CONNECTING
CHANDRA

The Chandra Public Engagement
and Communications group is
unique in its abilities to create
innovative programs that promote
scientific awareness and learning.
We seek to make Chandra, placed
within X-ray astrophysics, space
science and science as a whole,
relevant and accessible to the
widest possible audiences.
We have helped formalize
the thread of “public science,”
developed best practices through
scholarly publications, and
demonstrated the broad reach of
our programs through rigorous
evaluation practices.
Public science, akin to public
art, seeks to place scientific
content in unexpected and nontraditional spaces for science
communications.
Key impacts of Chandra public
science programs include:
• Ten of millions of viewers around
the globe: “viral” results at relative
low cost
• Open-access materials;
grassroots programs; events in
free spaces for informal learning
• Participant learning gains &
increased interest in astronomy
and science
• New and sustained
networks of science event
organizers/”volunpeers”

LIGHT
Beyond the Bulb

LBTB is a public international
exhibition program that features
how all types of light impact
people in their everyday lives, and
showcases a variety of light-based
science being conducted today.
This project was created for the
International Year of Light 2015
(IYL), a global initiative back by
the United Nations. As with our
preceding public science projects,
LBTB provides global organizers
and volunteers with a free online
repository of curated materials
which functions as a toolkit to

Our research and evaluation
programs ensure that our materials are needs-based, appropriate,
and relevant for our audiences.
Aesthetics & Astronomy (A&A) is
a series of research studies that
aim to better understand how nonexperts relate to and interact with
astronomical images produced
by Chandra and other missions.
With numerous published papers,
invited talks and interactions with
other professionals, A&A focuses
on researching and disseminating
best practices. Results from 3 A&A
studies include:

create exhibits according to local
needs and resources. Expected
results include:

• Providing an engaging and

What happens when you

informative introduction to the
various forms that light takes,

place images from space with

an everyday experience.

public venues as parks, metro

accessible captions in such

featured in public spaces for

stations, shopping malls, and

• Showing how Chandra and other

NASA telescopes observe across

more? FETTU did just that,

including in invisible bands.

other NASA and astronomy

putting Chandra images and

the electromagnetic spectrum,

content into context for the

• Creating connections with broader physics, engineering, optics,

International Year of Astronomy

heavily involved with IYL.

years beyond. Results include:

2009 and which has continued for

and other organizations that are

•1
 ,000 versions of the exhibition,
displayed in over 70 countries,
with its content translated into
40 languages.
•S
 howcasing images from
Chandra and other telescopes
to tens of millions of viewers in
public spaces around the world.
•E
 stablishing a large network of
organizations and individual volunteers capable of communicating astronomy through traditional
and non-traditional avenues.

• Chandra website has adopted
practices to enhance visitor
experience based on user needs

such as interactive layers for mul-

tiwavelength images, annotation
of object features and clickable
question/answer formats.

• New awareness of how captions

affect the viewer’s perception and
appreciation of a science image
and its information.

• Chandra/NASA is seen as a

thought-leader in an active line

of unique research that can help

shape aspects of visual and textbased science communications.

Bullet Cluster

WHO: The “bullet Cluster,” named for its distinctive shape, is formally known as 1E 0657-56,
and is the result of the collision of two enormous
clusters of galaxies.
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WHaT: The collision that created the bullet Cluster was one of the most energetic events since the
big bang.
WHere: at a distance of nearly 4 billion light years
from Earth, the bullet Cluster is located in the constellation Carina, or the “keel” (bottom of a ship).

Here.
There.
Everywhere.

Levisticum

voLvox

If you come across levisticum in a garden, you will find a tall plant with dark green leaves and greenish-yellow
flowers. Under a microscope, however, it looks much different. Here polarized light is used to bring out the details
of this plant on the microscopic level. Polarization is used for many things, including sunglasses. This type of
sunglasses blocks most light oriented in a horizontal direction (which often happens when light is reflected from
a flat road or smooth water). Under a microscope, polarized light can help us see more by bringing out the contrast
between structures and other details otherwise difficult to see in unpolarized light. Credit: Marek Mís

In optical microscope (also called a “light microscope”) uses visible light and a system of lenses to magnify
images of very small samples. In this image from an optical microscope, a special technique known as “differential
interference contrast” that uses differences in the amount of bending of light by components of the specimen to
enhance otherwise undetectable features of these volvox. Volvox are small, colonial green algae that make up a
larger spherical colony. The bright green sphere within the colony is a daughter colony, a secondary colony growing
on the surface of an older one. Credit: Frank Fox, www.mikro-foto.de

