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Review sheets for Exam 2

B Geometrical optics
— Basic principles
— Mirrors

— Lenses

m Wave optics

— Huygens’ wave model
— Interference and diffraction

B Electrostatics
— Basic principles
— Electric force

— Electric fields
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Foothold Ideas for Ray Optics:
The Physics

B Certain objects (the sun, bulbs,...) give off light.
B Light can travel through a vacuum.
B In a vacuum light travels in straight lines (rays).

m Each point on an object scatters light,
spraying it off in all directions.

B A polished surface reflects rays back again according to
the rule: The angle of incidence equals the angle of
reflection.

B When entering a transparent medium, a light ray
changes its direction according to the rule n,sné, =n,sing,

B “n” is a property of the medium and n = 1.
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[% Foothold Ideas for Ray Optics
Newton’s Model

B Light consists of tiny particles that move very fast.

B The speed of light in a medium is determined by a

property of the medium: a potential energy.
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B Potential energies are lower in dense media so light
travels faster in them.

B The index of refraction in a medium 1s given by
= Vined
C
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Foothold Ideas for Ray Optics:
The Psycho-physiology

B We only see something when light
coming from it enters our eyes.

B Our eyes 1dentify a point as being
on an object by many mechanisms:

— By tracing rays back to see where they converge.
(The Mel and Taylor method)

— By how they change when we move. (Parallax)

— By our experience with objects and the world.
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Kinds of Images

H Real

— When the rays seen by the eye do meet,
the image 1s called real.

— The 1image can be seen on the screen, just as if 1t were a
real object. (Why?)

B Virtual

— When the rays seen by the eye extrapolate
to a point but don’t actually meet, the image 1s called
virtual.

— The image cannot be seen on a screen.
(Why not?)
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Where does an object seen
In a mirror appear to be?
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Unifying Equation for Mirrors

m If we treat our quantities as “signed” and let the signs carry
directional information, we can unify all the situations in a
single set of equations.
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Unifying Equation for Lenses
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Foothold wave 1deas:
Huygens’ Principle

B The critical structure for waves are the lines
or surfaces of equal amplitude: wavefronts.

B Each point on the surface of a wavefront acts
as a point source for outgoing spherical waves
(wavelets).

B The sum of the wavelets produces a new
wavefront.

B The waves are slower 1n a denser medium.
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Interference (two slits)
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Interference (two slits)

e

AD

When
AD = nA,
waves add.

When
AD = (n+1/2)A,
waves cancel
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Diffraction (one slit)
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Interference & Diffraction
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Foothold 1deas: =
Charge — A hidden property of matter

B Matter 1s made up of two kinds of electrical
matter (positive and negative) that usually
cancel very precisely.

m Like charges repel, unlike charges attract.

m Forces from different charges on a given
charge just add like regular vector forces
(superposition).

B The total charge (pos — neg) 1s constant.

W Force law: _ _ keaQ _
Fane = Fona == k. =9x10° N-m?/C*
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Foothold 1deas:
Conductors and Insulators

B Insulators

— In some matter, the charges they contain are bound and cannot
move around freely.

— Excess charge put onto this kind of matter
tends to just sit there.

B Conductors
— In some matter, charges in it can move around throughout the object.

— Excess charge put onto this kind of matter redistributes itself or flows
off (if there 1s a conducting path to ground).

B Interaction

— Any charge attracts neutral matter by polarization.
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Foothold 1deas:
Fields

B A field i1s a concept we use to describe anything that varies in
space. It 1s a set of values assigned to each point in space

(e.g., temperature or wind speed).

B A force field 1s an 1dea we use for non-touching forces.

It puts a force vector at each point in space,

summarizing the effect of all objects that would
exert a force on a particular object placed at that point.

B A gravitational, electric, or magnetic field is a force field

with something (a “coupling strength™) divided out so the
field no longer depends on what test object 1s used.

- lecting onm E . F;cting on ¢ FIE‘.'d 1S TF‘IE‘. value at_ a pOSitiOﬂ
8= = in space " r “ assuming
ol G that the force is measured

4/15/11 Physics 122 by placing the object at r.




Representing electric fields

m Ficld arrows
— An arrow showing the direction and magnitude of the
field 1s shown at many points (not all — why?)

— Magnitude can be shown by

» Length of arrow
» Color of arrow

m Field lines

— Lines are drawn following the field arrow
step by step. The lines only show the direction of the
field (they are tangent to the lines at each point).

— Magnitude can be shown by
» Color of lines
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Four standard examples
(useful as approximate models)

: Q
m Point charge O E= kr°—2
m Dipole 0 =-
(far away -- there's an angle factor too)
m Uniform long line = _ 2kA ( ,=Q )
of Charge e ——— L

B Uniform large . E =2nk.o (a = %)

sheet of charge
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Two sheets of charge

+0 -0
The fields of the = The fields of the
two plates cancel - two plates cancel
each other on - each other on
the outside. - the outside.
—_—
— The field inside
The fields of the —_— IS uniform (until you
two plates add — get near the edges).
on the inside, —_—
producing double S— Field insde
the field of a — E =4nk.o
single plate. . c=0Q/A
—_—
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