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Preface

… Physical measurements [are inadequate] as a means for representing what is perceived… (although they have supplied much of the foundation of ‘knowledge’)… There are numberless so-called visual illusions which must be taken into account…

Introduction

Seeing is deceiving… Only a part of what is perceived comes through the senses from the object; the remainder always comes from within… Our past experiences, associations, desires, demands, imaginings, and other more or less obscure influences create illusions… Illusions are sometimes called “errors of sense”., and some of them are such, but often they are errors of the intellect…
Physical measurements, which have done so much toward building a solid foundation for scientific knowledge, fail ultimately to provide an exact picture of that which is perceived… Illusions are legion… Their widespread existence and their forcefulness make visual perception the final judge in… [most] activities…

There are 2 well-known types of misleading perceptions, namely ‘illusions’ and ‘hallucinations’. If, for example, 2 lines appear of equal length and are not, the error in judgment is responsible for what is termed an ‘illusion’. If the perceptual consciousness of an object appears although the object is not present, the result is termed an ‘hallucination’…

The direct data delivered by the visual sense are light, intensity, color, direction… (and perhaps darkness)… The perceptions of outline-form and surface-contents rank next in simplicity (made up of ‘directions’)… The perception of solid-form is far more complex,… judged primarily by binocular vision (perspective) and partly by the distribution of light and shade (colors may also help to mold form and even to give depth to flat surfaces, since it is well known that some colors are ‘advancing’ and some are ‘retiring’). Of still greater complexity are the judgments of size and distance (spatial positions). Many comparisons enter such judgments (including the unconscious acts of the muscles of the eye and various external conditions such as the clearness of the atmosphere, + the numerous psycho-physiological phenomena of color, irradiation, etc.)…
For the special case of ‘geometrical-optical illusions’, 2 different theories, by Lipps and Wundt, are conspicuous… 

· Lipps proposed the principle of mechanical-aesthetic unity, according to which we unconsciously give to every space-form a living personality, and [upon which we] unconsciously consider certain mechanical forces acting… According to [this] theory, a circle has centripetal character, [provided by] radial forces toward the center; [since these] apparently have overcome the tangential forces during the process of creating the circle, [the viewer is] lead to underestimation of [the circle’s] size, as compared with a square of the same height and width… Theory of judgment.
· Wundt [, on the other hand,] attributes illusions to… direct perception… (limitations of retinal image and eye movement). For example, vertical distances appear greater than horizontal ones because the effort is greater in raising the eyes than in turning them through an equal angle in a horizontal plane. Theory of perception.
The Eye

… Obviously, the eye is the connecting link between objective reality and visual perception and, therefore, it plays an important part in illusions (in fact, sometimes it is solely responsible for the illusion)… The mechanism of the eye makes it possible to see not only light but objects, [thanks to the retina]… 
The eye is approximately a spherical shell transparent at the front portion, and opaque over the remaining 80% of its surface… Beginning with the exterior and proceeding toward the retina, we find in succession the cornea, the anterior chamber (with aqueous humor), the iris, the lens, the large chamber (with vitreous humor), and finally the retina…

The iris is a shutter that automatically controls to some degree the amount of light reaching the retina, thereby tending to protect the latter from too much light. It also has some influence upon the definition of the image… (‘visual acuity’)… It is interesting to compare the eye with a camera. In the case of the camera we have:

1. An inverted light-image.

2. An invisible image in the photographic emulsion.

3. A visible image developed on the plate.

In the case of the eye we have:

1. An inverted light-image.

2. An invisible image in the retinal substances.

3. An EXTERNAL visible image (in this case the final image is projected outward).

It is difficult to become aware of this [, on various levels]… Although the image focused upon the retina is inverted, there is no way for the observer to be conscious of this… [Also, it is difficult for one to become aware of the ‘imprinting’ of the image, since,] when a ray of light from an object strikes the retina, the impression is referred back into the original place in space…
Experiment: Punch a pin-hole in a card and hold it about 4 inches from the eye against a bright surface. At the same time, hold a pin-head as close to the cornea as possible… (an inverted image of the pin-head should appear in the hole; if you punch several holes in the card, in each will be seen an inverted image of the pin-head.

