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Somewhere there are mountalns
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- Somewhere there are r|vers
-Flowing fast and free. 0

~ Somewhere there are r|vers_
That we can never see -
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_ . Somewhere there’s a planet

* . Thé people watch our tiny sun
a And Wonder where we are

Beneath an alien star

One day perhaps we’ll find them. #,
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o ..Perhaps through ways as yet not known |
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» . e Sllde from William Boruckl

NASA Ames Research Center
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Education iIs not the filling of a pail,
but the lighting of a fire.
William Butler Yeats

It IS the supreme art of inspired teaching
that awakens the joy of learning.
Albert Einstein

Hope Is the thing with feathers that
perches in the soul and sings the tune
without the words and never stops at all.
Emily Dickinson



NASA’s Educational Strategic Framework
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NASA’S next
generation
space launch

system
(SLS)


http://www.youtube.com/watch?v=mLQL2TfPHQA
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The search for habitable worlds:
Environments, Materials, and Processes



Data for exoplanets prior to 1995
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Flight Projects | Sciences and Exploration

(EN National Aeronautics and Space Administration
Goddard Space Flight Center

" Books

ASA

Translations Games

Missions

| Math Engineering

Math in the News Math Videos

Space Math @ NASA

SpaceMath@NASA introduces
students to the use of mathematics
in todays scientific discoveries.
Through press releases and other
articles, we explore how many kinds
of mathematics skills come together
in exploring the universe.

Social Media
Join our Listserve: For email

announcements about Space Math,
join the E-Teachers Listserve.

For the latest news about our
resources and upcoming products
stop by our facebook page by
clicking on the button below.

Surveys

Take our Surveys: If you are an
educator, please also consider
completing a brief survey regarding
how you use this resource.

Teacher Survey: Enter Survey
Student Survey: Enter Survey

Case Study School: Enter Survey

A behind-the-scenes lock at the math in NASA press releases

Problem 420: Gravity Probe B Confirms two Einstein
Space-Time Theories [Press Release]

Students learn about the Lense-Thirring Effect, and
calculate its magnitude near Earth’s orbit using an
algebraic equation with integer and fractional exponents.
(PDF)

Problem 419: Shuttle Endeavour Heads to Space Station on
its Final Mission [Press Release]

Students discuss the popular misconception that the
Space Shuttle can travel to the moon by examining the
required orbit speed change and the capacity of the Shuttle
engines to provide the necessary speed changes. (PDF)

Problem 418: Supercomputers: Modeling colliding neutron
stars! [Press Release]

Students use a millimeter ruler, and a series of still
images created by a supercomputer, to study the speed of
collision of two neutron stars, and determine whether they
will form a black hole. (FDF)

Problem 417: Estimating the Size and Mass of a Black Hole
[Press Release]

Using data from NASA's Swift and Chandra satellites,
students explore the concept of light travel time to
determine the size of a black hole and its mass. The black
hole was discovered 3.8 billion light years from Earth.
(PDF:417) Additional= 423 424 425 426 427

NASA 4-minute videos featuring math
resources [click here]

Problem Archives

Problems 1to 38
Problems 39 to 64
Problems 65 to 101
Problems 102 to 148
Problems 149 to 233
Problems 234 to 342
Problems 343 to Current

Partnerships

Featuring
01, | Technology
o J Through Time

Essays

5UN EART Sun-Earth Day‘
i

http://spacemath.gsfc.nasa.gov
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- KEPLER

http //WWW kepler arc. nasa gcrv

~

2 Launched.o‘n.» i
" March 6, 2009

1 4-meter prlmary mlrror X,

- ~105 stars on 4-yr mission
- 20 ppm -detection limit - '. X
0.002% on 12t mag. star © .+
430 890 nm AN

Y.




