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Light and its properties: Light is an electromagnetic
wave. When emitted or absorbed, it also shows particle
properties. It is emitted by accelerated electric charges.

A wave front is a surface of constant phase; wave
fronts move with a speed equal to the propagation speed
of the wave. A ray is a line along the direction of propa-
gation, perpendicular to the wave fronts.

When light is transmitted from one material to
another, the frequency of the light is unchanged, but the
wavelength and wave speed can change. The index of
refraction n of a material is the ratio of the speed of
light in vacuum ¢ to the speed v in the material. If Ag is
the wavelength in vacuum, the same wave has a shorter
wavelength A in a medium with index of refraction n.
(See Example 33.2.)
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Wave fronts

Reflection and refraction: At a smooth interface between
two optical materials, the incident, reflected, and
refracted rays and the normal to the interface all lie in a
single plane called the plane of incidence. The law of
reflection states that the angles of incidence and reflec-
tion are equal. The law of refraction relates the angles of
incidence and refraction to the indexes of refraction of
the materials. (See Examples 33.1 and 33.3.)
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Total internal reflection: When a ray travels in a material
of greater index of refraction n,, toward a material of
smaller index n, total internal reflection occurs at the
interface when the angle of incidence exceeds a critical
angle 6. (See Example 33.4.)
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Polarization of light: The direction of polarization of a
linearly polarized electromagnetic wave is the direction
of the E field. A polarizing filter passes waves that are
linearly polarized along its polarizing axis and blocks
waves polarized perpendicularly to that axis. When polar-
ized light of intensity /., is incident on a polarizing filter
used as an analyzer, the intensity / of the light transmitted
through the analyzer depends on the angle ¢ between the
polarization direction of the incident light and the polariz-
ing axis of the analyzer. (See Example 33.5.)
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Polarization hy reflection: When unpolarized light strikes
an interface between two materials, Brewster’s law states
that the reflected light is completely polarized perpendi-
cular to the plane of incidence (parallel to the interface)
if the angle of incidence equals the polarizing angle 8,,.
(See Example 33.6.)
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Huygens’s principle: Huygens’s principle states that if the position of a wave front at one instant is
known, then the position of the front at a later time can be constructed by imagining the front as a
source of secondary wavelets. Huygens’s principle can be used to derive the laws of reflection and

refraction.

violation.
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CHAPTER 84 SUMMARY

Reflection or refraction at a plane surface: When rays diverge from an object point P and are

Y

reflected or refracted, the directions of the outgoing rays are the same as though they had diverged o
from a point P’ called the image point. If they actually converge at P' and diverge again beyond it, £ ',—;anp’
P’ is a real image of P; if they only appear to have diverged from P’, it is a virtual image. Images ’

can be either erect or inverted. 1
Plane mirror

Lateral magnification: The lateral magnification m in any y'

reflecting or refracting situation is defined as the ratio of "= ; Bt

image height y' to object height y. When m is positive,

the image is erect; when m is negative, the image is : (\2
inverted. s
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Facal point and focal length: The focal point of a mi is the poi llel ray: R (positi
ocal point and focal leng e focal point of a mirror is the point where parallel rays converge (positive)

after reflection from a concave mirror, or the point from which they appear to diverge after reflec- I
tion from a convex mirror. Rays diverging from the focal point of a cancave mirror are parallel
after reflection; rays converging toward the focal point of a convex mirror are parallel after reflec- c
tion. The distance from the focal point to the vertex is called the focal length, denoted as f. The
focal points of a lens are defined similarly. 1

Relating object and image distances: The formulas for object distance s and image distance s’ for
plane and spherical mirrors and single refracting surfaces are summarized in the table. The equation
for a plane surface can be obtained from the corresponding equation for a spherical surface by set-
ting R = 00. (See Examples 34.1-34.7.)
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Object—image relationships derived in this chapter are valid only for rays close to and nearly parallel to the optic axis; these are called
paraxial rays. Nonparaxial rays do not converge precisely to an image point. This effect is called spherical aberration.

Thin lenses: The object—image relationship, given by 1 1 1 0 |
. . . +— = (34.18) ¢
Eq. (34.16), is the same for a thin lens as for a spherical s 5 f NQ\ 'l
mirror. Equation (34.19), the lensmaker’s equation, = —\k
relates the focal length of a lens to its index of refrac- 1 1 Fi
tion and the radii of curvature of its surfaces. (See —=(n- ”(R_ - ?) (34.19)
Examples 34.8-34.11.) : :
Sign rules: The following sign rules are used with all plane and * 5" > 0 when the image is on the outgoing side of the surface (a
spherical reflecting and refracting surfaces. real image); s' < 0 otherwise.

R > 0 when the center of curvature is on the outgoing side of
the surface; R < 0 otherwise.
¢ m > 0 when the image is erect; m << 0 when inverted.
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* 5 > 0 when the object is on the incoming side of the surface (a
real object); s < 0 otherwise.




