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PHYS 110U - PHYSICS


Lesson 5: Light waves I
· Objectives
· Explain why the diffraction of light is not normally observed.

· Recall that light travels in straight lines and give examples.

· State and apply the laws of reflection. 

· Describe the formation of images in a plane mirror.

· Give examples of observations that indicate that light can be refracted. 

· Describe the refraction of light rays.  

· State the laws of refraction and use Snell’s Law to solve numerical problems.
​
Diffraction of Light 

Diffraction is the slight bending of light as it passes around the edge of an object. The amount of bending depends on the relative size of the wavelength of light to the size of the opening. If the opening is much larger than the light's wavelength, the bending will be almost unnoticeable. However, if the two are closer in size or equal, the amount of bending is considerable, and easily seen with the naked eye. 


In the atmosphere, diffracted light is actually bent around atmospheric particles -- most commonly, the atmospheric particles are tiny water droplets found in clouds. Diffracted light can produce fringes of light, dark or colored bands. An optical effect that results from the diffraction of light is the silver lining sometimes found around the edges of clouds or coronas surrounding the sun or moon. The illustration above shows how light (from either the sun or the moon) is bent around small droplets in the cloud. 
Facts of light
· Light travels through a vacuum or through transparent media.

· Light travels in straight lines, unless there is a change of medium.

· Light can be thought of as either waves or as a stream of particles.

· Light changes direction when it leaves one medium and enters another.

· Light travels through translucent and transparent materials.

· Light does not pass through opaque materials.

· Light affects some chemicals, e.g. those used in photography.

· Light plays an important role in photosynthesis.

Light sources
Light sources may be:
· Luminous, e.g.  A candle flame, a torch, a lighted match, the sun. Luminous objects give off light of their own.

· Non – Luminous, e.g. the moon. Non-luminous objects do not produce their own light. We see them because they reflect some or all of the light falling on them.

· Incandescent, e.g. Bunsen flame or a tungsten filament lamp. An object or material which gives off light when it is heated is described as incandescent.

· Point source, e.g. a point source is a source whose diameters are small compared with other distances.

· Extended sources, e.g. a fluorescent lighting strip. These have dimensions which are comparable with other distances.
Light travels in straight lines and this can be observed from everyday phenomena. Some are listed below.
Shadows
A shadow is a region of darkness where light is blocked. It occupies all of the space behind an opaque object with light in front of it. The cross section of a shadow is a two-dimensional silhouette, or reverse projection of the object blocking the light. It begins as the light moving through but is blocked depending on the density.
Eclipses

An eclipse occurs at those times when the Moon moves into a position of direct alignment with the Sun and the Earth. There are two basic types of eclipses – lunar and solar. Most people have seen at least one total lunar eclipse, when the full Moon passes through the shadow of the Earth. In this case, the Sun and the Moon are on opposite sides of the Earth. If you observe a lunar eclipse (visible only at night at the time of certain full Moons), you’ll see the bright lunar disk turn dark -- sometimes a coppery red color -- for as long as an hour or more.

But the gentle beauty of a lunar eclipse pales in comparison with the truly awesome spectacle of a total solar eclipse, which occurs when the new Moon passes directly between the Sun and the Earth. In the narrow path of totality swept across the Earth by the Moon’s complete shadow (the umbra), daytime briefly turns to an eerie darkness, and during these few precious minutes the wispy halo of the Sun – the corona –comes into view as the dark disk of the Moon totally obscures the bright Sun. Outside the path of totality, in the Moon’s partial shadow (the penumbra), some portion of the Sun’s bright disk remains visible.
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Not all solar eclipses are total. During a partial solar eclipse, only the penumbra touches our planet. The umbra passes either just above the North Pole or just below the South Pole, completely missing the Earth. No total eclipse is visible -- only partial phases can be seen.

A third type of solar eclipse occurs when the Moon's umbra passes across the Earth, but is not quite long enough to touch the surface; the shadow cone diminishes to a point before reaching the Earth. This effect happens when the Moon is farther out in its orbit around the Earth. The Moon appears slightly smaller and is not large enough to completely cover the Sun. When the Moon is centered over the Sun, a ring of sunlight remains visible around the edge. This type of eclipse is called an annular eclipse. (Annular comes from the Latin word meaning "ring.") Because the Sun is not completely covered by the Moon, the rare and dramatic effects of a total solar eclipse (onset of darkness and view of the corona) are not present at either annular or partial eclipses of the Sun. 
Pinhole cameras
A pinhole camera is a small, light-tight can or box with a black interior and a tiny hole in the center of one end. See illustrations below. You can design it to accept roll or sheet film. The two ends of the camera are parallel. The end opposite the pinhole is flat so that the film is held in a flat plane. The pinhole has a cover to prevent light from entering the camera when you aren't taking a picture. 
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	Can or Box pinhole cameras