Explanation: The pin-head is so close to the eye that the image cannot be focused upon the retina. However, it is in a very favorable position to cast a shadow upon the retina (the light source being the pin-hole with a bright background)…

Purpose: This experiment shows that, unknown to us, the ‘real’ world we see is actually being perceived upside down inside our eyes. In contrast, a shadow cast on our eye is right-side-up, and thus appears as the opposity of reality (upside down).
Any lens of homogeneous material (the eye) has at least 2 defects, known as ‘spherical’ and ‘chromatic’ aberration. 

· The former manifests itself by the bending of straight lines [, particularly in the periphery of the field of view]… (refractive index is increased as the center of the lens is approached, tending to diminish this spherical aberration)…

· Also, the eye’s lens may be considered to be a ‘prism of revolution’… [leading to the separation of colored rays from white light]… This is why the image of the sun, for example, appears to have a colored fringe. 

Experiment: A purple filter, which transmits only violet and red rays, is useful for this demonstration. By looking at a lamp filament or candle flame some distance away, it will appear to have a violet halo, but this color will vary with [the angle of the point of view]…

Explanation: The eye’s lens separates colored rays from the light.
Purpose: This experiment shows that the spectrum of colors presents distortions in the edges of bright objects.
Chromatic aberration makes objects appear more sharply defined when viewed in monochromatic light (such as wearing yellow glasses)… 

Experiment: View a line-spectrum focused on a ground glass. Seen from the same distance, the blue and red lines cannot both be seen distinctly.

Explanation: Blue lines are focused at a much less distance than red lines.

Purpose: This is the basis of ‘advancing’ and ‘retiring’ colors.

[Another defect develops from the point where] the optic nerve spreads out to form the retina… [This is a blind spot;] objects whose images fall on this spot are invisible...
Experiment: Close one eye and look directly at one of 2 small black circles about 2 inches apart on white paper, at a distance of a bout a foot from the eye. By moving the objects [from side to side, you will reach a point where one] circle will disappear…

Explanation: The objects disappear at the point of the blind spot.

Purpose: This explains why we have more or less difficulty looking at particular objects.
The actual size of the retinal blind-spot is about… 5 degrees. Binocular vision overcomes this problem, since the blind-spots do not overlap in the visual field (much different for a one-eyed person)…

[Because the retinal wall is composed of] so-called ‘rods’ and ‘cones’,… which are the links between the retinal image and visual perception, discrimination of fine detail is limited by their finite dimensions… The smallest visible distance between 2 points at a distance of 5 inches, is about 0.001 inch… Also, fine lines may appear crooked because of the irregular disposition of rods and cones…. Since the center of the visual range (‘fovea’) is inhabited chiefly by cones (sensitive to color and high illumination), it is this spot that provides visual acuteness… (fine detail cannot be seen well-defined outside this central portion of the visual field)… In the outlying regions of the retina, rods predominate (rods are not sensitive to color, but do function at low intensities of illumination)… 

Experiment: look at a star in the sky both directly and sideways (averted vision). You’ll notice that it is best seen laterally.
Explanation: Provided above, by the placement of cones and rods in the eye.

Purpose: Understanding of the particularities of foveal and parafoveal vision.

[Note that the ability to ‘focus’]… is necessary for fixed, thoughtful attention (it exists in the retina of man and of higher monkeys, but it quickly disappears as we pass down the scale of animal life).
When an image of a bright object exists upon the retina for a time, there results a… fatigue of the retinal processes, leading to an after-image… The after-image is bright for a time… Then,… when the eye is directed toward illuminated surfaces,… the fatigued area contributes a darker area in the visual field… An after-image of a colored object appears as a subtraction of that particular color from the RGB spectrum… For example, if the eye is directed toward a bright green surface for a time and then turned toward a white surface,… the result is the perception of a certain area of the white surface as of a color equal to white minus some green, the result of which is pinkish purple (red + blue + green – green)… Interesting mixtures may be obtained by directing the after-image upon colored surface… [Finally, not that,] on gazing at a bright white image and then looking away, an after-image is seen that passes in color from green, blue, purple,…, and finally fades…
Example: In a dark room, hold a lamp obliquely outward but near one eye (the other being closed and shielded), and forward sufficiently for the retina to be strongly illuminated. While gazing at a dark surface, the visual field will appear dark, due to the intense illumination of the retina, and there will appear, apparently projected upon the wall, an image resembling a branching leafless tree.