WHen: The speed and shape of the bullet, and
other information from various telescopes suggest

WHy: The separation between the hot gas and the
dark matter in this system is direct evidence that dark
matter does, in fact, exist. The exact nature of dark
matter remains unknown, but it is thought to account for about 25% of the matter in the Universe.
More at: http://chandra.harvard.edu

A leaf falls from a tree, deftly
dancing in a gentle breeze as it floats
to the ground. A pair of sunglasses slide
across the dashboard as a car quickly
rounds a corner. A metal lid rattles
nervously under the pressure of steam
escaping from the kettle below.

VOLUNTEErS WANTED for
FOCUS GrOUP on ASTrONOMY
Join Dr. Jeffrey Smith and Dr. Lisa Smith (University of Otago, New Zealand) for an

Our daily experiences reveal much
about how our world works. Indeed, it is
contemplation of everyday phenomena
that forms our basic understanding of
physics. As far as we know, these laws
of physics are universal.

HTTP://lIgHTexHIbIT.org

hour and a half of discussion on astronomical images. This focus group will study
your perception of multi-wavelength astronomical imagery and the effects of the
WHO

Astronomers
Astrophysicists

They apply here.

X-rays FrOM
nasa’s ChanDra

They apply there.
They apply everywhere.

Jelly Bean Universe
The jelly beans in this jar represent
how the Universe consists mostly
of dark energy and dark matter.
Only about 5% including the stars,
planets and us is made of familiar
atomic matter.

In this exhibit we show how our
knowledge of familiar processes can be
applied to help us understand similar
behavior on grander scales, and in very
different environments.

Here.

that the smaller cluster passed through the core of
the larger one about 150 million years earlier.
HOW: When these two enormous objects collided, they did so at speeds of several million
miles an hour. The force of this event was so great
that it wrenched the “normal” matter in the form
of hot gas (seen in pink) away from the dark matter
(blue).

There.

This project connects familiar
everyday experiences here on
Earth with scientific phenomena
found across our planet and
throughout the Universe. As a
public science project, HTE uses
science analogies to provide
multi-generational, family-friendly
content in English and Spanish to
community centers, libraries, and
under-resourced science centers.
Results include:
• HTE covers key scientific concepts such as electric discharge,
atomic collisions, and lensing.

OPTiCal DaTa FrOM
MagEllan/nasa’s hUbblE

DarK MaTTEr FrOM
lEnsing, MagEllan/
nasa’s hUbblE

December 4th
at 3 pm

WHErE

70% Dark Energy

25% Dark Matter
COnsTEllaTiOn Carina

Jar Photo: Fermilab

WHEN

Pratt
Building P
Room G03,4

choices in processing the data. The images come from a variety of observatories,

including the Chandra X-ray Observatory, Hubble Space Telescope, Spitzer Space
Telescope, the Very Large Array, the Hinode satellite, and others. Evaluation of

such valuable data will benefit astronomy across the electromagnetic spectrum
of astronomical images, and may help visualization of data in other scientific
disciplines.

REGISTER AT:
hTTP://ASTRoART.cfA.hARvARD.EDu/focuS/

5% Everything Else

STOP
for science

Everywhere.

• Exhibit connects how the science
of space relates to everyday
life, expanding upon an existing
knowledge base.
• A traveling version of the HTE
exhibit has visited over 30
libraries and informal learning
centers since 2012.
• Demand for the exhibit far
exceeded availability, and free
poster versions and additional
open-access versions of HTE
are provided when possible.

Using the same model as FETTU,

• Informal public learning locations

this project included content from

from cafes in New Zealand to

planetary science, astrobiology,
and astrophysics relevant for
NASA’s Year of the Solar System,
which lasted from 2010-2011.
Results include:
• Putting Chandra and other
NASA and space images into

malls in Canada displayed the
materials.
• Allowed Chandra to create new
partnerships with organizations
such as NASA’s Astrobiology
Institute, participate in the new

STOP is an out-of classroom
enrichment program that conveys

STOP places Chandra and

the excitement of a wide swath of

other NASA science into a key

science topics through a series of

age group that can be otherwise

free wall posters and educational

difficult to access for X-ray

activities. Results include:

astrophysics both conceptually

• Directly relating Chandra

scientific conferences, and make

science to universal topics

fields of planetary science and

other connections with outside

of speed, light, gravity force,

astrobiology.

organizations.

and more.

context with diverse and active

• By targeting K-6 students,

and due to standards
requirements.