​

 Laws of reflection
Reflection of light 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
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 . 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.
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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

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). 
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 The formation of images in a plane mirror.
Mirrors
A mirror is an object with a surface that has good specular reflection; that is, it is smooth enough to form an image. The most familiar type of mirror is the plane mirror, which has a flat surface. Curved mirrors are also used, to produce magnified or demagnified images or focus light or simply distort the reflected image.
Mirrors are most commonly used for personal grooming, decoration, and architecture. Mirrors are also used in scientific apparatus such as telescopes and lasers, cameras, and industrial machinery. Most mirrors are designed for visible light, however, mirrors designed for other wavelengths of electromagnetic radiation are also used, especially in optical instruments
Types of mirrors
A curved mirror is a mirror with a curved reflective surface, which may be either convex (bulging outward) or concave (bulging inward). Most curved mirrors have surfaces that are shaped like part of a sphere, but other shapes are sometimes used in optical devices.


Convex mirrors reflect a large part of the surroundings, i.e. they give a wide field of view. Convex mirrors are used as driving mirrors on cars or for surveillance, e.g. in large departmental stores.
Concave mirrors give images of close up objects that are upright and enlarged. They are used as shaving mirrors, by dentists to examine the back of teeth and as reflectors in torchlight and vehicle headlamps. A special case is a parabolic mirror.
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Figure showing a convex and concave mirror.
Image formed by a plane mirror

For flat mirrors the Law of Plane Mirrors states that "the image is always the same distance behind the mirror as the object is in front of the mirror." The image, I,  and the object, O, always line up along the same normal. The image is upright, but left-right reversed. 
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Notice that the rays entering the eye are diverged from the mirror's surface. Since the eye has to "dot back" the rays to form an image, this image is virtual - a cool image, trapped within the mirror. Take a moment to examine a demonstration of the formation of the virtual image of a lit candle. 

 

As mentioned earlier, the Law of Plane Mirrors states that di = -do. This reflection, like ALL reflections, obeys the Law of Reflection: the angle of incidence equals the angle of reflection. Note that these angles are measured from the normal to either the incident or reflected rays. 
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The following diagram illustrates that the minimum length of a plane mirror required for someone to view their entire image equals half their height. Note that the top of the mirror should be placed at eye level.

 

[image: image9.png]



 

The previous diagram also emphasizes the fact that the size of the image equals the size of the object; that is, the magnification of a plane mirror equals one. Recall that magnification is calculated using the formula:
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Ray diagrams
Ray diagrams are an important aid used in geometric optics. 

A ray diagram is used to trace the path of rays through an optical system. 
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A ray diagram and terminology for reflection

Ray diagrams should always be labelled properly. They should also be drawn neatly, accurately, and to some appropriate scale. 

The scale used on a ray diagram should always be stated explicitly. 

Ray diagrams give a close approximation to numerical solutions to problems in optics. Ray diagrams are useful for verification, and to illustrate important ideas. They are also used to derive formulas and to develop more complex methods of optical analysis. 

A ray diagram can be used to determine the characteristics of an image formed in a plane mirror, as well as in other optical systems. 
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A solid line on a ray diagram is used to illustrate the path of a light ray. 

Arrows are used on the solid lines to show the direction of propagation of light. 

By convention, incident rays are usually depicted on a ray diagram as travelling from left to right. 

A dotted line is used as a construction line. Light rays do not travel along those dotted lines.
Refraction
Refraction is the bending of a wave when it enters a medium where it's speed is different. The refraction of light when it passes from a fast medium to a slow medium bends the light ray toward the normal to the boundary between the two media. The amount of bending depends on the indices of refraction of the two media and is described quantitatively by Snell's Law. 

	Refraction is responsible for image formation by lenses and the eye. 
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As the speed of light is reduced in the slower medium, the wavelength is shortened proportionately. The frequency is unchanged; it is a characteristic of the source of the light and unaffected by medium changes.

Index of refraction
The index of refraction is defined as the speed of light in vacuum divided by the speed of light in the medium.
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The indices of refraction of some common substances are given below with a more complete description of the indices for optical glasses given elsewhere. The values given are approximate and do not account for the small variation of index with light wavelength which is called dispersion. 
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Snell’s law
Snell's Law relates the indices of refraction n of the two media to the directions of propagation in terms of the angles to the normal. 
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Defining equations for refractive index
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