PHYSICS 100

GEOMETRIC OPTICS

Reflection occurs when light incident on a boundary between two media is reflected back to the original medium.  Since the medium of travel is unchanged, the speed does not change.   Snell’s Law predicts that the angle the incident light ray makes with the normal (a line perpendicular to the boundary) will equal the angle the reflected ray makes with respect to the normal.  This is only true for specular (smooth surface) reflection.  Car wax is used to fill in the surface to create a brilliant specular reflection.

Refraction is the bending of light rays as they are transmitted from one medium to a different medium.  The speed of light changes as it enters a different refractive medium.  The wavelength changes but the frequency remains constant.  The oscillating electric and magnetic fields continue to oscillate at the same frequency at which they were generated.  The relationship of the wavelength in a refractive medium (
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The wavelength in vacuum is 
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 and n is the index of refraction.

The index of refraction increases with increasing frequency.  This is called dispersion.  Water forms a rainbow by bending the high-frequency purple light more than it bends the lower-frequency red light.  This explains why the purple color is always on the inside of the rainbow’s curve.
Snell’s Law predicts that the angle of refraction for light traveling from a less refractive medium to a more refractive medium (from a higher n to a lower n), will be greater than the angle of incidence.  For the critical angle of incidence, the angle of refraction will be 90 degrees and zero energy will transmit through to the other medium.  The light will be totally internally reflected.  Any angle of incidence greater than the critical angle will also be totally internally reflected.
A plane or flat mirror will produce a virtual image of an object.  The image will appear behind the mirror, equidistant from the mirror, as the object.  The image is virtual because there is not a convergence of light rays behind the mirror.  The geometry of the reflected rays makes it seem as if the light must have converged behind the mirror.

A lens is an object with two curved refracting surfaces.  A converging or positive lens has light entering through a diverging surface (convex) and exiting through a converging surface (concave).  Parallel light rays at a great distance from this lens will converge or focus at a point.  The distance of this focal point to the center of the lens is called the focal length.  

A diverging or negative lens has light entering through a concave (converging) surface and exiting through a convex (diverging) surface.  Parallel light rays from a great distance will diverge as they pass through the lens.  If we back-track the divergent rays, they seem to converge at a point on the opposite side of the lens.  The distance of this point to the center of the lens is the focal length of the lens.  For a diverging (negative) lens, this focal distance is negative.
(2)
1/i + 1/o = 1/f
The thin lens equation above relates the focal length (f) to the object and image distances.   The object distance (o) is the distance of the object to the center of the lens.  The image distance (i) is the distance of the image to the center of the lens.  A real image has a positive image distance.  This occurs when the image and object reside on opposite sides of the lens.  If the object and the image both reside on the same side of the lens, then the image distance is negative and the image is virtual. 

A diverging lens always forms a virtual image.  A converging lens will form a real image for object distances greater than the focal length.  For smaller object distances, the image is virtual.  
The magnification (m) is the ratio of image size to object size.  A negative magnification means the object is inverted.  A positive magnification means the object is erect. Light ray geometry relates the object and image distances to the magnification.
(3)
m = -i/o

A converging (concave) mirror will focus light at a focal distance of half the radius of the curve and will produce a real image.  A diverging (convex) mirror will have a negative focal length and produce a virtual image.  Both mirrors obey the thin lens equation.
The human eye contains two positive lenses: the cornea and an accommodating lens.  The accommodating lens adjusts for different object distances.  A nearsighted person focuses light in front of the retina.  This condition can be corrected with a negative or diverging lens placed in front of the eye.  The opposite is true for the farsighted person.
The invention of the microscope changed the study of biology forever.  Like the human eye, a microscope has two positive lenses: the objective and the eyepiece.  The objective is a powerful lens which does most of the magnifying.  The eyepiece is a simple magnifier.  The total magnification is the product of each lens’s individual magnification.

The invention and subsequent improvements of the telescope revolutionized the study of astronomy and physics.  A telescope also has two positive lenses.  The object distance for stars and planets is much greater than the focal length of the objective lens.  This causes the image produced by the objective lens to be extremely close to the objective lens’s focal point and very close to the eye.  The eye piece magnifies the up-close image on the retina.  The actual size of the object is not enlarged.  It appears larger because it is closer to the eye and subtends a larger angle.  This is called angular magnification.
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