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Science Physics Matter & Energy Light rays change direction when they reflect off a surface, move from one transparent medium into another, or travel through a medium whose composition is continuously changing. The law of reflection states that, on reflection from a smooth surface, the angle of the reflected ray is equal to the angle of the
incident ray. (By convention, all angles in geometrical optics are measured with respect to the normal to the surface—that is, to a line perpendicular to the surface.) The reflected ray is always in the plane defined by the incident ray and the normal to the surface. The law of reflection can be used to understand the images produced by plane and
curved mirrors. Unlike mirrors, most natural surfaces are rough on the scale of the wavelength of light, and, as a consequence, parallel incident light rays are reflected in many different directions, or diffusely. Diffuse reflection is responsible for the ability to see most illuminated surfaces from any position—rays reach the eyes after reflecting off
every portion of the surface. law of refractionThe law of refraction, or Snell's law, predicts the angle at which a light ray will bend, or refract, as it passes from one medium to another.When light traveling in one transparent medium encounters a boundary with a second transparent medium (e.g., air and glass), a portion of the light is reflected and a
portion is transmitted into the second medium. As the transmitted light moves into the second medium, it changes its direction of travel; that is, it is refracted. The law of refraction, also known as Snell’s law, describes the relationship between the angle of incidence (61) and the angle of refraction (62), measured with respect to the normal
(“perpendicular line”) to the surface, in mathematical terms: nl sin 61 = n2 sin 62, where nl and n2 are the index of refraction of the first and second media, respectively. The index of refraction for any medium is a dimensionless constant equal to the ratio of the speed of light in a vacuum to its speed in that medium. By definition, the index of
refraction for a vacuum is exactly 1. Because the speed of light in any transparent medium is always less than the speed of light in a vacuum, the indices of refraction of all media are greater than one, with indices for typical transparent materials between one and two. For example, the index of refraction of air at standard conditions is 1.0003, water
is 1.33, and glass is about 1.5. The basic features of refraction are easily derived from Snell’s law. The amount of bending of a light ray as it crosses a boundary between two media is dictated by the difference in the two indices of refraction. When light passes into a denser medium, the ray is bent toward the normal. Conversely, light emerging
obliquely from a denser medium is bent away from the normal. In the special case where the incident beam is perpendicular to the boundary (that is, equal to the normal), there is no change in the direction of the light as it enters the second medium. double convex lensA double convex lens, or converging lens, focuses the diverging, or blurred, light
rays from a distant object by refracting (bending) the rays twice. At the front side of the lens, the rays are bent toward the normal (the perpendicular to the surface) because the glass is a denser medium than the air, and, at the back side of the lens, the rays are bent away from the normal as the rays pass into the less-dense medium of the air. This
double bending causes the rays to converge at a focal point behind the lens so that a sharper image can be seen or photographed.Snell’s law governs the imaging properties of lenses. Light rays passing through a lens are bent at both surfaces of the lens. With proper design of the curvatures of the surfaces, various focusing effects can be realized.
For example, rays initially diverging from a point source of light can be redirected by a lens to converge at a point in space, forming a focused image. The optics of the human eye is centred around the focusing properties of the cornea and the crystalline lens. Light rays from distant objects pass through these two components and are focused into a
sharp image on the light-sensitive retina. Other optical imaging systems range from simple single-lens applications, such as the magnifying glass, the eyeglass, and the contact lens, to complex configurations of multiple lenses. It is not unusual for a modern camera to have a half dozen or more separate lens elements, chosen to produce specific
magnifications, minimize light losses via unwanted reflections, and minimize image distortion caused by lens aberrations. How Is Light Both a Particle and a Wave? Share — copy and redistribute the material in any medium or format for any purpose, even commercially. Adapt — remix, transform, and build upon the material for any purpose, even
commercially. The licensor cannot revoke these freedoms as long as you follow the license terms. Attribution — You must give appropriate credit , provide a link to the license, and indicate if changes were made . You may do so in any reasonable manner, but not in any way that suggests the licensor endorses you or your use. ShareAlike — If you
remix, transform, or build upon the material, you must distribute your contributions under the same license as the original. No additional restrictions — You may not apply legal terms or technological measures that legally restrict others from doing anything the license permits. You do not have to comply with the license for elements of the material in
the public domain or where your use is permitted by an applicable exception or limitation . No warranties are given. The license may not give you all of the permissions necessary for your intended use. For example, other rights such as publicity, privacy, or moral rights may limit how you use the material. When light travels through space and
encounters a surface, something fascinating happens - it bounces back. This phenomenon, known as reflection, is fundamental to how we perceive the world around us. From the mirror you look into every morning to the glimmer of sunlight on water, reflection of light shapes our visual experience in countless ways. This principle governs how light
interacts with surfaces, following precise physical laws that create predictable patterns and optical effects. Table of Contents Reflection of light is a physical phenomenon that occurs when light rays bounce off a surface rather than being absorbed or passing through. When light strikes an object or surface, some portion of it is reflected back, allowing
us to see the object. The nature of this reflection depends on the properties of the surface itself, creating different types of reflective experiences. At its most basic level, reflection explains how we see objects that don’t produce their own light. The desk you’re studying at, the textbook you’'re reading, and even your classmates are visible because they
reflect light from sources like the sun or room lighting into your eyes. Laws of reflection The behavior of light during reflection isn’t random—it follows specific, predictable laws that have been understood since ancient times. These laws form the foundation for designing optical instruments and explaining everyday visual phenomena. First law of
