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Form of vision aidThis article is about the eyewear. For drinking vessels, see List of glassware. For other uses, see Glasses (disambiguation)."Spectacles" redirects here. For other uses, see Spectacle (disambiguation).Not to be confused with Glass.This article includes a list of general references, but it lacks sufficient corresponding inline citations.
Please help to improve this article by introducing more precise citations. (March 2025) (Learn how and when to remove this message)Medical interventionGlassesTwo pairs of modern glassesOther namesEyeglasses, spectaclesSpecialtyOphthalmology, optometry[edit on Wikidata]Man with glassesA woman with glassesGlasses, also known as
eyeglasses, spectacles, or colloquially as specs, are vision eyewear with clear or tinted lenses mounted in a frame that holds them in front of a person's eyes, typically utilizing a bridge over the nose and hinged arms, known as temples or temple pieces, that rest over the ears for support.Glasses are typically used for vision correction, such as with
reading glasses and glasses used for nearsightedness; however, without the specialized lenses, they are sometimes used for cosmetic purposes. Safety glasses are eye protection, a form of personal protective equipment (PPE) that are worn by workers around their eyes for protection. Safety glasses act as a shield to protect the eyes from any type of
foreign debris that may cause irritation or injury; these glasses may have protection on the sides of the eyes as well as in the lenses. Some types of safety glasses are used to protect against visible and near-visible light or radiation. Glasses are worn for eye protection in some sports, such as squash.Glasses wearers may use a strap to prevent the
glasses from falling off. Wearers of glasses that are used only part of the time may have the glasses attached to a cord that goes around their neck to prevent the loss and breaking of the glasses.Sunglasses allow for better vision in bright daylight and are used to protect one's eyes against damage from excessive levels of ultraviolet light. Typical
sunglasses lenses are tinted for protection against bright light or polarized to remove glare; photochromic glasses are clear or lightly tinted in dark or indoor conditions, but turn into sunglasses when they come into contact with ultraviolet light. Most over-the-counter sunglasses do not have corrective power in the lenses; however, special
prescription sunglasses can be made. People with conditions that have photophobia as a primary symptom (like certain migraine disorders) often wear sunglasses or precision tinted glasses, even indoors and at night.Specialized glasses may be used for viewing specific visual information, for example, 3D glasses for 3D films (stereoscopy). Sometimes
glasses are worn purely for fashion or aesthetic purposes. Even with glasses used for vision correction, a wide range of fashions are available, using plastic, metal, wire, and other materials for frames. Most glasses lenses are made of plastic, polyethylene, and glass.Glasses can be marked or found by their primary function, but also appear in
combinations such as prescription sunglasses or safety glasses with enhanced magnification.Main articles: Corrective lens and Refractive errorA skyline seen through a corrective lens, showing the effect of refractionMicrofiber cloth designed for cleaning corrective lenses without scratching sensitive glassCorrective lenses are used to correct
refractive errors by bending the light entering the eye in order to alleviate the effects of conditions such as nearsightedness (myopia), farsightedness (hypermetropia) or astigmatism. The ability of one's eyes to accommodate their focus to near and distant focus alters over time. A common condition in people over forty years old is presbyopia, which is
caused by the eye's crystalline lens losing elasticity, progressively reducing the ability of the lens to accommodate (i.e. to focus on objects close to the eye). Few people have a pair of eyes that show exactly equal refractive characteristics; one eye may need a "stronger" (i.e. more refracting) lens than the other.Corrective lenses bring the image back
into focus on the retina. They are made to conform to the prescription of an ophthalmologist or optometrist. A lensmeter can be used to verify the specifications of an existing pair of glasses. Corrective eyeglasses can significantly improve the life quality of the wearer. Not only do they enhance the wearer's visual experience, but can also reduce
problems that result from eye strain, such as headaches or squinting.The most common type of corrective lens is "single vision", which has a uniform refractive index. For people with presbyopia and hyperopia, bifocal and trifocal glasses provide two or three different refractive indices, respectively, and progressive lenses have a continuous gradient.
[1] Lenses can also be manufactured with high refractive indices, which allow them to be more lightweight and thinner than their counterparts with "low" refractive indices.Reading glasses provide a separate set of glasses for focusing on close by objects. Reading glasses are available without prescription from drugstores, and offer a cheap, practical
solution, though these have a pair of simple lenses of equal power, and so will not correct refraction problems like astigmatism or refractive or prismatic variations between the left and right eye. For the total correction of the individual's sight, glasses complying to a recent ophthalmic prescription are required.People who need glasses to see often
have corrective lens restrictions on their driver's licenses that require them to wear their glasses every time they drive or risk fines or jail time.Some militaries issue prescription glasses to servicemen and women. These are typically GI glasses. Many state prisons in the United States issue glasses to inmates, often in the form of clear plastic
aviators.Adjustable-focus eyeglasses might be used to replace bifocals or trifocals, or might be used to produce cheaper single-vision glasses (since they do not have to be custom-manufactured for every person).1940s combined hearing aid glasses, on display at Thackray Museum of Medicine.[2]Pinhole glasses are a type of corrective glasses that do
not use a lens. Pinhole glasses do not actually refract the light or change focal length. Instead, they create a diffraction limited system, which has an increased depth of field, similar to using a small aperture in photography. This form of correction has many limitations that prevent it from gaining popularity in everyday use. Pinhole glasses can be
made in a DIY fashion by making small holes in a piece of card which is then held in front of the eyes with a strap or cardboard arms.Glasses may also house other corrective or assistive devices. After the development of the transistor in the 1940s, combined eyeglass-hearing aids became popular. With thick-rimmed glasses the fashion at the time, a
hearing aid could be concealed in the temple part of the frame. These fell out of fashion after the 1970s, but there are still occasions when combined eyeglass-hearing aids may be useful.[3]See also: Eye protection and GogglesSafety glasses with side shieldsSafety glasses are worn to protect the eyes in various situations. They are made with break-
proof plastic lenses to protect the eye from flying debris or other matter.[4] Construction workers, factory workers, machinists and lab technicians are often required to wear safety glasses to shield the eyes from flying debris or hazardous splatters such as blood or chemicals.[5] As of 2017, dentists and surgeons in Canada and other countries are
required to wear safety glasses to protect against infection from patients' blood or other body fluids. There are also safety glasses for welding, which are styled like wraparound sunglasses, but with much darker lenses, for use in welding where a full-sized welding helmet is inconvenient or uncomfortable. These are often called "flash goggles" because
they provide protection from welding flash.[6] Nylon frames are usually used for protective eyewear for sports because of their lightweight and flexible properties. Unlike most regular glasses, safety glasses often include protection beside the eyes as well as in front of the eyes.Main article: SunglassesWoman wearing sunglassesSunglasses provide
more comfort and protection against bright light and often against ultraviolet (UV) light. To properly protect the eyes from the dangers of UV light, sunglasses should have UV-400 blocker to provide good coverage against the entire light spectrum that poses a danger.[7]Light polarization is an added feature that can be applied to sunglass lenses.
Polarization filters are positioned to remove horizontally polarized rays of light, which eliminates glare from horizontal surfaces (allowing wearers to see into water when reflected light would otherwise overwhelm the scene). Polarized sunglasses may present some difficulties for pilots since reflections from water and other structures often used to
gauge altitude may be removed. Liquid-crystal displays emit polarized light, making them sometimes difficult to view with polarized sunglasses. Sunglasses may be worn for aesthetic purposes, or simply to hide the eyes. Examples of sunglasses that were popular for these reasons include tea shades and mirrorshades. Many blind people wear nearly
opaque glasses to hide their eyes for cosmetic reasons. Many people with light sensitivity conditions wear sunglasses or other tinted glasses to make the light more tolerable.Sunglasses may also have corrective lenses, which requires a prescription. Clip-on sunglasses or sunglass clips can be attached to another pair of glasses. Some wrap-around
sunglasses are large enough to be worn over another pair of glasses. Otherwise, many people opt to wear contact lenses to correct their vision so that standard sunglasses can be used.Double-frame eyewear with one set of lenses on the moving frame and another pair of lenses on a fixed frame (optional).The double frame uplifting glasses have one
moving frame with one pair of lenses and the basic fixed frame with another pair of lenses (optional), that are connected by four-bar linkage. For example, sun lenses could be easily lifted up and down while mixed with myopia lenses that always stay on. Presbyopia lenses could be also combined and easily removed from the field of view if needed
without taking off glasses. These glasses are often used for drivers going through tunnels, with the upper frame serving as sunglasses and the second frame as transparent lenses.Main article: 3D ViewersThe illusion of three dimensions on a two-dimensional surface can be created by providing each eye with different visual information. 3D glasses
create the illusion of three dimensions by filtering a signal containing information for both eyes. The signal, often light reflected off a movie screen or emitted from an electronic display, is filtered so that each eye receives a slightly different image. The filters only work for the type of signal they were designed for.Anaglyph 3D glasses have a different
colored filter for each eye, typically red and blue or red and green. A polarized 3D system on the other hand uses polarized filters. Polarized 3D glasses allow for color 3D, while the red-blue lenses produce an image with distorted coloration. An active shutter 3D system uses electronic shutters. Head-mounted displays can filter the signal
electronically and then transmit light directly into the viewer's eyes.Anaglyph and polarized glasses are distributed to audiences at 3D movies. Polarized and active shutter glasses are used with many home theaters. Head-mounted displays are used by a single person, but the input signal can be shared between multiple units.Glasses can also provide
magnification that is useful for people with vision impairments or specific occupational demands. An example would be bioptics or bioptic telescopes which have small telescopes mounted on, in, or behind their regular lenses. Newer designs use smaller lightweight telescopes, which can be embedded into the corrective glass and improve aesthetic
appearance (mini telescopic spectacles). They may take the form of self-contained glasses that resemble goggles or binoculars, or may be attached to existing glasses.McKie Reid recumbent glasses, on display at Thackray Museum of Medicine.[8]Recumbent or prism glasses are glasses that use a prism with a 90 refraction to allow the wearer to read
or view a screen while lying on their back. Developed by Liverpudlian ophthalmologist Andrew McKie Reid in the 1930s to assist people bedbound by chronic illness or spinal injury, recumbent glasses have more recently been marketed not simply as an assistive device but also as 'lazy glasses'.[9] They do not assist with vision, although they can be
worn over regular corrective glasses.Yellow-tinted glasses are a type of glasses with a minor yellow tint. They perform a slight color correction, on top of reducing eyestrain from lack of blinking. They may also be considered minor corrective non-prescription glasses.[10] Depending on the company, these computer or gaming glasses can also filter out
high energy blue and ultra-violet light from LCD screens, fluorescent lighting, and other sources of light. This allows for reduced eye-strain.[11] These glasses can be ordered as standard or prescription lenses that fit into standard optical frames.[12]Main article: Biological effects of high-energy visible lightBy the end of the 2010s, eyeglasses that
filter out blue light from computers, smartphones and tablets are becoming increasingly popular in response to concerns about problems caused by blue light overexposure.[13][14]The problems claimed range from dry eyes to eye strain, sleep cycle disruption, up to macular degeneration which can cause partial blindness.[13] They may also block out
ultraviolet (UV) radiation. However, there is no measurable UV light from computer monitors.[13][15][contradictory] The problem of computer vision syndrome (CVS) can result from focusing the eyes on a screen for long, continuous periods. Many times the glasses do not appear to have much of a tint, or, if any, a slight yellow tint, but they may be
more heavily tinted.Long hours of computer use (not blue light) may cause eye strain.[13][16][14][17]Many eye symptoms caused by computer use will lessen after the usage of the computer is stopped.[13]Decreasing evening screen time and setting devices to night mode will improve sleep.[16][18]Several studies have shown that blue light from
computers does not lead to eye diseases, including macular degeneration.[16][19][20] The total amount of light entering the eyes can be adjusted without glasses using the screen brightness settings. Similarly, the blue light can often specifically be adjusted using the "night mode" of different operating systems, which can usually be activated outside
of nighttime hours.The American Academy of Ophthalmology (AAO) does not recommend special eyewear for computer use,[13][14]although it recommends using prescription glasses measured specifically for computer screen distance (depending on individuals, but possibly 2026 inches from the face), which are not the same as "blue-light blocking"
glasses.[21]The position of the College of Optometrists (UK) is that "the best scientific evidence currently available does not support the use of blue-blocking spectacle lenses in the general population to improve visual performance, alleviate the symptoms of eye fatigue or visual discomfort, improve sleep quality or conserve macula health."
[22]Glasses, ¢.1920s, with springy cable templesThe ophthalmic frame is the part of a pair of glasses that is designed to hold the lenses in the proper position.Ophthalmic frames come in a variety of styles, sizes, materials, shapes, and colors.[23]pair of eye wires or rims surrounding and holding the lenses in placebridge which connects the two eye
wireschassis, the combination of the eye wires and the bridgetop bar or brow bar, a bar just above the bridge providing structural support and/or style enhancement (country/Grandpa style). The addition of a top bar makes a pair of glasses aviator eyeglassespair of brows or caps, plastic or metal caps which fit over the top of the eye wires for style
enhancement and to provide additional support for the lenses. The addition of brows makes a pair of glasses browline glassespair of nose pads that allows a comfortable resting of the eye wires on the nosepair of pad arms connect the nose pads to the eye wirespair of temples (earpieces) on either side of the skullpair of temple tips at the ends of the
templespair of end pieces connect the eye wires via the hinges to the templespair of frame-front end piecespair of hinges connect the end pieces to the temples, allowing a swivel movement. Spring-loaded flex hinges are a variant that is equipped with a small spring that affords the temples a greater range of movement and does not limit them to the
traditional, 90-degree angle.Skull temples: bend down behind the ears, follow the contour of the skull and rest evenly against the skullLibrary temples: generally straight and do not bend down behind the ears. Hold the glasses primarily through light pressure against the side of the skullConvertible temples: used either as library or skull temples
depending on the bentRiding bow temples: curve around the ear and extend down to the level of the ear lobe. Used mostly on athletic, children's, and industrial safety framesComfort cable temples: similar to the riding bow, but made from a springy cable of coiled metal, sometimes inside a plastic or silicone sleeve. The tightness of the curl can be
adjusted along its whole length, allowing the back to fit the wearer's ear curve perfectly. Used for physically active wearers, children, and people with high prescriptions (heavy lenses).[24][25] See the image of 1920s frames above.Cellulose acetateOptyl, a type of hypoallergenic material made especially for eyeglass frames. It features a type of
elasticity that returns the material to its original shape.Cellulose propionate, a molded, durable plastic3D-printed plastic using super-fine polyamide powder and Selective laser sintering processes see Mykita Mylon (The frames can be 3-D printed by Fused Filament Fabrication for pennies of ABS, PLA or nylon)[26]NylonVarious metals and alloys may
be used to make glasses, such as gold, silver, aluminum, beryllium, stainless steel, titanium, Monel, and nickel titanium.Natural materials such as wood, bone, ivory, leather and semi-precious or precious stones may also be used.Modern glasses with a rectangular lens shapeCorrective lenses can be produced in many different shapes from a circular
lens called a lens blank. Lens blanks are cut to fit the shape of the frame that will hold them. Frame styles vary and fashion trends change over time, resulting in a multitude of lens shapes. For lower power lenses, there are few restrictions, allowing for many trendy and fashionable shapes. Higher power lenses can distort peripheral vision and may
become thick and heavy if a large lens shape is used. However, if the lens is too small, it can drastically reduce the field of view.Bifocal, trifocal, and progressive lenses generally require a taller lens shape to leave room for the different segments while preserving an adequate field of view through each segment. Frames with rounded edges are the
most efficient for correcting myopic prescriptions, with perfectly round frames being the most efficient. Before the advent of eyeglasses as a fashion item, when frames were constructed with only functionality in mind, virtually all eyeglasses were either round, oval, panto, rectangular, octagonal, or square. It was not until glasses began to be seen as
an accessory that different shapes were introduced to be more aesthetically pleasing than functional.Further information: Reading stoneScattered evidence exists for use of visual aid devices in Greek and Roman times, most prominently the use of an emerald by Emperor Nero as mentioned by Pliny the Elder.[27]The use of a convex lens to form an
enlarged/magnified image was most likely described in Ptolemy's Optics (which survives only in a poor Arabic translation). Ptolemy's description of lenses was commented upon and improved by Ibn Sahl (10th century) and most notably by Alhazen (Book of Optics, c.1021). Latin translations of Ptolemy's Optics and of Alhazen became available in
Europe in the 12th century, coinciding with the development of "reading stones".There are claims that single lens magnifying glasses were being used in China during the Northern Song dynasty (9601127).[28][29]Robert Grosseteste's treatise De iride (On the Rainbow), written between 1220 and 1235, mentions using optics to "read the smallest
letters at incredible distances".[30] A few years later in 1262, Roger Bacon is also known to have written on the magnifying properties of lenses.[31][32] The development of the first eyeglasses took place in northern Italy in the second half of the 13th century.[33]Independently of the development of optical lenses, some cultures developed
"sunglasses" for eye protection, without any corrective properties.[34] For example, flat panes of smoky quartz were used in 12th-century China,[a] and the Inuit have used snow goggles for eye protection.Detail of a portrait of the Dominican cardinal and renowned biblical scholar Hugh of Saint-Cher, painted by Tommaso da Modena in 1352Portrait
of Cardinal Fernando Nio de Guevara by El Greco, c. 1600, showing glasses with temples passing over and around the earsThe Persian miniaturist Reza Abbasi wearing glasses, 1673.The Glasses Apostle by Conrad von Soest (1403)Seated apostle holding lenses in position for reading. Detail from Death of the Virgin, by the Master of Heiligenkreuz,
c.14001430 (Getty Center).French Empire gilt scissors glasses (with one lens missing), c.1805The earliest recorded comment on the use of lenses for optical purposes was made in 1268 by Roger Bacon.[36]The first eyeglasses were estimated to have been made in Central Italy, most likely in Pisa or Florence, by about 1290: In a sermon delivered on
23 February 1306, the Dominican friar Giordano da Pisa (c.12551311) wrote "It is not yet twenty years since there was found the art of making eyeglasses, which make for good vision... And it is so short a time that this new art, never before extant, was discovered.... I saw the one who first discovered and practiced it, and I talked to him."
[37]Giordano's colleague Friar Alessandro della Spina of Pisa (d. 1313) was soon making eyeglasses. The Ancient Chronicle of the Dominican Monastery of St. Catherine in Pisa records: "Eyeglasses, having first been made by someone else, who was unwilling to share them, he [Spina] made them and shared them with everyone with a cheerful and
willing heart."[38] Venice quickly became an important center of manufacture, especially due to using the high-quality glass made at Murano.[39] By 1301, there were guild regulations in Venice governing the sale of eyeglasses[40] and a separate guild of Venetian spectacle makers was formed in 1320.[39] In the fourteenth century, they were very
common objects: Francesco Petrarca says in one of his letters that, until he was 60, he did not need glasses,[41][42] and Franco Sacchetti mentions them often in his Trecentonovelle.The earliest pictorial evidence for the use of eyeglasses is Tommaso da Modena's 1352 portrait of the cardinal Hugh de Saint-Cher reading in a scriptorium. Another
early example would be a depiction of eyeglasses found north of the Alps in an altarpiece of the church of Bad Wildungen, Germany, in 1403. These early glasses had convex lenses that could correct both hyperopia (farsightedness), and the presbyopia that commonly develops as a symptom of aging. Although concave lenses for myopia (near-
sightedness) had made their first appearance in the mid-15th century,[39] it was not until 1604 that Johannes Kepler published the first correct explanation as to why convex and concave lenses could correct presbyopia and myopia.[b]Early frames for glasses consisted of two magnifying glasses riveted together by the handles so that they could grip
the nose. These are referred to as "rivet spectacles". The earliest surviving examples were found under the floorboards at Kloster Wienhausen, a convent near Celle in Germany; they have been dated to circa 1400.[45]The world's first specialist shop for spectacleswhat we might regard today as an opticianopened in Strasbourg (then Holy Roman
Empire, now France) in 1466.[46]The 17th-century claim by Francesco Redi that Salvino degli Armati of Florence invented eyeglasses in the 13th century has been exposed as erroneous.[47][48]Marco Polo is mistakenly claimed to have encountered eyeglasses during his travels in China in the 13th century. However, no such evidence appears in his
accounts.[49][50] Indeed, the earliest mentions of eyeglasses in China occur in the 15th century and those Chinese sources state that eyeglasses were imported.[51]Man wearing glasses on the 16th century Ming dynasty Chinese painting The Bustling and Hustling of Nanjing (zh:)In 1907, Professor Berthold Laufer speculated, in his history of glasses,
that for glasses to be mentioned in the literature of China and Europe at approximately the same time it was probable that they were not invented independently, and after ruling out the Turks, proposed India as a location.[52][c] However, Joseph Needham stated that the mention of glasses in the Chinese manuscript Laufer used "in part" to credit the
prior invention of them in Asia did not exist in older versions of that manuscript, and the reference to them in later versions was added during the Ming dynasty.[53]In 1971, Rishi Agarwal, in an article in the British Journal of Ophthalmology, states that Vyasatirtha was observed in possession of a pair of glasses in the 1520s, he argues that it "is,
therefore, most likely that the use of lenses reached Europe via the Arabs, as did Hindu mathematics and the ophthalmological works of the ancient Hindu surgeon Sushruta",[54] but all dates are given well after the existence of eyeglasses in Italy was established, including significant shipments of eyeglasses from Italy to the Middle East, with one
shipment as large as 24,000 glasses,[55] as well as a spectacles dispensary in Strasbourg in 1466.[46]The American scientist Benjamin Franklin, who had both myopia and presbyopia, invented bifocals. Historians have from time to time produced evidence to suggest that others may have preceded him in the invention; however, a correspondence
between George Whatley and John Fenno, editor of The Gazette of the United States, suggested that Franklin had indeed invented bifocals, and perhaps 50 years earlier than had been originally thought.[56] The first lenses for correcting astigmatism were designed by the British astronomer George Airy in 1825.[57]Over time, the construction of
frames for glasses also evolved. Early eyepieces were designed to be either held in place by hand or by exerting pressure on the nose (pince-nez). Girolamo Savonarola suggested that eyepieces could be held in place by a ribbon passed over the wearer's head, this in turn secured by the weight of a hat. The modern style of glasses, held by temples
passing over the ears, was developed sometime before 1727, possibly by the British optician Edward Scarlett. These designs were not immediately successful, however, and various styles with attached handles such as "scissors-glasses" and lorgnettes were also fashionable from the second half of the 18th century and into the early 19th century.In the
early 20th century, Moritz von Rohr and Zeiss (with the assistance of H. Boegehold and A. Sonnefeld[58]) developed the Zeiss Punktal spherical point-focus lenses that dominated the eyeglass lens field for many years. In 2008, Joshua Silver designed eyewear with adjustable corrective glasses. They work by using a built-in syringe to pump a silicone
solution into a flexible lens.[59]Despite the popularity of contact lenses and laser corrective eye surgery, glasses remain very common, as their technology has improved. For instance, it is now possible to purchase frames made of special memory metal alloys that return to their correct shape after being bent. Other frames have spring-loaded hinges.