Explanation: These are really shadows of the blood vessels in the retina.

Purpose: This shows the power of ‘hallucinations’.

Vision: 
The sense of sight differs considerably from the other senses. The sense of touch requires solid contact; taste involves liquid contact; smell, gaseous contact; and hearing,… indirect contact (vibrations). We visually perceive things… via an intangible, unrecognizable medium…
The sensation of taste is subjective; it is in us, not in the body tasted. Also in smell, where we perceive the sensation in the nose… The sensation of hearing is objective (we refer the cause to an object so completely that there is practically no consciousness of sensation in the ear. Also in sight… As you can see, in the 2 higher senses (sight and hearing), there is no direct contact with the object, and an intricate mechanism… defines and intensifies the impression… 

The principal modes by which we perceive 3d:

1. Extent.

2. Clearness of brightness and color.

3. Interference of near objects.

4. Elevation of objects.

5. Variation of light and shade on objects.

6. Cast shadows.

7. Perspective.

8. Variation of the visor angle in proportion to distance.

9. Muscular effort attending accommodation of the eye.

10. Stereoscopic vision.

11. Muscular effort attending convergence of the axes of the eyes.

For every voluntary act of sight there are 2 adjustments for the eyes: focal and axial. 

· In the former case, the ciliary muscle adjusts the lens in order to produce a defined image. 

· In axial adjustments, the 2 eyes are turned by certain muscles so that their axes meet on the object.
Although the interpretation of muscular adjustments plays a prominent part in the formation of judgments, the influences of mathematical perspective, light, shade, color, and intensity are more direct. Judgments based upon focal adjustment (monocular) are fairly accurate from 5 inches to several yards. Those founded upon muscular adjustment (binocular vision) are more reliable (to a distance of about 1000 feet). The measuring power of the eye is more liable to error when the distances/ objects compared lie in different directions. A special case is the comparison of a vertical distance with a horizontal one… In general, estimates of direction and distance are inaccurate when only one eye is used… A vertical line drawn perpendicular to a horizontal is likely to appear bent when viewed with one eye; beyond this, monocular vision is likely to cause ANY straight lines to appear crooked). Note that, in general, errors in the estimate of size are in reality errors in the estimation of distance.
Experiment: Hang 2 horizontal wires about 50 feet away (one a few feet beyond the other) and hide their ends from view. On looking at these, no double images are visible, and it is difficult or even impossible to see which is nearer when the ends are screened from view. However, if the head is turned 90 degrees so that the interocular line is now at right angles to the wires, the relative distances are brought out distinctly.
Explanation: Vision doubles images and is responsible from hiding objects in the ‘duplication’.
Purpose: This reveals the effect of double images, an important part in the comparison of multiple objects.

Some Types of Geometrical Illusions:
… A few representative geometrical illusions of various types:

· The effect of the location in the visual field: One of the most common illusions is found in some representations of the letter ‘S’ or figure ‘8’ (where the upper part is smaller than the lower part). Ordinarily, we are not strongly conscious of a difference in the size of the upper and lower parts of these characters; however, if we invert them, the difference is seen to be large… Here we have an example of the effect of learning or experience (our adaptive visual sense has become accustomed to overlook the actual difference)… Another, related illusion persists in geometrical figures,… [such as] a perfect square, which, appears too high when viewed vertically (vertical lines appear longer than horizontal ones)…
· Illusions of interrupted extent: Distance and area appear to vary in extent, depending upon whether they are filled or empty… In general, filled or divided space generally appears greater than empty space… However, divided space appears greater than filled space, because in divided space (consisting of many vertical lines), the lines provide a greater sense of size to their adjacent gaps (as long as the vertical lines are larger than the gaps)… 