reflection The first law states that the incident ray, the reflected ray, and the normal to the reflection surface all lie in the same plane. The normal is an imaginary line perpendicular to the reflecting surface at the point where the incident ray strikes the surface. This law essentially describes the geometry of reflection, establishing that light reflection
occurs in a predictable planar relationship rather than scattering in three dimensions. Second law of reflection The second law states that the angle of incidence equals the angle of reflection. In other words, when light hits a surface, it bounces back at exactly the same angle relative to the normal. Mathematically, this can be expressed as: 4i = 4r
Where <4i is the angle of incidence and <4r is the angle of reflection, both measured with respect to the normal. This law explains why a mirror reflects your image in a predictable way, and why pool players can precisely calculate where a ball will go after hitting the cushion (which follows similar principles to light reflection). Types of reflection Not all
reflective surfaces create the same effect. Depending on the nature of the surface, reflection can take different forms, each with distinct characteristics and applications. Regular (specular) reflection Regular reflection occurs when light rays hit a smooth, polished surface such as a mirror or still water. In this type of reflection, the incident parallel
rays remain parallel after reflection, creating a clear, undistorted image of the source. The smoothness of the surface means that all points on the surface have the same orientation of the normal line. Consequently, parallel incident rays reflect at the same angle, maintaining their parallelism and preserving the image information. Examples of regular
reflection include: Mirrors: The most obvious example, where the smooth glass surface coated with a reflective material creates clear images Still water: A calm lake or pond surface can act as a natural mirror Polished metal: Highly polished stainless steel or chrome surfaces in many household items Diffuse reflection Diffuse reflection occurs when
light strikes an irregular or rough surface. Unlike regular reflection, the incident parallel rays reflect in different directions due to the varying orientation of the normal at different points on the rough surface. When light hits such surfaces, it scatters in many directions, which is why rough objects don’t produce mirror-like reflections. This type of
reflection is crucial for everyday vision, as most objects around us have somewhat rough surfaces. Examples of diffuse reflection include: Paper: The fibers create an irregular surface that scatters light Cloth: Fabric textures create multiple reflection angles Painted walls: Even seemingly smooth painted walls have microscopic irregularities Rough
wood: Natural wood surfaces reflect light diffusely It’s worth noting that most real surfaces create a combination of regular and diffuse reflection, with the ratio depending on the surface’s smoothness. This explains why some surfaces appear somewhat shiny while still allowing us to see their color and texture. Reflection from plane mirrors Plane
mirrors are flat, reflective surfaces that create virtual images of objects placed in front of them. Understanding how plane mirrors work requires applying the laws of reflection to analyze the path of light rays. Image formation in plane mirrors When you look at yourself in a mirror, you're seeing a virtual image formed by the reflection of light from
your body. This process follows specific optical principles: Position of the image: The image appears to be as far behind the mirror as the object is in front of it Size of the image: The image is the same size as the object Nature of the image: The image is virtual (cannot be projected on a screen), erect (upright), and laterally inverted (left-right
reversed) The lateral inversion explains why text appears backward in a mirror, and why we see our right hand as our left hand in our reflection. This happens because the mirror doesn’t actually flip the image left-to-right; rather, it flips it front-to-back. Our perception of this as a left-right flip comes from our frame of reference. Mathematical
representation For plane mirrors, the relationship between object distance (u) and image distance (v) can be expressed as: v = -u The negative sign indicates that the image is formed behind the mirror (virtual) when the object is in front of the mirror. The magnification (m) in a plane mirror is always 1, meaning the image is the same size as the
object: m = 1 Multiple reflections When two or more mirrors are arranged at angles to each other, they can create multiple reflections of the same object. This principle is used in various applications from kaleidoscopes to sophisticated optical instruments. Parallel mirrors When two plane mirrors are placed parallel to each other, they create an
infinite series of images. Each mirror reflects not only the object but also the images formed by the other mirror. This creates a fascinating “hall of mirrors” effect where images appear to recede into infinity. The number of images formed theoretically approaches infinity as light bounces back and forth between the mirrors, though in practice, each
reflection absorbs some light, causing distant images to become progressively dimmer until they’re no longer visible. Inclined mirrors When two mirrors are inclined at an angle to each other, they form a specific number of images. The number of images formed (n) depends on the angle between the mirrors () and is given by: n = (360°/6) - 1 For
example: If mirrors are at 90° to each other, n = (360°/90°) - 1 = 4 - 1 = 3 images If mirrors are at 60° to each other, n = (360°/60°) - 1 = 6 - 1 = 5 images This principle is used in kaleidoscopes, where mirrors arranged in a triangle create symmetric patterns of reflected objects. Applications of reflection in everyday life The principles of reflection
have numerous practical applications in our daily lives and in various technologies and fields of study. Medical applications In medicine, reflection principles are applied in various diagnostic tools: Endoscopes: Use mirrors and fiber optics to reflect light and images from inside the body Dental mirrors: Allow dentists to see difficult-to-view areas of the
mouth Ophthalmoscopes: Use reflection to examine the interior of the eye Technology applications Modern technology leverages reflection principles in numerous ways: Solar reflectors: Concentrate sunlight for solar power generation Telescopes: Many astronomical telescopes use reflective mirrors rather than lenses Periscopes: Use a system of
mirrors to see objects from a position of concealment Cameras: DSLR cameras use mirrors to direct light to the viewfinder Radar systems: Operate by detecting reflected radio waves from objects Everyday examples Reflection phenomena surround us in daily life: Rear-view mirrors: Allow drivers to see behind their vehicles Reflective clothing: Uses
retroreflection to make pedestrians and cyclists visible at night Decorative uses: Mirrors are used to make spaces appear larger or to redirect light in interior design Security systems: Convex mirrors in stores allow monitoring of wider areas Reflection in nursing practice While the principles of light reflection might seem distant from nursing practice,
