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What is a Gravitational Wave? &

Space tells matter how to move.
Matter tells space how to curve.
— John A. Wheeler

http://preposterousuniverse.com/spacetimeandgeometry/covercrop.jpg
http://zebu.uoregon.edu/ph121/hb/amy/merc.jpg
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What is a Gravitational Wave? &

- Change in matter distribution = Change in curvature
- Propagating change in curvature = A Gravitational Wave

http://lisa.jpl.nasa.gov/gallery/binary-wave.html
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What is a Gravitational Wave? &

Animation from http://www.ligo-la-caltech.edu/Posters/index.php
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Gravitational Waves are Small! &

Gravitational Waves Measured 1n Strain h=—

h~107%

AL=2D, . (107")=1x10™"
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http://nobelprize.org/nobel_prizes/physics/laureates/1993

http://www.jb.man.ac.uk/news/neutronstar/neutronstar.gif

Hulse

In 1974, Russell Hulse and Joseph
Taylor discover a new pulsar
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The Hulse-Taylor Binary Pulsar

http://arxiv.org/abs/astro-ph/0407149
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http://www.atnf Csiro .u/ews/press/netron_binary/
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How Do We Detect Gravitational Waves?
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LIGO and Interferometry &

End Mirror Interferometry
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A

ILIGO - aLIGO

Advanced LIGO

Steel suspension wires
leading to upper metal

suspension stages

Silica fibre

Class. Quantum. Grav. 29 (2012) 035003

- |Initial detectors (2002 — 2010)

- Upgrades
» Laser4.5Wto 125 W
» Mirrors 25 cm diameter, 10.7 kg to 34 cm, 40 kg
» More sophisticated suspensions
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LIGO = aLIGO A

INITIAL INTERFEROMETER SENSITIVITY
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Image Credit: LIGO
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LIGO-G1600275

ILIGO - aLIGO
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LSQ A Network of Gravitational Wave Detectors &

Operational
Under Construction
Planned

Image Credit: LIGO
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LIGO-G1600275

Image Credit: eLISA
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Laser Interferometer Space Antenna &
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Image from http://rhcole.com/apps/GWplotter

eigen*Talk

15



Target Sources &

+ Binary neutron star inspirals and binary black hole inspirals
- Spinning neutron stars

 Bursts from supernovae etc

- Stochastic background from indistinguishable sources and/
or the creation of the universe

http://hubblesite.org/gallery/album/entire_collection/pr1996023a/

http://www.jb.man.ac.uk/research/pulsar/doublepulsarcd/
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GW150914: What did LIGO See? ()
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GW150914: What did LIGO See? ()

- Binary Black Hole Inspiral
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I GW150914: What did LIGO See? ()

> e

\\\ 2
Image Credit: NASA Deep Star Maps and LIGO

Image Credit: Roy Williams, Caltech and
Thomas Boch, CDS Strasbourg
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GW150914: What did LIGO See? ()

‘. .

Movie Credit: LIGO
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What Did We Learn?
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® Evaluating the Efficacy of Black Hole Pong a_nd its
successors in arousing interest and promoting
understanding of graviational wave research

nathan Wheeler!

Andrews 8 University

October 2015

4

METHODOLOGY
TESTING IN HIGH SCHOOLS

We are working with public and private high
hool physi y teachers to create
activities will be designed to allow students to
as part of the class™
nd pre- and post-tests will evaluate
hanges es towards GW research as well
as understandings of basic astrophysics

ABSTRACT
We propose a study in which high school

astronomy and physicsstodents participate in an
actvity which utilizes Black Hole Pong, Pre- and

BLACK HOLE GAMES
BLACK HOLE PONG

LIGO seeks to raise interest the non-scientific

In 201
University of Birmingham, UK

a novel remake of the classic 1972 arcade game. curriculum,

BHP was met
with great

enthusiasm at
science fairs i

with younger
players.

Eim
{
BLACK HOLE MASTER [@]

Successors (0 BHP, under the collect Horet
-, i ing s expected 1o occur thi
e i Black Hole Maste s being developed 1 ol ©
content, a0d incrensing engagenmens b et
i same thatis both educational and 8 *
aging.
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Learn More About It!

A

« Join the Search for Gravitational Waves
» Einstein@Home  http://einstein.phys.uwm.edu/

« Learn More about LIGO

» LIGO website http://www.ligo.org
» Einstein’ s Unfinished Symphony by Marcia Bartusiak
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