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Reflection
· When light strikes a surface, like glass, water or a shiny textbook cover, some of it will bounce off; this is called Reflection.  There are two basic types of reflection:

· Specular – This is the type of reflection that allows you to clearly see yourself in a mirror; it basically allows the light rays to bounce off a smooth surface in a neat, straight line.  There is a rule that governs specular reflection called the Law of Reflection.  It states that the angle at which the light ray strikes the surface is the same as the angle at which is reflects off.  In other words, the angle of incidence is equal to the angle of reflection.
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· Diffuse – This is the most common form of reflection that occurs when light strikes a surface that is not perfectly smooth.  This type of reflection does not allow a clear image to form, but instead just reflects a blight splotch of light.  To see an example of diffuse reflection, look at a shiny textbook or magazine cover at an angle; you should see a bright reflection off the surface, but it just appears as light, and you cannot clearly see any kind of an image.

· We will spend our time discussing the behavior of light and the results for Specular reflection, specifically with mirrors of different shapes.

Ray Diagrams
Ray diagrams are used when you want to locate the image that is formed by an object in a given mirror.  It is a simple process, as long as you follow a few simple rules.  The rules are similar, but slightly different, for concave and convex mirrors.

Before we discuss these rules, however, we need to examine a diagram for each mirror (note: for each of the following diagrams, the shiny side of the mirror is the left side)
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These two drawings have a few key similarities.  

· F – Focal point; this is the location where all rays parallel to the horizontal axis will cross

· C – Center of Curvature; this is a point which is twice as far from the mirror as the Focal point

Whenever you are trying to locate the image formed by an object in a mirror, at least 2 separate rays are required.  Each of these separate rays must pass through the same point on the object in order to get a proper image.  The location where the reflections of these two rays cross is the location of the image.  Each of these mirrors has a few key Rays of light that make this process simple and painless.

In these diagrams that follow, I will use a simple lollipop-shape for an object because it is a very simple object to draw.  Please note that a solid arrow represents the actual, real, honest-to-goodness ray of light.  A dotted line represents an “extension” of a reflected ray; this is where the reflected ray of light would be coming from behind the mirror.
Concave Mirror

1. A ray parallel to the axis will always reflect through the Focal point F.
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2. A ray that passes through the Focal point F will always reflect parallel to the axis.
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3. A ray that passes through the Center of Curvature C will always reflect back along itself.
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Any combination of two of these three rays would give me the location of my image.

Convex Mirror

1. A ray parallel to the axis will always reflect so that its extension will pass through the Focal point F.  (Note: dotted lines represent the extensions of reflected rays)
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2. A ray that is directed towards the Focal point F will reflect parallel to the axis.
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3. A ray that is directed towards the Center of Curvature C will reflect back on itself.
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Any combination of two of these three rays would give me the location of my image.

Images

Images come in two varieties: Real, and Virtual.

· A Real image is always formed by Real, actual, honest-to-goodness reflected rays of light.  

· Real images are always upside-down

· Real images are always in front of the mirror

· Real images cannot be formed by a convex mirror

· A Virtual image is always formed by the extensions of reflected rays of light.

· Virtual images are always right-side up

· Virtual images are always behind the mirror

· Virtual images can be formed by both concave and convex mirrors
· The following table will help identify an image in a curved mirror:
	
	Real
	Virtual

	Location
	Image is on the same side of the mirror as the object
	Image is on the opposite side of the mirror as the object

	Orientation
	Inverted
	Upright

	di
	Positive
	Negative

	hi
	Negative
	Positive

	M
	Negative
	Positive


*Note that a concave mirror can form both real and virtual images.  Also, in a special case, no image is formed at all.

· Mirror equations

· Magnification: 

	M =
	hi
	=
	-
	di

	
	ho
	
	
	do


This is a ratio of similar quantities, and so magnification has no unit.

· The following equation relates three very important distances for curved mirrors.  f represents the focal length (the distance from the focal point to the mirror), do is the object distance (the distance from the mirror to the object) and di is the image distance (the distance from the mirror to the image).  Recall that, if distance is measured to the left, the distance is considered positive; if the distance is measure to the right, the distance is considered negative.  