understanding basic physics concepts like reflection has relevance to various aspects of nursing: Diagnostic tools: Many medical imaging and diagnostic tools use principles of reflection, and understanding the basic physics helps nurses better interpret results and explain procedures to patients Light therapy: Various therapeutic applications of light
in healthcare rely on reflection and refraction principles Vision assessment: Understanding how normal vision works, including the role of light reflection, helps in assessing visual disturbances Wound care: Proper lighting and visualization of wounds often involves managing reflection to clearly see tissue conditions Common misconceptions about
reflection Despite being a familiar phenomenon, reflection is often misunderstood in several ways: Mirror reversals Many people believe mirrors reverse images left to right, but they actually reverse front to back. The apparent left-right reversal occurs because we mentally rotate ourselves to face our image, creating the perception of left-right
switching. Perfect reflection Even the best mirrors don’t reflect 100% of light - some light is always absorbed by the reflecting material. Most household mirrors reflect approximately 80-90% of incident light, with some specialized scientific mirrors achieving higher reflection rates. Visibility of reflection Reflection occurs from all surfaces, not just
mirrors. Even objects that appear to absorb most light (like black fabric) still reflect some portion of the incident light, which is how we can see them at all. Conclusion Reflection of light represents one of the fundamental ways that light interacts with matter, enabling us to see the world around us. From the precise mathematical laws that govern it to
the varied applications in technology and medicine, understanding reflection provides insights into both natural phenomena and human-made optical systems. For nursing students, these principles offer a foundation for understanding various diagnostic tools and therapeutic approaches that rely on light. By mastering these concepts, you'll develop a
deeper appreciation for the physical processes that underlie many aspects of healthcare practice. What do you think? Have you noticed different types of reflection in your clinical settings? How might understanding the principles of reflection help you better explain certain diagnostic procedures to patients? Reflection is a phenomenon in which a
wave traveling through a medium reflects at the interface of another medium. In optics, reflection takes place when light is incident at the interface of the two media. The ray of light returns to the first medium without any change in velocity. Reflection Example Light is reflected from an object reaches our eyes allowing us to see the objectA mirror
reflects light from an object reaches our eyes, thus allowing us to see the object through the mirrorReflection takes place in a plane mirror, concave mirror, and convex mirror. There are two types of reflection: specular reflection and diffuse reflection. Incident Ray: The ray of light that is incident on the interface.Reflected Ray: The ray of light that is
reflected from the interface.Normal: The perpendicular to the interface.Angle of Incidence: The angle that the incident ray makes with the normal.Angle of Reflection: The angle that the reflected ray makes with the normal. In the case of specular reflection, the angle of reflection is equal to the angle of incidence, thus giving a mirror-like reflection.
Reflection In the case of diffuse reflection, the incident ray reflects from the interface in all directions. In other words, the angles of reflections are different for each reflected ray. Diffuse Reflection Two laws apply to specular reflection. The incident ray, the reflected ray, and the normal lie on the same plane.The angle of incidence is equal to the
angle of reflection. Laws of Reflection Q.1. What is total internal reflection? Ans. Total internal reflection is a phenomenon in which a ray of light traveling from a denser medium to a rarer medium is reflected in the denser medium instead of refracting to the rarer medium. Q.2. Who invented the reflecting telescope? Ans. Issac Newton invented the
reflecting telescope in 1668. Q.3. What is reflection symmetry? Ans. Reflection symmetry or mirror symmetry is symmetry concerning reflection. A figure which does not change upon undergoing a reflection has reflectional symmetry. Q.4. What makes a mirror reflective? How do mirrors reflect? Ans. Mirrors reflect because of the presence of free
electrons, which makes mirrors electrically conductive. The silver atoms behind the glass absorb the photons of incoming light energy and become excited. However, that makes them unstable, so they try to become stable again by getting rid of the extra energy, and they do that by giving off some more photons. Silver reflects light better than
anything else. It gives off as many photons as the amount falling on it. The photons that come out of the mirror are almost the same as the ones that go into it. Q.5. Why is the reflection in a spoon upside down? Ans. The light waves from an observer hit the different parts of the spoon at different angles, so they are all bent a little bit differently and
reflect in different directions. By the time they come back to the observer, they have all bent differently. When the reflected rays intersect, they end up making the observer look upside down. Article was last reviewed on Wednesday, March 9, 2022 /en/microscope-resource-center/nav Light reflection occurs when a ray of light bounces off a surface
and changes direction. From a detailed definition of ‘reflection of light’ to the different types of reflection and example images, our introductory article tells you everything you need to know about the reflection of light. What is Reflection of Light? Reflection of light (and other forms of electromagnetic radiation) occurs when the waves encounter a
surface or other boundary that does not absorb the energy of the radiation and bounces the waves away from the surface. Reflection of Light Example The simplest example of visible light reflection is the surface of a smooth pool of water, where incident light is reflected in an orderly manner to produce a clear image of the scenery surrounding the
pool. Throw a rock into the pool (see Figure 1), and the water is perturbed to form waves, which disrupt the reflection by scattering the reflected light rays in all directions. Who Discovered the Reflection of Light? Some of the earliest accounts of light reflection originate from the ancient Greek mathematician Euclid, who conducted a series of
experiments around 300 BC, and appears to have had a good understanding of how light is reflected. However, it wasn’t until a millennium and a half later that the Arab scientist Alhazen proposed a law describing exactly what happens to a light ray when it strikes a smooth surface and then bounces off into space. The incoming light wave is referred
to as an incident wave, and the wave that is bounced away from the surface is termed the reflected wave. Visible white light that is directed onto the surface of a mirror at an angle (incident) is reflected back into space by the mirror surface at another angle (reflected) that is equal to the incident angle, as presented for the action of a beam of light
