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A new aspect of the complex of after-image phenomena is 
described. It consists of the appearance of lines connecting 
initially separated after-images , if they are obseTlJed against 
a /1ickering background. These lines appear during the fading 
of the after-image . The after-images were produced by various 
configurations of Xenon nashes, the flickering background 
by a standard photostimulator . The phenomena was called 
after-image fusion not to be confused with binocular fusion. 
The report is qualitative. The main conclusion reached is the 
actual existence of the fusion phenomenon . Possible influ
ences of conditioning or suggesting were debated and thought 
of small importance. The phenomenon casts some doubts on 
the simple mechanistic retinal origin of the after-images . 

From antiquity Aristotle and later Goethe, Newton, 
and Descartes were intrigued by the fact that visual 
activity continues after retinal stimulation has ceased. 
Purkinje is considered to have been the first to study 
after-images comprehensively using the tools of modern 
physiologic investigation. In spite of the amount of 
information gathered about after-images and allied 
phenomena, little is know about their mechanism, and 
even the site of their formation is disputed. Since Craik, 
the consensus is that they are of retinal origin. 
Howard, however, demonstrated a phenomenon indicat
ing a central component. 

While working routinely with after-images, a new 
phenomenon has been discovered which could not be 
found described in the general literature. Essentially, 
this phenomenon consists of the perception of lines 
connecting separate but simultaneously produced after
images observed against a flickering background. For 
simpliCity, this phenomenon has been called fusion of 
the after-image; not to be confused with binocular 
fusion. The present report covers a qualitative study 
of this new aspect of the after-image. 
Method 

The experiments were conducted in a room with walls 
evenly painted a light green. A Grass photo stimulator 
(Model PS2) was the only source of illumination in the 
room while observing the fusion. This photo stimulator 
set at a frequency of 11 flashes per sec. and at its 
output intensity of 4 (arbitrary scale on Model PS2) 
provided a flickering field. 

Two types of flash-stimulators were used to produce 
the after-images. The first consisted of a conventional 
linear electronic flash tube 32 cm long with a 7 mm 
quartz body. It was powered by a 23.4 mfd capacitor 
charged to 2000 volts. Flashes of variable lengths, 
separated by variable gap sizes, were obtained by 
adequately masking this tube with black tape (Fig. 1). 
The second flash stimulator consisted of four con-
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Fig. l. Linear electronic nash stimulator covered with black 
tape to produce variable stimuli. 

ventional helicoidal flash tubes attached to the back 
of a board. Their light output was limited by 2.5 cm ,J 
holes arranged at the corners of a 15 cm square. Each 
flash was powered by 1100 mfd charged to 450 volts 
wired to ignite simultaneously. Light was diffused by 
inserting a paper screen between the board and the 
flash tubes . Various patterns of flash stimuli were 
obtained by covering the holes with black tape. 

A procedure was standardized as follows: For the 
first part of the experiment, the linear electronic 
flash stimulator was placed 60 cm from a wall, while 
the S, sitting 150 cm from this wall, was instructed 
to fixate monocularly (with the other eye covered) at 
the middle of the black tape in the center of the flash 
stimulator. The photo stimulator, placed 50 cm behind 
the S, was aimed at the wall in front of the S. Imme
diately after the flash stimulator was ignited, the S 
was asked to watch his after-images in the flickering 
field on the wall. He was also told to look for lines 
possibly appearing between the after-images. At the 
outset, the phenomenon was demonstrated to him under 
an extremely favorable condition (two long 15 cmflashes 
separated by a rather small, 1 cm gap) in which fusion 
was known to occur. 

He was subjected to a series of stimulations with two 
2 cm flashes. These flashes were succes sively separated 
by distances of 1, 2,4,8,16,and 32 cm. This procedure 
also was performed with a reversed sequence of gap 
sizes. A similar series was presented with 1 cm flashes. 

In the second part of the experiment, the helicoidal 
flash stimulator was substituted for the linear flash 
stimulator. Other conditions were unChanged. The S 
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was instructed to fixate monocularly at fixed points 
on the board while different patterns of stimuli were 
presented. 

An interval of approximately 5 min. was maintained 
between observations. Room lights were turned on during 
this time. 
Results 

The actual description of the fusion phenomenon by the 
observers varied slightly. Some described itas a white, 
others as a blue, luminous line. The primary repeatable 
observation was that when the actual after-images 
started to fade, a single continuous straight line bridged 
the gap between previously separated after-images. It 
is important to note that the after-images themselves 
did not move and that fusion was the occurrence of a 
line bridging the gap between them (Figs. 2 and 3). 

The first phase of the experiment with the linear 
flash-stimulator demonstrated that there was a range of 
flash sizes and gaps in which fusion occurred and a range 
in which fusion did not occur. Generally speaking, the 
limit for fusion was reached by decreasing the size of 
the flash and increasing the size of the gap. The 
point where the S stopped seeing fusion when the size 
of the gap was increased after starting from definite 
perception often c0incided with the point where the 
S began seeing fusion when the gap was decreased 
after starting from no perception of fusion. 

With the second helicoidal flash-stimulator, results 
varied. With the two holes uncovered, most Ss saw 
fusion between the two after-images. With three, a 
triangular configuration was observed. With four, 
however, the responses varied from S to S and with 
the direction of gaze. By fixating at the center of the 
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Fig. 2, After-image and fusion sequeace produced by linear stim
ulator seen on a flickering background. (1) After-images immedi
ately after flash. (2) After-images starting to fade. (3) After-image 
(usion: (A) Width equal to original after-image (8) Narrower than 
original after-image . (4) Disappearance. 
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Fig. 3. Different patterns of fusion produced by four spots seen 
on a flickering background with different points of fixation . 

square many Ss reported seeing fusion diagonally 
connecting the after-images, thus forming an X con
figuration. While fixating on the side of the square many 
parallel lines were reported frequently. At least one 
fusion line consistently crossed the fixation point. 
Discussion 

As in all subjective phenomena the concept of learning, 
conditioning, and suggestion had to be considered. 
Learning did play some role because it was initially 
necessary to demonstrate fusion under very favorable 
circumstances. 

However, conditioning and suggestion were ruled 
out as major factors because the Ss had substantially 
identical transition points between fusion and no fusion, 
whether approached by increasing or decreasing the 
gap-size. 

Some Ss were confused between lines normally seen 
crossing a flickering field and the fusion image. This 
was avoided by reminding them that these lines cross 
the whole field, while fusion extends only between two 
after-images. 

While these experiments were conducted to explore 
the after-image fusion phenomenon, their results cast 
some doubt on a purely retinal mechanism of after
images. 

References 
Adler, F. H. Phy siology of the eye. St. Louis: C. V. Mosby, 1959. 

P.645. 
Craik, W, Origin of visual after-images . Nature, London, 1940 , 

145, 512. 
Davson, H. The eye . New York: Academic Press 213, 1962. 
Duke-Elder, S. Textbook of ophthalmology. London: Henry KimJr 

ton, 1933. 
Howard, I. P. Some new subjective phenomenon apparently due to 

intraocular transfer. Nature, 1959, 184, 1516. 

Note 
1. This investigation was supported by NINDB Grant NB 5456-01. 

Psychon. Sci. , 1966, Vol. 4 (8) 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0034002e00350032003600330029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003100200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




