Change of Class room: See schedule on website

Where:

Chemistry building

(attached to Physics building)
Room # 1402

When:
October: 8, 13, 20, 27, and 29




Exam | — Will be graded and posted by Tuesday next week

Problem 1 - B and E transformation between moving frames
Quiz #3b, Hwk #35.5

Problem 2 - Biot-Savart law from current Arc
example done in class, Hwk problem 34.46, quiz #1a and #1d

Problem 3 - Solenoid - very similar to Hwk # 34.40

a) derivation in class and in book, one of the few examples of the utility of
ampere's law

b) RHR for direction of B-field from current

c) E-field inside solenoid very similar to quiz #3a

d) E-field direction application of Lenz's law (lots of homework)

Problem 4 - E&M traveling wave
Derived in class and in book (eq 35.24), wave direction ~S ~ E x B, B=E/c, S
is intensity, meaning of "plane wave"

Problem 5 - RLC circuit -
Hwk problem 36.8, and strongly related to 36.7

Problem 6 - displacement current between parallel capacitors
Quiz #3d, Hwk problem 35.38



Light behaves as a wave

Maxwell’sequations 2 Wave equations 2 Plane wave solutions
Superposition of wave solutions applies
Light diffracts and interferes like other well known wave phenomena.

Three limits for observing properties of light:
1. Physical optics — light as a wave

ET\H}/@, ﬂ’f\ PL’HJJN«‘\ . j; ™, '{j < rﬁﬂﬁ'i‘u"g"i‘:*ﬁﬁ u[.__} ()f.f,vjrﬁ’n{_;{_ﬁ\“f
S W

A
Ax o ok £ A
b "7~
2. Ray optics --- light
Er\” of }Ifu.?‘{,\"m"x 'JLT ™ *< <\ {”%Ew Fhow bﬁb J’(Ffrfq}«\lf“
I '

4

57’1'\ éjf I J/Ill'\

v,

3. quantumregime

G ) 1 P

j‘-_: ‘r’\’% :r"l.: P”u‘ S o > {"Cloln Thre ‘-"{-x yF-U!T‘ez;cﬁ\/“
7 N - g

&‘L ,:JE 3/{7:- \>i/\'

&

Assume monochromatic and coherent light



Light diffracts when traversing aperture
the water waves depicted below

At a beach in Tel Aviv, Israel, plane water waves pass through two openings in a
breakwall. Notice the diffraction effect—the waves exit the openings with circular wave
fronts, as in Figure 37.1b. Notce also how the beach has been shaped by the circular

wave fronts.



FIGURE 21.17 Two overlapped waves travel along the x-axis.

{a) Two overlapped light waves i(b) Two overlapped sound waves
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FIGURE 21.21 Destructive interference three ways.

{(a) The sources are out of phase. (b) Identical sources are separated by half a (¢) The sources are both separated and
wavelength. partially out of phase.
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FIGURE 21.21 Destructive interference three ways.

{a) The sources are out of phase. (b) Identical sources are separated by hall a (¢) The sources are both separated and
wavelength. partially out of phase.
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FIGURE 21.21 Destructive interference three ways.

{a) The sources are out of phase. (b) Identical sources are separated by hall a (¢) The sources are both separated and
wavelength. partially out of phase.
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FIGURE 21.27 The path-length difference
Ar determines whether the interference
at a particular point is constructive or
destructive.

FIGURE 21.25 A circular or spherical wave.
® At A, Ar, = A, so this is a point

The wave fronts are Troughs are halfway of constructive interference.
crests, separated by A.  between wave fronts.

This graph shows the
displacement of the
medium.
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FIGURE 21.28 The peints of constructive and destructive interference fall along antinedal
and nodal lines.

— Antinodal lines, constructive interferen
oseillation with maximum amplitode.,
Infensity s af Uls maximum value.

— Nedal lines, destruetive interference,
neo oseillation. Intensity is zero.,
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Huygen’s principle

Each point on a wavefront acts like a source for an outgoing (half) spherical wave front,
producing the new wavefront.