Either of these designs offer dramatically better ability to withstand the stresses of daily wear and the occasional accident. Modern frames are also often made from strong, lightweight materials such as titanium alloys, which were not available in earlier times.A portrait of Francisco de Quevedo y Villegas, 15801645Harry S. Truman, 33rd President of
the United States, had poor vision.In the 1930s, "spectacles" were described as "medical appliances".[60] Wearing spectacles was sometimes considered socially humiliating. In the 1970s, fashionable glasses started to become available through manufacturers, and governments also recognized the demand for stylized eyewear.[60]Graham Pullin
describes how devices for disability, like glasses, have traditionally been designed to camouflage against the skin and restore ability without being visible.[60] In the past, design for disability has "been less about projecting a positive image as about trying not to project an image at all".[60] Pullin uses the example of spectacles, traditionally
categorized as a medical device for "patients"”, and outlines how they are now described as eyewear: a fashionable accessory.[60] Much like other fashion designs and accessories, eyewear is created by designers, has reputable labels, and comes in collections, by season and designer.[60] In recent years, it has become more common for consumers to
purchase eyewear with non-prescription lenses as a fashion accessory.[60]The availability of eyeglasses to ordinary people is still an ongoing problem, with between 1 and 2.5 billion people worldwide lacking access to vision correction.[61][62]The market for spectacles has been characterized as having highly inelastic demand. Advertising restrictions
in the United States, for example, have correlated with higher prices, suggesting that adverts make the spectacles market more price-competitive.[63] It has also been claimed to be monopolistically competitive, as in the case of Luxottica.[64][65][66]There are claims that insufficiently free market competition inflates the prices of frames, which cost
an average of $25$50 U.S. to make, to an average retail price of $300 in the United States. This claim is disputed by some in the industry.[67][68][69]The United States also prohibits the sale of glasses unless the user has a recent prescription from an optometrist or ophthalmologist, whereas in most of the world, glasses and contact lenses can be
bought without needing to get a new eye exam first.[70] This means that Americans who lose or break their glasses may be unable to see well until they can get, and pay for, an appointment with an optometrist.[70] In most of the world, someone who has lost their glasses merely goes to the nearest store selling glasses and buys a replacement over
the counter.[70]Some organizations like Lions Clubs International,[71] Unite For Sight,[72] ReSpectacle,[73] and New Eyes for the Needy provide a way to donate glasses and sunglasses to people on low incomes or no income. Unite For Sight has redistributed more than 200,000 pairs.[74]Glasses - Decoration, Prezi HQ, BudapestMany people require
glasses for the reasons listed above. There are many shapes, colors, and materials that can be used when designing frames and lenses that can be utilized in various combinations. Oftentimes, the selection of a frame is made based on how it will affect the appearance of the wearer. Some people with good natural eyesight like to wear eyeglasses as a
style accessory. In Japan, some companies ban women from wearing glasses.[75]Former United States senator Barry Goldwater in horn-rimmed glassesFor most of their history, eyeglasses were seen as unfashionable, and carried several potentially negative connotations: wearing glasses caused individuals to be stigmatized and stereotyped as pious
clergymen as those in religious vocation were the most likely to be literate and therefore the most likely to need reading glasses elderly, or physically weak and passive.[76][77] The stigma began to fall away in the U.S. in the early 1900s when the popular Theodore Roosevelt was regularly photographed wearing eyeglasses, and in the 1910s when
popular comedian Harold Lloyd wore a pair of horn-rimmed glasses as the "Glasses" character in his films.[76][77]In the United Kingdom, wearing glasses was characterized in the nineteenth century as "a sure sign of the weakling and the mollycoddle", according to Neville Cardus, writing in 1928.[78] "Tim" Killick was the first professional cricketer
to play while wearing glasses "continuously", after his vision deteriorated in 1897. "With their aid he placed himself in the forefront among English professionals of all-round abilities."[78] The American tenor Jan Peerce, plagued with poor eyesight, credited comedian Steve Allen for normalizing and even popularizing the wearing of eyeglasses in front
of live television and stage audiences; prior to this, performers who read on early television were expected to squint or use contact lenses.[79]Since then, eyeglasses have become an acceptable fashion item and often act as a key component in individuals' personal image. Musicians Buddy Holly and John Lennon became synonymous with the styles of
eye-glasses they wore to the point that thick, black horn-rimmed glasses are often called "Buddy Holly glasses" and perfectly round metal eyeglass frames called "John Lennon glasses" (or, more recently, "Harry Potter glasses"). British comedic actor Eric Sykes was known in the United Kingdom for wearing thick, square, horn-rimmed glasses, which
were in fact a sophisticated hearing aid that alleviated his deafness by allowing him to "hear" vibrations.[80] Some celebrities have become so associated with their eyeglasses that they continued to wear them even after taking other measures against vision problems: U.S. Senator Barry Goldwater and comedian Drew Carey continued to wear non-
prescription glasses after being fitted for contacts and getting laser eye surgery, respectively.Other celebrities have used glasses to differentiate themselves from the characters they play, such as Anne Kirkbride, who wore oversized 1980s-style round horn-rimmed glasses as Deirdre Barlow in the soap opera Coronation Street; and Masaharu
Morimoto, who wears glasses to separate his professional persona as a chef from his stage persona as Iron Chef Japanese. In 2012, some NBA players wore lensless glasses with thick plastic frames like horn-rimmed glasses during post-game interviews, geek chic that draws comparisons to actor Jaleel White's infamous styling as TV character Steve
Urkel.[81][82]In superhero fiction, eyeglasses have become a standard component of various heroes' disguises as masks, allowing them to adopt a nondescript demeanor when they are not in their superhero personae: Superman is well known for wearing 1950s-style horn-rimmed glasses as Clark Kent, while Wonder Woman wears either round,
Harold Lloyd-style glasses or 1970s-style bug-eye glasses as Diana Prince. An example of the halo effect is seen in the stereotype that those who wear glasses are intelligent. This belief can have positive consequences for people who wear glasses, for example in elections. Studies show that wearing glasses increases politicians' electoral success, at
least in Western cultures.[83]In the 20th century, eyeglasses came to be considered a component of fashion; as such, various different styles have come in and out of popularity. Most are still in regular use, albeit with varying degrees of frequency.Aviator sunglassesBrowline glassesBug-eye glassesCat eye glassesGI glassesGogglesHorn-rimmed
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from " 2Technique for creating or enhancing the impression of depth in an imageSeveral terms redirect here. For other uses, see autostereogram, phonogram, and stereographic projection.For the band, see Steriogram.Pocket stereoscope with original test image. Used by military to examine stereoscopic pairs of aerial photographs.Difference in
projections of a vertical line in stereoscopy according to distance between left Z L {\displaystyle Z {L}} and right eye Z R {\displaystyle Z {R}} - animation for eye distance d {\displaystyle d} View of Boston, c.1860; an early stereoscopic card for viewing a scene from natureStereoscopic image of 787 Orange Street, Addison R. Tinsley house,
¢.1890sStereoscopic image of 772 College Street (formerly Johnson Street) in Macon, Ga, c.1870sKaiserpanorama consists of a multi-station viewing apparatus and sets of stereo slides. Patented by A. Fuhrmann around 1890.[1]A company of ladies looking at stereoscopic views, painting by Jacob Spoel, before 1868. An early depiction of people using
a stereoscope.Stereoscopy, also called stereoscopics or stereo imaging, is a technique for creating or enhancing the illusion of depth in an image by means of stereopsis for binocular vision.[2] The word stereoscopy derives from Ancient Greek (steres)'firm, solid' and (skop)'to look, to see'.[3][4] Any stereoscopic image is called a stereogram.
Originally, stereogram referred to a pair of stereo images which could be viewed using a stereoscope.Most stereoscopic methods present a pair of two-dimensional images to the viewer. The left image is presented to the left eye and the right image is presented to the right eye. When viewed, the human brain perceives the images as a single 3D view,
giving the viewer the perception of 3D depth. However, the 3D effect lacks proper focal depth, which gives rise to the vergence-accommodation conflict.Stereoscopy is distinguished from other types of 3D displays that display an image in three full dimensions, allowing the observer to increase information about the 3-dimensional objects being
displayed by head and eye movements.Stereoscopy creates the impression of three-dimensional depth from a pair of two-dimensional images.[5] Human vision, including the perception of depth, is a complex process, which only begins with the acquisition of visual information taken in through the eyes; much processing ensues within the brain, as it
strives to make sense of the raw information. One of the functions that occur within the brain as it interprets what the eyes see is assessing the relative distances of objects from the viewer, and the depth dimension of those objects. The cues that the brain uses to gauge relative distances and depth in a perceived scene include:
[6]StereopsisVergenceAccommodationOcclusion (the overlapping of one object by another)Subtended visual angle of an object of known sizeLinear perspective (convergence of parallel edges)Vertical position (objects closer to the horizon in the scene tend to be perceived as farther away)Haze or contrast, saturation, and color, greater distance
generally being associated with greater haze, desaturation, and a shift toward blueChange in size of textured pattern detail(All but the first two of the above cues exist in traditional two-dimensional images, such as paintings, photographs, and television.)[7]Stereoscopy is the production of the impression of depth in a photograph, movie, or other two-
dimensional image by the presentation of a slightly different image to each eye, which adds the first of these cues (stereopsis). The two images are then combined in the brain to give the perception of depth. Because all points in the image produced by stereoscopy focus at the same plane regardless of their depth in the original scene, the second cue,
focus, is not duplicated and therefore the illusion of depth is incomplete. There are two main elements of stereoscopy that are unnatural for human vision: (1) the mismatch between convergence and accommodation, caused by the difference between an object's perceived position in front of or behind the display or screen and the real origin of that
light; and (2) possible crosstalk between the eyes, caused by imperfect image separation in some methods of stereoscopy.Although the term "3D" is ubiquitously used, the presentation of dual 2D images is distinctly different from displaying an image in three full dimensions. The most notable difference is that, in the case of "3D" displays, the
observer's head and eye movement do not change the information received about the 3-dimensional objects being viewed. Holographic displays and volumetric display do not have this limitation. Just as it is not possible to recreate a full 3-dimensional sound field with just two stereophonic speakers, it is an overstatement to call dual 2D images "3D".
The accurate term "stereoscopic" is more cumbersome than the common misnomer "3D", which has been entrenched by many decades of unquestioned misuse. Although most stereoscopic displays do not qualify as real 3D display, all real 3D displays are also stereoscopic displays because they meet the lower criteria also.Most 3D displays use this
stereoscopic method to convey images. It was first invented by Sir Charles Wheatstone in 1838,[8][9]and improved by Sir David Brewster who made the first portable 3D viewing device.[10]Wheatstone mirror stereoscopeBrewster-type stereoscope, 1870Wheatstone originally used his stereoscope (a rather bulky device)[11] with drawings because
photography was not yet available, yet his original paper seems to foresee the development of a realistic imaging method:[12]For the purposes of illustration I have employed only outline figures, for had either shading or colouring been introduced it might be supposed that the effect was wholly or in part due to these circumstances, whereas by
leaving them out of consideration no room is left to doubt that the entire effect of relief is owing to the simultaneous perception of the two monocular projections, one on each retina. But if it be required to obtain the most faithful resemblances of real objects, shadowing and colouring may properly be employed to heighten the effects. Careful
attention would enable an artist to draw and paint the two component pictures, so as to present to the mind of the observer, in the resultant perception, perfect identity with the object represented. Flowers, crystals, busts, vases, instruments of various kinds, &c., might thus be represented so as not to be distinguished by sight from the real objects
themselves.[8]Stereoscopy is used in photogrammetry and also for entertainment through the production of stereograms. Stereoscopy is useful in viewing images rendered from large multi-dimensional data sets such as are produced by experimental data. Modern industrial three-dimensional photography may use 3D scanners to detect and record
three-dimensional information.[13] The three-dimensional depth information can be reconstructed from two images using a computer by correlating the pixels in the left and right images.[14] Solving the Correspondence problem in the field of Computer Vision aims to create meaningful depth information from two images.There are 3 components of
binocular vision involved in viewing stereo images:Simultaneous perceptionFusion (binocular 'single' vision)StereopsisThese functions develop in early childhood. Some people who have strabismus disrupt the development of stereopsis, however orthoptics treatment can be used to improve binocular vision. A person's stereoacuity[15] determines the
minimum image disparity they can perceive as depth. It is believed that approximately 12% of people are unable to properly see 3D images, due to a variety of medical conditions.[16][17] According to another experiment up to 30% of people have very weak stereoscopic vision preventing them from depth perception based on stereo disparity. This
nullifies or greatly decreases immersion effects of stereo to them.[18]Saul Davis (act. 1860s1870s), New Suspension Bridge, Niagara Falls, Canada, c.1869, albumen print stereograph, Department of Image Collections, National Gallery of Art Library, Washington, DCStereoscopic viewing may be artificially created by the viewer's brain, as
demonstrated with the Van Hare Effect, where the brain perceives stereo images even when the paired photographs are identical. This "false dimensionality" results from the developed stereoacuity in the brain, allowing the viewer to fill in depth information even when few if any 3D cues are actually available in the paired images.Cardboard
stereoscopic disc with photos of the synagogue in Geneva, c.1860, in the collection of the Jewish Museum of Switzerland "The early bird catches the worm" stereograph published in 1900 by North-Western View Co. of Baraboo, Wisconsin, digitally restoredTraditional stereoscopic photography consists of creating a 3D illusion starting from a pair of
2D images, a stereogram. The easiest way to enhance depth perception in the brain is to provide the eyes of the viewer with two different images, representing two perspectives of the same object, with a minor deviation equal or nearly equal to the perspectives that both eyes naturally receive in binocular vision.A stereoscopic pair of images (top) and
a combined anaglyph that colors one perspective red and the other cyan. 3D red cyan glasses are recommended to view this image correctly.Two Passiflora caerulea flowers arranged as a stereo image pair for viewing by the cross-eyed viewing method (see Freeviewing)To avoid eyestrain and distortion, each of the two 2D images should be presented
to the viewer so that any object at infinite distance is perceived by the eye as being straight ahead, the viewer's eyes being neither crossed nor diverging. When the picture contains no object at infinite distance, such as a horizon or a cloud, the pictures should be spaced correspondingly closer together.The advantages of side-by-side viewers is the
lack of diminution of brightness, allowing the presentation of images at very high resolution and in full spectrum color, simplicity in creation, and little or no additional image processing is required. Under some circumstances, such as when a pair of images is presented for freeviewing, no device or additional optical equipment is needed.The principal
disadvantage of side-by-side viewers is that large image displays are not practical and resolution is limited by the lesser of the display medium or human eye. This is because as the dimensions of an image are increased, either the viewing apparatus or viewer themselves must move proportionately further away from it in order to view it comfortably.