from a flashlight on a smooth, flat mirror in Figure 2. Thus, the angle of incidence is equal to the angle of reflection for visible light as well as for all other wavelengths of the electromagnetic radiation spectrum. This concept is often termed the Law of Reflection. It is important to note that the light is not separated into its component colors because it
is not being “bent” or refracted, and all wavelengths are being reflected at equal angles. The best surfaces for reflecting light are very smooth, such as a glass mirror or polished metal, although almost all surfaces will reflect light to some degree. When light waves are incident on a smooth, flat surface, they reflect away from the surface at the same
angle as they arrive. This tutorial explores the relationship between incident and reflected angles for a virtual sinusoidal light wave. Start Tutorial >> Because light behaves in some ways as a wave and in other ways as if it were composed of particles, several independent theories of light reflection have emerged. According to wave-based theories,
the light waves spread out from the source in all directions, and upon striking a mirror, are reflected at an angle determined by the angle at which the light arrives. The reflection process inverts each wave back-to-front, which is why a reverse image is observed. The shape of light waves depends upon the size of the light source and how far the waves
have traveled to reach the mirror. Wavefronts that originate from a source near the mirror will be highly curved, while those emitted by distant light sources will be almost linear, a factor that will affect the angle of reflection. According to particle theory, which differs in some important details from the wave concept, light arrives at the mirror in the
form of a stream of tiny particles, termed photons, which bounce away from the surface upon impact. Because the particles are so small, they travel very close together (virtually side by side) and bounce from different points, so their order is reversed by the reflection process, producing a mirror image. Regardless of whether light is acting as
particles or waves, the result of reflection is the same. The reflected light produces a mirror image. The amount of light reflected by an object, and how it is reflected, is highly dependent upon the degree of smoothness or texture of the surface. When surface imperfections are smaller than the wavelength of the incident light (as in the case of a
mirror), virtually all of the light is reflected equally. However, in the real world most objects have convoluted surfaces that exhibit a diffuse reflection, with the incident light being reflected in all directions. Many of the objects that we casually view every day (people, cars, houses, animals, trees, etc.) do not themselves emit visible light but reflect
incident natural sunlight and artificial light. For instance, an apple appears a shiny red color because it has a relatively smooth surface that reflects red light and absorbs other non-red (such as green, blue, and yellow) wavelengths of light. How Many Types of Reflection of Light Are There? The reflection of light can be roughly categorized into two
types of reflection. Specular reflection is defined as light reflected from a smooth surface at a definite angle, whereas diffuse reflection is produced by rough surfaces that tend to reflect light in all directions (as illustrated in Figure 3). There are far more occurrences of diffuse reflection than specular reflection in our everyday environment. The
amount of light reflected by an object, and how it is reflected, is very dependent upon the smoothness or texture of the surface. This interactive tutorial investigates variations in reflectivity of surfaces as they transition from smooth, mirror-like textures to very rough and irregular. Start Tutorial >> To visualize the differences between specular and
diffuse reflection, consider two very different surfaces: a smooth mirror and a rough reddish surface. The mirror reflects all of the components of white light (such as red, green, and blue wavelengths) almost equally and the reflected specular light follows a trajectory having the same angle from the normal as the incident light. The rough reddish
surface, however, does not reflect all wavelengths because it absorbs most of the blue and green components, and reflects the red light. Also, the diffuse light that is reflected from the rough surface is scattered in all directions. How Do Mirrors Reflect Light? Perhaps the best example of specular reflection, which we encounter on a daily basis, is the
mirror image produced by a household mirror that people might use many times a day to view their appearance. The mirror’s smooth reflective glass surface renders a virtual image of the observer from the light that is reflected directly back into the eyes. This image is referred to as “virtual” because it does not actually exist (no light is produced)
and appears to be behind the plane of the mirror due to an assumption that the brain naturally makes. The way in which this occurs is easiest to visualize when looking at the reflection of an object placed on one side of the observer, so that the light from the object strikes the mirror The type of reflection that is seen in a mirror depends upon the
mirror’s shape and, in some cases, how far away from the mirror the object being reflected is positioned. Mirrors are not always flat and can be produced in a variety of configurations that provide interesting and useful reflection characteristics. Concave mirrors, commonly found in the largest optical telescopes, are used to collect the faint light
emitted from very distant stars. The curved surface concentrates parallel rays from a great distance into a single point for enhanced intensity. This mirror design is also commonly found in shaving or cosmetic mirrors where the reflected light produces a magnified image of the face. The inside of a shiny spoon is a common example of a concave mirror
surface, and can be used to demonstrate some properties of this mirror type. If the inside of the spoon is held close to the eye, a magnified upright view of the eye will be seen (in this case the eye is closer than the focal point of the mirror). If the spoon is moved farther away, a demagnified upside-down view of the whole face will be seen. Here the
image is inverted because it is formed after the reflected rays have crossed the focal point of the mirror surface. Another common mirror having a curved-surface, the convex mirror, is often used in automobile rear-view reflector applications where the outward mirror curvature produces a smaller, more panoramic view of events occurring behind the
vehicle. When parallel rays strike the surface of a convex mirror, the light waves are reflected outward so that they diverge. When the brain retraces the rays, they appear to come from behind the mirror where they would converge, producing a smaller upright image (the image is upright since the virtual image is formed before the rays have crossed
