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 Therewill beaquiz on Tuesday, 15 april

e Topicswill include

— Lectures

—Chl

— Ch 2 up to and including 2.5
— Appendices A,B
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* A “black body” isan 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 fool proof. 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.
e F=0T* (Wattdm?)
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o example: Our bodies (A =2m?, T = 300°K) radiate
—~ P=200T4=920 W.

— They radiate most profusely at A .= 9.6 pm

— 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
e Then power absorbed is
e P=2600T#=803W

* 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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Fig. 3.3 Spectral distribution curves related to the sun. The shaded areas indicate ab-
sorption at sea level due to the atmospheric constituents shown.




e Demo of luminescent eye and string
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Tungsten-halogen lamp,
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Scanning electron photomicrographs of a nonsagging
AKS tungsten filament after several hundred hours of
operation at 2500°C (4530°F) in a common 60 W light

* bulb. Shown above is the “coiled coil” geometry of the

filament, which is made possible by the availability of
ductile, Coolidge-process tungsten wirc. During filament
operation, some of the tungsten evaporated, revealing, in
the SEM close-up at right, atomic facets of the individual
tungsten grains (the filament was originally round) and
characteristic interlocking grain boundaries (chevron fea-
tures). This grain boundary structure prohibits crecp de-
formation (sagging) via grain boundary sliding, which
resulls in a longer-lasting filament.

tungsten

is used

to make
nonsagging
light-bulb
filaments.
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FIGURE 1.24

A fluorescent tube first makes UV light in
an electric gas discharge and then
converts most of the UV to visible light.
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Spectra emited by dour different 723
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Hubble Deep Field
Hubble Space Telescope - WFPC2




e (Geometric optics approximatesthe properties of light

— Wave properties generally neglected
— Light movesin straight lines (in a vacuum)

— Light in general follows the shortest time between source and
detection (principle of |east time)
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Opaqgue obj ects make shadows

With multiple light sour ces can get
multiple shadows

The shadow common to all light
sourcesiscalled the

Partial shadows are called the
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FIGURE 2.2

Two light sources throw two shadows.
Their overlap, reached by no ray from
either source, is the umbra. The
penumbra is illuminated by rays, such as
ray a, from only one of the sources.




e Extended light sources such
asthe sun can create

— Shadows
— Umbras
— Penumbras
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FIGURE 2.3

Looking back at the source from places
in the penumbra and umbra.




FIGURE 2.5

The umbra and penumbra of the moon
projected on the earth, in exaggerated
scale—the umbra is only about 200 km
wide, which explains why total solar
eclipses are rare at any given location.
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Eclipse in VVenezuela, Feb 26, 1998

Blend of short and longer exposures
{160+1 sec. ). 400mm+2% doubler
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~opyright John Sanford 1998







e Total solar eclipse above
Mauna Kea, Hawaii In
1991

* Observatoriesin
background

e
3
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FIGURE 2.6

A pinhole forms an inverted image.
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e An object

further away
makes a smaller
Image
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If the hole in a pinhole
. Large e Camera is too large,

erensesthe the image will be blurry
blurriness of
Image
obstacle screen
sources
1
2 vwide hole
2
blur
_Spot 1}
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e Each pinhole

makes its own If there are two pinholes in the obstacle, there will be two
Image upside down images on the screen

* Multiple pinholes ~
produce multiple
Images
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Sea
water

“Pinhole” ==

Light-sensitive
cells (“screen”)

Nerve fibers

FIGURE 2.9
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The pinhole eye of the Nautilus.




 Thereisan optimum pinhole size the makesthe best
mages

o Geometric optics

— Larger holes make blurrier images
— Smaller holes should make sharper images (but less light)
— Blur for distant sources~ D

e Physical optics (wavetheory)

— Aperture diffraction causes blurring
e Angular blur =A/D

e Linear blur isangular blur x distance to screen
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Four categories of objects based
on how light the the objects
reaches our eyes

 Four different | é "E
kinds of scatteri ng a) non metallic opaque e

objects

b) metallic objects y,
"specular reflection” s

c) translucent objects e
P }* =
ZF N

d) transparent opjeqts PIE— ,\i e
"specular transmission" ___ - __ A - -~
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With radar an antenna sends out ablip of electromagnetic
radiation with f = 10° Hz. This corresponds to a wavelength
of

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

so for adelay 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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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 ol ect.

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

Odontocetes (toothed whales, porpoises) generate chirps u
to 200kHz ( sl )9 sk

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

Insectivor es (shrews) use freguencies up to 10-30 kHz

birds (swifts, oilbirds) use frequencies 1-6 kHz
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o Blaccier
(which produces the main echo)

* Returning
Echi
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» ships, submarines use sound chirps to locate each other,
neﬁrby objects, the ocean bottom, by sensing the return
echo.

» Fisherman locate schools of fish thisway

e some automatic cameras use echolocation to determine the

distance to the central object inthe field of view.
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 Reflection from
hard surfaces
requires
cancellation of
wave at surface
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FIGURE 2.13

The lady, A, keeping her distance, has
started a wave propagating toward B.

FIGURE 2.14

B, stonewalling the lady’s gesture,
refused to let his hand be shaken.
Consequently, an upside-down wave
returns to A.
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e Long wavelength radiation
Isreflected from
lonosphere (for light whose
frequency isbelow the
plasma frequency

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

Same principlefor
reflections from metals
— If free electrons can wiggle as
fast as the frequency of lignt,

they will prevent the electric
field

S~

~ Nighttime
Daytime ey ionosphere
ionosphere N
LY
I\
I\
\
AR
\
Transmitter A \

Receiver A

Receiver B
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FIGURE 2.15

Reflection of radio signals from the
ionosphere makes distant reception
possible. The ionosphere rises at night,
increasing the range of reception.
(Exaggerated for clarity.)



e Structure of
typical
mirror

— Glassin
front

— Mirror In
back
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Silver

FIGURE 2.16

An ordinary mirror consists of a piece of

glass, coated on its back surface with a
layer of silver.



Reflection from
plane mirror

=

T

R gl L e A

incident

SN

glass silver

Most of the reflection is due
to the silver {or aluminum)
2003 April 10 coated on the back of the glass.




FIGURE 2.17

Hluminated innocents become visible

victims of spookish spy behind harmless
half-silvered mirror.
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Alone...
at last.







Reflecting

Reflecting plane P

o i (

FIGURE 2.18
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The law of reflection: 6, = 0,.




e Virtual images

FIGURE 2.19 (below)

The reflected ray does not originate
where the eye thinks it came from. The
light scattered from the observer's nose
(the object) really takes a sharply bent
path to his eye, since it is reflected by
the mirror. But the observer’s brain
interprets the light as if it had come in a
straight line from a part of the image
behind the mirror. This is because the
reflected ray comes from the same
direction as if it came from an object
behind the mirror: the image, which is
as far from the mirror as the object, but
on the other side.
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Light source Michelson-Morley Expt 1887

mirror
I Vv, = our speed through the ether

C = speed of light
a= distant to mirrors

mirror

2003 April 10 80B-Light




e Conclusion

e Infact theuncertainty in their measurements was far
less than the speed of the earth around the sun, thus
the assumption of earth moving through a stationary
wasincorrect. Thusthe Idea was not supported
experimentally.

e Einstain’stheory of special relativity successfully
explained this measur ement
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