· Illusions of contour: Open semi-circles appear somewhat flatter and of slightly greater radius than closed ones… The shorter the interrupted circumference of a circle, the flatter and of greater curvature radius it appears… Uncompleted squares [with only vertical lines appear tall-rectangular, while those with only horizontal edges appear wide-rectangular]…
· Illusions of Contrast: In general parts adjacent to large extents appear smaller, and those adjacent to small extents appear larger… Consider 2 trapezoids, where the length of the top horizontal line of the lower one seems to be less than that of the top line of the upper one, due largely to contrasting of the 2 figures… Or the case of equal circles in a field, appearing unequal due to contrast. Or the apparent size of circles influenced by position within an angle…
· Illusions of Perspective: In perspective we have the influences of various factors such as lines, angles, as well as contour and contrast… Right angles can appear oblique, and oblique angles can appear to be right angles… In a striking illusion,… the diagonals of 2 parallelograms are of equal length, but one appears to be much smaller… In another illusion, natural perspective [fights against logical measurements]… Square columns of the same size… [seem to be of different sizes, because of perceptual placement]… In similar fashion, squares and circles superimposed by diagonal lines create odd distortions… Although humans are not particularly conscious of perspective, it has been a factor in the development of our visual perception…

Equivocal Figures

Many figures apparently change in appearance, owing to fluctuations in attention and in associations. A human profile in intaglio, [for example], may appear as bas-relief…

Experiment: Fold a crease on a piece of paper. When viewed with one eye, it can be made to appear… pointing toward the observer or away from him.

Deception of this character is quite easy if the light-source and other extraneous factors are concealed from the observer… Here, often we see what we expect to see (for example, we more commonly encounter relief than intaglio; therefore, we are likely to think that we are looking at the former; or, also, consider the case of a cube thrown into the air in such a manner that it presents many aspects toward us, yet is considered throughout to look like a cube)…

The figures which exhibit these illusions are obviously those which are capable of 2 or more spatial relations… Note, by the way, that the maximum rate of fluctuation is approximately equal to the pulse rate (also, inversion is related to refraction in the eye)…

Image: shifting illusion; the ideal multiplicity.

Image: An image that shifts between perspective and flat view (crossed lines at non-right angles).

The trick of the shifty eyes: Perhaps the reader has witnessed the striking illusion of some portraits that were made of subjects looking directly at the painter. Regardless of the position of the observer, the eyes of the portrait appear to be directed toward him. In fact, as the observer moves, the eyes in the picture follow him so relentlessly as to provoke a feeling of uncanniness…
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Image of 2 gentlemen: An equivocal figure that shows the strength of perspective; it even distorts the perception of real form.
These particular illusions are both psychological and physiological… [Specially in the case of] perspective figures, [what we see] is influenced by imagination… (which also leads to the fact that we first/mostly see the form that is associated in our memory with the greatest number of images). Psychologically, these visions depend upon accommodation (primarily) and eye-movement…

The Influence of Angles

[The following] effects… do not really represent another type… [This is because] angles play an important part… in the production of illusions… Judgment of adjacent areas is also influenced by juxtaposed lines and angles… Direction itself is an effect of angle (the direction of a line is measured by the angle it makes with some reference line)…
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Area illusions are represented fundamentally by this image, where shapes change the perception of an equal area.
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Basic area illusion: when equivalent areas share adjacencies, size is misjudged.

One angular illusion [is revealed] on a pattern designed for a print for dress goods (the Zöllner illusion). The long parallel lines appear to diverge in the direction that the crossing lines converge… This illusion is greatest when the long parallel lines are inclined about 45 degrees to the horizontal (since the eye has less ‘experience’ with oblique rather than vertical-horizontal directions)… The illusion vanishes when held too far from the eye to distinguish the short crossing lines… The most effective angle between the short crossing lines and the main parallels appears to be approximately 30 degrees. This illusion actually combines 2 separate illusions of direction:

1. The parallel vertical strips appear unparallel.

2. The right and left portions of the oblique cross-lines appear to be shifted vertically.
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Zöllner illusions… are due to the additive effects of many simple illusions of angle… When 2 straight lines (such as ‘A’ and ‘B’ in the following illustration)… are separated by a space, it is usually possible to connect the two mentally [this is one of the basic elements of Gestalt visualization]… 
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However, if another line is connected to one of these lines, thus forming an angle, the 2 original lines no longer appear continuous… The new angle tends to tilt the original line ‘A’ downward, so it appears that if it were prolonged it would now fall below ‘B’. This visual illusion of the rotation of ‘A’ is due to the fact that we feel a need to ‘close’ the angle formed by ‘A’ and ‘C’…
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Thus, in an arrangement such as in the following illustration, ‘A’ tilts down and ‘B’ tilts up.
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In one next step towards the Zöllner shape, the 2 angles are brought together, in one common intersection… However, the result here is neutral, since the 2 lower angles… reinforce those above)…
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However, if oblique lines are extended across vertical ones, the illusion is seen to be more striking. 
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The illusion is further strengthened by adding many crossing oblique lines…