Animation of NASA’s Kepler spacecraft in orbit



http://www.youtube.com/watch?v=54fnbJ1hZik

Kepler images
of stars being
continuously
monitored

~ for variations
In brightness



Kepler images of stars being continuously
monitored for variations in brightness



Illustration of dimming caused by a transit

BRIGHTNESS

T ——————————————————————————————————
TIME IN HOURS


http://www.youtube.com/watch?v=vjdxJQj4QHY&feature=autoplay&list=PL19C72465C51B6BE0&playnext=2




Exoplanets are (usually) not directly visible since
they are lost In the glare of the host star



http://www.youtube.com/watch?v=88l2re9xW_4&feature=BFa&list=PL19C72465C51B6BE0

From Earth, the
transiting planet dims
the starlight during its

transit.

The fraction of
dimming is the ratio
of thelr projected
Cross-sections.
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S. Ballard, et al. (2014) Kepler-93b: A terrestrial world measured
to within 120 km, and test case for a new Spitzer observing mode.

Astrophysical Journal, 790, 16pp.




Initial brightness = 1.00000

A P ]T Final brightness = 0.99974
A -t Dimming = 0.00026
T R R. = 639,000 km
)

(Radiusplanet)2
(639,000 km)?
(Radius,zner)” = 0.00026 * (639,000 km)?

0.00026 =

(Radius; ) = 10,300 km = 1.6x Radiusg, ¢,
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Hotter Stars

Habitable Zone is the gréen rég-ioh



Gliese 667C ¢ (4.54 Mg)

CREDIT: PHL @ UPR Arecibo (phl.upr.edu)



Gliese 667Cc at 22.1 light years
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Habitable exomoon by Dan Durda




TESS = Transiting Exoplanet Survey Satellite (launch in 2017)

~2 million, G- and K-type stars to be studied
~400x more sky to be surveyed than Kepler

-

-~



http://www.youtube.com/watch?v=mpViVEO-ymc
http://www.youtube.com/watch?v=mpViVEO-ymc
http://www.youtube.com/watch?v=mpViVEO-ymc

Starshade Cbncept A

Inner Working
Angle (IWA)

Separation distance
37,000 km

+1 m lateral control +250 km

« Contrast and inner working angle are
decoupled from the telescope aperture size *
A simple space telescope can be used
No wavefront correction is needed
. No outer working angle .

Telescope diameter 1.1 m



http://www.jpl.nasa.gov/video/?id=1284
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Problem 420: Gravity Probe B Confirms two Einstein
Space-Time Theories [Press Release]

Students learn about the Lense-Thirring Effect, and
calculate its magnitude near Earth’s orbit using an
algebraic equation with integer and fractional exponents.
(PDF)

Problem 419: Shuttle Endeavour Heads to Space Station on
its Final Mission [Press Release]

Students discuss the popular misconception that the
Space Shuttle can travel to the moon by examining the
required orbit speed change and the capacity of the Shuttle
engines to provide the necessary speed changes. (PDF)

Problem 418: Supercomputers: Modeling colliding neutron
stars! [Press Release]

Students use a millimeter ruler, and a series of still
images created by a supercomputer, to study the speed of
collision of two neutron stars, and determine whether they
will form a black hole. (FDF)

Problem 417: Estimating the Size and Mass of a Black Hole
[Press Release]

Using data from NASA's Swift and Chandra satellites,
students explore the concept of light travel time to
determine the size of a black hole and its mass. The black
hole was discovered 3.8 billion light years from Earth.
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Important points
Planets are common and diverse in the galaxy.
Planets (<10x Earth-mass) are common
Estimate of 10°-10%° habitable planets in our galaxy
Low eccentricity orbits are not common
Characteristics that define ‘habitability’ include ...
semi-major axis of orbit within Goldilock’s zone
stable, long-lived stars (F, G, and maybe K, M)
absence of tidal lock (?)
size of planet (~0.5 - 5x Earth-mass)
age of planetary system
environmental cycling of elements (e.g., tectonics)
presence of magnetic field (?)
planetary albedo and atmospheric composition
tilt of planet’s axis of rotation (obliquity)
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Will be to arrive where Westarted
And know that place for the first time.

T. S. Eliot In “Four Quartets”
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