the focal point). Convex mirrors are also used as wide-angle mirrors in hallways and businesses for security and safety. The most amusing applications for curved mirrors are the novelty mirrors found at state fairs, carnivals, and fun houses. These mirrors often incorporate a mixture of concave and convex surfaces, or surfaces that gently change
curvature, to produce bizarre, distorted reflections when people observe themselves. Spoons can be employed to simulate convex and concave mirrors, as illustrated in Figure 4 for the reflection of a young woman standing beside a wooden fence. When the image of the woman and fence are reflected from the outside bowl surface (convex) of the
spoon, the image is upright, but distorted at the edges where the spoon curvature varies. In contrast, when the reverse side of the spoon (the inside bowl, or concave, surface) is utilized to reflect the scene, the image of the woman and fence are inverted. An object beyond the center of curvature of a concave mirror forms a real and inverted image
between the focal point and the center of curvature. This interactive tutorial explores how moving the object farther away from the center of curvature affects the size of the real image formed by the mirror. Start Tutorial >> The reflection patterns obtained from both concave and convex mirrors are presented in Figure 5. The concave mirror has a
reflection surface that curves inward, resembling a portion of the interior of a sphere. When light rays that are parallel to the principal or optical axis reflect from the surface of a concave mirror (in this case, light rays from the owl's feet), they converge on the focal point (red dot) in front of the mirror. The distance from the reflecting surface to the
focal point is known as the mirror's focal length. The size of the image depends upon the distance of the object from the mirror and its position with respect to the mirror surface. In this case, the owl is placed away from the center of curvature and the reflected image is upside down and positioned between the mirror's center of curvature and its focal
point. The convex mirror has a reflecting surface that curves outward, resembling a portion of the exterior of a sphere. Light rays parallel to the optical axis are reflected from the surface in a direction that diverges from the focal point, which is behind the mirror (Figure 5). Images formed with convex mirrors are always right side up and reduced in
size. These images are also termed virtual images, because they occur where reflected rays appear to diverge from a focal point behind the mirror. Reflection of Light in Gemstones The manner in which gemstones are cut is one of the more aesthetically important and pleasing applications of the principles of light reflection. Particularly in the case of
diamonds, the beauty and economic value of an individual stone is largely determined by the geometric relationships of the external faces (or facets) of the gem. The facets that are cut into a diamond are planned so that most of the light that falls on the front face of the stone is reflected back toward the observer (Figure 6). A portion of the light is
reflected directly from the outside upper facets, but some enters the diamond, and after internal reflection, is reflected back out of the stone from the inside surfaces of the lower facets. These internal ray paths and multiple reflections are responsible for a diamond's sparkle, often referred to as its “fire” . An interesting consequence of a perfectly cut
stone is that it will show a brilliant reflection when viewed from the front, but will look darker or dull from the back, as illustrated in Figure 6. Light rays are reflected from mirrors at all angles from which they arrive. In certain other situations, however, light may only be reflected from some angles and not others, leading to a phenomenon known as
total internal reflection. This can be illustrated by a situation in which a diver working below the surface of perfectly calm water shines a bright flashlight directly upward at the surface. If the light strikes the surface at right angles it continues directly out of the water as a vertical beam projected into the air. If the light's beam is directed at a slight
angle to the surface, so that it impacts the surface at an oblique angle, the beam will emerge from the water, but will be bent by refraction toward the plane of the surface. The angle between the emerging beam and the surface of the water will be smaller than the angle between the light beam and the surface below the water. If the diver continues to
angle the light at more of a glancing angle to the surface, the beam rising out of the water will get closer and closer to the surface, until at some point it will be parallel to the surface. Because of light bending due to refraction, the emerging beam will become parallel to the surface before the light below the water has reached the same angle. The
point at which the emerging beam becomes parallel to the surface occurs at the critical angle for water. If the light is angled still further, none of it will emerge. Instead of being refracted, all of the light will reflect at the water's surface back into the water just as it would at the surface of a mirror. Regardless of the position of the object reflected by a
convex mirror, the image formed is always virtual, upright, and reduced in size. This interactive tutorial explores how moving the object farther away from the mirror's surface affects the size of the virtual image formed behind the mirror. Start Tutorial >> Total Internal Reflection of Light The principle of total internal reflection is the basis for fiber
optic light transmission that makes possible medical procedures such as endoscopy, telephone voice transmissions encoded as light pulses, and devices such as fiber optic illuminators that are widely used in microscopy and other tasks requiring precision lighting effects. The prisms employed in binoculars and in single-lens reflex cameras also utilize
total internal reflection to direct images through several 90-degree angles and into the user’s eye. In the case of fiber optic transmission, light entering one end of the fiber is reflected internally numerous times from the wall of the fiber as it zigzags toward the other end, with none of the light escaping through the thin fiber walls. This method of
“piping” light can be maintained for long distances and with numerous turns along the path of the fiber. Total internal reflection is only possible under certain conditions. The light is required to travel in a medium that has relatively high refractive index, and this value must be higher than that of the surrounding medium. Water, glass, and many
plastics are therefore suitable for use when they are surrounded by air. If the materials are chosen appropriately, reflections of the light inside the fiber or light pipe will occur at a shallow angle to the inner surface (see Figure 7), and all light will be totally contained within the pipe until it exits at the far end. At the entrance to the optic fiber,
however, the light must strike the end at a high incidence angle in order to travel across the boundary and into the fiber. The principles of reflection are exploited to great benefit in many optical instruments and devices, and this often includes the application of various mechanisms to reduce reflections from surfaces that take part in image formation.