Moving closer to an image in order to see more detail would only be possible with viewing equipment that adjusted to the difference. Printable cross eye viewerFreeviewing is viewing a side-by-side image pair without using a viewing device.[2]Two methods are available to freeview:[15][19]The parallel viewing method uses an image pair with the left-
eye image on the left and the right-eye image on the right. The fused three-dimensional image appears larger and more distant than the two actual images, making it possible to convincingly simulate a life-size scene. The viewer attempts to look through the images with the eyes substantially parallel, as if looking at the actual scene. This can be
difficult with normal vision because eye focus and binocular convergence are habitually coordinated. One approach to decoupling the two functions is to view the image pair extremely close up with completely relaxed eyes, making no attempt to focus clearly but simply achieving comfortable stereoscopic fusion of the two blurry images by the "look-
through" approach, and only then exerting the effort to focus them more clearly, increasing the viewing distance as necessary. Regardless of the approach used or the image medium, for comfortable viewing and stereoscopic accuracy the size and spacing of the images should be such that the corresponding points of very distant objects in the scene
are separated by the same distance as the viewer's eyes, but not more; the average interocular distance is about 63mm. Viewing much more widely separated images is possible, but because the eyes never diverge in normal use it usually requires some previous training and tends to cause eye strain.The cross-eyed viewing method swaps the left and
right eye images so that they will be correctly seen cross-eyed, the left eye viewing the image on the right and vice versa. The fused three-dimensional image appears to be smaller and closer than the actual images, so that large objects and scenes appear miniaturized. This method is usually easier for freeviewing novices. As an aid to fusion, a
fingertip can be placed just below the division between the two images, then slowly brought straight toward the viewer's eyes, keeping the eyes directed at the fingertip; at a certain distance, a fused three-dimensional image should seem to be hovering just above the finger. Alternatively, a piece of paper with a small opening cut into it can be used in
a similar manner; when correctly positioned between the image pair and the viewer's eyes, it will seem to frame a small three-dimensional image.Prismatic, self-masking glasses are now being used by some cross-eyed-view advocates. These reduce the degree of convergence required and allow large images to be displayed. However, any viewing aid
that uses prisms, mirrors or lenses to assist fusion or focus is simply a type of stereoscope, excluded by the customary definition of freeviewing.Stereoscopically fusing two separate images without the aid of mirrors or prisms while simultaneously keeping them in sharp focus without the aid of suitable viewing lenses inevitably requires an unnatural
combination of eye vergence and accommodation. Simple freeviewing therefore cannot accurately reproduce the physiological depth cues of the real-world viewing experience. Different individuals may experience differing degrees of ease and comfort in achieving fusion and good focus, as well as differing tendencies to eye fatigue or strain.Main
articles: Autostereogram and Random dot stereogramAn autostereogram is a single-image stereogram (SIS), designed to create the visual illusion of a three-dimensional (3D) scene within the human brain from an external two-dimensional image. In order to perceive 3D shapes in these autostereograms, one must overcome the normally automatic
coordination between focusing and vergence.Main article: StereoscopeThe stereoscope is essentially an instrument in which two photographs of the same object, taken from slightly different angles, are simultaneously presented, one to each eye. A simple stereoscope is limited in the size of the image that may be used. A more complex stereoscope
uses a pair of horizontal periscope-like devices, allowing the use of larger images that can present more detailed information in a wider field of view. One can buy historical stereoscopes such as Holmes stereoscopes as antiques.A stereographic card consists of two nearly identical photographs or prints on paper, mounted side by side onto a rigid card
backing.[20] However, they may also take the form of daguerreotypes, glass plate negatives, or other processes.[20] The stereograph card backings can be brightly coloured with decorative printing and/ or flourished borders, or they can be drab, plain, and strictly utilitarian in appearance. The coloured mounts are generally uniform in colour, having
the same colour present on both sides of the card; however, they can also be multi-coloured, where one colour is present on the top side, and another colour is present on the reverse.[21] Brightly coloured stereographic card mounts produced in the 19th century may contain toxic pigments such as Emerald Green or Paris Green.[21]Main article: Slide
viewer Stereo slide viewerA View-Master Model E of the 1950sSome stereoscopes are designed for viewing transparent photographs on film or glass, known as transparencies or diapositives and commonly called slides. Some of the earliest stereoscope views, issued in the 1850s, were on glass. In the early 20th century, 45x107mm and 6x13cm glass
slides were common formats for amateur stereo photography, especially in Europe. In later years, several film-based formats were in use. The best-known formats for commercially issued stereo views on film are Tru-Vue, introduced in 1931, and View-Master, introduced in 1939 and still in production. For amateur stereo slides, the Stereo Realist
format, introduced in 1947, is by far the most common.Main article: Head-mounted displayAn HMD with a separate video source displayed in front of each eye to achieve a stereoscopic effectThe user typically wears a helmet or glasses with two small LCD or OLED displays with magnifying lenses, one for each eye. The technology can be used to show
stereo films, images or games, but it can also be used to create a virtual display. Head-mounted displays may also be coupled with head-tracking devices, allowing the user to "look around" the virtual world by moving their head, eliminating the need for a separate controller. Performing this update quickly enough to avoid inducing nausea in the user
requires a great amount of computer image processing. If six axis position sensing (direction and position) is used then wearer may move about within the limitations of the equipment used. Owing to rapid advancements in computer graphics and the continuing miniaturization of video and other equipment these devices are beginning to become
available at more reasonable cost.Head-mounted or wearable glasses may be used to view a see-through image imposed upon the real world view, creating what is called augmented reality. This is done by reflecting the video images through partially reflective mirrors. The real world view is seen through the mirrors' reflective surface. Experimental



systems have been used for gaming, where virtual opponents may peek from real windows as a player moves about. This type of system is expected to have wide application in the maintenance of complex systems, as it can give a technician what is effectively "x-ray vision" by combining computer graphics rendering of hidden elements with the
technician's natural vision. Additionally, technical data and schematic diagrams may be delivered to this same equipment, eliminating the need to obtain and carry bulky paper documents.Augmented stereoscopic vision is also expected to have applications in surgery, as it allows the combination of radiographic data (CAT scans and MRI imaging) with
the surgeon's vision.Main article: Virtual retinal displayA virtual retinal display (VRD), also known as a retinal scan display (RSD) or retinal projector (RP), not to be confused with a "Retina Display", is a display technology that draws a raster image (like a television picture) directly onto the retina of the eye. The user sees what appears to be a
conventional display floating in space in front of them. For true stereoscopy, each eye must be provided with its own discrete display. To produce a virtual display that occupies a usefully large visual angle but does not involve the use of relatively large lenses or mirrors, the light source must be very close to the eye. A contact lens incorporating one or
more semiconductor light sources is the form most commonly proposed. As of 2013, the inclusion of suitable light-beam-scanning means in a contact lens is still very problematic, as is the alternative of embedding a reasonably transparent array of hundreds of thousands (or millions, for HD resolution) of accurately aligned sources of collimated light.A
pair of LC shutter glasses used to view XpanD 3D films. The thick frames conceal the electronics and batteries.RealD circular polarized glasses"3D viewer" redirects here. For Microsoft Store app bundled with Windows 10, see Microsoft 3D Viewer.There are two categories of 3D viewer technology, active and passive. Active viewers have electronics
which interact with a display. Passive viewers filter constant streams of binocular input to the appropriate eye.Functional principle of active shutter 3D systemsMain article: Active shutter 3D systemA shutter system works by openly presenting the image intended for the left eye while blocking the right eye's view, then presenting the right-eye image
while blocking the left eye, and repeating this so rapidly that the interruptions do not interfere with the perceived fusion of the two images into a single 3D image. It generally uses liquid crystal shutter glasses. Each eye's glass contains a liquid crystal layer which has the property of becoming dark when voltage is applied, being otherwise
transparent. The glasses are controlled by a timing signal that allows the glasses to alternately darken over one eye, and then the other, in synchronization with the refresh rate of the screen. The main drawback of active shutters is that most 3D videos and movies were shot with simultaneous left and right views, so that it introduces a "time parallax"
for anything side-moving: for instance, someone walking at 3.4mph will be seen 20% too close or 25% too remote in the most current case of a 2x60 Hz projection.Main articles: Polarized 3D system and VectographTo present stereoscopic pictures, two images are projected superimposed onto the same screen through polarizing filters or presented on
a display with polarized filters. For projection, a silver screen is used so that polarization is preserved. On most passive displays every other row of pixels is polarized for one eye or the other.[22] This method is also known as being interlaced. The viewer wears low-cost eyeglasses which also contain a pair of opposite polarizing filters. As each filter
only passes light which is similarly polarized and blocks the opposite polarized light, each eye only sees one of the images, and the effect is achieved.Main article: Interference filter systemsThis technique uses specific wavelengths of red, green, and blue for the right eye, and different wavelengths of red, green, and blue for the left eye. Eyeglasses
which filter out the very specific wavelengths allow the wearer to see a full color 3D image. It is also known as spectral comb filtering or wavelength multiplex visualization or super-anaglyph. Dolby 3D uses this principle. The Omega 3D/Panavision 3D system has also used an improved version of this technology[23]In June 2012 the Omega
3D/Panavision 3D system was discontinued by DPVO Theatrical, who marketed it on behalf of Panavision, citing "challenging global economic and 3D market conditions".Anaglyph 3D glassesMain article: Anaglyph 3DAnaglyph 3D is the name given to the stereoscopic 3D effect achieved by means of encoding each eye's image using filters of different
(usually chromatically opposite) colors, typically red and cyan. Red-cyan filters can be used because our vision processing systems use red and cyan comparisons, as well as blue and yellow, to determine the color and contours of objects. Anaglyph 3D images contain two differently filtered colored images, one for each eye. When viewed through the
"color-coded" "anaglyph glasses", each of the two images reaches one eye, revealing an integrated stereoscopic image. The visual cortex of the brain fuses this into perception of a three dimensional scene or composition.[24]ChromaDepth glasses with prism-like filmThe ChromaDepth procedure of American Paper Optics is based on the fact that with
a prism, colors are separated by varying degrees. The ChromaDepth eyeglasses contain special view foils, which consist of microscopically small prisms. This causes the image to be translated a certain amount that depends on its color. If one uses a prism foil now with one eye but not on the other eye, then the two seen pictures depending upon color
are more or less widely separated. The brain produces the spatial impression from this difference. The advantage of this technology consists above all of the fact that one can regard ChromaDepth pictures also without eyeglasses (thus two-dimensional) problem-free (unlike with two-color anaglyph). However the colors are only limitedly selectable,
since they contain the depth information of the picture. If one changes the color of an object, then its observed distance will also be changed.[25]KMQ stereo prismatic viewer with openKMQ plastics extensionsMain article: Pulfrich effectThe Pulfrich effect is based on the phenomenon of the human eye processing images more slowly when there is
less light, as when looking through a dark lens.[26] Because the Pulfrich effect depends on motion in a particular direction to instigate the illusion of depth, it is not useful as a general stereoscopic technique. For example, it cannot be used to show a stationary object apparently extending into or out of the screen; similarly, objects moving vertically
will not be seen as moving in depth. Incidental movement of objects will create spurious artifacts, and these incidental effects will be seen as artificial depth not related to actual depth in the scene.Stereoscopic viewing is achieved by placing an image pair one above one another. Special viewers are made for over/under format that tilt the right
eyesight slightly up and the left eyesight slightly down. The most common one with mirrors is the View Magic. Another with prismatic glasses is the KMQ viewer.[27] A recent usage of this technique is the openKMQ project.[28]Main article: AutostereoscopyThe Nintendo 3DS uses parallax barrier autostereoscopy to display a 3D
image.Autostereoscopic display technologies use optical components in the display, rather than worn by the user, to enable each eye to see a different image. Because headgear is not required, it is also called "glasses-free 3D". The optics split the images directionally into the viewer's eyes, so the display viewing geometry requires limited head
positions that will achieve the stereoscopic effect. Automultiscopic displays provide multiple views of the same scene, rather than just two. Each view is visible from a different range of positions in front of the display. This allows the viewer to move left-right in front of the display and see the correct view from any position. The technology includes two
broad classes of displays: those that use head-tracking to ensure that each of the viewer's two eyes sees a different image on the screen, and those that display multiple views so that the display does not need to know where the viewers' eyes are directed. Examples of autostereoscopic displays technology include lenticular lens, parallax barrier,
volumetric display, holography and light field displays.Main articles: Holography and Computer-generated holographyLaser holography, in its original "pure" form of the photographic transmission hologram, is the only technology yet created which can reproduce an object or scene with such complete realism that the reproduction is visually
indistinguishable from the original, given the original lighting conditions.[citation needed] It creates a light field identical to that which emanated from the original scene, with parallax about all axes and a very wide viewing angle. The eye differentially focuses objects at different distances and subject detail is preserved down to the microscopic level.
The effect is exactly like looking through a window. Unfortunately, this "pure" form requires the subject to be laser-lit and completely motionlessto within a minor fraction of the wavelength of lightduring the photographic exposure, and laser light must be used to properly view the results. Most people have never seen a laser-lit transmission
hologram. The types of holograms commonly encountered have seriously compromised image quality so that ordinary white light can be used for viewing, and non-holographic intermediate imaging processes are almost always resorted to, as an alternative to using powerful and hazardous pulsed lasers, when living subjects are
photographed.Although the original photographic processes have proven impractical for general use, the combination of computer-generated holograms (CGH) and optoelectronic holographic displays, both under development for many years, has the potential to transform the half-century-old pipe dream of holographic 3D television into a reality; so
far, however, the large amount of calculation required to generate just one detailed hologram, and the huge bandwidth required to transmit a stream of them, have confined this technology to the research laboratory.In 2013, a Silicon Valley company, LEIA Inc, started manufacturing holographic displays well suited for mobile devices (watches,
smartphones or tablets) using a multi-directional backlight and allowing a wide full-parallax angle view to see 3D content without the need of glasses.[29]Main articles: Volumetric display and BubblegramVolumetric displays use some physical mechanism to display points of light within a volume. Such displays use voxels instead of pixels. Volumetric
displays include multiplanar displays, which have multiple display planes stacked up, and rotating panel displays, where a rotating panel sweeps out a volume.Other technologies have been developed to project light dots in the air above a device. An infrared laser is focused on the destination in space, generating a small bubble of plasma which emits
visible light.Main article: Integral imagingIntegral imaging is a technique for producing 3D displays which are both autostereoscopic and multiscopic, meaning that the 3D image is viewed without the use of special glasses and different aspects are seen when it is viewed from positions that differ either horizontally or vertically. This is achieved by
using an array of microlenses (akin to a lenticular lens, but an XY or "fly's eye" array in which each lenslet typically forms its own image of the scene without assistance from a larger objective lens) or pinholes to capture and display the scene as a 4D light field, producing stereoscopic images that exhibit realistic alterations of parallax and perspective
when the viewer moves left, right, up, down, closer, or farther away.Integral imaging may not technically be a type of autostereoscopy, as autostereoscopy still refers to the generation of two images.Main articles: Wiggle stereoscopy and Kinetic depth effectWiggle stereoscopy is an image display technique achieved by quickly alternating display of
left and right sides of a stereogram. Found in animated GIF format on the web, online examples are visible in the New-York Public Library stereogram collection Archived 25 May 2022 at the Wayback Machine. The technique is also known as "Piku-Piku".[30]Modern stereo TV cameraMain article: Stereo photography techniquesFor general-purpose
stereo photography, where the goal is to duplicate natural human vision and give a visual impression as close as possible to actually being there, the correct baseline (distance between where the right and left images are taken) would be the same as the distance between the eyes.[31] When images taken with such a baseline are viewed using a
viewing method that duplicates the conditions under which the picture is taken, then the result would be an image much the same as that which would be seen at the site the photo was taken. This could be described as "ortho stereo."However, there are situations in which it might be desirable to use a longer or shorter baseline. The factors to
consider include the viewing method to be used and the goal in taking the picture. The concept of baseline also applies to other branches of stereography, such as stereo drawings and computer generated stereo images, but it involves the point of view chosen rather than actual physical separation of cameras or lenses.The concept of the stereo
window is always important, since the window is the stereoscopic image of the external boundaries of left and right views constituting the stereoscopic image. If any object, which is cut off by lateral sides of the window, is placed in front of it, an effect results that is unnatural and is undesirable, this is called a "window violation." This can best be
understood by returning to the analogy of an actual physical window.[citation needed] Therefore, there is a contradiction between two different depth cues: some elements of the image are hidden by the window, so that the window appears closer than these elements, and the same elements of the image appear closer than the window. As such, the
stereo window must always be adjusted to avoid window violations to prevent viewer discomfort from conflicting depth cues.Some objects can be seen in front of the window, as far as they do not reach the lateral sides of the window. But these objects cannot be seen as too close, since there is always a limit of the parallax range for comfortable
viewing.If a scene is viewed through a window the entire scene would normally be behind the window (assuming parallel view, with left images being seen by the left eye and vice versa). If the scene is distant, it would be some distance behind the window; if it is nearby, it would appear to be just beyond the window. An object smaller than the window
itself could even go through the window and appear partially or completely in front of it. The same applies to a part of a larger object that is smaller than the window. The goal of setting the stereo window is to duplicate this effect.Therefore, the location of the window versus the whole of the image must be adjusted so that most of the image is seen
beyond the window. In the case of viewing on a 3D TV set, it is easier to place the window in front of the image, and to let the window in the plane of the screen.On the contrary, in the case of projection on a much larger screen, it is much better to set the window in front of the screen (it is called "floating window"), for instance so that it is viewed
about two meters away by the viewers sit in the first row. Therefore, these people will normally see the background of the image at the infinite. Of course the viewers seated beyond will see the window more remote, but if the image is made in normal conditions, so that the first row viewers see this background at the infinite, the other viewers, seated
behind, will also see this background at the infinite, since the parallax of this background is equal to the average human interocular distance.The entire scene, including the window, can be moved backwards or forwards in depth, by horizontally sliding the left and right eye views relative to each other. Moving either or both images away from the
center will bring the whole scene away from the viewer, whereas moving either or both images toward the center will move the whole scene toward the viewer. This is possible, for instance, if two projectors are used for this projection.In stereo photography window adjustments is accomplished by shifting/cropping the images, in other forms of
stereoscopy such as drawings and computer generated images the window is built into the design of the images as they are generated.The images can be cropped creatively to create a stereo window that is not necessarily rectangular or lying on a flat plane perpendicular to the viewer's line of sight. The edges of the stereo frame can be straight or
curved and, when viewed in 3D, can flow toward or away from the viewer and through the scene. These designed stereo frames can help emphasize certain elements in the stereo image or can be an artistic component of the stereo image.In freeview parallel method or glasses/stereoscope-assisted 3D viewing, window violations may refer to subjects
that are cropped beyond the focal plane or screen (as if looking at part of a large object that fills a narrow window). However, most window violations refer to objects viewed in crossview (popouts where an object appears before the focal plane or screen; right image to left eye and vice versa), where parts of the object appear to be physically cropped;
imagine a large object extruded through a small window such that its edges are literally cut off. This is a critical, traditional window violation before the window (between a viewer and the screen), and is most disorienting because parts of the popout object seem to be missing, rather than merely hidden as they would be with parallel-viewed objects
beyond the window (depth).Cross-eyed stereography of an artistic depiction of the Solar System and nearby galaxiesWhile stereoscopic images have typically been used for amusement, including stereographic cards, 3D films, 3D television, stereoscopic video games,[32] printings using anaglyph and pictures, posters and books of autostereograms,
there are also other uses of this technology.Salvador Dal created some impressive stereograms in his exploration in a variety of optical illusions. Other stereo artists include Zoe Beloff, Christopher Schneberger, Rebecca Hackemann, William Kentridge, and Jim Naughten.[33] Red-and-cyan anaglyph stereoscopic images have also been painted by
hand.[34]In the 19th century, it was realized that stereoscopic images provided an opportunity for people to experience places and things far away, and many tour sets were produced, and books were published allowing people to learn about geography, science, history, and other subjects.[35] Such uses continued till the mid-20th century, with the
Keystone View Company producing cards into the 1960s.This image, captured on 8 June 2004, is an example of a composite anaglyph image generated from the stereo Pancam on Spirit, one of the Mars Exploration Rovers. It can be viewed stereoscopically with proper red/cyan filter glasses. A single 2D version is also available. Courtesy NASA/JPL-
Caltech. 3D red cyan glasses are recommended to view this image correctly.The Mars Exploration Rovers, launched by NASA in 2003 to explore the surface of Mars, are equipped with unique cameras that allow researchers to view stereoscopic images of the surface of Mars.The two cameras that make up each rover's Pancam are situated 1.5m above
the ground surface, and are separated by 30cm, with 1 degree of toe-in. This allows the image pairs to be made into scientifically useful stereoscopic images, which can be viewed as stereograms, anaglyphs, or processed into 3D computer images.[36]The ability to create realistic 3D images from a pair of cameras at roughly human-height gives
researchers increased insight as to the nature of the landscapes being viewed. In environments without hazy atmospheres or familiar landmarks, humans rely on stereoscopic clues to judge distance. Single camera viewpoints are therefore more difficult to interpret. Multiple camera stereoscopic systems like the Pancam address this problem with
uncrewed space exploration.Stereogram cards and vectographs are used by optometrists, ophthalmologists, orthoptists and vision therapists in the diagnosis and treatment of binocular vision and accommodative disorders.[37]A stereogram of a trefoil knot, generated by the mpl stereo[38] extension to the Matplotlib open-source plotting library. The
stereoscopic effect allows for seeing the otherwise hidden 3D structure.Stereopair photographs provided a way for 3-dimensional (3D) visualisations of aerial photographs; since about 2000, 3D aerial views are mainly based on digital stereo imaging technologies. One issue related to stereo images is the amount of disk space needed to save such files.
Indeed, a stereo image usually requires twice as much space as a normal image. Recently, computer vision scientists tried to find techniques to attack the visual redundancy of stereopairs with the aim to define compressed version of stereopair files.[39][40] Cartographers generate today stereopairs using computer programs in order to visualise
topography in three dimensions.[41] Computerised stereo visualisation applies stereo matching programs.[42]In biology and chemistry, complex molecular structures are often rendered in stereopairs. The same technique can also be applied to any mathematical (or scientific, or engineering) parameter that is a function of two variables, although in
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motion pictures created using 3D modeling software, see Computer-generated imagery. For motion pictures created using stereophotogrammetry, see Volumetric video.3D films are motion pictures made to give an illusion of three-dimensional solidity, usually with the help of special glasses worn by viewers. 3D films were prominently featured in the
1950s in American cinema and later experienced a worldwide resurgence in the 1980s and 1990s driven by IMAX high-end theaters and Disney-themed venues. 3D films became increasingly successful throughout the 2000s, peaking with the success of 3D presentations of Avatar in December 2009, after which 3D films again decreased in popularity.
