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PMTs

¢ linear response

¢ only one “pixel” so
poor spatial
resolution

® became popular in
1950s

photomultiplier tubes
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PLUTO’S LIGHTCURVES IAPETUS

¢ (Cassini image

e moon of
Saturn

¢ discovered
1671 by
Giovanni
Cassini
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Fig. 2.2: The change in Pluto’s lightcurve over almost 30 years, from 1954 to 1982.
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¢ leading
hemisphere
is dark !!
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LIGHTCURVE INVERSION

Keck Observations of (9) Metis

¢ adaptive optics imaging
verifies accuracy of
shape inversion

Keck Observation of (511) Davida

Good pole solution

2002-Dec-27 11:05 UT

Marchis et al., Icarus 2006
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PLUTO’S LIGHTCURVES
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Fig. 2.2: The change in Pluto’s lightcurve over almost 30 years, from 1954 to 1982.
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Summer in northern hemisphere Winter in northern hemisphere
Winter in southern hemisphere Summer in southern hemisphere
Jupiter Saturn Uranus Neptune
© 2004 Thomson - Brooks/Cole
OBLIQUITY is the angle between an object’s
. . . 122
ROTATIONAL axis and its ORBITAL axis. o
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SEASONS ...
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SEASONS ON MARS MARS SEASONS
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FIRST PLUTO SPECTRUM SCIENCE

1970 e scientific method:
results that can be repeated and verified

error bars e data -> hypothesis -> theory

quantify
uncertainty
in the
results

Observation

{

Prediction

SCIENCE COMPOSITION AFFECTS
: ::IsﬁTst;;aTital:\og:e repeated and verified REFLECTANCE SPECTRA

e data -> hypothesis -> theory
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THE SPECTRUM WAVES

Wavelength

¢ white light can be
broken up into colors

¢ Newton noticed this in

the 1600s

Undisturbed Trough

e visible: 400—-950 nm state
(4000—7000 A) Direction of wave motion
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e photonenergyE=hv=hc/A
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Sun’s .
MENTAL EXERCISE S LA UV in the
3 news

High-energy radiation (light) can damage DNA
molecules in our body, causing damage such

das cancer. . .
e ultraviolet is at

50 1 shorter wavelengths
UVB

than visible light
e UVC blocked by

WHICH OF THESE TYPES OF LIGHT IS THE
LEAST LIKELY TO CAUSE CANCER ?

ultraviolet A (350 nm) light light ozone layer

ULTRAVIOLET | VISIBLE

ultraviolet C (200 nm)
radio (100 cm) :
- moophnead |

x-ray (1 A) 100 nanomelers 290 320 400 740
ELECTROMAGNETIC SPECTRUM
Source: Macmillan Visual Desk Reference
JoHN BLANCHARD / The Chronicle i seor
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VISIBLE LIGHT SENSOR (EYE

VISIBLE LIGHT SENSOR (EYE
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RADIO
TELESCOPES

Green Bank WV

RO
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RADIO RADIO
INTERFEROMETRY INTERFEROMETRY

e =g ANGULAR RESOLUTION:
:, 0.002 /D

(wavelength in A, diameter in cm)

2000 A. / D

(wavelength in cm, diameter in m)

Very Large Array
(VLA) in NM
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Very Large Baseline
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SPACE SPACE
TELESCOPES TELESCOPES

Hubble Space B / / A - o
Telescope -

,/,t;ﬁ)

Spltzer Space '
Telescope

SPACE
TELESCOPES

Spiral Galaxy NGC 7331 Spitzer Space Telescope * IRAC
NASA / JPLCaltech / M. Regan [STScl], and the SINGS Team 5502004120



SPACE FILTERS |

TELESCOPES ki
e filters for .
Chandra X-ray WF(C3 camera
Observatory to be installed
on the final
Hubble
servicing
mission,
October 2008

FROST SPECTRA
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TITAN

e (assini/Huygens
mission images

e Spectra obtained with

infrared photographic

film identified

methane (CH,) in 1944
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“DOUBLE
| PLANET”

13.4?6 km
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Pluto
e discovery
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DISCOVERY OF CHARON
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