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What do our eyes have to do with it?

The retina
* Rods detect light and dark

* A cones detects either Red, Blue,
or green

e Cones concentrated at the center
* Rods at outside of eye




Relative Sensitivity
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The Visible Spectrum

http://en.wikipedia.org/wiki/Visible_spectrum

red 620-750 nm
orange 590-620 nm
yellow 570-590 nm
green 495-570 nm

blue 450-495 nm
indigo 420-450 nm
violet 380-420 nm




How is light created?

e Think of an atom as a
bookshelf

 Think of the books as
electrons

e Each atom has a distinct
bookshelf not like any
other atom!




| Bookshelf for Hydrogen
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What’s Spectroscopy?
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Emission and Absorption
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What’s going on?
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What’s going on?
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This guy named Fraunhofer

Early 1800s, “Discovered” numerous lines in the solar spectrum using his
invention, the “Spectrometer”
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LRO and LCROSS
LCROSS Impact Data Indicates Water on Moon, October 9, 2009

LCROSS Observations with Model Fit
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The LCROSS science payload consists of two near-infrared spectrometers, a visible light
spectrometer, two mid-infrared cameras, two near-infrared cameras, a visible camera and a
visible radiometer. LCROSS impacted the Cabeus crater.

http://lunar.gsfc.nasa.gov/



MESSENGER Mission to Mercury

August 3, 2004 -- MESSENGER
‘ Launch

August 2005 -- Earth flyby
October 2006 -- Venus flyby
June 2007 -- Venus flyby

January 2008 -- Mercury flyby
October 2008 -- Mercury flyby
September 2009 -- Mercury flyby

March 2011 -- Yearlong science
orbit of Mercury begins

http://messenger.jhuapl.edu/



MESSENGER
Mercury Atmospheric and Surface Composition Spectrometer (MASCS)

First simultaneous observations
of sodium and calcium

First detection of magnesium in
Mercury's exosphere

Instrument Counts
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MARS Reconnaissance Orbiter (MRO)
Launch 2005, arrival 2006, primary mission end date Dec. 2010

Characterize the climate of Mars

Characterize the geoloqgy of Mars

Prepare for human exploration

http://marsprogram.jpl.nasa.gov/mro/



Water carved channels




MARS Reconnaissance Orbiter (MRO)
Compact Reconnaissance Imaging Spectrometer for Mars

(CRISM)

The presence of opal-like hydrated minerals indicates water on surface



Cassini
Launch 1997, arrival 2004, primary mission ended in 2008, in
3-year extended “Equinox” mission

http://saturn.jpl.nasa.gov/




Structure of SPECTRA

SOLAR SYSTEM DATA STORIES
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- ‘ Paper and pencil +

Computer

Graphing the Rainbow

FOUNDATION

I




necessary.

2. Cut same sized hole
in container off to one
side so that when lid is
on, holes are roughly
opposite one another.

7. Look through the bottom of
container toward the light
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3. Tape grating to
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2.5cm 2.5cm Rotate lid 90 degrees or
until spectrum is clear




Designing an Open Spectrograph

and counterpart:

Designing a Spectroscopy Mission

Distances to red, green, and violet from center of screen
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e Students measure angles
* Establish the geometry of the spectrograph
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Today’s Challenge SOH CAH TOA

The Grating equation:
Sin 3 =nA/d

In this case, n =1

d= distance between “grooves”
1000 grooves per 1mm
d=1mm/ 1000

Solve for 9.

Tan3=x/a

Solve for x.

Direction of Laser Lig&






Using Spectral Data to Explore Saturn and Titan

Students view real spectra from the Cassini UVIS instrument to compare Saturn’s
and Titan’s spectra with standard spectra of four different elements and
identify which elements are present in Saturn’s rings and Titan’s atmosphere

Students consider:
— Why hydrogen is so abundant

— Why nitrogen exists in Titan’s atmosphere but not Saturn’s rings

— Differences between Titan’s atmosphere and Earth’s with a focus on
planetary habitability




& Goldilocks a

Students use historic data on the atmospheres of Venus, Earth and Mars to compare and
contrast levels of CO2.

Students consider:

— How greenhouse gases contribute to planetary temperature

How atmosphere and distance from the Sun effect planetary temperature and
habitability
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Features of the Sun

FEATURES OF THE SUN
x-rAY: @ ExTREMEUV: @® ® ®

visiBLE: @D IR: B

SOLAR MATERIAL
TRAPPED IN THE

STRETCH ABOVE THE
PHOTOSPHERE TO FORM

Students use data from SOHO and other spacecraft to determine how

spectral imaging is done, and what different wavelengths of light can
tell us about the Sun.

Students consider:

— Which solar features appear in which wavelengths?
— Are solar features related?

— How do solar features affect us on Earth?