	1
	=
	1
	+
	1

	f
	
	do
	
	di


· Note that f is positive for a concave mirror, whereas f is negative for a convex mirror.
Refraction
· When light strikes the surface of a body of water (like a pond, or even just a glass of water), some of the light reflects off the surface.  However, some of it will pass through the surface and travel through the water.  When light strikes the barrier between two different materials, or mediums, and passes from one into the other, it has a tendency to bend.  This bending, known as Refraction, is due to the fact that when light moves from one medium to another, it changes speed.

· Recall: Light travels at a particular speed through each medium it encounters.  For example, the speed of light through air is just equal to the fundamental constant c, which has a value of

c = 3 * 108 m/s

· However, when light passes into another material, such as glass, it actually slows to a slower speed v such that:

v < c

· The speed of light v through any material is determined by a physical constant for the material known as the index of refraction, n, such that:

n ≡ c  
       v

where, by definition, n ≥ 1.

· Note that, by definition, nair = 1.

· Every medium has a certain value that determines the speed at which light will move through it, known as the index of refraction, n.  Every material has its own constant index of refraction: for instance, n for water is 1.33; n = 1.5 for common glass; for diamond, n = 2.42.  There is a simple rule that determines how light bends when it passes from one medium to another.

· When light passes from a lower n to a higher n, the light wave will slow down and it will bend so that it is closer to a so-called normal line.  An example of this is light traveling from air into water (see next page):
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· When light passes from a higher n to a lower n, the light wave will speed up, and it will bend so that it is farther from a so-called normal line.  An example of this is light traveling from glass to air.
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· Whenever light travels through one medium to another, the light rays will refract, or bend.  The light starts in medium 1 with index of refraction n1, and enters a second medium with index of refraction n2.  If the light is incident on the boundary between the two mediums at an angle 1, it will refract into the material at some angle 2 by Snell’s Law:

n1Sin1 = n2Sin2

· Note that these angles are measured from a line perpendicular to the boundary between the two surfaces.

· For light traveling from a slow medium (i.e., the index of refraction n2 is rather high) to a faster medium (i.e., the index of refraction n1 is relatively low), there is a particular angle of incidence c (called the critical angle) where the angle of refraction is a perfect 90°.  From Snell’s Law, and a bit of algebra:

c = Sin-1(n2/n1)

· Here it is imperative to note that n2 be greater than n1; in other words, you can only find the critical angle c when n2 > n1.

· For an incident angle that is greater than c, the result is that the light will only reflect and will not pass into the medium with the lower index of refraction.  This phenomena is referred to as Total Internal Reflection.
The following are some useful thoughts to keep in mind for ray diagrams with lenses.  It is very easy to get confused between lenses and mirrors, so get to know this.

· First of all, note that lenses have a focal point (F) on each side of the lens; curved mirrors had only one focal point.
· Note that, for a double convex (converging) lens, the focal length f is always considered positive.  For a double concave (diverging) lens, the focal length f is always considered negative.

· Recall there are three special rays that we can use to locate an image formed by an object for converging and diverging lenses.
Converging:
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1. A ray parallel to the axis will refract through the focal point on the opposite side of the lens, relative to the object.
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2. A ray passing through the center of the lens will, as I like to say, “Keep on keepin’ on.”  That is, it continues on straight as if the lens wasn’t there.
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3. A ray passing through the focal point on the same side (relative to the object) will refract parallel to the axis.
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Diverging:
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1. A ray parallel to the axis will refract away from the axis in such a direction that the extension of the refracted ray will pass through the focal point on the same side of the lens as the object.
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2. A ray passing through the center of the lens will keep on keepin’ on.
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3. A ray that is directed towards the focal point on the opposite side of the lens (relative to the object) will refract parallel to the axis.
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· Recall that, for each example, only two of three of these special rays are needed to locate an image.
Sign Conventions; Real and Virtual Images
· Whenever the image is on the same side of the lens as the object, the image is a virtual image.  If the image is on the opposite side of the lens as the object, the image is a real image.  (Note: this is the opposite of what we saw for curved mirrors)
· When measuring an image distance: a distance measured from the lens to a virtual image is considered negative; a distance measured from the lens to a real image is considered positive. (Note: this is the opposite of what we saw for curved mirrors)
· Consider the following table for info about images and lenses:
	 Lenses
	Real
	Virtual

	Location (relative to object)
	On the opposite side of the lens
	On the same side of the lens

	Orientation
	Inverted
	Upright

	di
	Positive
	Negative

	hi
	Negative
	Positive

	M
	Negative
	Positive
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