Pre-AP Physics Notes:  Ch. 15 – Refraction

You should remember from the previous chapter that whenever light encounters a different medium one of three things can happen.  The light can be absorbed by the new medium and turned into internal energy and/or heat, the light can be transmitted through the new medium, or the light can be reflected back into the original medium. If the ray is transmitted into the new medium the ray may be refracted (bent) at the boundary.  We will focus on refraction this chapter. 
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Refraction of light

· When light travels from one transparent medium into another transparent medium with different properties at any angle other than straight on, the light ray changes direction (bends) at the boundary; that is, the ray is refracted.
· Refraction occurs because the light’s velocity changes.
· If the velocity decreases when the light enters the new medium, then the angle of refraction < angle of incidence and the ray is bent towards the normal.
· If the velocity increases when the light enters the new medium, then the angle of refraction > angle of incidence and the ray is bent away from the normal.
· The path of the light ray across a boundary is reversible.
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· The amount that the ray bends depends upon the ratio of the speeds in the different mediums.  To relate the speeds it is useful to define a quantity known as the index of refraction.  The index of refraction (n) of a material is the ratio of the speed of light in a vacuum to the speed of light in the material (n=c/v).  The larger the index of refraction the slower the speed of light.  The table below lists some common indices of refraction.
	Material
	Refractive Index

	Air
	1.0003

	Water
	1.33

	Glycerin
	1.47

	Immersion Oil
	1.515

	Glass
	1.52

	Flint
	1.66

	Zircon
	1.92

	Diamond
	2.42

	Lead Sulfide
	3.91
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Table 1
· Frequency does not change when light passes from one medium into another since frequency depends upon the source that created the light.  If frequency does not change but speed does change, then wavelength must change proportionally (if speed decreases then wavelength must decrease).
         [image: image6.emf]
· One interesting consequence of refraction is that an object lying under water appears to be closer to the surface than it actually is.  This is because light speeds up when it moves from water into air, bending away from the normal.  Your brain perceives the light to travel in a straight line.
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Another interesting consequence of refraction can be observed by putting a pencil in a glass of water. It appears as if the pencil is broken. The light from the pencil is refracted as it passes from the water to the glass to air, causing it to be displaced. Since the surface of the glass is curved, the water in the glass also acts as a magnifying glass, slightly enlarging the pencil.
Index of refraction can produce interesting special effects like “the case of the disappearing beaker” in the following link.  http://paer.rutgers.edu/pt3/experiment.php?topicid=12&exptid=181  
· Mirages are also a result of light refraction.  A mirage can be observed when the ground is so hot that the air directly above it is warmer than the air at higher elevations.  These layers of air at different heights above the Earth have different densities and different refractive indices, causing the light to bend as shown below.  Because both an upright and an inverted image are seen when the image of a tree is observed in a reflecting pool of water, the observer subconsciously calls upon past experience and concludes that a pool of water must be in front of the tree.
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· Another consequence of refraction is the dispersion, spreading of white light into its color components, of light due to different wavelengths of light having different indices of refraction.  Since n is a function of wavelength, Snell’s law indicates that light of shorter wavelengths will bend more than light of longer wavelengths.  The table below lists the indices of refractions for various colors.

	Material
	Blue
(486.1 nm)
	Yellow
(589.3 nm)
	Red
(656.3 nm)

	Crown Glass
	1.524
	1.517
	1.515

	Flint Glass
	1.639
	1.627
	1.622

	Water
	1.337
	1.333
	1.331

	Cargille Oil
	1.530
	1.520
	1.516

	Carbon Disulfide
	1.652
	1.628
	1.618
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Rainbows are created by dispersion of light in water droplets.  Note that rainbows are most commonly seen above the horizon, where the ends disappear into the ground.  However, if an observer is at a high enough viewing point, a [image: image16.jpg]


complete circle can be seen.
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Total Internal Reflection

· Total internal reflection is the complete reflection of light at the boundary between two transparent media that occurs when the angle of incidence is greater than some critical angle.  Total internal reflection can only occur when light goes into a medium with a lower index of refraction since the light must speed up and bend away from the normal.  The maximum angle that the incident light can have and still exit is called the critical angle (refracts at 90o).  If the angle of incidence is greater than the critical angle, the light will undergo total internal reflection.  Light tubes or fiber optic cables can guide light over long distances due to successive internal reflections.
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Example 1: The diagram below shows a ray of light incident on square block of flint glass (n=1.66) at an angle of 60o.  First, calculate the angle of refraction in the flint glass.  Then, trace the ray to side KL.  Will any of the light exit side KL or will the light undergo total internal reflection at side KL?
[image: image10.png]Figure 6.1





Thin lenses

· The concepts for lenses are similar to mirrors with three notable exceptions. 
1. [image: image20.emf]Real images form on the opposite side of the lens since rays pass through the lens. The sign conventions are the same as mirrors, but remember that di will be + when the image is on the opposite side of the lens since real images form on the opposite side of the lens. 
2. In ray diagrams, rays that pass through the center of the lens do not bend.
3. Since center of curvature is irrelevant, 2f is used.
· As with mirrors, lenses can either be converging or diverging, which for lenses depends upon the material of the lens, shape of the lens, and the medium surrounding the lens.  For lenses placed in air, or any medium that has an index of refraction less than the lens, the lens will be converging if it is thicker in the middle (convex) and will be diverging if it is thinner in the middle (concave).  Lenses come in a variety of shapes as shown below. 
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· Diverging lenses have a negative focal point and are thickest at the edges.  Diverging lenses always produce smaller, virtual, upright images (same as diverging mirror).
[image: image22.emf]
· Converging (convex) lenses have a positive focal point and are thickest in the middle.  Converging (convex) lens produce the same images as a converging (concave) mirror.  The type of image formed depends upon the location of the object relative to 2f and f.  If the object is beyond 2f, the image is inverted, real, and smaller.  If the object is between2f and f the image is inverted, real, and larger.  At the focal point no image is produced since all rays would reflect parallel.  If object is in front of f, the image is upright, virtual, and larger.
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Combinations of thin lenses

· If more than one lens is present, the image formed by the first lens is treated as the object for the second lens.  The total magnification is the product of the individual magnifications.
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Eyeglasses and Contact Lenses

· Converging lens can correct hyperopia (farsightedness).  Diverging lens can correct myopia (nearsightedness).
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Lens aberrations

· As with spherical mirrors, spherical aberration also occurs with lenses.  But unlike mirrors, lenses can also have chromatic aberration.  Chromatic aberration (chrom – color) occurs because index of refraction varies with wavelength (see dispersion).  



Snell’s law (law of refraction) is used to calculate the angle of refraction across a boundary.  


n1 sin(1 = n2 sin(2	n ( index of refraction (explained on the next page)








sin (c = n2 /n1


  for  n1 > n2











The equations used to find distances and magnifications for lenses are the same equations used for mirrors.


� EMBED Equation.3  ���     � EMBED Equation.3  ���


Remember that for converging lenses f is always positive and for diverging lenses f is always negative.
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