npIl 06aRcHeIDxIi pe3yJIbTaTOB II&Je~OJIaraCTCK,YTO yMeHbmeHHe 
reoMeTpwecKor0 napaMeTpa npor~nxeTca B yBenA9eHHH BKqHMoro paw&eHaa 
CBeTJIOTbl, KOTOpOe, B CBOH) OYepeAb, BbI3bIBaeT yBeJIHYeEEe BAAHMOTO pa3JIFlWI 
UBeTOBOrO TOHa. 3KCIleplihSeHTZUIbHbIe AaHIibIe 6bImi cOlloCTaBJIeHbI C TeOpeTE- 
YecKKMti npencxa3armnMn AenaeMbrmw c noMombio MonenH wiespoHa>), npeQnoxeH- 
Hoil EeKemu. 