[1] Certain directors have also taken more experimental approaches to 3D filmmaking, most notably celebrated auteur Jean-Luc Godard in his film Goodbye to Language.This section needs additional citations for verification. Please help improve this article by adding citations to reliable sources in this section. Unsourced material may be challenged
and removed. (December 2009) (Learn how and when to remove this message)The basic components of 3D film were introduced separately between 1833 and 1839. Stroboscopic animation was developed by Joseph Plateau in 1832 and published in 1833 in the form of a stroboscopic disc,[2] which he later called the fantascope and became better
known as the phnakisticope. Around the very same time (1832/1833), Charles Wheatstone developed the stereoscope, but he did not really make it public before June 1838.[3] The first practical forms of photography were introduced in January 1839 by Louis Daguerre and Henry Fox Talbot. A combination of these elements into animated stereoscopic
photography may have been conceived early on, but for decades it did not become possible to capture motion in real-time photographic recordings due to the long exposure times necessary for the light-sensitive emulsions that were used.Charles Wheatstone got inventor Henry Fox Talbot to produce some calotype pairs for the stereoscope and
received the first results in October 1840.[3] Only a few more experimental stereoscopic photographs were made before David Brewster introduced his stereoscope with lenses in 1849. Wheatstone also approached Joseph Plateau with the suggestion to combine the stereoscope with the fantascope. In 1849, Plateau published about this concept in an
article about several improvements made to his fantascope and suggested a stop-motion technique that would involve a series of photographs of purpose-made plaster statuettes in different poses.[4] The idea reached Jules Duboscq, an instrument maker who already marketed Plateau's Fantascope as well as the stereoscopes of Wheatstone and
Brewster. In November 1852, Duboscq added the concept of his "Stroscope-fantascope, ou Boscope" to his stereoscope patent. Production of images proved very difficult, since the photographic sequence had to be carefully constructed from separate still images. The bioscope was no success, and the only extant disc, without apparatus, is found in the
Joseph Plateau collection of the University of Ghent. The disc contains 12 albumen image pairs of a machine in motion.[5]Most of the other early attempts to create motion pictures also aimed to include the stereoscopic effect.In November 1851, Antoine Claudet claimed to have created a stereoscope that showed people in motion.[6] The device
initially only showed two phases, but during the next two years, Claudet worked on a camera that would record stereoscopic pairs for four different poses (patented in 1853).[7] Claudet found that the stereoscopic effect did not work properly in this device, but believed the illusion of motion was successful.[8]In 1855, Johann Nepomuk Czermak
published an article about his Stereophoroskop. His first idea to create 3D animation involved sticking pins in a stroboscopic disc to create a sequence that would show one pin moving further into the cardboard and back. He also designed a device that would feed the image pairs from two stroboscopic discs into one lenticular stereoscope and a
vertical predecessor of the zoetrope.[9]0n February 27, 1860, Peter Hubert Desvignes received British patent no. 537 for 28 monocular and stereoscopic variations of cylindrical stroboscopic devices. This included a version that used an endless band of pictures running between two spools that was intermittently lit by an electric spark.[10] Desvignes'
Mimoscope, received an Honourable Mention "for ingenuity of construction" at the 1862 International Exhibition in London.[11] It could "exhibit drawings, models, single or stereoscopic photographs, so as to animate animal movements, or that of machinery, showing various other illusions."[12] Desvignes "employed models, insects and other objects,
instead of pictures, with perfect success." The horizontal slits (like in Czermak's Stereophoroskop) allowed a much improved view, with both eyes, of the opposite pictures.[13]In 1861, American engineer Coleman Sellers II received US patent No. 35,317 for the kinematoscope, a device that exhibited "stereoscopic pictures as to make them represent
objects in motion". In his application he stated: "This has frequently been done with plane pictures buthas never been, with stereoscopic pictures". He used three sets of stereoscopic photographs in a sequence with some duplicates to regulate the flow of a simple repetitive motion, but also described a system for very large series of pictures of
complicated motion.[14][15]On August 11, 1877, the Daily Alta newspaper announced a project by Eadward Muybridge and Leland Stanford to produce sequences of photographs of a running horse with 12 stereoscopic cameras. Muybridge had much experience with stereo photography and had already made instantaneous pictures of Stanford's
horse Occident running at full speed. He eventually managed to shoot the proposed sequences of running horses in June 1878 with stereoscopic cameras. The published result and animated versions for his zoopraxiscope were not stereoscopic, but in 1898 Muybridge claimed that he had (privately) viewed the pictures in two synchronized zoetropes
with Wheatstone's reflecting stereoscope as a "very satisfactory reproduction of an apparently solid miniature horse trotting and of another galloping".[16]Thomas Edison demonstrated his phonograph on November 29, 1877, after previous announcements of the device for recording and replaying sound had been published earlier in the year. An
article in Scientific American concluded, "It is already possible, by ingenious optical contrivances, to throw stereoscopic photographs of people on screens in full view of an audience. Add the talking phonograph to counterfeit their voices, and it would be difficult to carry the illusion of real presence much further". Wordsworth Donisthorpe announced
in the January 24, 1878, edition of Nature that he would advance that conception: "By combining the phonograph with the kinesigraph, I will undertake not only to produce a talking picture of Mr. Gladstone, which, with motionless lips and unchanged expression, shall positively recite his latest anti-Turkish speech in his own voice and tone. Not only
this, but the life size photograph itself shall move and gesticulate precisely as he did when making the speech, the words and gestures corresponding as in real life."[17] Dr. Phipson, a correspondent for British news in a French photography magazine, relayed the concept but renamed the device "Kintiscope" to reflect the viewing purpose rather than
the recording option. This was picked up in the United States and discussed in an interview with Edison later in the year.[18] Neither Donisthorpe's or Edison's later moving picture results were stereoscopic.In the late 1890s, British film pioneer William Friese-Greene filed a patent for a 3D film process. In his patent, two films were projected side by
side on screen. The viewer looked through a stereoscope to converge the two images. Because of the obtrusive mechanics behind this method, theatrical use was not practical.[19]Frederic Eugene Ives patented his stereo camera rig in 1900. The camera had two lenses coupled together 1+34 inches (4.45 centimeters) apart.[20]On June 10, 1915,
Edwin S. Porter and William E. Waddell presented tests to an audience at the Astor Theater in New York City.[21] In red-green anaglyph, the audience was presented three reels of tests, which included rural scenes, test shots of Marie Doro, a segment of John Mason playing a number of passages from Jim the Penman (a film released by Famous
PlayersLasky that year, but not in 3D), Oriental dancers, and a reel of footage of Niagara Falls.[22] However, according to Adolph Zukor in his 1953 autobiography The Public Is Never Wrong: My 50 Years in the Motion Picture Industry, nothing was produced in this process after these tests.By 1909, the German film market suffered much from
overproduction and too much competition. German film tycoon Oskar Messter had initially gained much financial success with the Tonbild synchronized sound films of his Biophon system since 1903, but the films were losing money by the end of the decade and Messter would stop Tonbild production in 1913. Producers and exhibitors were looking
into new film attractions and invested for instance in colorful imagery. The development of stereoscopic cinema seemed a logical step to lure visitors back into the movie theatres.In 1909, German civil engineer August Engelsmann patented a process that projected filmed performances within a physical decor on an actual stage. Soon after, Messter
obtained patents for a very similar process, probably by agreement with Engelsmann, and started marketing it as "Alabastra". Performers were brightly dressed and brightly lit while filmed against a black background, mostly miming their singing or musical skills or dancing to the circa four-minute pre-recorded phonographs. The film recordings
would be projected from below, to appear as circa 30 inch figures on a glass pane in front of a small stage, in a setup very similar to the Pepper's ghost illusion that offered a popular stage trick technique since the 1860s. The glass pane was not visible to the audience and the projected figures seemed able to move around freely across the stage in
their virtual tangible and lifelike appearance. The brightness of the figures was necessary to avoid see-through spots and made them resemble alabaster sculptures. To adapt to this appearance, several films featured Pierrot or other white clowns, while some films were probably hand-coloured. Although Alabastra was well received by the press,
Messter produced few titles, hardly promoted them and abandoned it altogether a few years later. He believed the system to be uneconomical due to its need for special theatres instead of the widely available movie screens, and he did not like that it seemed only suitable for stage productions and not for "natural" films. Nonetheless, there were
numerous imitators in Germany and Messter and Engelsmann still teamed with American businessman Frank Joseph Godsol (Goldsoll) set up a short-lived variant named "Fantomo" in 1914.[23]Rather in agreement with Messter or not, Karl Juhasz and Franz Haushofer opened a Kinoplastikon theatre in Vienna in 1911. Their patented system was very
similar to Alabaster, but projected life-size figures from the wings of the stage. With much higher ticket prices than standard cinema, it was targeted at middle-class audiences to fill the gap between low-brow films and high-class theatre. Audiences reacted enthusiastically and by 1913 there reportedly were 250 theatres outside Austria, in France,
Italy, United Kingdom, Russia and North America. However, the first Kinoplastikon in Paris started in January 1914 and the premiere in New York took place in the Hippodrome in March 1915. In 1913, Walter R. Booth directed 10 films for the U.K. Kinoplastikon, presumably in collaboration with Cecil Hepworth. Theodore Brown, the licensee in the
U.K. also patented a variant with front and back projection and reflected decor, and Goldsoll applied for a very similar patent only 10 days later.[23] Further development and exploitation was probably haltered by World War I.Alabastra and Kinoplastikon were often advertised as stereoscopic and screenless. Although in reality the effect was heavily
dependent on glass screen projection and the films were not stereoscopic, the shows seemed truly three-dimensional as the figures were clearly separate from the background and virtually appeared inside the real, three-dimensional stage area without any visible screen.Eventually, longer (multi-reel) films with story arcs proved to be the way out of
the crisis in the movie market and supplanted the previously popular short films that mostly aimed to amuse people with tricks, gags or other brief variety and novelty attractions. Sound film, stereoscopic film and other novel techniques were relatively cumbersome to combine with multiple reels and were abandoned for a while.Fairall in 1922Fairall's
3D cameraAudience wearing special glasses watch a 3D "stereoscopic film" at the Telekinema on the South Bank in London during the Festival of Britain 1951.The earliest confirmed 3D film shown to an out-of-house audience was The Power of Love, which premiered at the Ambassador Hotel Theater in Los Angeles on September 27, 1922.[24][25]
[26] The camera rig was a product of the film's producer, Harry K. Fairall, and cinematographer Robert F. Elder.[19] It was filmed dual-strip in black and white, and single strip color anaglyphic release prints were produced using a color film invented and patented by Harry K. Fairall. A single projector could be used to display the movie but anaglyph
glasses were used for viewing. The camera system and special color release print film all received U.S Patent No. 1,784,515 on December 9, 1930.[27][28] After a preview for exhibitors and press in New York City, the film dropped out of sight, apparently not booked by exhibitors, and is now considered lost.Early in December 1922, William Van Doren
Kelley, inventor of the Prizma color system, cashed in on the growing interest in 3D films started by Fairall's demonstration and shot footage with a camera system of his own design. Kelley then struck a deal with Samuel "Roxy" Rothafel to premiere the first in his series of "Plasticon" shorts entitled Movies of the Future at the Rivoli Theater in New
York City.Also in December 1922, Laurens Hammond (later inventor of the Hammond organ) premiered his Teleview system, which had been shown to the trade and press in October. Teleview was the first alternating-frame 3D system seen by the public. Using left-eye and right-eye prints and two interlocked projectors, left and right frames were
alternately projected, each pair being shown three times to suppress flicker. Viewing devices attached to the armrests of the theater seats had rotary shutters that operated synchronously with the projector shutters, producing a clean and clear stereoscopic result. The only theater known to have installed Teleview was the Selwyn Theater in New York
City, and only one show was ever presented with it: a group of short films, an exhibition of live 3D shadows, and M.A.R.S., the only Teleview feature. The show ran for several weeks, apparently doing good business as a novelty (M.A.R.S. itself got poor reviews), but Teleview was never seen again.[29]In 1922, Frederic Eugene Ives and Jacob Leventhal
began releasing their first stereoscopic shorts made over a three-year period. The first film, entitled Plastigrams, was distributed nationally by Educational Pictures in the red-and-blue anaglyph format. Ives and Leventhal then went on to produce the following stereoscopic shorts in the "Stereoscopiks Series" released by Path Films in 1925: Zowie
(April 10), Luna-cy! (May 18), The Run-Away Taxi (December 17) and Ouch (December 17).[30] On September 22, 1924, Luna-cy! was re-released in the De Forest Phonofilm sound-on-film system.[31]The late 1920s to early 1930s saw little interest in stereoscopic pictures. In Paris, Louis Lumiere shot footage with his stereoscopic camera in
September 1933. The following March he exhibited a remake of his 1895 short film L'Arrive du Train, this time in anaglyphic 3D, at a meeting of the French Academy of Science.[26]In 1936, Leventhal and John Norling were hired based on their test footage to film MGM's Audioscopiks series. The prints were by Technicolor in the red-and-green
anaglyph format, and were narrated by Pete Smith. The first film, Audioscopiks, premiered January 11, 1936, and The New Audioscopiks premiered January 15, 1938. Audioscopiks was nominated for the Academy Award in the category Best Short Subject, Novelty in 1936.With the success of the two Audioscopiks films, MGM produced one more short
in anaglyph 3D, another Pete Smith Specialty called Third Dimensional Murder (1941). Unlike its predecessors, this short was shot with a studio-built camera rig. Prints were by Technicolor in red-and-blue anaglyph. The short is notable for being one of the few live-action appearances of the Frankenstein Monster as conceived by Jack Pierce for
Universal Studios outside of their company.While many of these films were printed by color systems, none of them was actually in color, and the use of the color printing was only to achieve an anaglyph effect.[32]While attending Harvard University, Edwin H. Land conceived the idea of reducing glare by polarizing light. He took a leave of absence
from Harvard to set up a lab and by 1929 had invented and patented a polarizing sheet.[33] In 1932, he introduced Polaroid J Sheet as a commercial product.[34] While his original intention was to create a filter for reducing glare from car headlights, Land did not underestimate the utility of his newly dubbed Polaroid filters in stereoscopic
presentations.In February 1936, Land gave the first public demonstration of Polaroid filters in conjunction with 3D photography at the Waldorf-Astoria Hotel.[35] The reaction was enthusiastic, and he followed it up with an installation at the New York Museum of Science.[26] It is unknown what film was run for audiences at this exhibition.Using
Polaroid filters meant an entirely new form of projection, however. Two prints, each carrying either the right or left eye view, had to be synced up in projection using an external selsyn motor. Furthermore, polarized light would be largely depolarized by a matte white screen, and only a silver screen or screen made of other reflective material would
correctly reflect the separate images.Later that year, the feature, Nozze Vagabonde appeared in Italy, followed in Germany by Zum Greifen nah (You Can Nearly Touch It), and again in 1939 with Germany's Sechs Mdel rollen ins Wochenend (Six Girls Drive Into the Weekend). The Italian film was made with the Gualtierotti camera; the two German
productions with the Zeiss camera and the Vierling shooting system. All of these films were the first exhibited using Polaroid filters. The Zeiss Company in Germany manufactured glasses on a commercial basis commencing in 1936; they were also independently made around the same time in Germany by E. Ksemann and by J. Mahler.[36]In 1939,
John Norling shot In Tune With Tomorrow, the first commercial 3D film using Polaroid in the US[citation needed]. This short premiered at the 1939 New York World's Fair and was created specifically for the Chrysler Motors Pavilion. In it, a full 1939 Chrysler Plymouth is magically put together, set to music. Originally in black and white, the film was
so popular that it was re-shot in color for the following year at the fair, under the title New Dimensions.[citation needed] In 1953, it was reissued by RKO as Motor Rhythm.Another early short that utilized the Polaroid 3D process was 1940's Magic Movies: Thrills For You produced by the Pennsylvania Railroad Co. for the Golden Gate International
Exposition.[citation needed] Produced by John Norling, it was filmed by Jacob Leventhal using his own rig. It consisted of shots of various views that could be seen from the Pennsylvania Railroad's trains.In the 1940s, World War II prioritized military applications of stereoscopic photography and it once again went on the back burner in most
producers' minds.What aficionados consider the "golden era" of 3D began in late 1952 with the release of the first color stereoscopic feature, Bwana Devil, produced, written and directed by Arch Oboler. The film was shot in "Natural Vision", a process that was co-created and controlled by M. L. Gunzberg. Gunzberg, who built the rig with his brother
Julian, Friend Baker and Lothrop Worth, shopped it without success to various studios before Oboler used it for this feature, which went into production with the title, The Lions of Gulu.[37] The critically panned film was nevertheless highly successful with audiences due to the novelty of 3D, which increased Hollywood interest in 3D during a period
that had seen declining box-office admissions.[38]As with practically all of the features made during this boom, Bwana Devil was projected dual-strip, with Polaroid filters. During the 1950s, the familiar disposable anaglyph glasses made of cardboard were mainly used for comic books, two shorts by exploitation specialist Dan Sonney, and three shorts
produced by Lippert Productions. However, even the Lippert shorts were available in the dual-strip format alternatively.Because the features utilized two projectors, the capacity limit of film being loaded onto each projector (about 6,000 feet (1,800m), or an hour's worth of film) meant that an intermission was necessary for every feature-length film.
Quite often, intermission points were written into the script at a major plot point.During Christmas of 1952, producer Sol Lesser quickly premiered the dual-strip showcase called Stereo Techniques in Chicago.[39] Lesser acquired the rights to five dual-strip shorts. Two of them, Now is the Time (to Put On Your Glasses) and Around is Around, were
directed by Norman McLaren in 1951 for the National Film Board of Canada. The other three films were produced in Britain for The Festival of Britain in 1951 by Raymond Spottiswoode. These were A Solid Explanation, Royal River, and The Black Swan.James Mage was also an early pioneer in the 3D craze. Using his 16mm 3D Bolex system, he
premiered his Triorama program on February 10, 1953, with his four shorts: Sunday In Stereo, Indian Summer, American Life, and This is Bolex Stereo.[40] This show is considered lost.Another early 3D film during the boom was the Lippert Productions short A Day in the Country, narrated by Joe Besser, which was composed mostly of test footage.
Unlike all of the other Lippert shorts, which were available in both dual-strip and anaglyph, this production was released in anaglyph only.April 1953 saw two groundbreaking features in 3D: Columbia's Man in the Dark and Warner Bros.' House of Wax, the first 3D feature with stereophonic sound. House of Wax was (outside of Cinerama) the first
time many American audiences heard recorded stereophonic sound; it was also the film that typecast Vincent Price as a horror star as well as the "King of 3-D" after he became the actor to star in the most 3D features (the others were The Mad Magician, Dangerous Mission, and Son of Sinbad). The success of these two films proved that major studios
now had a method of getting filmgoers back into theaters and away from television sets, which were causing a steady decline in attendance.Universal-International released its first 3D feature, It Came from Outer Space, on May 27, 1953, with stereophonic sound. That was followed by Paramount's first 3D feature, Sangaree with Fernando Lamas and
Arlene Dahl.The Walt Disney Studios entered 3D with its May 28, 1953, release of Melody, which accompanied the first 3D western, Columbia's Fort Ti at its Los Angeles opening. It was later shown at Disneyland's Fantasyland Theater in 1957 as part of a program with Disney's other short Working for Peanuts, entitled, 3-D Jamboree. The show was
hosted by the Mousketeers and was in color.Columbia released several 3D westerns produced by Sam Katzman and directed by William Castle. Castle would later specialize in various technical in-theater gimmicks for such Columbia and Allied Artists features as 13 Ghosts, House on Haunted Hill, and The Tingler. Columbia also produced the only
slapstick comedies conceived for 3D. The Three Stooges starred in Spooks and Pardon My Backfire; dialect comic Harry Mimmo starred in Down the Hatch. Producer Jules White was optimistic about the possibilities of 3D as applied to slapstick (with pies and other projectiles aimed at the audience), but only two of his stereoscopic shorts were shown
in 3D. Down the Hatch was released as a conventional, "flat" motion picture. (Columbia has since printed Down the Hatch in 3D for film festivals.)John Ireland, Joanne Dru and Macdonald Carey starred in the Jack Broder color production Hannah Lee, which premiered on June 19, 1953. The film was directed by Ireland, who sued Broder for his salary.
Broder counter-sued, claiming that Ireland went over production costs with the film.[citation needed]Another famous entry in the golden era of 3D was the 3 Dimensional Pictures production of Robot Monster. The film was allegedly scribed in an hour by screenwriter Wyott Ordung and filmed in a period of two weeks on a shoestring budget.[citation
needed] Despite these shortcomings and the fact that the crew had no previous experience with the newly built camera rig, luck was on the cinematographer's side, as many find the 3D photography in the film is well shot and aligned. Robot Monster also has a notable score by then up-and-coming composer Elmer Bernstein. The film was released
June 24, 1953, and went out with the short Stardust in Your Eyes, which starred nightclub comedian, Slick Slavin.[citation needed]20th Century Fox produced its only 3D feature, Inferno, in 1953, starring Rhonda Fleming. Fleming, who also starred in Those Redheads From Seattle, and Jivaro, shares the spot for being the actress to appear in the
most 3D features with Patricia Medina, who starred in Sangaree, Phantom of the Rue Morgue and Drums of Tahiti. Darryl F. Zanuck expressed little interest in stereoscopic systems, and at that point was preparing to premiere the new widescreen film system, CinemaScope.The first decline in the theatrical 3D craze started in August and September
1953. The factors causing this decline were:Two prints had to be projected simultaneously.[citation needed]The prints had to remain exactly alike after repair, or synchronization would be lost.[citation needed]It sometimes required two projectionists to keep sync working properly.[citation needed]When either prints or shutters became out of sync,
even for a single frame, the picture became virtually unwatchable and accounted for headaches and eyestrain.[citation needed]The necessary silver projection screen was very directional and caused sideline seating to be unusable with both 3D and regular films, due to the angular darkening of these screens. Later films that opened in wider-seated
venues often premiered flat for that reason (such as Kiss Me Kate at the Radio City Music Hall).[citation needed]A mandatory intermission was needed to properly prepare the theater's projectors for the showing of the second half of the film.[citation needed]Because projection booth operators were at many times careless, even at preview screenings
of 3D films, trade and newspaper critics claimed that certain films were "hard on the eyes."[citation needed]Sol Lesser attempted to follow up Stereo Techniques with a new showcase, this time five shorts that he himself produced.[citation needed] The project was to be called The 3-D Follies and was to be distributed by RKO.[citation needed]
Unfortunately, because of financial difficulties and the general loss of interest in 3D, Lesser canceled the project during the summer of 1953, making it the first 3D film to be aborted in production.[citation needed] Two of the three shorts were shot: Carmenesque, a burlesque number starring exotic dancer Lili St. Cyr, and Fun in the Sun, a sports
short directed by famed set designer/director William Cameron Menzies, who also directed the 3D feature The Maze for Allied Artists.Although it was more expensive to install, the major competing realism process was wide-screen, but two-dimensional, anamorphic, first utilized by Fox with CinemaScope and its September premiere in The Robe.