[image: image10.jpg]



The strength of angular illusion is also represented by the Poggendorff illusion. Here, if a crossing oblique line is interrupted by a thicker vertical line, the thickness will act as a visual gap, which forces the eye to underestimate (oblique distance across the gap is associated mentally with the horizontal thickness of the gap)…
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‘Twisted cord’ effects are another type. Here, ‘cords’ are made by twisting 2 strands which are black and white respectively. When these are superposed upon extended backgrounds, the results are striking…
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Twisted cords:
Vertical lines appear warped.
Concentric circles look like a spiral.

Another effect is the comparison of angles. Adjacent lines of equal length will appear unequal if combined with angles of different sizes at their ends (the greater the angle, the greater the apparent elongation of the central horizontal portion)… This effect is also influenced by the exact positions of the figures (the distance between them)…
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The Müller-Lyer illusion is related to this last one. Here, horizontal lines of equal length appear shorter or longer depending on the influence of angles formed by crossing lines…
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Illusions of direction also fall under the influence of angles, and closely related to the Zöllner illusion. The most basic is shown next, where the oblique lines do not cross the long parallel lines (still the parallel lines seem to warp):
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The effect changes a bit if the oblique lines connect:
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Or if they converge in the center, as in a perspective:
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Illusions of Depth and of Distance

… The looming of objects in a fog; the apparent enlargement of the sun and moon near the horizon; the flattening of the ‘vault’ of the sky; the intaglio seen as relief; the alteration of relief with lighting; and various changes in the landscape when regarded with the head inverted…

Distance is often estimated by the definition and color of objects seen through great depths of air (blurring of clarity)… Also, to some extent we judge unknown size by estimated distance, and unknown distance by estimated size… 

Because angular perspective varies the forms of angles and produces a divergence of lines,… [much of what we see] must be assumed…

General note: Delusions are different than illusions, since perception has been deluded by misinformation supplied by the intellect… 

Note on the muscular effort of the eyes: As an object approaches, the axes of the eyes converge more and more and the eye-lens must be thickened more and more to keep the object in focus…

Experiment: Holding an object at arm’s length and then bringing it rapidly toward the eyes, keeping it in focus all the time. The sensations of convergence and accommodation are quite intense.

Note on stereoscopic vision: The 2 eyes look at a scene from 2 different points of view respectively, and their images do not perfectly agree… Disparity/ overlap lead to parallax (differences of perceived distances and positions)… 

An increase in the brightness of an object is accompanied by an apparent movement toward the observer, and conversely a decrease in brightness produces an apparent movement in the opposite direction… [This is derived from another rule:] A bright object appears larger than a dark object of the same size and at the same distance… [However, because we know it is] the same object (and therefore of constant size), we attribute the apparent increase in size… to a ‘lesser distance’… [The result is our conclusion that a brightening object moves] toward the observer…

Illusions of depth/ distance may be divided into 4 classes:

1. Those of pure distance (where objects seem to change position without movement)…

2. Illusions of pure motion (where objects are perceived as moving without any apparent change in location).

3. Illusions of movement (where objects move and change location oddly)…

4. Illusions including a combination of the 1st and 3rd types (like #3, but with more odd position changes)…

These illusions are difficult to notice and dependent upon psychological pecularities…
Irradiation/ Brightness-Contrast

… A dark spot will appear darker in general as the brightness of its environment is increased, and a white spot surrounded by a dark environment will appear brighter as the latter is darkened (black and white mutually reinforce each other)…

Experiment: Cut 2 Vs from the same sheet of gray paper, and paste them respectively upon white and black backgrounds. It will be apparent that the one amid the black environment appears much brighter than the one amid the white environment… The persistency of the illusion will exist when one V is actually a much darker gray than the other…

The point at which the dark mullions of a window cross will be seen to appear brighter than the remaining portions of them when viewed against a bright sky. Conversely, dark spots appear where white bars cross… This illusion is weak for the crossing upon which the point of sight rests, but by averted vision the illusion is prominent for the other crossings…