The concept behind antireflection technology is to control the light used in an optical device in such a manner that the light rays reflect from surfaces where it is intended and beneficial, and do not reflect away from surfaces where this would have a deleterious effect on the image being observed. One of the most significant advances made in modern
lens design, whether for microscopes, cameras, or other optical devices, is the improvement in antireflection coating technology. Examine how various combinations of antireflection coatings affect the percentage of light transmitted through, or reflected from, a lens surface. The tutorial also investigates reflectivity as a function of incident angle.
Start Tutorial>> The Use of Antireflective Coatings to Reduce Unwanted Light Reflections Thin coatings of certain materials, when applied to lens surfaces, can help reduce unwanted reflections from the surfaces that can occur when light passes through a lens system. Modern lenses that are highly corrected for optical aberrations generally have
multiple individual lenses, or lens elements, which are mechanically held together in a barrel or lens tube, and are more properly referred to as a lens or optical system. Each air-glass interface in such a system, if not coated to reduce reflections, can reflect between four and five percent of an incident light beam normal to the surface, resulting in a
transmission value of 95 to 96 percent at normal incidence. Application of a quarter-wavelength thick antireflection coating having a specifically chosen refractive index can increase the transmission value by three to four percent. Modern objective lenses for microscopes, as well as those designed for cameras and other optical devices, have become
increasingly more sophisticated and complex, and may have 15 or more separate lens elements with multiple air-glass interfaces. If none of the elements were coated, reflection losses in the lens from axial rays alone would reduce transmittance values to around 50 percent. In the past, single-layer coatings were used to reduce glare and improve light
transmission, but these have been largely supplanted by multilayer coatings that can produce transmittance values exceeding 99.9 percent for visible light. Illustrated in Figure 8 is a schematic drawing of light waves reflecting from and/or passing through a lens element coated with two antireflection layers. The incident wave strikes the first layer
(Layer A in Figure 8) at an angle, resulting in part of the light being reflected (RO) and part being transmitted through the first layer. Upon encountering the second antireflection layer (Layer B), another portion of the light (R1) is reflected at the same angle and interferes with light reflected from the first layer. Some of the remaining light waves
continue on to the glass surface where they are again partially reflected and partially transmitted. Light that is reflected from the glass surface (R2) interferes (both constructively and destructively) with light reflected from the antireflection layers. The refractive indices of the antireflection layers differ from that of the glass and the surrounding
medium (air), and are carefully chosen according to the composition of the glass used in the particular lens element to produce the desired refraction angles. As the light waves pass through the antireflection coatings and the glass lens surface, nearly all of the light (depending upon the angle of incidence) is ultimately transmitted through the lens
element and focused to form an image. Magnesium fluoride is one of many materials used for thin-layer optical antireflection coatings, although most microscope and lens manufacturers now produce their own proprietary coating formulations. The general result of these antireflection measures is a dramatic improvement of image quality in optical
devices because of increased transmission of visible wavelengths, reduction of glare from unwanted reflections, and elimination of interference from unwanted wavelengths that lie outside the visible light spectral range. The reflection of visible light is a property of the behavior of light that is fundamental in the function of all modern microscopes.
Light is often reflected by one or more plane (or flat) mirrors within the microscope to direct the light path through lenses that form the virtual images we see in the oculars (eyepieces). Microscopes also make use of beamsplitters to allow some light to be reflected while simultaneously transmitting a portion of the light to different parts of the optical
system. Other optical components in the microscope, such as specially designed prisms, filters, and lens coatings, also carry out their functions in forming the image with a crucial reliance on the phenomenon of light reflection. Share — copy and redistribute the material in any medium or format for any purpose, even commercially. Adapt — remix,
transform, and build upon the material for any purpose, even commercially. The licensor cannot revoke these freedoms as long as you follow the license terms. Attribution — You must give appropriate credit , provide a link to the license, and indicate if changes were made . You may do so in any reasonable manner, but not in any way that suggests
the licensor endorses you or your use. ShareAlike — If you remix, transform, or build upon the material, you must distribute your contributions under the same license as the original. No additional restrictions — You may not apply legal terms or technological measures that legally restrict others from doing anything the license permits. You do not
have to comply with the license for elements of the material in the public domain or where your use is permitted by an applicable exception or limitation . No warranties are given. The license may not give you all of the permissions necessary for your intended use. For example, other rights such as publicity, privacy, or moral rights may limit how you
use the material. Reflection is when light bounces off an object. If the surface is smooth and shiny, like glass, water or polished , the light will reflect at the same angle as it hit the surface. This is called specular reflection.Light reflects from a smooth surface at the same angle as it hits the surface. For a smooth surface, reflected light rays travel in the
same direction. This is called specular reflection. For a rough surface, reflected light rays scatter in all directions. This is called diffuse reflection.Rights: The University of Waikato Te Whare Wananga o WaikatoDiffuse reflection is when light hits an object and reflects in lots of different directions. This happens when the surface is rough. Most of the
things we see are because light from a source has reflected off it.For example, if you look at a bird, light has reflected off that bird and travelled in nearly all directions. If some of that light enters your eyes, it hits the retina at the back of your eyes. An electrical signal is passed to your brain, and your brain interprets the signals as an image.Specular
reflection The angle at which light hits a reflecting surface is called the angle of incidence, and the angle at which light bounces off a reflecting surface is called the angle of reflectionThis photo of Lake Matheson shows specular reflection in the water of the lake with reflected images of Aoraki/Mt Cook (left) and Mt Tasman (right). The very still lake