Anamorphic films needed only a single print, so synchronization was not an issue. Cinerama was also a competitor from the start and had better quality control than 3D because it was owned by one company that focused on quality control. However, most of the 3D features past the summer of 1953 were released in the flat widescreen formats ranging
from 1.66:1 to 1.85:1. In early studio advertisements and articles about widescreen and 3D formats, widescreen systems were referred to as "3D", causing some confusion among scholars.[citation needed]There was no single instance of combining CinemaScope with 3D until 1960, with a film called September Storm, and even then, that was a blow-
up from a non-anamorphic negative.[citation needed] September Storm also went out with the last dual-strip short, Space Attack, which was actually shot in 1954 under the title The Adventures of Sam Space.In December 1953, 3D made a comeback with the release of several important 3D films, including MGM's musical Kiss Me, Kate. Kate was the
hill over which 3D had to pass to survive. MGM tested it in six theaters: three in 3D and three-flat.[citation needed] According to trade ads of the time, the 3D version was so well-received that the film quickly went into a wide stereoscopic release.[citation needed] However, most publications, including Kenneth Macgowan's classic film reference book
Behind the Screen, state that the film did much better as a "regular" release. The film, adapted from the popular Cole Porter Broadway musical, starred the MGM songbird team of Howard Keel and Kathryn Grayson as the leads, supported by Ann Miller, Keenan Wynn, Bobby Van, James Whitmore, Kurt Kasznar and Tommy Rall. The film also
prominently promoted its use of stereophonic sound.Several other features that helped put 3D back on the map that month were the John Wayne feature Hondo (distributed by Warner Bros.), Columbia's Miss Sadie Thompson with Rita Hayworth, and Paramount's Money From Home with Dean Martin and Jerry Lewis. Paramount also released the
cartoon shorts Boo Moon with Casper, the Friendly Ghost and Popeye, Ace of Space with Popeye the Sailor. Paramount Pictures released a 3D Korean War film Cease Fire filmed on actual Korean locations in 1953.[41]Top Banana, based on the popular stage musical with Phil Silvers, was brought to the screen with the original cast. Although it was
merely a filmed stage production, the idea was that every audience member would feel they would have the best seat in the house through color photography and 3D.[citation needed] Although the film was shot and edited in 3D, United Artists, the distributor, felt the production was uneconomical in stereoscopic form and released the film flat on
January 27, 1954.[citation needed] It remains one of two "Golden era" 3D features, along with another United Artists feature, Southwest Passage (with John Ireland and Joanne Dru), that are currently considered lost (although flat versions survive).A string of successful films filmed in 3D followed the second wave, but many were widely or exclusively
shown flat. Some highlights are:The French Line, starring Jane Russell and Gilbert Roland, a Howard Hughes/RKO production. The film became notorious for being released without an MPAA seal of approval after several suggestive lyrics were included, as well as one of Ms. Russell's particularly revealing costumes.[citation needed] Playing up her
sex appeal, one tagline for the film was, "It'll knock both of your eyes out!" The film was later cut and approved by the MPAA for a general flat release, despite having a wide and profitable 3D release.[citation needed]Taza, Son of Cochise, a sequel to 1950s Broken Arrow, which starred Rock Hudson in the title role, Barbara Rush as the love interest,
and Rex Reason (billed as Bart Roberts) as his renegade brother. Originally released flat through Universal-International. It was directed by the great stylist Douglas Sirk, and his striking visual sense made the film a huge success when it was "re-premiered" in 3D in 2006 at the Second 3D Expo in Hollywood.Two ape films: Phantom of the Rue
Morgue, featuring Karl Malden and Patricia Medina, produced by Warner Bros. and based on Edgar Allan Poe's "The Murders in the Rue Morgue", and Gorilla at Large, a Panoramic Production starring Cameron Mitchell, distributed flat and 3D through Fox.Creature from the Black Lagoon, starring Richard Carlson and Julie Adams, directed by Jack
Arnold. Although arguably the most famous 3D film, it was typically seen in 3D only in large urban theaters and shown flat in the many smaller neighborhood theaters.[42] It was the only 3D feature that spawned a 3D sequel, Revenge of the Creature, which was in turn followed by The Creature Walks Among Us, shot flat.Dial M for Murder, directed
by Alfred Hitchcock and starring Ray Milland, Robert Cummings, and Grace Kelly, is considered by aficionados of 3D to be one of the best examples of the process. Although available in 3D in 1954, there are no known playdates in 3D,[citation needed] since Warner Bros. had just instated a simultaneous 3D/2D release policy. The film's screening in 3D
in February 1980 at the York Theater in San Francisco did so well that Warner Bros. re-released the film in 3D in February 1982. The film is now available on 3D Blu-ray, marking the first time it was released on home video in its 3D presentation.Gog, the last episode in Ivan Tors' Office of Scientific Investigation (OSI) trilogy dealing with realistic
science fiction (following The Magnetic Monster and Riders to the Stars). Most theaters showed it flat.The Diamond (released in the United States as The Diamond Wizard), a 1954 British crime film starring Dennis O'Keefe. The only stereoscopic feature shot in Britain, released flat in both the UK and US.Irwin Allen's Dangerous Mission released by
RKO in 1954 featuring Allen's trademarks of an all-star cast facing a disaster (a forest fire). Bosley Crowther's New York Times review mentions that it was shown flat.Son of Sinbad, another RKO/Howard Hughes production, starring Dale Robertson, Lili St. Cyr, and Vincent Price. The film was shelved after Hughes ran into difficulty with The French
Line, and was not released until 1955, at which time it went out flat, converted to the SuperScope process.3D's final decline was in the late spring of 1954, for the same reasons as the previous lull, as well as the further success of widescreen formats with theater operators. Even though Polaroid had created a well-designed "Tell-Tale Filter Kit" for the
purpose of recognizing and adjusting out of sync and phase 3D,[43] exhibitors still felt uncomfortable with the system and turned their focus instead to processes such as CinemaScope. The last 3D feature to be released in that format during the "Golden era" was Revenge of the Creature, on February 23, 1955. Ironically, the film had a wide release in
3D and was well received at the box office.[44]Stereoscopic films largely remained dormant for the first part of the 1960s, with those that were released usually being anaglyph exploitation films. One film of notoriety was the Beaver-Champion/Warner Bros. production, The Mask (1961). The film was shot in 2-D, but to enhance the bizarre qualities of
the dream-world that is induced when the main character puts on a cursed tribal mask, these scenes went to anaglyph 3D. These scenes were printed by Technicolor on their first run in red/green anaglyph.Although 3D films appeared sparsely during the early 1960s, the true second wave of 3D cinema was set into motion by Arch Oboler, the producer
who had started the craze of the 1950s. Using a new technology called Space-Vision 3D. The origin of "Space-Vision 3D" goes back to Colonel Robert Vincent Bernier, a forgotten innovator in the history of stereoscopic motion pictures. His Trioptiscope Space-Vision lens was the gold standard for the production and exhibition of 3-D films for nearly 30
years.[45] "Space-Vision 3D" stereoscopic films were printed with two images, one above the other, in a single academy ratio frame, on a single strip, and needed only one projector fitted with a special lens. This so-called "over and under" technique eliminated the need for dual projector set-ups, and produced widescreen, but darker, less vivid,
polarized 3D images. Unlike earlier dual system, it could stay in perfect synchronization, unless improperly spliced in repair.Arch Oboler once again had the vision for the system that no one else would touch, and put it to use on his film entitled The Bubble, which starred Michael Cole, Deborah Walley, and Johnny Desmond. As with Bwana Devil, the
critics panned The Bubble, but audiences flocked to see it, and it became financially sound enough to promote the use of the system to other studios, particularly independents, who did not have the money for expensive dual-strip prints of their productions.In 1970, Stereovision, a new entity founded by director/inventor Allan Silliphant and optical
designer Chris Condon, developed a different 35mm single-strip format, which printed two images squeezed side by side and used an anamorphic lens to widen the pictures through Polaroid filters. Louis K. Sher (Sherpix) and Stereovision released the softcore sex comedy The Stewardesses (self-rated X, but later re-rated R by the MPAA). The film
cost US$100,000 to produce, and ran for months in several markets.[citation needed] eventually earning $27million in North America, alone ($140million in constant-2010 dollars) in fewer than 800 theaters, becoming the most profitable 3-Dimensional film to date, and in purely relative terms, one of the most profitable films ever. It was later released
in 70mm 3D. Some 36 films worldwide were made with Stereovision over 25 years, using either a widescreen (above-below), anamorphic (side by side) or 70mm 3D formats.[citation needed] In 2009 The Stewardesses was remastered by Chris Condon and director Ed Meyer, releasing it in XpanD 3D, RealD Cinema and Dolby 3D.The quality of the
1970s 3D films was not much more inventive, as many were either softcore and even hardcore adult films, horror films, or a combination of both. Paul Morrisey's Flesh For Frankenstein (aka Andy Warhol's Frankenstein) was a superlative example of such a combination.Between 1981 and 1983 there was a new Hollywood 3D craze started by the
spaghetti western Comin' at Ya!. When Parasite was released it was billed as the first horror film to come out in 3D in over 20 years. Horror films and reissues of 1950s 3D classics (such as Hitchcock's Dial M for Murder) dominated the 3D releases that followed. The second sequel in the Friday the 13th series, Friday the 13th Part III, was released
very successfully. Apparently saying "part 3 in 3D" was considered too cumbersome so it was shortened in the titles of Jaws 3-D and Amityville 3-D, which emphasized the screen effects to the point of being annoying at times, especially when flashlights were shone into the eyes of the audience.The science fiction film Spacehunter: Adventures in the
Forbidden Zone was the most expensive 3D film made up to that point with production costs about the same as Star Wars but not nearly the same box office success, causing the craze to fade quickly through spring 1983. Other sci-fi/fantasy films were released as well including Metalstorm: The Destruction of Jared-Syn and Treasure of the Four
Crowns, which was widely criticized for poor editing and plot holes, but did feature some truly spectacular closeups.3D releases after the second craze included The Man Who Wasn't There (1983), Silent Madness and the 1985 animated film Starchaser: The Legend of Orin, whose plot seemed to borrow heavily from Star Wars.Only Comin' At Ya!,
Parasite, and Friday the 13th Part III have been officially released on VHS and/or DVD in 3D in the United States (although Amityville 3D has seen a 3D DVD release in the United Kingdom). Most of the 1980s 3D films and some of the classic 1950s films such as House of Wax were released on the now defunct Video Disc (VHD) format in Japan as part
of a system that used shutter glasses. Most of these have been unofficially transferred to DVD and are available on the grey market through sites such as eBay.Stereoscopic movies were also popular in other parts of the world, such as My Dear Kuttichathan, a Malayalam film which was shot with stereoscopic 3D and released in 1984.In the mid-1980s,
IMAX began producing non-fiction films for its nascent 3D business, starting with We Are Born of Stars (Roman Kroitor, 1985). A key point was that this production, as with all subsequent IMAX productions, emphasized mathematical correctness of the 3D rendition and thus largely eliminated the eye fatigue and pain that resulted from the
approximate geometries of previous 3D incarnations. In addition, and in contrast to previous 35mm-based 3D presentations, the very large field of view provided by IMAX allowed a much broader 3D "stage", arguably as important in 3D film as it is theatre.The Walt Disney Company also began more prominent use of 3D films in special venues to
impress audiences with Magic Journeys (1982) and Captain EO (Francis Ford Coppola, 1986, starring Michael Jackson) being notable examples. In the same year, the National Film Board of Canada production Transitions (Colin Low), created for Expo 86 in Vancouver, was the first IMAX presentation using polarized glasses. Echoes of the Sun (Roman
Kroitor, 1990) was the first IMAX film to be presented using alternate-eye shutterglass technology, a development required because the dome screen precluded the use of polarized technology.From 1990 onward, numerous films were produced by all three parties to satisfy the demands of their various high-profile special attractions and IMAX's
expanding 3D network. Films of special note during this period include the extremely successful Into the Deep (Graeme Ferguson, 1995) and the first IMAX 3D fiction film Wings of Courage (1996), by director Jean-Jacques Annaud, about the pilot Henri Guillaumet.Other stereoscopic films produced in this period include:The Last Buffalo (Stephen
Low, 1990)Jim Henson's Muppet*Vision 3D (Jim Henson, 1991)Imagine (John Weiley, 1993)Honey, I Shrunk the Audience (Daniel Rustuccio, 1994)Into the Deep (Graeme Ferguson, 1995)Across the Sea of Time (Stephen Low, 1995)Wings of Courage (Jean-Jacques Annaud, 1996)L5, First City in Space (Graeme Ferguson, 1996)T2 3-D: Battle Across
Time (James Cameron, 1996)Paint Misbehavin (Roman Kroitor and Peter Stephenson, 1997)IMAX Nutcracker (1997)The Hidden Dimension (1997)T-Rex: Back to the Cretaceous (Brett Leonard, 1998)Mark Twain's America (Stephen Low, 1998)Siegfried & Roy: The Magic Box (Brett Leonard, 1999)Galapagos (Al Giddings and David Clark,
1999)Encounter in the Third Dimension (Ben Stassen, 1999)Alien Adventure (Ben Stassen, 1999)Ultimate G's (2000)Cyberworld (Hugh Murray, 2000)Cirque du Soleil: Journey of Man (Keith Melton, 2000)Haunted Castle (Ben Stassen, 2001)Panda Vision (Ben Stassen, 2001)Space Station 3D (Toni Myers, 2002)SOS Planet (Ben Stassen, 2002)Ocean
Wonderland (2003)Falling in Love Again (Munro Ferguson, 2003)Misadventures in 3D (Ben Stassen, 2003)By 2004, 54% of IMAX theaters (133 of 248) were capable of showing 3D films.[46]Shortly thereafter, higher quality computer animation, competition from DVDs and other media, digital projection, digital video capture, and the use of
sophisticated IMAX 70mm film projectors, created an opportunity for another wave of 3D films.[47][48]In 2003, Ghosts of the Abyss by James Cameron was released as the first full-length 3D IMAX feature filmed with the Reality Camera System. This camera system used the latest HD video cameras, not film, and was built for Cameron by Vince Pace,



to his specifications. The same camera system was used to film Spy Kids 3-D: Game Over (2003), Aliens of the Deep IMAX (2005), and The Adventures of Sharkboy and Lavagirl in 3-D (2005).In 2004, Las Vegas Hilton released Star Trek: The Experience which included two films. One of the films, Borg Invasion 4-D (Ty Granoroli), was in 3D. In August
of the same year, rap group Insane Clown Posse released their ninth studio album Hell's Pit. One of two versions of the album contained a DVD featuring a 3D short film for the track "Bowling Balls", shot in high-definition video.[49]Shooting of the film Hidden Universe 3D with IMAX camera.[50]In November 2004, The Polar Express was released as
IMAX's first full-length, animated 3D feature. It was released in 3,584 theaters in 2D, and only 66 IMAX locations. The return from those few 3D theaters was about 25% of the total. The 3D version earned about 14 times as much per screen as the 2D version. This pattern continued and prompted a greatly intensified interest in 3D and 3D presentation
of animated films.In June 2005, the Mann's Chinese 6 theatre in Hollywood became the first commercial film theatre to be equipped with the Digital 3D format. Both Singin' in the Rain and The Polar Express were tested in the Digital 3D format over the course of several months. In November 2005, Walt Disney Studio Entertainment released Chicken
Little in digital 3D format.The Butler's in Love, a short film directed by David Arquette and starring Elizabeth Berkley and Thomas Jane[51] was released on June 23, 2008. The film was shot at the former Industrial Light & Magic studios using KernerFX's prototype Kernercam stereoscopic camera rig.Ben Walters suggested in 2009 that both
filmmakers and film exhibitors regain interest in 3D film. There was more 3D exhibition equipment, and more dramatic films being shot in 3D format. One incentive is that the technology is more mature. Shooting in 3D format is less limited, and the result is more stable. Another incentive was the fact that while 2D ticket sales were in an overall state
of decline, revenues from 3D tickets continued to grow at the time.[52]Through the entire history of 3D presentations, techniques to convert existing 2D images for 3D presentation have existed. Few have been effective or survived. The combination of digital and digitized source material with relatively cost-effective digital post-processing has
spawned a new wave of conversion products. In June 2006, IMAX and Warner Bros. released Superman Returns including 20 minutes of 3D images converted from the 2D original digital footage. George Lucas announced that he would re-release his Star Wars films in 3D based on a conversion process from the company In-Three. Later on in 2011, it
was announced that Lucas was working with the company Prime Focus on this conversion.[53]In late 2005, Steven Spielberg told the press he was involved in patenting a 3D cinema system that did not need glasses, based on plasma screens. A computer splits each film-frame, and then projects the two split images onto the screen at differing angles,
to be picked up by tiny angled ridges on the screen.[citation needed]Animated films Open Season, and The Ant Bully, were released in analog 3D in 2006. Monster House and The Nightmare Before Christmas were released on XpanD 3D, RealD and Dolby 3D systems in 2006.0n May 19, 2007 Scar3D opened at the Cannes Film Market. It was the first
US-produced 3D full-length feature film to be completed in Real D 3D. It has been the #1 film at the box office in several countries around the world, including Russia where it opened in 3D on 295 screens.On January 19, 2008, U2 3D was released; it was the first live-action digital 3D film. In the same year others 3D films included Hannah Montana &
Miley Cyrus: Best of Both Worlds Concert, Journey to the Center of the Earth, and Bolt.On January 16, 2009, Lionsgate released My Bloody Valentine 3D, the first horror film and first R-rated film to be projected in Real D 3D.[54] It was released to 1,033 3D screens, the most ever for this format, and 1,501 regular screens. Another R-rated film, The
Final Destination, was released later that year in August on even more screens. It was the first of its series to be released in HD 3D. Major 3D films in 2009 included Coraline, Monsters vs. Aliens, Up, X Games 3D: The Movie, The Final Destination, Disney's A Christmas Carol, and Avatar.[55] Avatar has gone on to be one of the most expensive films of
all time, with a budget at $237 million; it is also the highest-grossing film of all time. The main technologies used to exhibit these films, and many others released around the time and up to the present, are RealD 3D, Dolby 3D, XpanD 3D, MasterImage 3D, and IMAX 3D. The success of the film also led to electronics manufacturers releasing 3D
televisions[56] and caused 3D films[57] to increase in popularity.March and April 2010 saw three major 3D releases clustered together, with Alice in Wonderland hitting US theaters on March 5, 2010, How to Train Your Dragon on March 26, 2010, and Clash of the Titans on April 2, 2010. On May 13 of the same year, China's first IMAX 3D film started
shooting. The pre-production of the first 3D film shot in France, Derrire les murs, began in May 2010 and was released in mid-2011.0n October 1, 2010 Scar3D was the first-ever stereoscopic 3D Video-on-demand film released through major cable broadcasters for 3D televisions in the United States. Released in the United States on May 21, 2010,
Shrek Forever After by DreamWorks Animation (Paramount Pictures) used the Real D 3D system, also released in IMAX 3D.In September 2003, Sabucat Productions organized the first World 3-D Exposition, celebrating the 50th anniversary of the original craze. The Expo was held at Grauman's Egyptian Theatre. During the two-week festival, over 30
of the 50 "golden era" stereoscopic features (as well as shorts) were screened, many coming from the collection of film historian and archivist Robert Furmanek, who had spent the previous 15 years painstakingly tracking down and preserving each film to its original glory. In attendance were many stars from each film, respectively, and some were
moved to tears by the sold-out seating with audiences of film buffs from all over the world who came to remember their previous glories.In May 2006, the second World 3-D Exposition was announced for September of that year, presented by the 3-D Film Preservation Fund. Along with the favorites of the previous exposition were newly discovered
features and shorts, and like the previous Expo, guests from each film. Expo II was announced as being the locale for the world premiere of several films never before seen in 3D, including The Diamond Wizard and the Universal short, Hawaiian Nights with Mamie Van Doren and Pinky Lee. Other "re-premieres" of films not seen since their original
release in stereoscopic form included Cease Fire!, Taza, Son of Cochise, Wings of the Hawk, and Those Redheads From Seattle. Also shown were the long-lost shorts Carmenesque and A Day in the Country (both 1953) and William Van Doren Kelley's two Plasticon shorts (1922 and 1923).In the wake of its initial popularity and corresponding increase
in the number of screens, more films were being released in the 3D format, yet fewer people were choosing to see them in such a way. For instance, only 45% of the premiere weekend box office earnings of Kung Fu Panda 2 in 2011 came from 3D screenings as opposed to 60% for Shrek Forever After in 2010.[58] In addition, the premiere of Cars 2
opening weekend gross consisted of only 37% from 3D theatres.[59] Harry Potter and the Deathly Hallows Part 2 and Captain America: The First Avenger were major releases that achieved similar percentages: 43% and 40% respectively.[60] In view of this trend, there has been box office analysis concluding the implementation of 3D presentation is
apparently backfiring by discouraging people from going to film theatres at all. As Brandon Gray of Box Office Mojo notes, "In each case, 3D's more-money-from-fewer-people approach has simply led to less money from even fewer people."[61] Parallel, the number of televisions sold with support for 3D television has dropped, let alone those sold with
actual 3D goggles.According to the Motion Picture Association of America, despite a record total of 47 3D films being released in 2011, the overall domestic box office receipts were down 18% to $1.8 billion from $2.2 billion in 2010.[62] Although revenues as a whole increased during 2012, the bulk has so far come from 2D presentations as