A remarkable effect… can be produced by crossing a grating of parallel black lines with an oblique black line. At the actual crossings the black appears to run up the narrow angle somewhat like ink would under the influence of surface tension. This is particularly striking when 2 gratings… are superposed (the effect is visible when passing 2 picket fences, one beyond the other)… 

Color

… There are almost numberless phenomena involving color… [Some include:]

Simultaneous Contrast: [The strength of] color [comes from] contrast… (if a room is illuminated by a deep red light, at first [it appears] very vivid, but gradually becomes less saturated. After a half hour the color is apparently very faded, but upon emerging from the room into one normally lighted, the latter appears very markedly greenish in tint… [A white area surrounded by a colored area] will appear decidedly tinted and of a hue approximately complementary to that of the surroundings (when the surroundings are of a green color, a white star will assume a purplish tinge; when red, the white star will appear of a blue-green tint…)

After-images: … After-images may be seen after looking intently at any object and then directing the eyes toward a blank surface such as a wall… When these after-images are projected upon other objects, it is obvious that the appearance of the latter is apparently altered… After-images have been classified as positive and negative. The former are those in which the distribution of light and shade is the same as in the original object. Those in which this distribution is reversed, as in a photographic negative, are termed ‘negative’. After-images undergo a variety of changes in color, but in general there are 2 important states:

1. In one, the color is the same as in the original object.

2. In the other the color is approximately complementary to the original color. [This second type is the most common]

After-images are best observed when the eyes are well rested… Negative after-images are sometimes very persistent and therefore are more commonly noticed than positive ones… (if an after-image of a window is projected on a white area, it is likely to appear as a ‘negative’ when projected upon a white background, and as ‘positive’ upon a dark background)

Experiment: obtain an after-image of a light-source and study its color changes with the eyes closed; upon repeating the experiment the progression of colors will be found to be always the same for the same conditions…

The duration of an after-image will be found to vary with the brightness and period of fixation of the object… An after-image is seen with difficulty when the eyes are in motion, but it becomes quite conspicuous when the eyes are brought to rest…

Growth and decay of sensation: … If a projected slide picture is focused upon black velvet or upon a dark doorway, the projected image will not be seen. However, if a white rod is moved rapidly in the plane of the image, the image may be seen in its entirety. Another growth sensation is that of colors emerging from rotating discs. The mixture of colors, by rotating them on discs, owes its possibility to the persistence of color-sensations… It takes time for these sensations of light to grow and decay, and these rates vary for different colors… 

Experiment: An interesting case of [color sensation] may be demonstrated by rotating a Mason disc. Notwithstanding the fact that there are only black and white stimuli, a series of colored rings is seen, varying from a reddish chocolate to a blue-green… By using various colors, such as red and green, for the white and black, other colors will be produced…
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Mason disc.

Chromatic aberration: … The eye focuses different spectral colors at different points… The focal length of the optical system of the eye is considerably shorter for the spectral hues of shorter wave-length (violet, blue, green) than for those of longer wave-length (yellow, orange, red)…
Experiment: Try to focus fine detail such as print when 2 adjacent areas are illuminated by blue and red lights respectively…

Retiring and advancing colors: … Certain colors seem to advance nearer than others… In general the colors whose dominant hues are of the shorter wave-lengths (violet, blue, green) are retiring, and those whose dominant hues are of the longer wave-lengths (yellow, orange, red) are advancing… [In one experiment,] the difference in the positions of blue and red lights was found to be as much as 10% of the total distance…

Color-sensibility of the retina: … The ability to distinguish light and color gradually fades or decreases at the periphery of the visual field… The central part of the visual field… contains a yellowish pigmentation,… which operates as a yellow filter for this central area…

Purkinje effect: … The retina is increasingly sensible to light of shorter wave-lengths (violet, blue, green) as the brightness decreases (the visible difference increases, between colors of shorter and longer wave-lengths)…

Lighting

… [In many cases] lighting… alone can produce an illusion, and in still more cases it can contribute toward an illusion…

When a [bright] light-source… lies near the line of sight (shining from the observer towards the scene), [shadows disappear, making it difficult to tell volumes and positions]… [In most cases, for lighting illusions to occur, the light source must be hidden from the observer…