Light: Beyond the Bulb
lightexhibit.org
Here There Everywhere
hte.si.edu
The Link: When Atoms Collide

But even atoms are made up of smaller parts, including

Eventually, the electrons release this extra energy in the form

Atoms are the building blocks of matter. Atoms collide all of

electrons. When two atoms collide, the energy of the impact

of light. The type and color of light depends on the kinds of

the time and under many different circumstances.

is transferred to the electrons.

atoms involved in the collision.

From Earth to the Universe
fromearthtotheuniverse.org

Neon Sign.

Aurora.

Supernova Remnant.

In a neon sign, an electric current runs through a tubular glass fixture that

Streams of particles with electric charge are continually leaving the Sun and

When a massive star explodes, it generates an outgoing blast wave that

trons and atoms in the neon gas. When various electrons relax, the energy

some of them are channeled by the planet’s magnetic field toward the North

gas in this region to a temperature of several million degrees, making the

the diner door.

This produces the famous light shows we call aurorae, or, more commonly

this superheated gas relax, they release their excess energy mostly in the

is filled with gas. This electric current causes collisions between the elecreleased produces light that has a very specific color that invite us through

traveling through the Solar System. As these particles approach the Earth,

and South poles where they collide with atoms in the Earth’s atmosphere.
in the Northern Hemisphere, the “Northern Lights.”

Credit: Seacoast Signs/J. Ortega

From Earth to the Solar System

http://hte.si.edu/atoms

travels through the space around the now-dead star. This wave heats the

molecules and atoms in the gas vibrate and collide. When the electrons in
form of X-ray light.

Credit: Stan Richard. nightskyevents.com

Credit: NASA/CXC/NCSU/K.J.Borkowski et al.

THE POINT: Atoms collide and release different forms of light

THE UNIVERSE

YOURS TO DISCOVER
INT ERNAT IONAL YEAR OF

ASTRONOMY

Smithsonian

fettss.arc.nasa.gov
Aesthetics & Astronomy
astroart.cfa.harvard.edu

Earth’s City Lights

En el 1609, Galileo Galilei apuntó su telescopio al cielo por primera vez. Las observaciones que realizó de la Luna, el Sol y Júpiter revolucionaron la astronomía. La impresión que causó en la sociedad
perduró y cambió nuestro concepto del Universo para siempre.
Hoy, 400 años después, las Naciones Unidas y organizaciones alrededor del mundo se han unido para
celebrar el Año Internacional de la Astronomía (AIA2009) bajo un lema central: “El Universo, para que
lo descubras”. Su meta es lograr que las personas a través del globo se unan al comprender que las
maravillas del Universo son parte de una herencia que tenemos en común. Una Tierra. Un cielo.
De la Tierra al Universo es uno de los proyectos pilares del AIA2009. El atractivo mágico que tiene
la astronomía tiene mucho que ver con las imágenes fantásticas del cosmos capturadas por la flota
de vehículos espaciales y telescopios en la Tierra. Estas imágenes, junto a las mejores imágenes de
observadores aficionados y astrofotógrafos, constituyen la parte central de este proyecto. El objetivo
es que la mayor cantidad posible de personas disfruten de estas imágenes mediante su exhibición en
lugares públicos como centros comerciales, estaciones del metro, parques, aereopuertos y otros.
Las imágenes “De La Tierra al Universo” son “para que las descubras”. Tal vez las encuentres inspiradoras, asombrosas o bellas. Tal vez su reacción será diferente. No importa lo que usted encuentre en
este proyecto, esperamos que se dé cuenta que el Universo—y todos los misterios maravillosos que
contiene—nos pertenece a todos.