exemplified by little over 50% of filmgoers opting to see the likes of The Avengers and 32% choosing Brave in their 3D versions. Conflicting reasons are respectively offered by studios and exhibitors: whereas the former blame more expensive 3D ticket prices, the latter argue that the quality of films in general is at fault. However, despite the
perceived decline of 3D in the U.S. market, studio chiefs in 2012 were optimistic of better receipts internationally, where there still appeared to be a strong appetite for the format.[63][64][needs update]Studios are also using 3D to generate additional income from films that are already commercially successful. Such re-releases usually involve a
conversion from 2D. For example, Disney has reissued both The Lion King and Beauty and the Beast, with plans to add some of its other well-known titles.[65] Titanic has also been modified for 3D,[66] and there are also plans to similarly present all six Star Wars films.[67]]effrey Katzenberg, a producer of 3D films and one of the leading proponents of
the format, blames oversaturation of the market with inferior films, especially ones photographed conventionally and then digitally processed in post-production. He claims that such films have led audiences to conclude that the format is not worth the often much higher ticket price.[68] Daniel Engber, a columnist for Slate, comes to a similar
conclusion: "What happened to 3-D? It may have died from a case of acute septicemiatoo much crap in the system."[69]Film critic Mark Kermode, a noted detractor of 3D, has surmised that there is an emerging policy of distributors to limit the availability of 2D versions, thus "railroading"” the 3D format into cinemas whether the paying filmgoer likes
it or not. This was especially prevalent during the release of Prometheus in 2012, where only 30% of prints for theatrical exhibition (at least in the UK) were in 2D.[70] His suspicions were later reinforced by a substantial number of complaints about Dredd from those who wished to see it in 2D but were denied the opportunity.[71] In July 2017, IMAX
announced that they would begin to focus on screening more Hollywood tentpole movies in 2D (even if there's a 3D version) and have fewer 3D screenings of movies in North America, citing that moviegoers in North America prefer 2D films over 3D films.[72]In 2024, 3D films in 4K HDR became available to home media for the first time, with the
launch of the visionOS operating system offering two services to access movies in such formats: Apple TV and Disney+. Some films were also offered in high frame rate (48fps), such as Avatar: The Way of Water. Other 3D media shot in 8K with a 180-degree view was also made available under the moniker "Apple Immersive Video."[73][74]Further
information: StereoscopyStereoscopic motion pictures can be produced through a variety of different methods. Over the years the popularity of systems being widely employed in film theaters has waxed and waned. Though anaglyph was sometimes used prior to 1948, during the early "Golden Era" of 3D cinematography of the 1950s the polarization
system was used for every single feature-length film in the United States, and all but one short film.[75] In the 21st century, polarization 3D systems have continued to dominate the scene, though during the 1960s and 1970s some classic films which were converted to anaglyph for theaters not equipped for polarization, and were even shown in 3D on
television.[76] In the years following the mid-1980s, some films were made with short segments in anaglyph 3D. The following are some of the technical details and methodologies employed in some of the more notable 3D film systems that have been developed.Main article: Stereo photography techniquesThe standard for shooting live-action films in
3D involves using two cameras mounted so that their lenses are about as far apart from each other as the average pair of human eyes, recording two separate images for both the left eye and the right eye. In principle, two normal 2D cameras could be put side-to-side but this is problematic in many ways. The only real option is to invest in new
stereoscopic cameras. Moreover, some cinematographic tricks that are simple with a 2D camera become impossible when filming in 3D. This means those otherwise cheap tricks need to be replaced by expensive CGI.[77]In 2008, Journey to the Center of the Earth became the first live-action feature film to be shot with the earliest Fusion Camera
System released in Digital 3D and was later followed by several others. Avatar (2009) was shot in a 3D process that is based on how the human eye looks at an image. It was an improvement to the existing 3D camera system. Many 3D camera rigs still in use simply pair two cameras side by side, while newer rigs are paired with a beam splitter or both
camera lenses built into one unit. While Digital Cinema cameras are not a requirement for 3D they are the predominant medium for most of what is photographed. Film options include IMAX 3D and Cine 160.In the 1930s and 1940s, the Fleischer Studios made several cartoons with extensive stereoscopic 3D backgrounds, including several Popeye the
Sailor, Betty Boop, and Superman cartoons.In the early to mid-1950s, only half of the major Animation film studios operation experimented with creating traditional 3D animated short subjects. Walt Disney Studio produced two traditional animation short for stereoscopic 3D, for cinemas. Adventures in Music: Melody (1953), and the Donald Duck
cartoon Working for Peanuts (1953). Warner Bros. only produced a single cartoon in 3D: Lumber Jack-Rabbit (1953) starring Bugs Bunny. Famous Studios produced two cartoons in 3D, the Popeye cartoon Popeye, the Ace of Space (1953), and the Casper the Friendly Ghost cartoon Boo Moon (1954). Walter Lantz Studio produced the Woody
Woodpecker cartoon Hypnotic Hick (1953), which was distributed by Universal.From the late 1950s until the mid-2000s almost no animation was produced for 3D display in theaters. Although several films used 3D backgrounds. One exception is Starchaser: The Legend of Orin.CGI animated films can be rendered as stereoscopic 3D version by using
two virtual cameras. Stop-motion animated 3D films are photographed with two cameras similar to live action 3D films.In 2004 The Polar Express was the first stereoscopic 3D CGI-animated feature film. The 3D version was solely released in IMAX theaters. In November 2005, Walt Disney Studio Entertainment released Chicken Little in digital 3D
format, being Disney's first CGI-animated film in 3D. The film was converted from 2D into 3D in post production. nWave Pictures' Fly Me to the Moon (2008) was actually the first animated film created for 3D and released exclusively in 3D in digital theaters around the world. No other animation films have released solely in 3D since. The first 3D
feature by DreamWorks Animation, Monsters vs Aliens, followed in 2009 and used a new digital rendering process called InTru3D, which was developed by Intel to create more realistic animated 3D images. InTru3D is not used to exhibit 3D films in theaters; they are shown in either RealD 3D or IMAX 3D.Main article: 2D to 3D conversionln the case
of 2D CGI animated films that were generated from 3D models, it is possible to return to the models to generate a 3D version.For all other 2D films, different techniques must be employed. For example, for the 3D re-release of the 1993 film The Nightmare Before Christmas, Walt Disney Pictures scanned each original frame and manipulated them to
produce left-eye and right-eye versions. Dozens of films have now been converted from 2D to 3D. There are several approaches used for 2D to 3D conversion, most notably depth-based methods.[78]However, conversion to 3D has problems. Information is unavailable as 2D does not have information for a perspective view. Some TVs have a 3D engine
to convert 2D content to 3D. Usually, on high frame rate content (and on some slower processors even normal frame rate) the processor is not fast enough and lag is possible. This can lead to strange visual effects.[79]Further information: 3D television and 3D displayMain article: Anaglyph 3DThe traditional 3D glasses, with modern red and cyan color
filters, similar to the red/green and red/blue lenses used to view early anaglyph films.Anaglyph images were the earliest method of presenting theatrical 3D, and the one most commonly associated with stereoscopy by the public at large, mostly because of non-theatrical 3D media such as comic books and 3D television broadcasts, where polarization is
not practical. They were made popular because of the ease of their production and exhibition. The first anaglyph film was invented in 1915 by Edwin S Porter. Though the earliest theatrical presentations were done with this system, most 3D films from the 1950s and 1980s were originally shown polarized.[80]In an anaglyph, the two images are
superimposed in an additive light setting through two filters, one red and one cyan. In a subtractive light setting, the two images are printed in the same complementary colors on white paper. Glasses with colored filters in each eye separate the appropriate images by canceling the filter color out and rendering the complementary color
black.Anaglyph images are much easier to view than either parallel sighting or crossed eye stereograms, although the latter types offer bright and accurate color rendering, particularly in the red component, which is muted, or desaturated with even the best color anaglyphs. A compensating technique, commonly known as Anachrome, uses a slightly
more transparent cyan filter in the patented glasses associated with the technique. Process reconfigures the typical anaglyph image to have less parallax.An alternative to the usual red and cyan filter system of anaglyph is ColorCode 3-D, a patented anaglyph system which was invented in order to present an anaglyph image in conjunction with the
NTSC television standard, in which the red channel is often compromised. ColorCode uses the complementary colors of yellow and dark blue on-screen, and the colors of the glasses' lenses are amber and dark blue.The polarization 3D system has been the standard for theatrical presentations since it was used for Bwana Devil in 1952,[80] though
early Imax presentations were done using the eclipse system and in the 1960s and 1970s classic 3D films were sometimes converted to anaglyph for special presentations. The polarization system has better color fidelity and less ghosting than the anaglyph system. In the post-'50s era, anaglyph has been used instead of polarization in feature
presentations where only part of the film is in 3D such as in the 3D segment of Freddy's Dead: The Final Nightmare and the 3D segments of Spy Kids 3-D: Game Over.Anaglyph is also used in printed materials and in 3D television broadcasts where polarization is not practical. 3D polarized televisions and other displays only became available from
several manufacturers in 2008; these generate polarization on the receiving end.cardboard 3D linear polarized glasses from the 1980s similar to those used in the 1950s. Though some were plain white, they often had the name of the theatre and/or graphics from the film Main article: Polarized 3D systemTo present a stereoscopic motion picture, two
images are projected superimposed onto the same screen through different polarizing filters. The viewer wears low-cost glasses which also contain a pair of polarizing filters oriented differently (clockwise/counterclockwise with circular polarization or at 90 degree angles, usually 45 and 135 degrees,[81] with linear polarization). As each filter passes
only that light which is similarly polarized and blocks the light polarized differently, each eye sees a different image. This is used to produce a three-dimensional effect by projecting the same scene into both eyes, but depicted from slightly different perspectives. Since no head tracking is involved, the entire audience can view the stereoscopic images
at the same time.Resembling sunglasses, RealD circular polarized glasses are now the standard for theatrical releases and theme park attractions.Circular polarization has an advantage over linear polarization, in that the viewer does not need to have their head upright and aligned with the screen for the polarization to work properly. With linear
polarization, turning the glasses sideways causes the filters to go out of alignment with the screen filters causing the image to fade and for each eye to see the opposite frame more easily. For circular polarization, the polarizing effect works regardless of how the viewer's head is aligned with the screen such as tilted sideways, or even upside down.
The left eye will still only see the image intended for it, and vice versa, without fading or crosstalk. Nonetheless, 3D cinema films are made to be viewed without head tilt, and any significant head tilt will result in incorrect parallax and prevent binocular fusion.In the case of RealD a circularly polarizing liquid crystal filter which can switch polarity 144
times per second is placed in front of the projector lens. Only one projector is needed, as the left and right eye images are displayed alternately. Sony features a new system called RealD XLS, which shows both circular polarized images simultaneously: A single 4K projector (40962160 resolution) displays both 2K images (20481080 resolution) on top
of each other at the same time, a special lens attachment polarizes and projects the images.[82]Optical attachments can be added to traditional 35mm projectors to adapt them for projecting film in the "over-and-under" format, in which each pair of images is stacked within one frame of film. The two images are projected through different polarizers
and superimposed on the screen. This is a very cost-effective way to convert a theater for 3-D as all that is needed are the attachments and a non-depolarizing screen surface, rather than a conversion to digital 3-D projection. Thomson Technicolor currently produces an adapter of this type.[83] A metallic screen is necessary for these systems as
reflection from non-metallic surfaces destroys the polarization of the light.Polarized stereoscopic pictures have been around since 1936, when Edwin H. Land first applied it to motion pictures. The so-called "3-D movie craze" in the years 1952 through 1955 was almost entirely offered in theaters using linear polarizing projection and glasses. Only a
minute amount of the total 3D films shown in the period used the anaglyph color filter method. Linear polarization was likewise used with consumer level stereo projectors. Polarization was also used during the 3D revival of the 1980s.In the 2000s, computer animation, competition from DVDs and other media, digital projection, and the use of
sophisticated IMAX 70mm film projectors, have created an opportunity for a new wave of polarized 3D films.[47][48]All types of polarization will result in a darkening of the displayed image and poorer contrast compared to non-3D images. Light from lamps is normally emitted as a random collection of polarizations, while a polarization filter only
passes a fraction of the light. As a result, the screen image is darker. This darkening can be compensated by increasing the brightness of the projector light source. If the initial polarization filter is inserted between the lamp and the image generation element, the light intensity striking the image element is not any higher than normal without the
polarizing filter, and overall image contrast transmitted to the screen is not affected.A pair of LCD shutter glasses used to view XpanD 3D films. The thick frames conceal the electronics and batteries.Main article: Active shutter 3D systemlIn this technology, a mechanism is used to block light from each appropriate eye when the converse eye's image
is projected on the screen.The technology originated with the Eclipse Method, in which the projector alternates between left and right images, and opens and closes the shutters in the glasses or viewer in synchronization with the images on the screen.[citation needed] This was the basis of the Teleview system which was used briefly in 1922.[29]
[84]A newer implementation of the Eclipse Method came with LCD shutter glasses. Glasses containing liquid crystal that will let light through in synchronization with the images on the cinema, television or computer screen, using the concept of alternate-frame sequencing. This is the method used by nVidia, XpanD 3D, and earlier IMAX systems. A
drawback of this method is the need for each person viewing to wear expensive, electronic glasses that must be synchronized with the display system using a wireless signal or attached wire. The shutter-glasses are heavier than most polarized glasses, though lighter models are no heavier than some sunglasses or deluxe polarized glasses.[85]
However these systems do not require a silver screen for projected images.Liquid crystal light valves work by rotating light between two polarizing filters. Due to these internal polarizers, LCD shutter-glasses darken the display image of any LCD, plasma, or projector image source, which has the result that images appear dimmer and contrast is
lower than for normal non-3D viewing. This is not necessarily a usage problem; for some types of displays which are already very bright with poor grayish black levels, LCD shutter glasses may actually improve the image quality.Main article: Anaglyph 3D Interference filter systemsDolby 3D uses specific wavelengths of red, green, and blue for the
right eye, and different wavelengths of red, green, and blue for the left eye. Glasses which filter out the very specific wavelengths allow the wearer to see a 3D image. This technology eliminates the expensive silver screens required for polarized systems such as RealD, which is the most common 3D display system in theaters. It does, however, require
much more expensive glasses than the polarized systems. It is also known as spectral comb filtering or wavelength multiplex visualizationThe recently introduced Omega 3D/Panavision 3D system also uses this technology, though with a wider spectrum and more "teeth" to the "comb" (5 for each eye in the Omega/Panavision system). The use of more
spectral bands per eye eliminates the need to color process the image, required by the Dolby system. Evenly dividing the visible spectrum between the eyes gives the viewer a more relaxed "feel" as the light energy and color balance is nearly 50-50. Like the Dolby system, the Omega system can be used with white or silver screens. But it can be used
with either film or digital projectors, unlike the Dolby filters that are only used on a digital system with a color correcting processor provided by Dolby. The Omega/Panavision system also claims that their glasses are cheaper to manufacture than those used by Dolby.[86] In June 2012 the Omega 3D/Panavision 3D system was discontinued by DPVO
Theatrical, who marketed it on behalf of Panavision, citing "challenging global economic and 3D market conditions".[87]Although DPVO dissolved its business operations, Omega Optical continues promoting and selling 3D systems to non-theatrical markets. Omega Optical's 3D system contains projection filters and 3D glasses. In addition to the
passive stereoscopic 3D system, Omega Optical has produced enhanced anaglyph 3D glasses. The Omega's red/cyan anaglyph glasses use complex metal oxide thin film coatings and high quality annealed glass optics.Main article: Autostereoscopyln this method, glasses are not necessary to see the stereoscopic image. Lenticular lens and parallax
barrier technologies involve imposing two (or more) images on the same sheet, in narrow, alternating strips, and using a screen that either blocks one of the two images' strips (in the case of parallax barriers) or uses equally narrow lenses to bend the strips of image and make it appear to fill the entire image (in the case of lenticular prints). To
produce the stereoscopic effect, the person must be positioned so that one eye sees one of the two images and the other sees the other.Both images are projected onto a high-gain, corrugated screen which reflects light at acute angles. In order to see the stereoscopic image, the viewer must sit within a very narrow angle that is nearly perpendicular
to the screen, limiting the size of the audience. Lenticular was used for theatrical presentation of numerous shorts in Russia from 1940 to 1948[76] and in 1946 for the feature-length film Robinson Crusoe.[88]Though its use in theatrical presentations has been rather limited, lenticular has been widely used for a variety of novelty items and has even
been used in amateur 3D photography.[89][90] Recent use includes the Fujifilm FinePix Real 3D with an autostereoscopic display that was released in 2009. Other examples for this technology include autostereoscopic LCD displays on monitors, notebooks, TVs, mobile phones and gaming devices, such as the Nintendo 3DS.Main article: Health effects
of 3DSome viewers have complained of headaches and eyestrain after watching 3D films.[91] Motion sickness, in addition to other health concerns,[92] are more easily induced by 3D presentations. One published study shows that of those who watch 3D films, nearly 55% experience varying levels of headaches, nausea and disorientation.[93] Glasses
designed to eliminate eyestrain by converting 3D images back into 2D have been developed.[94]There are two primary effects of 3D film that are unnatural for human vision: crosstalk between the eyes, caused by imperfect image separation, and the mismatch between convergence and accommodation, caused by the difference between an object's
perceived position in front of, or behind the screen and the real origin of that light on the screen.It is believed that approximately 12% of people are unable to properly see 3D images, due to a variety of medical conditions.[95][96] According to another experiment up to 30% of people have very weak stereoscopic vision preventing them from depth
perception based on stereo disparity. This nullifies or greatly decreases immersion effects of digital stereo to them.[97]It has recently been discovered that each of the rods and cones in animal eyes can measure the distance to the point on the object that is in focus at the particular rod or cone. Each rod or cone can act as a passive LIDAR (Light
Detection And Ranging). The lens selects the point on the object for each pixel to which the distance is measured; that is, humans can see in 3D separately with each eye.[98] If the brain uses this ability in addition to the stereoscopic effect and other cues no stereoscopic system can present a true 3D picture to the brain.The French National Research
Agency (ANR) has sponsored multidisciplinary research in order to understand the effects of 3D film viewing, its grammar[clarification needed], and its acceptance.[99]After Toy Story, there were 10 really bad CG movies because everybody thought the success of that film was CG and not great characters that were beautifully designed and
heartwarming. Now, you've got people quickly converting movies from 2D to 3D, which is not what we did. They're expecting the same result, when in fact they will probably work against the adoption of 3D because they'll be putting out an inferior product.Avatar director James Cameron[100]Most of the cues required to provide humans with relative
depth information are already present in traditional 2D films. For example, closer objects occlude further ones, distant objects are desaturated and hazy relative to near ones, and the brain subconsciously "knows" the distance of many objects when the height is known (e.g. a human figure subtending only a small amount of the screen is more likely to
be 2m tall and far away than 10cm tall and close). In fact, only two of these depth cues are not already present in 2D films: stereopsis (or parallax) and the focus of the eyeball (accommodation).3D film-making addresses accurate presentation of stereopsis but not of accommodation, and therefore is insufficient in providing a complete 3D illusion.