[As a special case,] it should be noted that we often jump to the conclusion that an object is a sphere even though we might only see a hemisphere… (spheres are more commonly encountered than hemispheres)…

As the intensity of illumination decreases, hue disappears and… approaches black. Conversely, as the intensity of illumination increases, a color becomes apparently less and less saturated and tends towards white…

A very unusual kind of optical illusion is illustrated by the phenomenon of the apparent ending of a searchlight beam… For years the apparent ending has been attributed to the diminution of the density of haze… (the beam… is [thought to be] visible owing to the scattering of some of the light by dust and moisture particles and the molecules of the air itself)… [However,] the appearance of the beam is no different when it is directed horizontally (where haze levels would be uniform) than when directed vertically… The ‘sudden’ ending of the beam… [is actually due to] the manner in which it is adjusted… (so that the beam appears the same width at its outer extremity as at its base)… [Without this adjustment,] the beam… would seem to come to a point… [Thus,] the apparent abrupt ending of a searchlight beam is purely an optical illusion. It really has no ending; it extends to infinity…

Nature

… A number of special [illusions appear] in nature,… representative of [everyday] conditions…

It is a common experience that things “loom in the fog” (they appear larger than they really are)… [This is because, in hazy conditions, we] overestimate distance and… size… [Conversely,] in clear atmosphere in the mountains we underestimate distance and, consequently, size… [Also, because tall mountains are unbelievably large, when confronting them we tend to underestimate their] size… [and their surrounding] distances…
Heavenly bodies appear much larger when they are rising or setting than when they are nearer the zenith (one of the most remarkable and surprising illusions which exist)… At the horizon, we instinctively compare the size of the sun, moon, and constellations with hills, trees, houses, and other objects, but when the former are high toward the zenith in the empty sky, we judge them in their isolated position to be nearer, hence smaller… [But there is never any change in their optical size]…

In discussing the great illusions of nature, it appears appropriate to introduce the mirage. This is not due to an error of sense in judgment (the eye sees what is presented, but with inversions… due to variations in the refractive index of the atmosphere)…

Painting and Decoration

In the arts where colors, brightnesses, contrasts, lines, forms, and perspectives mean so much, it is obvious that visual illusions are important…

[Visual artists] will usually be amazed to learn that… the range of contrast represented by their entire palette is many thousand times less than the range of values in nature… [They are thus] justified in using any available means for overcoming the handicap, and among the available tools, visual illusions are perhaps the most powerful.

[Any visual representation,] in the broadest sense, is an illusion… Through representation or imitation it creates an illusion… A glimpse of visual illusions [give designers hope that they]… can utilize these very illusions… Mysteries of today become facts of tomorrow;… [mysterious illusions can become applied techniques. Some already have been applied in everyday cases.] Atmospheric haze, [as we have seen,]… blurs distant details and adds a tinge of blue. In painting it is a powerful illusion which the painter has learned to employ… Linear perspective [is another example]… (diminishing the size of objects as they are represented in the distance; converging lines; etc.)… Imitation of light and shade [is also common, allowing the]… remarkable illusion of solid form or of depth…
Experiment: Take a landscape painting… [and make] a positive slide projection of the painting and project it upon the original painting in accurate superposition… The painting, illuminated by the projection will display a much greater range of contrast/ brightness (the lightest portions of the picture will be illuminated byu light passing through almost totally transparent portions of the slide, and the darkest portions by light greatly reduced by passing through the nearly opaque portions of the slide). The original range of contrast [will increase 50 times]…

After-images play many subtle parts in painting. For example, in a painting where a gray-blue sky meets the horizon of a blue-green body of water, the involuntary eye movements may produce a pinkish line just above the horizon… [In one particular] painting, a painter actually depicted several after-images of the sun, besides the image of the sun itself… [This gave a more realistic] impression that one was actually gazing at the sun…
Visual design cannot be manufactured [solely] by means of formulas… Fine sensibility will always be the dominant necessity in the production of design. One must possess the ability to compose exquisitely, one must be able to look at nature through a special temperament; one must be gifted in eye and in hand, and must be master of unusual visual and intellectual processes. And knowledge aids in all those activities. A superior acquaintance with scientific facts [is what lifts design to a higher level]…

