CHAPTER 13

Reflection

13.1 - Reflectance

· A light beam passing through any material medium will become progressively weaker due to:

· 1.  absorption

· 2.  scattering

· A light beam striking the boundary between two media can be:

· 1.  transmitted

· 2.  reflected

· See Fig. 13-1

· See Fig. 13-2

· The amount of light reflected at the surface of an object, whether by scattering or by unidirectional reflection, depends on:

· 1.  kind of material underlying the surface

· 2.  smoothness of the surface

· 3.  angle at which the light strikes

· reflectance – ratio of the light reflected from a surface to the light falling on the surface.

· Reflectance is normally expressed as a percentage.

· ex. – magnesium oxide – 98%

     silver – 95%




     black surfaces – 5%
13.2- Regular & Diffused Reflection

· regular reflection – scattering of the reflected rays is negligible

· specular – polished surfaces

· Specular surfaces cause regular reflection and the image of the luminous source is sharply defined.
· ex. searchlights, beacons, automobile headlights – use concentrated light sources of high intensity and highly-polished regular reflectors to redirect light rays in the desired direction.

· See Fig. 13-3

· diffusion (scattering) - the laws of reflection hold true for each particular ray of light, but the normals to the surface are not parallel and the light is reflected in many directions.

· ex. If the sun’s rays were not diffused, the corners of rooms, etc. would be in the dark & glare would be enormous.

· See Fig. 13-4

13.3 – Mirrors as Reflectors

· normal – perpendicular to the reflecting surface at the point of incidence

· angle of incidence – (i) angle between the incident ray and the normal ray at the point of incidence
· first law of reflection – The angle of incidence is equal to the angle of reflection.

· angle of reflection – (r) angle between the reflected ray and the normal at the point of incidence

· See Fig. 13-5

· second law of reflection – The incident ray, the reflected ray, and the normal to the reflecting surface lie in the same plane.

· plane mirror – plate glass is silvered on one surface to reflect the light efficiently.  It’s reflectance may be nearly 100%.
· spherical mirror – small section of the surface of a sphere

· concave mirror – spherical mirror when viewed from the inside

· convex mirror – spherical mirror when viewed from the outside

· The laws of reflection hold for both spherical and plane mirrors.
13.4 – Images by Reflection

· real image – image formed by converging rays of light actually passing through the image point

· Real images are:

· inverted relative to the object

· can be larger or smaller than the object
· virtual image – rays of light that appear to have diverged from the image point do not actually pass through that point

· Virtual images:

· cannot be projected on a screen

· upright with respect to the object

· can be larger or smaller in size

13.5 – Images Formed by Plane Mirrors

· Image formed by a plane mirror is:

· neither enlarged or reduced

· virtual

· upright

· as far behind as the object is in front

· right & left are interchanged

· ex.

· sound waves – echoes

· multiple reflections can occur from parallel plane mirrors (can be avoided by silvering the front of the mirror)

13.6 – Curved-Mirror Terminology

· center of curvature (C) - center of the original sphere

· vertex (V) – center of the mirror

· principal axis – line drawn through the center of curvature and the vertex
4.secondary axis – any other line drawn through the center of curvature to the mirror

5.normal – radius drawn from the point of incidence perpendicular to the mirror surface

6.principal focus (F) – point on the principal axis where light rays converge

7.focal length (f) – distance from the vertex to its principal focus

8.aperture – determines the amount of light intercepted by the mirror



* linear aperture



* angular aperture

13.7 – Rays Focused by Spherical Mirrors

· Concave mirrors = converging mirrors

· For spherical mirrors of small aperture, the focal length is ½ the radius of curvature.

· convex mirrors = diverging mirrors

· focal plane – when an incident ray at a small angle with the principal axis, it is focused at a point in a plane that contains the principal focus and is perpendicular to the principal axis

· spherical aberration – characteristic of spherical mirrors of large apertures that results in the formation of fuzzy images
· In order to reduce spherical aberration:

· aperture must be small

· use parabolic mirror

· ex. of parabolic reflectors:

· headlights

· microwave communication relays

· radar

· radio telescopes

· reflecting telescopes

13.8 - Constructing the Image of a Point

· conjugate points – positions of the object and its image which are interchangeable

13.9 – Images Formed by Concave Mirrors

1. Object at an infinite distance


* point at the principal focus

2. Object beyond C


* real, inverted, reduced in 
size, 
located between C and F


* becomes larger as it



approaches C

3. Object at C


* real, inverted, same size,



located at C

4. Object between C & F


* real, inverted, larger, located 
beyond C


* nearer to F, larger it becomes, 
and farther beyond C

5. Object at F


* no image

6. Object between F and mirror


* virtual, upright, larger, and 
located behind the mirror

13.10 – Images Formed by Convex Mirrors

·  virtual, upright, smaller, and located behind the mirror between V and F

· The size increases as the object moves closer to the mirror, but never as large as the object.

13.11 – Reflecting Telescope

· use large concave parabolic mirrors

· image is real, inverted, and located near the F

· image can be viewed and photographed

13.12 - Object-Image Relationships

· mirror equations

· sign conventions

· 1. f for concave = +

· 2. f for convex = -

· 3. d for real object = +

· 4. d for real image = +

· 5. d for virtual image = -