However, promising results from research aimed at overcoming this shortcoming were presented at the 2010 Stereoscopic Displays and Applications conference in San Jose, U.S.[101]Film critic Mark Kermode[102] argued that 3D adds "not that much" value to a film, and said that, while he liked Avatar, the many impressive things he saw in the film
had nothing to do with 3D. Kermode has been an outspoken critic of 3D film describing the effect as a "nonsense" and recommends using two right or left lenses from the 3D glasses to cut out the "pointy, pointy 3D stereoscopic vision", although this technique still does not improve the huge brightness loss from a 3D film.[103] Versions of these "2-D
glasses" are being marketed.[104]As pointed out in the article "Virtual Space the movies of the future"[105][failed verification] in real life the 3D effect, or stereoscopic vision, depends on the distance between the eyes, which is only about 2412 inches. The depth perception this affords is only noticeable near to the head at about arms length. It is only
useful for such tasks as threading a needle. It follows that in films portraying real life, where nothing is ever shown so close to the camera, the 3D effect is not noticeable and is soon forgotten as the film proceeds.Director Christopher Nolan has criticised the notion that traditional film does not allow depth perception, saying "I think it's a misnomer to
call it 3D versus 2D. The whole point of cinematic imagery is it's three dimensional... You know 95% of our depth cues come from occlusion, resolution, color and so forth, so the idea of calling a 2D movie a '2D movie' is a little misleading."[106] Nolan also criticised that shooting on the required digital video does not offer a high enough quality
image[107] and that 3D cameras cannot be equipped with prime (non-zoom) lenses.[106]Late film critic Roger Ebert repeatedly criticized 3D film as being "too dim", sometimes distracting or even nausea-inducing, and argued that it is an expensive technology that adds nothing of value to the film-going experience (since 2-D films already provide a
sufficient illusion of 3D).[108] While Ebert was "not opposed to 3-D as an option", he opposed it as a replacement for traditional film, and preferred 2-D technologies such as MaxiVision48 that improve image area/resolution and frames per second.[108]Most 3D systems will cut down the brightness of the picture considerably the light loss can be as
high as 88%. Some of this loss may be compensated by running the projector's bulb at higher power or using more powerful bulbs.[109]The 2D brightness cinema standard is 14 foot-lamberts (48 candela per square metre), as set by the SMPTE standard 196M. As of 2012[update], there is no official standard for 3D brightness. According to the
industry de facto standard, however, the "acceptable brightness range" goes as low as 3.5fL (12cd/m2) just 25% of the standard 2D brightness.[110]JAmong others, Christopher Nolan has criticized the huge brightness loss: "You're not that aware of it because once you're 'in that world,' your eye compensates, but having struggled for years to get
theaters up to the proper brightness, we're not sticking polarized filters in everything."[111]In September 2012, the DCI standards body issued a "recommended practice" calling for a 3D projection brightness of 7fL. (24cd/m2), with an acceptable range of 59fL (1731cd/m2).[2] It is not known how many theaters actually achieve such light levels with
current technology. Prototype laser projection systems have reached 14fL. (48cd/m2) for 3D on a cinema screen.[3]Main article: 2D to 3D conversionAnother major criticism is that many of the films in the 21st century to date were not filmed in 3D, but converted into 3-D after filming. Filmmakers who have criticized the quality of this process include
James Cameron (whose film Avatar was created mostly in 3D from the ground up, with some portions of the film created in 2D,[112] and is largely credited with the revival of 3D) and Michael Bay.[100] However, Cameron has said that quality 2D to 3D conversions can be done if they take the time they need and the director is involved.[113]
Cameron's Titanic was converted into 3D in 2012, taking 60 weeks and costing $18 million.In contrast, computer-animated films for which the original computer models are still available can be rendered in 3D easily, as the depth information is still available and does not need to be inferred or approximated. This has been done with Toy Story, among
others.[114]Film portalCinematographyDigital cinemalList of 3D films (19142004)List of 3D films (2005present)2D to 3D conversionDepth perceptionStereoscopyAutostereoscopy3D display3D television4D filmVolumetric display3-D Film Preservation FundMotion captureStereoscopic video gameSurround soundDigital 3DDisney Digital 3-DRealD
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December 23, 2016.Retrieved from " 43D film with in-theater physical effects4D venue complete with motion-enhanced seating and multisensory olfactory technology. Pictured here is a 4DX theater.4D film is a presentation system combining motion pictures with synchronized physical effects that occur in the theater. Effects simulated in 4D films
include motion, vibration, scent, rain, mist, bubbles, fog, smoke, wind, temperature changes, and strobe lights.[1][2] Seats in 4D venues vibrate and move.As of 2022, 4D films have been exhibited in more than 65 countries.[3] 4D motion pictures are also exhibited in theme parks.[4]The term "4D film" is an extension of 3D film, which gives the illusion
of three-dimensional solidity.[5] Precursors of the modern 4D film presentation include Sensurround, which debuted in 1974 with the film Earthquake. Only a few films were presented in Sensurround, and it was supplanted by Dolby Stereo in 1977, which featured extended low frequencies and made subwoofers a common addition to cinema.[6] Other
notable efforts at pushing the boundaries of the film viewing experience include Fantasound, the first use of stereo sound; Cinemiracle and Cinerama, both widescreen formats utilizing multiple projectors; and Smell-O-Vision.The Sensorium is regarded as the world's first commercial 4D film and was first screened in 1984 at Six Flags Power Plant in
Baltimore. It was produced in partnership with Landmark Entertainment.[7]4DX, D-Box Technologies, and Mediamation all currently integrate 4D technology in global stadium seating multiplexes.[8]The following is a list of 4D presentation systems developed for traditional film theatres.Overview of 4D providersFormatDateDeveloper3D formatMotion
seatEffectsRemarksNotes4DXC]J 4D PlexStereoscopic 3Dyesmotion, vibration, scent/olfactory, water sprays, wind/air, snow, fog, strobes, lightning, bubblesCineworld, CinpolisD-BoxD-Box TechnologiesStereoscopic 3Dyesmotion, vibrationCinemarkMX4D[9]MediaMationStereoscopic 3Dyesmotion, vibration, scent/olfactory, water sprays, wind/air,
snow, fog, strobes, lightning, bubblesParamount, Showcase4D E-MotionLummaStereoscopic 3Dyesmotion, vibration, scent/olfactory, water sprays, wind/air, snow, fog, strobes, lightning, bubbles(Not named by developer)Red RoverStereoscopic 3Dyesmotion, water sprays, wind/air, scent/olfactory, fog, strobes, bubbles,Branded as Super 4D in Lotte
Cinema installations.TitleYearRelease venue/CountryNotesThe Sensorium1984Six Flags Power Plant, Baltimore, MDThe first 4D filmCaptain EO1986Epcot, Disneyland, Disneyland Paris and Tokyo DisneylandClosed in the mid-late 1990s and reopened in 2010 as a tribute to the late Michael Jackson.Muppet*Vision 3D1991Disney's Hollywood
StudiosDirected by Jim HensonHoney, I Shrunk the Audience1994Epcot, Disneyland, Disneyland Paris and Tokyo DisneylandSponsored by Kodak, closed in all locations in May 2010 and was replaced with Captain EO.Terminator 2 3D: Battle Across Time1996Universal Studios JapanDirected by James CameronPirates 4D1997SeaWorld Ohio, Busch
Gardens Williamsburg, Thorpe Park in the UK, Busch Gardens Tampa BayProduced by Busch Entertainment, Directed by Keith Melton.PandaDroom2002The Efteling, NetherlandsSame film released in other parks without 4D effectsSpongeBob SquarePants 4-D2002, 2006Six Flags over Texas, Moody Gardens, Shedd Aquarium, Adventure Dome, Six
Flags Great Adventure, Movie Park Germany, Adventure Aquarium, Kings Dominion, (formerly at Paramount Parks), Indianapolis Zoo, Carowinds, Camden Aquarium (Camden, NJ), Flamingo Land Theme Park and Zoo and other locationsMickey's PhilharMagic2003Magic Kingdom, Hong Kong Disneyland, Tokyo Disneyland, and Disney California
Adventure.In collaboration with Walt Disney Feature AnimationHaunted Lighthouse[a]2003Flamingo Land Theme Park and ZooShrek 4-D2003Universal Studios Florida, Universal Studios Japan, and Universal Studios SingaporeReleased in an anaglyph version as Shrek 3-D on DVDBorg Invasion2004Star Trek: The Experience, at Las Vegas Hilton,
USClosed in 2008, to be reopened in Neonopolis, Las VegasFly Me to the Moon2008Six Flags over TexasJourney to the Center of the Earth 4-D Adventure2008Vibrant 5D, Raipur, IndiaStone Mountain Park, Dollywood, Warner Bros. Movie WorldFly High: The Legend of Black Man2017IndiaFirst Indian 4D film; directed by Rahul Rathish KumarAvatar
in 4D2009South Korea, Hong KongIn 4DX. James Cameron, DirectorLondon Eye 4D Experience2009London EyeProduced by Centre Screen Productions and Principal Large FormatBeyond All Boundaries2009WWII Museum, New OrleansProduced by Tom HanksENERGIA The Spirit of the Earth2009Cit de I'nergie, Shawinigan (Quebec)Spectators are
seated on a revolving platform. Features wind, snow, smoke, rain, vibration and lighting effects."The Garden"2010USA pavilion at Expo 2010The eight-minute film was projected upon five 10-meter-high screens.Marvel Super Heroes 4D2010Madame Tussauds London, Trans Studio Bandung[10]Rabid Rider2010Cincinnati ZooShalem2011?Jerusalem
Time Elevator, JerusalemA 3000-year-old guide to Jerusalem's history at the Jerusalem Time Elevator, Jerusalem.[11]The Bourne Legacy2012Multinationalln 4DXTallgrass Prairie: Tides of Time2012Flint Hills Discovery Center, Manhattan, KansasFeatures wind, snow, smoke, and lightning effects[12]Prometheus 2012Cinepolis Galerias Guadalajara,
Mexicoln 4DX. Ridley Scott, DirectorTitanic2012Multinational4DX re-release,[13] James Cameron, DirectorThe Adventures of Tintin 2011Nickelodeon Resorts, Paramount Parks, North Carolina Zoo, and Alton Towers14-minute condensed version of the film.Iron Man 32013Korona World Theatre Nagoya, Japan,[14] Seoul, South KorealLabeled as 4DX
featuring strobe lights, tilting seats, blowing wind and fog, and odor effects.47 Ronin2014Multinationalln 4DXFury2014Multinationalln 4DXInterstellar2014Multinationalln 4DX. Christopher Nolan, DirectorRio 2014San Diego Zoo, Kentucky Kingdom, North Carolina Zoo, Indianapolis Zoo, Cincinnati Zool2-minute condensed version of the film.Temple
Run 7D2014India9-minute ride to various Indian temples including Kedarnath, Badrinath, Gangotri, Rameshwaram, and Dwarka produced by Modern Techno Projects Private Ltd.Happy FeetMultinational[15]Star Wars: The Force Awakens2015Multinationalln 4DX. J.J. Abrams, DirectorIce Age: No Time for Nuts 4D2015United States4D-remastered
version of the 2006 short film of the same name.Rogue One2016Multinationalln 4DXBatman v Superman: Dawn of Justice2016Seoul, Korea and New York City, New YorkLabeled as 4DX including fog, wind, motion, rain, lightning, vibrations and scents.Pixels2016Taguig, Philippines4DX re-release including models, sprites, explosives, and bullets.Mass
Effect: New Earth 4D2016California's Great America4+12-minute film, 60-foot screen with 4K resolution, live performers, wind, water, leg pokers, neck ticklers, 80-channel surround soundLEGO Nexo Knights 4D: The Book of Creativity[16]2016Legoland parks and Legoland Discovery Centre parks worldwidel2+12-minute 4D film of LEGO Nexo
Knights shown at Legoland, along with The LEGO Movie 4D Produced by Alexander Lentjes[17] for M2Film and Merlin EntertainmentsGravity2018Multinational4DX re-release,[18] Alfonso Cuarn, DirectorLife of Pi2018Multinational4DX re-release,[19] Ang Lee, Director19172019Multinationalln 4DX,[20] Sam Mendes, Director, Produced by Amblin
PartnersStar Wars: The Rise of Skywalker2019Multinationalln 4DX. J.J. Abrams, DirectorGemini Man2019Multinationalln 4DX. Ang Lee, DirectorThe Lion King2019Multinationalln 4DX. Jon Favreau, DirectorInception2020Multinational4DX re-release,[21] Christopher Nolan, DirectorThe Matrix Resurrections2021Multinationalln 4DX. Lana
Wachowski, DirectorTop Gun: Maverick2022Multinationalln 4DX. Directed by Joseph Kosinski.The Super Mario Bros. Movie2023Multinationalln 4DX. Aaron Horvath, Michael Jelenic DirectorsTom and Jerry The Movie2022Multinational[22]SCOOB2023Multinational[23]DC League of Super Pets2023Multinational[24]Scrooge: A Christmas
Carol2023Multinational[25]Oppenheimer2023Multinationalln 4DX. Christopher Nolan, Director[26]Postcard from Earth2023Sphere at the Venetian Resort, Las VegasEffects include wind, scents, and infrasound seat vibrations. Directed by Darren Aronofsky.[27]Godzilla Minus One2023]Japanln 4DX. Directed by Takashi Yamazaki[28]4DXSimulator
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way to clean your eyeglasses is to rinse them with water, wipe them with a microfiber cloth, and then apply a cleaning solution or dish soap. Remember to rinse again, if using soap.If you wear eyeglasses, you probably recognize how irritating it is to have dirt, grit, or grease stuck on the lenses. And beyond being annoying, it can cause eye strain and
headaches.Whats more, bacteria are more likely to grow on glasses that havent been cleaned in a while. Fostering germs in a sensitive area, such as your nose and your eyes, poses risks.According to Dr. Jonathan Wolfe, an optometrist in Ardsley, New York, a quick eyeglass cleaning should be part of your daily routine eye care routine. This depends
on [your] occupation, personal hygiene, and tolerance for blur, but I would recommend that the average glasses-wearer give their lenses a light cleaning daily, and their frames a weekly cleaning, Wolfe says.A 2018 study confirmed that dangerous bacteria can grow on your eyeglasses, including the bacteria that cause staph infections.The nose pads
and ear clips of the glasses that were tested were found to be the most contaminated areas of the eyeglasses. Keep reading to find out how to clean your glasses safely and hygienically. The lenses of your glasses are the key to seeing your world in sharp, clear focus.According to Dr. Wolfe, a lens cleaning routine doesnt have to be complicated, once
you have the steps down. If it takes you more than 20 seconds to clean your lenses, youre probably overthinking it, he says.Microfiber cloth. The safest, most effective tool you can use to get your glasses clean without smearing or scratching them.Cleaning solution. Spray made for eyeglasses that states its safe for polycarbonate lenses and lens
coatings is best, but you can also use lotion-free dish soap.Wash your hands thoroughly so youre not transferring germs from your hands to your glasses. Run warm water over your glasses to get rid of dust or other things that might scratch the lenses. Use distilled water instead of water from a faucet if theres hard water in your area. Wipe your
glasses down with the microfiber cloth. Spray your glasses on both sides with cleaning solution. If youre using dish soap, put a single drop on both sides of the lenses and gently rub it over the lens surface. Rinse if using soap.Dry your glasses off by shaking off excess water droplets. If you want to avoid streaks and watermarks, use gas duster (canned
air) to dry them.Frames have lots of tiny parts, like screws, springs, and hinges, which can get dirty with sweat and oils from your face. Dr. Wolfe points out that while cleaning your eyeglass frames is important, people sometimes skip this step. Cleaning the frame is important mostly for personal hygiene, since the frame is constantly touching your
skin, he says.Most people, even those who generally take good care of their glasses, tend to overlook cleaning their nose pads. This can lead to all kinds of minor dermatological issues.Run the frames under warm water. Use a mild soap, like lotion free-dish soap, and apply it to your frames using your fingertips. Rinse the frames thoroughly under
warm water. Use a moist towelette with rubbing alcohol to clean the nosepads and earpieces of your frames.There are a few common mistakes that people make when cleaning their eyeglasses. Paper towels, tissues, and the fabric of the shirt youre wearing might seem like an easy fix for smudged lenses. But according to Dr. Wolfe, you need to stick
to soft lens cloths, like the kind that come with your glasses when you first get them. For cleaning lenses, the most common mistake I see is people using tissues or paper towels, he says. Those materials are too coarse and can cause minor scratches to develop on the surface of the lenses. Over time the lens looses its clarity. Another common mistake
is to use nail polish remover to clean lenses and frames. This is never a good idea. Acetone (often found in nail polish remover) is surprisingly destructive to both lenses, and to plastic glasses frames, if left on the surface for too long, Dr. Wolfe says.When youre desperate to get rid of a smudge on your glasses, it might seem like a good idea to use your
own saliva to lubricate the lens. This isnt a good idea either, as youre basically covering your lens with germs from your mouth, which can then multiply. From a practical perspective, your saliva may also make the smudge look worse. Optometrists, ophthalmologists, and eyeglass retailers offer professional cleaning. At many eyeglass retailers, you
can bring your glasses back to where you purchased them for a complimentary cleaning. If your glasses have an oily buildup around the ears or nose that doesnt go away after your own attempts to clean them, or if youre noticing repeated breakouts on your nose or around your ears where your glasses touch your face, a professional cleaning might
be the answer. Its also worth asking for a cleaning every time you get your eyeglasses adjusted or go for your annual eye exam. If you need help finding an eye doctor in your area, the National Eye Institute has resources to help you get started. Throwing your glasses into a travel bag or onto your nightstand without any protection is a recipe for
scratching and smudging. Storing your eyeglasses safely is just as important as cleaning them correctly if you want to make them last. On the go, always store them in a hinged, hardshell case. These cases are available at most drugstores as well as the optical retailer where you got your glasses. If you dont have a hardshell case available, a soft
pocket-style case will do in a pinch as long as you secure your glasses in the zippered pocket of your suitcase, briefcase, or handbag. Ideally, you will store the glasses in a case at night.Otherwise, you can place your glasses on a clean, stable countertop or furniture surface with the lenses facing up. Open both sides of the temples, or earpieces, of
your glasses and place them upside down to store them correctly overnight without a case. Cleaning your eyeglasses regularly should become a part of your daily routine. Not only will this help you see more clearly, it can also prevent eye infections and dermatological conditions such as blackheads and acne. Weve all been there you notice your
glasses are dirty right before an important meeting, and you reach for your sleeve to clean them. Why is this cleaning practice discouraged for eyeglasses? The number one thing to remember when cleaning your glasses is this: small particles and dust get onto the surface of your lenses, and rubbing off the dust, especially with a wrong cloth or a
paper tissue, will scratch the lenses. The good news is that cleaning your lenses doesnt have to be complicated. With the following simple cleaning steps, best care practices, and advanced lens coatings, you can enjoy clear lenses longer. Best way to clean your glasses in 3 simple steps: Step 1: Wash your hands with lotion-free soap.Step 2: Clean your
lenses and frame regularly with water and a drop of mild liquid, lotion-free soap. Wash gently and rinse.Step 3: Gently shake off water drops dry your lenses with a soft, clean microfiber lens or lint-free cotton cloth. You dont even have to rub; the drops will be transferred to the cloth in contact with the lens surface. Ask your optician for one. Inspect
and clean again if needed. Thats it! Now that your glasses are squeaky clean, keep them that way with some of our favorite everyday care and maintenance tips. 10 ways to care for eyeglass lenses and frames 1. Be gentle with your lenses. Avoid using tissues, paper towels, or napkins to clean them, as any paper-based product can harm the lens
surface.2. Keep your lenses crystal clear. Make sure not to wipe them with a towel that's been treated with fabric softener, as it can leave a cloudy film.3. Stay away from saliva. Instead of spitting on your lenses, carry a small bottle of lens cleaner with you when you're out and about.4. Protect your glasses from heat. Never leave them on hot surfaces
like ovens, radiators, or in a scorching car.5. Handle with care. Avoid placing your glasses face-down, as this can damage the coating and lead to scratches.6. Remember, your glasses aren't a hat. While it might seem convenient or stylish, wearing your glasses on your head can affect their alignment and how they sit in front of your eyes.7. Be mindful
of chemicals. Steer clear of household detergents and beauty products like hairspray and perfume when near your glasses. They can be harmful to your lenses and coatings.8. Use both hands with care. When putting on or taking off your glasses, use both hands to ensure gentle handling.9. Protect your precious specs. Keep your glasses safe in a
sturdy hard case, often provided by your optician, to prevent accidental damage.10. Consider coatings for added benefits. Talk to your optician about anti-reflective and scratch-resistant coatings. These coatings boost comfort and enhance performance and durability for your eyewear. Frequently Asked Questions about cleaning glasses: How do you
clean glasses without a microfiber cloth? If you find yourself without a specialized micro-fiber cloth from your optician's office, don't worry! Here's a simple alternative: start by washing your lenses with water and a drop of mild, lotion-free liquid soap. Afterward, gently shake off any water droplets. If you don't have a micro-fiber cloth on hand, you
can use a clean, lint-free cotton cloth to dry your lenses. There's no need for vigorous rubbing; simply let the cloth make contact with the lens surface, and it will naturally absorb the water drops. How do you clean your micro-fiber eyeglass cloth? Maintaining a proper eyeglass cleaning cloth is essential, but replacing it frequently isn't necessary. Here
are some tips for reusing your micro-fiber eyeglass cloth: Shake it out: Periodically, remove dust and dirt by giving it a good shake. Hand wash: For a more thorough clean, hand wash the cloth in cold water with a few drops of bleach-free mild soap (avoiding fabric softener). Soak for a few minutes, then rinse in cold water. Machine wash: If needed,
machine wash with bleach-free detergent (no fabric softener) and allow the cloth to air dry after washing. How do you clean glasses frames? Clean glasses frames with water and a drop of mild liquid lotion-free soap. Blot dry with a clean microfiber cloth. Remember to protect frames by keeping them in a hard case and away from heat sources. Get



superior clarity and durability with anti-reflective and scratch-resistant coatings Nothing beats that feeling of freshly cleaned glasses and clear vision. To help you keep your lenses clear longer, we developed HiVision Meiryo. Never clean your glasses without water or a cleaning wipe! Wiping the lenses with a dry cloth and no liquid can cause lens
scratches and other permanent damage.Types of dry clothes to never use include:Tissue paper (Kleenex)Paper towelsNapkinsToilet paperYour shirt or an article of clothingCan I Use Windex On My Glasses?We can understand how some people might associate Windex with eyeglass lenses since their appearance is fairly similar to window glass.