Architecture

Many illusions are found in architecture… The architecture of classic Greece displays a highly developed knowledge of many geometrical illusions… For the purpose of showing the extent of certain architectural illusions, the compensatory measures applied by the Greeks are excellent examples… 

In the Parthenon of Athens,… the long lines of the architrave… would appear to sag if it were actually straight. This is also true of the stylobate,… and of pediments and other features, so these lines were often built convex… The stylobate has an upward curvature of more than 4 inches on the sides, and of more than 2.5 inches on the east and west fronts. Vertical features were made to incline inward in order to correct the common appearance of leanin outward at the top… Also, the axes of the columns are not vertical but actually inclined inward nearly 3 inches (inclined to such a degree that they would meet at an altitude of one mile above the ground). The 11-foot frieze and architrave is inclined inward about 1.5 inches… Straight tall columns… are likely to appear somewhat shrunken in the middle; therefore they are sometimes made slightly swollen in order to appear straight… (in the Parthenon the 34-foot columns… are swollen about ¾ of an inch)…
[Other examples of architectural illusions:]

· Stories in a building appear to decrease in size from the bottom upward…
· Columns viewed against a background of white sky appear of smaller diameter than when they are viewed against a dark background.

· Where a pole or column intersects the view of an arch, there is an apparent change in the direction of the curved lines (in the style of the Pogendorff illusion).

· If a high wall ends in a series of long horizontal steps at a slightly inclined sidewalk, the steps are not likely to appear horizontal.

Mirror Magic

Experiment: A famous ‘illusion’ which has astounded audiences is the sphinx. A box was place upon a table, and when opened there was revealed a Sphinxian head,… which upon some occasions talked. As a matter of fact it belonged to a body which extended downward from the table-top, and this kneeling human being was concealed from the audience by 2 very clean plate-glass mirrors… [In the 3-legged table,] the audience assumed the 4th leg was obscured by the foremost leg. The walls, floor, and ceiling of the box-like recess in which the table was placed are covered in the same material (because the reflections of the sides are made to appear as fragments of the back)… Thus the table appeared to be open underneath…
Camouflage

Illusions have played many roles in the science and art of deception during… war… ‘Camouflage’ itself includes all kinds of deception… Scientists have recognized for many years… that nature exhibits wonderful examples of concealment and deception… In nature, markings, habits, and environment have become more and more adapted to each other, until the species gained equilibrium… 

If we look about us upon animal life we see on every hand examples of concealing coloration and attitudes designed to deceive the prey or enemy. The rabbit is mottled because… solid color does not exist in nature’s landscapes in large areas. The rabbit is also lighter underneath to compensate for the lower intensity of illumination received on these portions… In many cases the color of the hairs of animals change from gray to white, providing better camouflage for the winter environment. Animals are also known to mimic inanimate objects for the sake of safety,… and non-poisonous snakes resemble poisonous ones (various plants do this too)… Some animals have very contrasting patterns which are conspicuous in shape, yet these very features disguise the fact that they are animals… The chameleon changes its color from moment to moment. The flounder changes its color and pattern to suit its environment…
[One interesting case of the development of man-made camouflage is found in the case of military boats:]

Marine camouflage: At the time of the Spanish-American war, North American battleships were painted white… Later, the so-called ‘battleship gray’ was adopted,… the result of an aim toward attaining low visibility… Owing to the curvature of the earth, the distance at which a vessel can be seen on a clear day is limited by the height of the observer and of the ship’s superstructure… (the visibility range varies as the square root of the distance of the object from the observer)… The irregular skyline of a ship is perhaps one of the most influential factors which tend to increase its visibility,… but false work fillers suffer in heavy seas and high winds… After adopting a suitable gray as a ‘low-visibility’ paint for ships, the next refinement was counter-shading (shadows were painted a lighter color, or even white). The superstructure was sometimes painted a light blue, with the hope that it would fade into the distant horizon… Illusions of broken, convergent, or divergent lines were later found to lead to confusion as to the course of a vessel… These illusions are the most effective when the greatest contrasts are used (hence black and white patterns are common, although it is important to obtain low visibility at a great distance by properly balancing the contrasting colors so that a blue-gray effect results)…
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