water provides a perfectly smooth surface for this to occur.Rights: Ruth Lawson, Image licensed through 123RF LimitedIf you want to measure these angles, imagine a perfectly straight line at a right angle to the reflective surface (this imaginary line is called ‘normal’). If you measure the angle of incidence and the angle of reflection against the
normal, the angle of incidence is exactly the same as the angle of reflection. With a flat mirror, it is easy to show that the angle of reflection is the same as the angle of incidence.Water is also a reflective surface. When the water in a lake or sea is very still, the reflection of the landscape is perfect, because the reflecting surface is very flat. However, if
there are ripples or waves in the water, the reflection becomes distorted. This is because the reflecting surface is no longer flat and may have humps and troughs caused by the wind.It is possible to make mirrors that behave like humps or troughs, and because of the different way they reflect light, they can be very useful.Concave mirrors The inside
curve of a spoon is an example of a concave mirrorWhen parallel light rays hit a concave mirror they reflect inwards towards a focal point (F). Each individual ray is still reflecting at the same angle as it hits that small part of the surface.Rights: The University of Waikato Te Whare Wananga o WaikatoConcave mirrors are used in certain types of
astronomical telescopes called reflecting telescopes. The mirrors condense lots of light from faint sources in space onto a much smaller viewing area and allow the viewer to see far away objects and events in space that would be invisible to the naked eye.Light rays travel towards the mirror in a straight line and are reflected inwards to meet at a
point called the focal point.Concave mirrors are useful for make-up mirrors because they can make things seem larger. This concave shape is also useful for car headlights and satellite dishes.Convex mirrors Convex mirrors curve outwards, like the outside of a balloon.When parallel light rays hit a convex mirror they reflect outwards and travel
directly away from an imaginary focal point (F). Each individual ray is still reflecting at the same angle as it hits that small part of the surface.Rights: The University of Waikato Te Whare Wananga o WaikatoParallel rays of light strike the mirror and are reflected outwards. If imaginary lines are traced back, they appear to come from a focal point
behind the mirror.Convex mirrors are useful for shop security and rear-view mirrors on vehicles because they give a wider field of vision.Scattering of light Some light is scattered in all directions when it hits very small particles such as gas molecules or much larger particles such as dust or droplets of water.The amount of scattering depends on how
big the particle is compared to the wavelength of light that is hitting it. Smaller wavelengths are scattered more.“Why is the sky blue?” is a common question. Light from the sun is made of all the colours of the rainbow. As this light hits the particles of nitrogen and oxygen in our atmosphere, it is scattered in all directions. Blue light has a smaller
wavelength than red light, so it is scattered much more than red light. When we look at the sky, we see all the places that the blue light has been scattered from.This is similar to the question: “Why are sunsets red?” When the Sun appears lower in the sky, the light that reaches us has already travelled through a lot more of the atmosphere. This
means that a lot of the blue light has been scattered out well before the light arrives at us, so the sky appears redder.Clouds appear white because the water droplets are much larger than the wavelengths of light. For this situation, all wavelengths of light are equally scattered in all directions.In Light and sight: true or false? students participate in an
interactive or paper-based ‘true or false’ activity that highlights common alternative conceptions about light and sight.In Investigating reflection students investigate specular and diffuse reflection by looking into a dark box and shining a torch at various objects, coloured paper and a mirror.To model blue sky and a red sunset, try shining white light
from a torch or a projector into a glass container of water with a few drops of milk in it. You should see a blue haze from the sides. If you look to the far end of the container, you should notice the light has a reddish hue.Published: 18 April 2012Updated: 27 August 2020 Reflection is when light bounces off an object. If the surface is smooth and shiny,
like glass, water or polished , the light will reflect at the same angle as it hit the surface. This is called specular reflection.Light reflects from a smooth surface at the same angle as it hits the surface. For a smooth surface, reflected light rays travel in the same direction. This is called specular reflection. For a rough surface, reflected light rays scatter
in all directions. This is called diffuse reflection.Rights: The University of Waikato Te Whare Wananga o WaikatoDiffuse reflection is when light hits an object and reflects in lots of different directions. This happens when the surface is rough. Most of the things we see are because light from a source has reflected off it.For example, if you look at a bird,
light has reflected off that bird and travelled in nearly all directions. If some of that light enters your eyes, it hits the retina at the back of your eyes. An electrical signal is passed to your brain, and your brain interprets the signals as an image.Specular reflection The angle at which light hits a reflecting surface is called the angle of incidence, and the
angle at which light bounces off a reflecting surface is called the angle of reflectionThis photo of Lake Matheson shows specular reflection in the water of the lake with reflected images of Aoraki/Mt Cook (left) and Mt Tasman (right). The very still lake water provides a perfectly smooth surface for this to occur.Rights: Ruth Lawson, Image licensed
through 123RF LimitedIf you want to measure these angles, imagine a perfectly straight line at a right angle to the reflective surface (this imaginary line is called ‘normal’). If you measure the angle of incidence and the angle of reflection against the normal, the angle of incidence is exactly the same as the angle of reflection. With a flat mirror, it is
easy to show that the angle of reflection is the same as the angle of incidence.Water is also a reflective surface. When the water in a lake or sea is very still, the reflection of the landscape is perfect, because the reflecting surface is very flat. However, if there are ripples or waves in the water, the reflection becomes distorted. This is because the
reflecting surface is no longer flat and may have humps and troughs caused by the wind.It is possible to make mirrors that behave like humps or troughs, and because of the different way they reflect light, they can be very useful.Concave mirrors The inside curve of a spoon is an example of a concave mirrorWhen parallel light rays hit a concave
