
Abstract. Gori and Stubbs (2006 Perception 35 1573 ^ 1577) have published some visual illusions
elicited in observers who fixate very blurred disks while they move their head towards and away
from them.We interpret these illusions as afterimages. We support this with examples of eccentric,
colored, and striped afterimages.

Afterimages and the Breathing Light Illusion

Gaze at the blurry white disk in the right hand half of figure 1a [resembling figure 1
in Gori and Stubbs (2006): see color version of this figure on our website http://
www.perceptionweb/misc/p5785]. Approaching this pattern by moving one's
head towards it makes the disk appear to become larger, more diffuse, and filled with
white. On receding from it, the disk's center remains white but the remainder appears
smaller, darker, and sharper.

We present several demonstrations that support an afterimage interpretation. The
supplementary material (see http://www.perceptionweb/misc/p5785) also illustrates a colored
afterimage, together with blurred disks of opposite polarity that in denying afterimages
also abolish the motion illusions.

A few seconds' fixation with the head at a fixed distance from the pattern in
figure 1a adapts the observer to the luminance of the initial stimulus. Moving the head
sharply forwards whilst fixating the cross generates a novel effect: two small illusory
blurry disks are briefly perceived. A small blurry white dot appears on the inner edge
of the black dot at 3 o'clock, whilst a small blurry black dot appears on the inner
edge of the white dot at 9 o'clock. An additional pause serves to re-adapt the observer
to the close-up view of the stimulus. Then, moving the head backwards produces a
large white flare on the outer edge of the black dot at 9 o'clock, and a large black flare
on the outer edge of the white dot at 3 o'clock. Figures 1b and 1c show an artist's
impression of how these afterimages look. They are clearly generated by the stimulus
where changes in luminance are strongest. Changes are smaller than the stimulus when
the head moves forward and larger when the head moves back.

Figures 2a and 2b explain these results for a fixated white disk with a Gaussian
luminance profile. Figure 2a shows a narrow spatial luminance profile at time T1 when
the head is far away, and a broader luminance profile at time T2 when the head is
closer. In figure 2b the afterimage from T1 is superimposed on the stimulus at T2, and
vice versa. These afterimage profiles are drawn with dashed lines. The resulting per-
ceived profiles, drawn with thick lines, are differences of Gaussians (DoGs). The upper
profile, when the head is far away at T1, has the familiar Mexican-hat profile, with
the spot apparently sharpened up, and in the lower profile, when the head is in the
near position at time T2, the central bright area enlarges and the spot appears diffuse
and blurry. This matches the observed percepts. Thus the combination of the stimulus
with its own differently sized afterimage leads to increased spatial differentiation when
the head is far away and increased spatial summation when the head is close in.

With eccentric fixation upon the cross, and the white disk to the right of fixation,
the afterimage from T2 will be shifted laterally upon the stimulus at T1, and vice versa.
Figure 2c shows the displaced afterimage profiles drawn with dashed lines, and the
outcomes drawn with thick lines: the observer sees the white disk as composed of two
blurry spots of different sizes side by side, one light and one dark. This also matches
the percepts reported.
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Spatial luminance ramp. In figure 3, a spatial luminance ramp translates horizontally.
This light-to-dark ramp is equivalent to an extreme close-up of the right-hand edge
of a very blurred light disk on a dark surround. When a fixation point such as the
tip of a pencil is moved to the right across this figure, the whole stimulus appears to
become much darker and to move strongly to the left, through a greater distance
than the fixation shift (Anstis 1967, 1979, 1986; Arnold and Anstis 1993; Cavanagh
and Anstis 1986). Moving the fixation back to the left gives the ramp an apparent
lightening and an exaggerated motion back to the right. Figure 2 shows what is hap-
pening. Figure 2d shows the luminance profile of the ramp at times T1 and T2, and

(a)

(b)

(c)

Figure 1. (a) Fixate the white blurry disk to see the
Gori ^ Stubbs effect: the disk looks whiter and more
diffuse when approached, and sharper and darker when
the head moves back. Now fixate the cross in (a) for
5 ^ 10 s.When the head is moved sharply forward to half
the viewing distance, the stimulus briefly looks like (b),
with small blurry afterimages superimposed. Hold the
fixation, then move the head back again, and the stim-
ulus briefly looks like (c), with large blurry afterimages.
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the displacement to the right is seen correctly. In figure 2e, the afterimage of the
ramp (dashed lines) is subtracted from the luminance profiles at times T1 and T2,
making the resultant profile (thick lines) shallower. Consequently, the amplitude of the
perceived motion is increased, as shown by the thick arrow. This may be related to
the illusory motion of static luminance gradients that are viewed peripherally (Fraser
and Wilcox 1979).

Striped afterimages. Figure 4a shows a blurred disk filled with a vertical grating, like
a very large Gabor patch. When this pattern was fixated, and then the head moved
toward or away from it, a ghostly pattern of vertical bars was briefly visible, 5 or 10 times
coarser than the bars of the grating. These illusory bars were moirë fringes, resulting
from a spatial beat or interaction between the original stimulus and its slightly larger
or smaller afterimage. Figure 4b shows similar moirë fringes as the physical result of
superimposing two identical patterns, one being 20% larger than the other.

Time 1
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(d) (e)

Figure 2. Hypothetical retinal images of blurry
patterns. (a) A blurry disk fixated from far
away at time T1 and from half the distance at
time T2. (b) The disk at T1 has the afterimage
from T2 (dashed lines) superimposed, yielding a
difference-of-Gaussians combined retinal image
(thick lines) that looks sharp and dark; and
vice versa, which looks white and diffuse. This
accounts for the Gori ^ Stubbs effect. (c) During
eccentric fixation, the afterimages are no longer
centered on the stimuli, but offset, giving the
percepts diagrammed in figures 1b and 1c.
(d) The spatial ramp shown in figure 3. Shifting
the gaze slightly to the left shifts the retinal
image to the right (black arrow). (e) Super-
imposing the afterimage from the ramp makes
the effective spatial ramp shallower. Result: The
perceived motion of the ramp during an eye
movement is exaggerated (thick arrow).

Figure 3. Fixate for a few seconds a pencil
point held near the center of this spatial lumi-
nance ramp. Now move the pencil point and
the gaze to the right. Result: The spatial ramp
appears to get darker, and move strongly to
the left, through a greater distance than the
pencil point. See text.
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Note that all these illusions are greatly enhanced by adapting to the static lumi-
nance pattern for a few seconds before the movement as predicted by our afterimage
assumption. This adaptation increases the sensitivity to small local changes in luminance
elicited by head movements. Consequently, transient aftereffects appear, whose contrast
polarity is opposite to that created by the local changes in luminance.
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Please note: Supplementary material is on our website, as mentioned on the first page
of this article.
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Figure 4. Striped afterimages. (See text.)
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