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Quiz

• There will be a quiz on Tuesday, 15 april

• Topics will include
– Lectures
– Ch 1
– Ch 2 up to and including 2.5
– Appendices A,B
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Black Body Radiation

• A “black body” is an object that completely absorbs
any radiation that falls on it.

– Objects that appear black to us are good candidates, but our eyes
only see in certain wavelength ranges, so its not foolproof.  Copper
is a good black body (its black in the infrared).

– Black bodies with finite temperature radiate away their thermal
energy by giving off radiation.

• F = σT4  (Watts/m2)
F = radiant flux from black body (Watts/m2

σ (Stefan - Boltzmann constant) = 5.68x10-8 Watts/m2/K4

T = Temperature (°K)
Also, the wavelength carrying the most power * the

temperature, is a constant!
λmax TBB  = constant    = 2.9x10-3 m·K
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Black Body Radiation-2

• example:  Our bodies (A = 2m2, T = 300°K) radiate
– P = 2∗σ∗ T4 = 920 W.
– They radiate most profusely at λmax= 9.6 µm
– Fortunately, our bodies also absorb radiant energy from the

environment, so the net heat loss is usually small.

– Suppose our environment is 10°C colder than our bodies
• Then power absorbed is
• P = 2∗σ∗ T4 = 803 W
• Thus the net power we would need to generate to maintain

our body temperature is 117W (or about 2400 kcal/day)
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Demos

• Demo of luminescent eye and string
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Tungsten Bulb

•
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Incandescent
light
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Fluorescent Light
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Fluorescent
lamp spectra

•
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Lasers

•
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Geometric Optics

• Geometric optics approximates the properties of light
– Wave properties generally neglected
– Light moves in straight lines (in a vacuum)
– Light in general follows the shortest time between source and

detection (principle of least time)
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Light goes in straight
lines

• Opaque objects make shadows

• With multiple light sources can get
multiple shadows

• The shadow common to all light
sources is called the umbra

• Partial shadows are called the
penumbra
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Eclipses

• Extended light sources such
as the sun can create

– Shadows
– Umbras
– Penumbras
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Solar eclipse principles
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Partial solar eclipse
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Eclipse of Jupiter by Io
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Total Solar
Eclipse

• Total solar eclipse above
Mauna Kea, Hawaii in
1991

• Observatories in
background
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Principle of pinhole camera
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Effect of
distance on

pinhole
image size

• An object
further away
makes a smaller
image
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Effect of large hole on pinhole
image

• Large hole
increases the
blurriness of
image
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Multiple pinholes

• Each pinhole
makes its own
image

• Multiple pinholes
produce multiple
images
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Optimizing pinholes

• There is an optimum pinhole size the makes the best
mages

• Geometric optics
– Larger holes make blurrier images
– Smaller holes should make sharper images (but less light)
– Blur for distant sources ~ D

• Physical optics (wave theory)
– Aperture diffraction causes blurring

• Angular blur = λ/D
 λ is the wavelength of light
D is the hole diameter

• Linear blur is angular blur x distance to screen
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• 2.0 mm

• 1.0 mm

• 0.65 mm

• 0.33 mm

• 0.18 mm

• 0.10 mm
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Scattering
of light

• Four different
kinds of scattering
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Radar

• With radar an antenna sends out a blip of electromagnetic
radiation with f = 109 Hz.  This corresponds to a wavelength
of

λ = c/f = 30cm

• Radar reflects off of some surfaces, and the travel time of
the wave gives the distance to the object.  Hence

d = cT/2

• so for a delay of 1millisecond,  we get d = 150 km.
• Some objects reflect poorly and thus cannot be seen very

well or very far away.
• Stealth aircraft are designed to scatter little radar, and to

scatter it in directions other than back to the radiation
source.  This means they have small cross sectional areas,
they absorb radar, and they (try to) have surfaces that are
not perpendicular to the radar source.
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Echolocation in animals

• Some animals generate bursts of sound that is reflected off
of objects, thus giving the animal information about the
size, shape, and distance of the object.

speed of sound in air 300m/s
speed of sound in water 1500m/s

• bats use frequencies  30kHz to 120kHz with chirps up to
100/sec

using λf = v we get λ = = 2.5mm, they can detect thin wires
• Odontocetes (toothed whales, porpoises) generate chirps up

to 200kHz
using λf = v we get λ = = 7.5mm, they can also detect wires

• Other cetaceans just listen, they dont generate sounds for
purposes of echolocaton

• insectivores (shrews) use frequencies up to 10-30 kHz
using λf = v we get λ = = 10mm

• birds (swifts, oilbirds) use frequencies 1-6 kHz
using λf = v we get λ = = 50mm
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Sonar

• ships, submarines use sound chirps to locate each other,
nearby objects, the ocean bottom, by sensing the return
echo.

• Fisherman locate schools of fish this way

• some automatic cameras use echolocation to determine the
distance to the central object in the field of view.
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• Reflection from
hard surfaces
requires
cancellation of
wave at surface
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Ionosphere-
reflection

• Long wavelength radiation
is reflected from
ionosphere (for light whose
frequency is below the
plasma frequency

– Free charges wiggle to prevent
the electric field from being
transmitted

• Same principle for
reflections from metals

– If free electrons can wiggle as
fast as the frequency of light,
they will prevent the electric
field
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• Structure of
typical
mirror

– Glass in
front

– Mirror in
back
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Reflection
from back

surface
mirror

•
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Partial reflection-transmission



Reflection and least time

•

object

Virtual image (location is independent of observer location)
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• Virtual images
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mirror

mirror

Light source

ve

Measuring our speed through the Ether

Michelson-Morley Expt 1887

ve = our speed through the ether
c = speed of light
a = distant to mirrors
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Measuring our speed through the
Ether

• Conclusion

• MM measured no difference! (implies ve = 0)

•  In fact the uncertainty in their measurements was far
less than the speed of the earth around the sun, thus
the assumption of earth moving through a stationary
was incorrect.  Thus the ether idea was not supported
experimentally.

• Einstein’s theory of special relativity successfully
explained this measurement
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