mirror they reflect inwards towards a focal point (F). Each individual ray is still reflecting at the same angle as it hits that small part of the surface.Rights: The University of Waikato Te Whare Wananga o WaikatoConcave mirrors are used in certain types of astronomical telescopes called reflecting telescopes. The mirrors condense lots of light from
faint sources in space onto a much smaller viewing area and allow the viewer to see far away objects and events in space that would be invisible to the naked eye.Light rays travel towards the mirror in a straight line and are reflected inwards to meet at a point called the focal point.Concave mirrors are useful for make-up mirrors because they can
make things seem larger. This concave shape is also useful for car headlights and satellite dishes.Convex mirrors Convex mirrors curve outwards, like the outside of a balloon.When parallel light rays hit a convex mirror they reflect outwards and travel directly away from an imaginary focal point (F). Each individual ray is still reflecting at the same
angle as it hits that small part of the surface.Rights: The University of Waikato Te Whare Wananga o WaikatoParallel rays of light strike the mirror and are reflected outwards. If imaginary lines are traced back, they appear to come from a focal point behind the mirror.Convex mirrors are useful for shop security and rear-view mirrors on vehicles
because they give a wider field of vision.Scattering of light Some light is scattered in all directions when it hits very small particles such as gas molecules or much larger particles such as dust or droplets of water.The amount of scattering depends on how big the particle is compared to the wavelength of light that is hitting it. Smaller wavelengths are
scattered more.“Why is the sky blue?” is a common question. Light from the sun is made of all the colours of the rainbow. As this light hits the particles of nitrogen and oxygen in our atmosphere, it is scattered in all directions. Blue light has a smaller wavelength than red light, so it is scattered much more than red light. When we look at the sky, we
see all the places that the blue light has been scattered from.This is similar to the question: “Why are sunsets red?” When the Sun appears lower in the sky, the light that reaches us has already travelled through a lot more of the atmosphere. This means that a lot of the blue light has been scattered out well before the light arrives at us, so the sky
appears redder.Clouds appear white because the water droplets are much larger than the wavelengths of light. For this situation, all wavelengths of light are equally scattered in all directions.In Light and sight: true or false? students participate in an interactive or paper-based ‘true or false’ activity that highlights common alternative conceptions
about light and sight.In Investigating reflection students investigate specular and diffuse reflection by looking into a dark box and shining a torch at various objects, coloured paper and a mirror.To model blue sky and a red sunset, try shining white light from a torch or a projector into a glass container of water with a few drops of milk in it. You should
see a blue haze from the sides. If you look to the far end of the container, you should notice the light has a reddish hue.Published: 18 April 2012Updated: 27 August 2020 Reflection is when light bounces off an object. If the surface is smooth and shiny, like glass, water or polished , the light will reflect at the same angle as it hit the surface. This is
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enters your eyes, it hits the retina at the back of your eyes. An electrical signal is passed to your brain, and your brain interprets the signals as an image.Specular reflection The angle at which light hits a reflecting surface is called the angle of incidence, and the angle at which light bounces off a reflecting surface is called the angle of reflectionThis
photo of Lake Matheson shows specular reflection in the water of the lake with reflected images of Aoraki/Mt Cook (left) and Mt Tasman (right). The very still lake water provides a perfectly smooth surface for this to occur.Rights: Ruth Lawson, Image licensed through 123RF LimitedIf you want to measure these angles, imagine a perfectly straight
line at a right angle to the reflective surface (this imaginary line is called ‘normal’). If you measure the angle of incidence and the angle of reflection against the normal, the angle of incidence is exactly the same as the angle of reflection. With a flat mirror, it is easy to show that the angle of reflection is the same as the angle of incidence.Water is also
a reflective surface. When the water in a lake or sea is very still, the reflection of the landscape is perfect, because the reflecting surface is very flat. However, if there are ripples or waves in the water, the reflection becomes distorted. This is because the reflecting surface is no longer flat and may have humps and troughs caused by the wind.It is
possible to make mirrors that behave like humps or troughs, and because of the different way they reflect light, they can be very useful.Concave mirrors The inside curve of a spoon is an example of a concave mirrorWhen parallel light rays hit a concave mirror they reflect inwards towards a focal point (F). Each individual ray is still reflecting at the
same angle as it hits that small part of the surface.Rights: The University of Waikato Te Whare Wananga o WaikatoConcave mirrors are used in certain types of astronomical telescopes called reflecting telescopes. The mirrors condense lots of light from faint sources in space onto a much smaller viewing area and allow the viewer to see far away
objects and events in space that would be invisible to the naked eye.Light rays travel towards the mirror in a straight line and are reflected inwards to meet at a point called the focal point.Concave mirrors are useful for make-up mirrors because they can make things seem larger. This concave shape is also useful for car headlights and satellite
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directions when it hits very small particles such as gas molecules or much larger particles such as dust or droplets of water.The amount of scattering depends on how big the particle is compared to the wavelength of light that is hitting it. Smaller wavelengths are scattered more.“Why is the sky blue?” is a common question. Light from the sun is made
of all the colours of the rainbow. As this light hits the particles of nitrogen and oxygen in our atmosphere, it is scattered in all directions. Blue light has a smaller wavelength than red light, so it is scattered much more than red light. When we look at the sky, we see all the places that the blue light has been scattered from.This is similar to the
question: “Why are sunsets red?” When the Sun appears lower in the sky, the light that reaches us has already travelled through a lot more of the atmosphere. This means that a lot of the blue light has been scattered out well before the light arrives at us, so the sky appears redder.Clouds appear white because the water droplets are much larger than
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