However, it is important that you never use Windex to clean your eyeglasses. Windex is a harsh chemical that can permanently damage eyeglass lenses and any special coating they may have on them. Windex may also damage or strip the frames of their plating.Is It OK to Clean Glasses with Rubbing Alcohol?Rubbing alcohol, or isopropyl alcohol,
should not be used to clean eyeglasses. This harsh chemical also runs the risk of damaging the lenses, their special coating, and the eyeglass frames.Other products and liquids that should never be used to clean your eyeglasses:Household glass cleaners or cleaning products with high acid concentrationsProducts containing acetoneVinegar & lemon
juiceSaliva (yes, that means no fogging up your lenses with your breath and wiping them with your shirt). How to Properly Store Your Glasses And Keep Them CleanGlasses will always require some form of cleaning but proper storage in a glasses case is one of the most effective ways to minimize smudges, cloudy lenses, scratches, and breaks.Proper
storage helps keep dust, dirt, and other debris from landing on your glasses when they are not being worn. This also helps prevent scratches when your glasses (and you) are in transit (e.g. when placing them in your bag between your home and a coffee shop, work, your vehicle, etc.).Remember to never place glasses lens-down on any surface! This is
the quickest way to cause permanent damage to your lenses and although some people say that toothpaste can fix scratched lenses, it sadly cannot.How to remove scratches from your lensesAlthough some people say that toothpaste can fix scratched lenses, it sadly cannot. In fact, there is no cure for scratched lenses, which is why it is so important to
clean your glasses the right way and to store them properly when not in use.While some products do exist that claim to remove scratches, these simply minimize the look of scratches and often damage the lens coating or result in smears on the lenses. To avoid lens scratching, ask your optometrist about a scratch-resistant lens coating and remember
to never place your glasses lens-down on any surface!Clean Glasses Rely on A Proper FitGlasses that have not been properly fitted to your face may require more cleaning. It is important to have proper fitting eyeglasses not only for vision and comfort but also to prevent things that cause your glasses to get dirty. Glasses that dont fit properly lead to
your eyelashes brushing up against the lenses if they are too tight, your cheeks pressing tightly against the frames and transferring oils, the eyeglass arms squeezing your temples, and the bridge sliding down your nose, causing you to constantly touch the glasses to adjust them. All these pitfalls will increase the frames oil absorption and dirt
buildup.Proper-fitting eyewear that suits your face isnt always the easiest to find. Book a complimentary Eyewear Makeover with our Master Frame Stylist to guarantee the perfect fit and style for your face. Download Article Download Article Glasses can be expensive sometimes, so it's important to keep them in good shape. Fortunately, cleaning your
glasses is quick and easy. The best way to clean eyewear is with warm water and dish soap, so head to the sink and lather them up! When youre out and about, touch up your lenses with a spray cleaner or wet wipes. If you stick to a daily cleaning routine, you'll be seeing crystal clear and you'll keep your glasses looking shiny and new. 1Wash your
hands before cleaning your glasses. Wash up for 20 seconds with lotion-free soap and warm water. Youll need to make sure your hands are free of dirt, grease, and grime before cleaning your glasses.[1] 2Rinse your glasses with warm water. Run a gentle stream of tap water over your glasses. Rotate them to wet both sides of each lens, the frame, and
earpieces.[2]Hot water is bad for lenses, protective coatings, and the frame, so be sure to use warm water. Advertisement 3Use your fingertips to carefully lather them with dish soap. Add a small drop of lotion-free dish soap to each lens. Make gentle circular motions with your fingertips to lather the soap over both sides of your lenses, around the
frame, and down each earpiece.[3]4Clean the nose pads with a cotton swab or soft toothbrush. Use gentle pressure as you scrub the nose pads and the crevices between them and the frame. If youre using a toothbrush, make sure its soft-bristled.Avoid grazing the lenses with the toothbrush, even if its soft-bristled. If theres buildup between the lenses
and the frame, use a cotton swab to loosen it.5Wash away soap residue. Hold the glasses under running water again to rinse away soap suds. Make sure youve washed away all traces of soap, as any remaining residue will cause smudges.[4]6Shake off excess water and make sure your lenses are clean. Turn off the water, then give your glasses a
careful shake. Check the lenses to make sure theyre clear, and wash them again if you see any smudges.[5]7Dry your glasses with a microfiber cloth. Fold a clean microfiber cloth over both sides of a lens. Make soft circular motions with your fingertips to dry it, then repeat on the other lens. Wipe the nose pads, then use the cloth to dry and polish the
frame and earpieces.[6] Advertisement 1Spray your glasses liberally with eyeglass cleaner. Spray cleaners for eyewear are available at pharmacies and eyewear retailers. If you cant get to a sink and dish soap, spray your glasses with lots of cleaner to flush away dirt and debris.[7]Some eyewear manufacturers and optometrists also offer free samples
of spray cleaner.If you have anti-reflective (AR) glasses, make sure the cleaner you use is labelled safe for the AR coating.2Wipe away the cleaner with a microfiber cloth. After spraying your glasses, carefully wipe off excess cleaner. Fold the cloth over both sides of each lens, and make gentle circular motions with your fingertips to absorb the cleaner.
Then use the cloth to dry the frame and earpieces.[8]3Touch up your lenses with disposable eyeglass wet wipes. You can also clean your glasses with wet wipes when youre on the go. Gently blow on them to remove dust and dirt, then gently rub them with a wet wipe using soft, circular motions. After cleaning them, dry them with a microfiber cloth.
[9]10nly use wet wipes labelled for cleaning eyewear. If you have AR glasses, make sure your wipes are labelled safe for the AR coating. Advertisement 1Clean your glasses every morning and as needed. Make cleaning your glasses part of your morning routine. Check them regularly throughout the day, and touch them up as needed.[10]Keeping your
glasses clean and smudge-free will help prevent scratches.2Store your glasses in a hard case when youre not wearing them. Dont just throw your glasses in your purse or bag, and avoid placing the lenses on hard surfaces. When theyre not in use, keep them in a hard-shell case. The case should fit your glasses; if its too big, they might roll around and
get damaged.[11]3Wash your microfiber cloths frequently. Microfiber cloths collect grease and dirt, so you should wash yours after 2 or 3 uses. Some cloths are machine washable, so check the care instructions and launder them as directed.[12]If your cloth isnt machine washable, or if youre not sure, hand wash it with dish soap, wring it out, then let
it air dry.[13]4Dont wipe your glasses with your shirt, tissue, or a paper towel. Shirts, tissues, and paper towels contain fine debris that could scratch your glasses. Additionally, never wipe your glasses when theyre dry, or youll risk damaging them.[14]Exhaling on your glasses and wiping them with your shirt might be convenient, but thats a quick
way to scratch up your lenses.Need help keeping your glasses clean? Check out what wikiHow users recommend on our best way to clean glasses and keep them clean? forum. Advertisement Ask a Question Advertisement Thanks The advice in this section is based on the lived experiences of wikiHow readers like you. If you have a helpful tip youd like
to share on wikiHow, please submit it in the field below. Place your glasses down carefully rather than tossing them from a distance. They could hit a surface wrong and break very easily. Clean your lenses with mild soap and water. Never use harsh chemicals, which can damage the coatings on the lenses. Clean your frames and lenses daily to
prolong the life of your lenses and keep your frames looking sharp. Advertisement Thanks Advertisement Co-authored by: Board Certified Ophthalmologist This article was co-authored by Kara Hartl, MD, FACS. Dr. Kara Hartl is a board certified Ophthalmologist and the Founder and CEO of Mountain View Eye Center in Fairbanks, Alaska. Dr. Hartl is
a blue light expert and specializes in studying the effects of natural and artificial light on peoples eyes and bodies. She received a BA in Biology from Harvard University and earned her Doctor of Medicine (MD) from The University of California-San Diego Medical School. Dr. Hartl also trained at the world-renowned Bascom Palmer Eye Institute. She
is passionate about incorporating technology into the future of eye care and has started a public education initiative to inform everyday LED screen users about the effects and the easy ways to protect themselves while continuing to use their devices. Dr. Hartl also founded the international non-profit, Gift of Sight, which is dedicated to curing
blindness across the globe. This article has been viewed 929,796 times. Co-authors: 72 Updated: June 5, 2025 Views:929,796 Categories: Cleaning Eyeglasses PrintSend fan mail to authors Thanks to all authors for creating a page that has been read 929,796 times. "My glasses were super cloudy before reading the specific steps in wikiHow. The step
to clean your glasses with a soft cloth helped most. Thanks wikiHow."..." more Share your story Enjoy sharper detail, more accurate color, lifelike lighting, believable backgrounds, and more with our new model update. Your generated images will be more polished thanever.See What's NewExplore how consumers want to see climate stories told
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smudge or speck ruins the view from behind your glasses, its tempting to reach for the quick fixthe bottom of your shirt or the closest dish towel. Dont.Using a rough fabric can scratch your lenses, shortening the life of your specs. Likewise, commercial glass cleaners can ruin their finish.Besides, it takes only a few seconds longer to clean your glasses
the right way. Heres your plan.Step #1Wash your hands, and then rinse your entire frame with lukewarm water, as hot water can harm anti-reflective and other coatings.Step #2Put a small dot of lotion-free soap on each lens. A great choice is a pure dishwashing soap such as Dawn. Do not use dishwasher detergent, hand sanitizers, or soaps with
high alcohol content. All can damage your lenses.Step #3Using the tip of a clean finger (you washed your hands, right?), gently swirl the soap around on both sides of your lenses and then down the entire frame.Step #4Rinse your glasses again under lukewarm water until the soap is gone. Be sure to put both lenses directly under the faucet to
remove any remaining residue.Step #5Carefully tap your glasses on a dishtowel or gently shake them over the sink to remove as much water as possible.Step #6Dry them with a clean, lint-free towel, such as a microfiber cloth youd use for fine glass or china. Do not use a paper towel or dish or bath towel. Theyll cover your squeaky-clean glasses with
lintand could even leave a scratch.Step #7Soak in the view! Its a beautiful world, isnt it?If youre constantly on the go, ask your Americas Best optometrist to recommend a tote-sized eyeglass cleaning kit with a small spray bottle and a soft cloth.Glasses arent designed to last forever, of course, but if you clean and store them properly, and perform
regular maintenance, yours will stay in tiptop shape for years to come. Vision Center is funded by our readers. We may earn commissions if you purchase something via one of our links. Getting smudges and stains on your glasses can be frustrating. Fortunately, there are plenty of ways to clean them without scratching or damaging the lenses. Heres
a quick guide on how to clean your glasses to ensure they stay in good condition. Heres a step-by-step guide on how to clean your glasses without damaging the lenses. Wash and dry your hands. Before cleaning your eyewear, ensure that your hands are clean. Remove anything that could affect your lenses. Rinse your eyewear. Rinse them under a
stream of lukewarm water to wash any dust and other debris that can scratch your lenses. Dont use hot water. Use dishwashing liquid. Apply a small amount of lotion-free soap or dishwashing liquid to each lens of your glasses. Clean the lenses. Gently clean both sides of the lenses, the nose pads, and the ends of the temples that sit behind your ears.
Rinse the lenses. Wash both sides of the frame and the lenses thoroughly. Be sure to wash away all traces of soap as well. Otherwise, the glasses will be smeared when you dry them. Shake the glasses. Gently shaking the eyeglasses can remove most of the water from the lenses. After doing this, check the glasses to ensure theyre clean. Dry the
lenses. Thoroughly dry the eyeglasses lenses with a fresh, lint-free cleaning cloth or towel. Dont use anything laundered with fabric softener or dryer sheet, as these can smear or smudge the lenses. Inspect the lenses. Inspect the lenses of the eyeglasses. If there are still some streaks, smudges, or grime, remove them with a clean microfiber lens
cloth. These tips will also help you keep your safety glasses, sunglasses, and sports eyewear in excellent condition. Microfiber cloths work well for cleaning glasses because they can effectively collect oils, preventing smearing. However, youll need to clean them regularly since they can gather grime and debris. Hand-wash the towel using lotion-free
dishwashing liquid and clean water. Then, let the cloth air dry. You should also clean your glasses with a safe dishwashing liquid or a mild soap. If your lenses have an anti-reflective coating, ensure the eyeglass cleaner you use is suitable for AR lenses. There are plenty of materials you shouldnt use when cleaning your eyeglasses. These include: Paper
towels. Paper towels, tissues, or toilet paper can scratch or smudge your lenses. They can also leave lint on the lenses. Hot water. Hot water can damage some lens coatings, leading to warping or bubbling. Acetone products. Acetone can damage lenses and plastic frames, especially if left on the surface for too long. Saliva. Saliva can cover your lenses
with germs and bacteria. Saliva can also make a smudge on eyeglasses look worse. Clothing. Dont use your clothing, such as your shirttail, to clean your eyeglasses. Many materials in clothing can scratch your lenses. Household cleaners. Dont use household glass or surface cleaning solutions to clean your eyewear. These formulas contain ingredients
that can damage lenses and coatings. Your glasses can get dirty from everyday activities. Skin oils, dust, makeup residue, and tiny particles can accumulate on them. You might instinctively clean smudges with your shirt corner, but cleaning your glasses like this will scratch the lens surface over time. When not in use, always keep your glasses in a
protective case to protect the lenses from scratches and dirt. Make sure the case is clean and dry before putting away your glasses. Never leave your glasses on your head or your car's dashboard, as this can damage them. Finally, never leave your glasses in direct sunlight, as this can cause the lenses to warp or discolor. It's not always necessary to
have your eyeglasses professionally cleaned. This is especially true if your eyeglasses only have minor smudges. However, if youre unsure how to clean your eyeglasses properly, its best to take them to a professional. Opticians have the right tools and cleaning solutions to clean your glasses safely. They can also check for any damage or scratches on
the lenses. Warby Parker has stylish, high-quality frames at affordable prices. Shop Now Liingo Eyewear is another great option to buy glasses online. Shop Now EyeBuyDirect has a wide variety of budget frames starting at $6. Shop Now Discount Contacts is our #1 recommendation to buy contacts online. Shop Now GlassesUSA has a huge selection
of contacts, glasses, & sunglasses. Shop Now Caring for Eyewear. North Dakota Eye Clinic. Here are some safe and effective tips for keeping your glasses clean and looking new. Do Glasses Weaken Your Eyes and Vision? No, glasses will not weaken your vision because they're designed to help you see better. If you notice your vision is worsening, it
could be due to the natural aging process or other factors unrelated to eyeglasses. However, in children with low myopia (shortsightedness), prolonged use of eyeglasses [] By Vince Ayaga 7 min read Key Takeaways How to Read Glasses Measurements You might be prescribed glasses to treat myopia (nearsightedness), hyperopia (farsightedness), or
astigmatism.2 Or you may just wear everyday sunglasses. All glasses have measurements that indicate their size. Theyre typically listed on your eyeglasses' temples (or the arms). Prescription glasses also have a measurement that indicates your vision [] By Vince Ayaga 5 min read What are the Best Glasses for Nearsightedness? Correcting
nearsightedness requires diverging lenses (concave lenses), which compensate for the overconvergence of the eyeball. There are many diverging lens options for myopia management: Multifocal lenses focus peripheral light in front of the retina, which enhances distance vision while preventing undesired eye growth. By comparison, a single-vision
lens [] By Vince Ayaga 8 min read Most adults need glasses for reading, driving, and other close work. Find out if you are one of them with this guide. By Lauren Steinheimer 7 min read At least 2.2 billion people struggle with vision impairment around the world. For about half of them, vision impairment was preventable or needs to be addressed with
treatment like glasses. But they dont have access to vision care or cant afford glasses. Meanwhile, millions of glasses get tossed out every year and commonly end up [] By Alyssa Hill 6 min read Mara Sugue Mara Sugue, with a B.A. in Social Sciences, is a dedicated web content writer for Vision Center. She is committed to making eye health research
accessible and understandable to people from diverse backgrounds and educational levels. Her writing aims to bridge the gap between complex vision health topics and readers' needs for clear, factual information. Dr. Melody Huang, O.D. Dr. Melody Huang is an optometrist and freelance health writer with a passion for educating people about eye
health. With her unique blend of clinical expertise and writing skills, Dr. Huang seeks to guide individuals towards healthier and happier lives. Her interests extend to Eastern medicine and integrative healthcare approaches. Outside of work, she enjoys exploring new skincare products, experimenting with food recipes, and spending time with her
adopted cats. Medically reviewed on Monday, May 10, 2021 - Page published on Wednesday, February 27, 2019 Medically reviewed on Monday, May 10, 2021Page published on Wednesday, February 27, 2019Cleaning your eyeglasses daily is the best way to keep them looking great and avoid scratched lenses. But theres a right way and plenty of
wrong ways when it comes to how to clean glasses.Follow these tips to clean your eyeglass lenses and frames to keep your glasses in top condition. These cleaning tips will also help you keep your sunglasses, safety glasses and sports eyewear in great shape.1. Wash and dry your hands.Before cleaning your eyeglasses, wash your hands thoroughly.
Use lotion-free soap or dishwashing liquid and a clean, lint-free towel.2. Rinse your glasses under a gentle stream of tap water.This will remove dust and other debris, which can help avoid scratching your lenses when youre cleaning them. Avoid hot water, which can damage some eyeglass lens coatings.How do you clean your glasses?We know it's
convenient, butstopcleaning your glasses with your shirttail or your sleeve! It's not only an easy way to "clean" your lenses, it's also an easy way to scratch them. It also doesn't actuallycleanthem.Did you know there's a right way to clean your glasses? And it's not with your saliva (gross!) or a tissue.Whether it's dirty lenses or an outdated
prescription,visit a local eye doctor. They can show you how to correctly clean your glasses AND make sure your eyes are healthy and your prescription is up to date.Most dishwashing liquids are very concentrated, so use only a tiny amount. Or apply a drop or two to your fingertips before touching the lenses. Use only lotion-free brands.4. Gently rub
both sides of the lenses and all parts of the frame.Make sure you clean every part of your glasses, including the nose pads and the temples of the frame. Also, clean the area where the edge of the lenses meet the frame dust, debris and skin oils frequently accumulate here.5. Rinse both sides of the lenses and the frame.Failing to remove all traces of
soap will cause the lenses to be smeared when you dry them.6. Gently shake your glasses to get rid of most of the water on the lenses.Inspect the lenses carefully to make sure they are clean.7. Carefully dry the lenses and frame with a clean, lint-free towel.Use a dish towel that has not been laundered with a fabric softener or dryer sheet (these
substances can smear the lenses). A lint-free microfiber cloth is also a good choice. Make sure the cloth is perfectly clean. Dirt or debris trapped in the fibers of a towel can scratch your lenses. Also, any cooking oil, skin oil or lotion on the towel will smear your glasses.8. Inspect the lenses again.If any streaks or smudges remain, remove them with a
clean microfiber cloth these lint-free cloths are available at most optical shops or photography stores.For touch-up cleaning of your eyeglass lenses, use disposable lens cleaning wipes. These are formulated specifically for use on eyeglass lenses.Which brings us to a very important topic what NOT to use to clean your glasses. [See below.]DONTuse
your shirttail, blouse or other clothing to clean your glasses, especially when the lenses are dry. This can scratch your lenses.DONTuse saliva to wet your lenses.DONTuse household glass or surface cleaners to clean your eyeglasses. These products have ingredients that can damage eyeglass lenses and coatings.DONTuse paper towels, napkins,
tissues or toilet paper to clean your lenses. These can scratch or smear your lenses or leave them full of lint. DONTtry to buff away a scratch in your lenses. This only makes the situation worse.Spray eyeglass lens cleaners are available where you purchase your glasses and at your local drug or discount store. These can be helpful if you are traveling
or dont have dishwashing soap and clean tap water available.If tap water isnt available, use plenty of the spray eyeglass cleaner to flush away dust and other debris from your lenses before wiping them dry.If your lenses have anti-reflective (AR) coating, make sure the eyeglass cleaner you choose is approved for use on anti-reflective lenses.When
using disposable lens cleaning wipes, first inspect the lenses for dust or debris. To avoid scratches, blow any debris off the lenses before wiping them.Microfiber cleaning cloths are ideal for cleaning glasses. These cloths dry the lenses very effectively and trap oils to avoid smearing.But because they trap debris so effectively, make sure you clean the
cloths frequently. Hand-wash the cloth using lotion-free dishwashing liquid and clean water; allow the cloth to air dry. READ MORE: DIY Eyeglass CleanerUnfortunately, there is no magic cure for scratched lenses. Once your glasses are scratched, they are scratched.Some products are designed to make the scratches look a little less visible. Most of
these products are just waxy substances that wear off easily. Results with these products are mixed, depending on the location and depth of the scratches. Also, they often will smear anti-reflective lenses.Besides reflecting light and interfering with vision, scratches can affect the impact resistance of your eyeglass lenses. For optimum vision and
safety, replace your lenses if they become scratched.When purchasing lenses, choose those that have a durable scratch-resistant coating. And ask your optician if your purchase includes an anti-scratch warranty especially if scratched lenses have been an issue in the past.If your lenses are in good shape but the nose pads or other parts of the frame
have become impossible to keep clean, return to where you purchased your glasses.An eye care professional may be able to deep-clean your glasses with an ultrasonic cleaning device. They also can replace yellowing nose pads with clear new ones.Eyeglass lenses can easily get scratched if you fail to store them somewhere safe. This includes when
you take them off at bedtime.Always store your eyeglasses in a clean storage case, and NEVER place them on a table or counter with the lenses facing down.If you dont have a glasses case handy, place your glasses upside down with the temples open somewhere safe, where they wont get knocked off a table or countertop.All eyeglass lenses will
eventually get a few scratches. Eyeglasses lenses are scratch resistant, not scratch-proof.When purchasing glasses, ask about anti-scratch warranties for your lenses. This is especially important for childrens eyeglasses or if you wear glasses in dusty conditions.Following the above tips is the best way to keep your glasses clean and scratch-free for as
long as possible.If your lenses are badly scratched and your eyeglass prescription has expired or you simply want new glasses schedule an eye exam with an eye doctor near you.
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