1 B .
.
Uld ¢ rAf— |  New Uld III'| New
wavefront wavefront wavelfront | ,'I wavelront
L]
A B’ -

(@) (b)

Figure 35.17 Huygens's construction for (a) a plane wave propagating to the nght and
(b) a spherical wave propagating to the nght.



ldeal double slit pattern
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> FIGURE 22.3 A double-slit interference experiment.
(a)
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The drawing is not to scale:
the distance to the screen 1s
actually much greater than —.
- the distance between the slits, %
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ldeal double slit pattern
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Active Figure 37.2 (a) Schematic diagram of Young's double-sht expeniment. Shts §,
and S; behave as coherent sources of light waves that produce an interference pattern
on the viewing screen (drawing not to scale). (b) An enlargement of the center of a
fringe pattern formed on the viewing screen.
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Figure 37.3 An interference
pattern involving water waves is
produced by two vibrating

sources at the water’s surface. The
pattern 15 analogous to that
observed in Young’s double-slit
experiment. Note the regions of
constructive {A) and destructive
{B) interference.

Z(” At the Active Figures link
at http://www.pseé.com, you
can adfust the slit separation
and the wavelength of the light
fo see the effect on the
interference pattern.




Multiple slit pattern — Diffraction grating

Incoming plane
wave of light
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Multiple slit pattern — Diffraction grating
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Single slit diffraction pattern
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Single slit diffraction pattern

FIGURE 22.10 A single-slit diffraction
experiment.
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Resolution limit -- Rayleigh’s criteria

Two separated objects, light goes through fﬁ t?g.,f&“f? P
an aperture (or lens, or mirror, etc.). Can / i oy
one resolve the two objects? i A L

If the zeroth order diffraction pattern

minimum from the diffraction pattern

@
maximum from object two is at the first GE"M
bhiers |
produced by object one, then they are

resolvable:
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Resolution limit -- Rayleigh’s criteria

For circular aperture, slightly different:
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Real double slit diffraction pattern

We could integrate across both slits to find total E-field. Answer is that

the single slit intensity is modulated by the double slit pattern (for slit
opening a<d, the slit spacing)
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Interference in parallel dielectrics

180° phase change No phase change
Free support
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Dielectrics Antireflection Coatings

180° phase
change
180° phase

\ o change
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(b)

Figure 37.20 (Example 87.4) (a) Reflective losses from a

silicon solar cell are minimized by coatng the surface of the
cell with a thin film of silicon monoxide. (b) The reflected

light from a coated camera lens often has a reddish-violet
appearance,
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Interference in thin films dielectrics
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0. Jeremy Burgess/Science Phato Library

Interference in thin films dielectrics

Peter Aprahamian/Science Photo Library/Phota Researchers, Inc.



Newton’s rings
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Figure 37.18 (a) The combination of rays reflected from the flat plate and the
curved lens surface gives rise to an interference pattern known as Newton’s rings.
(b) Photograph of Newton’s rings.



Michelson Interferometer HIT
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LG 0 Handford Obsenvatory

Laser Interferometer -- LIGO

Figure 37.23 The Laser Interferometer Gravitational-Wave Observatory (LIGO) near
Richland, Washington. Note the two perpendicular arms of the Michelson interferometer.









Unpolarized
light
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Polarized

light

Transmission
axis

Active Figure 38.30 Two polarizing sheets whose transmission axes make an angle f
with each other. Only a fraction of the polarized light incident on the analyzer is trans-
mitted through it.
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Figure 38.32 (a) When unpolarized light is incident on a reflecting surface, the
reflected and refracted beams are partially polarized. (b) The reflected beam is
completely polarized when the angle of incidence equals the polarizing angle 8, which
satisfies the equation n = tanfly. At this incident angle, the reflected and refracted rays

are perpendicular to each other.
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Figure 38.37 The scattering of
unpolarized sunlight by air
molecules. The scattered light
traveling perpendicular to the
incident light is plane-polarized
because the vertical vibrations of
the charges in the air molecule
send no light in this direction.