h t t p : / / w w w . F r o m E a r t h T o T h e U n i v e r s e . o r g /

Distancias
El Universo es inimaginablemente grande. Los planetas
de nuestro sistema solar orbitan el Sol en un espacio
de 7.5 mil millones de millas (12 mil millones de kilómetros). Eso de por sí es un número enorme pero se queda
pequeño cuando se compara con la distancia a la estrella
más cercana al Sol, Proxima Centauri. Esa estrella está a
24,000,000,000,000 millas (38,000,000,000,000 kilómetros) de nosotros.
Como Próxima Centauri es uno de los objetos más cercanos a nosotros, está claro que los números se vuelven
gigantescos si hablamos de cosas en nuestra Galaxia
o más lejanas aún. Para describir estas distancias tan
grandes, los astrónomos usan una unidad que llaman el
año-luz. Aunque suena como una unidad de tiempo, un
año-luz, es en realidad, una medida de distancia. La luz
viaja a 186,000 millas por segundo, y un año-luz se refiere a la distancia que viaja la luz durante un año, que se
traduce en 5,865,696,000,000 millas (9,460,800,000,000
kilómetros). A través de esta exhibición usaremos el
“tiempo-luz”—segundos-luz, minutos-luz, y años-luz—
para tratar de ayudar a tener un sentido de la escala y
dar una perspectiva de dónde están estos objetos en el
Universo.

Colores
Todas las imágenes que se ven aquí son en color. En
muchas imágenes los colores son aproximados a lo que
usted vería si se pudiese acercar lo suficiente y sus ojos
fuesen lo suficientemente sensitivos. Los telescopios
pueden ver mucho más que nuestros ojos. Son más sensitivos, pueden distinguir luz y color más ténue y son receptivos a otras formas de luz (ondas electromagnéticas)
fuera del espectro visible—ultravioleta, infrarrojo, rayosX, ondas de radio y otros. Para las imágenes realizadas
con esas partes invisibles del espectro se asignan colores de manera que la luz “más roja” se le asigna rojo y la
luz “más azul” se le asigna el color azul. De esta forma
se hace un mapa de la luz invisible, como los rayos-X o
la luz infrarroja para crear imágenes que podemos ver.
Algunas imágenes se toman utilizando filtros especiales que se concentran en un proceso físico particular,
como determinadas composiciones o temperaturas y
estas frecuentemente se le asignan colores de manera que puedan mostrar mejor la información. Son demostraciones hermosas de cómo la astronomía moderna puede ser parecida al arte.

Este material se basa en trabajo apoyado por NASA bajo la propuesta 08-EPO08-0068 otorgada por el Directorio de Misiones Científicas.
Otros reconocimientos: El “ De la tierra al Universe” El proyecto (FETTU) fue iniciado por el centro de la radiografía de Chandra (CXC), en el observatorio astrofísico de Smithsonian, en Massachusetts de Cambridge. El CXC suministró la ayuda adicional y el desarrollo para FETTU. El texto de la introducción derivó
de Science Photo Library.

This collection contains some of the most spectacular
images taken by telescopes on the ground and others in
space. The exhibit is entitled “From Earth to the Universe”
to underline the connection from our home planet to the
phenomena seen throughout the Universe. While these
objects may be at vast distances, they are all part the
cosmic environment to which we belong.
Astronomy enables to ponder some fundamental
questions: where do we come from, where are we
going, and what else is out there? These images provide
snapshots to some of the answers we, as a species,
are learning. We hope that this exhibits enables you to
realize that the Universe—and the mysterious wonders it
contains—belongs to us all.
Credit: Data: Marc Imhoff of NASA GSFC and Christopher Elvidge of NOAA NGDC. Image by Craig
Mayhew and Robert Simmon, NASA GSFC.

Luces de las Ciudades de la Tierra

Esta imagen de las luces de las ciudades de la Tierra fue
creada con datos del Programa de Satélites Meteorológicos
de Defensa (DMSP, por sus siglas en inglés) y su sistema
“Operational Linescan System (OLS)”. Fue diseñado
originalmente para ver las nubes con luz lunar, el OLS
también se usa para hacer mapas de localidades con
iluminación permanente en la superficie de la Tierra. Las
áreas más brillantes son las de mayor desarrollo urbano,
pero no necesariamente las más pobladas. Las ciudades
tienden a crecer a lo largo de las costas y de las redes
de transportación. Los contornos de los continentes se
pueden distinguir aún sin un mapa de fondo.
Crédito: Marc Imhoff de NASA GSFC y Christopher Elvidge de NOAA NGDC. Imagen por Craig
Mayhew y Robert Simmon, NASA GSFC.

STOP for Science
chandra.si.e du/e du/stop
NASA’s Chandra X- ray Observatory
chandra.si.e du
Harvard-Smithsonian Center for Astrophysics
60 Garden Street, Cambridge, MA 02138 USA
Phone: 617.496.7941
When Stars Go

Twitter: @chandraxray

BOOM

cxcpub@cfa.harvard.edu

Explosion will takE placE somEday

Explosion took placE rEcEntly

Our Sun is too small to explode. But Betelgeuse is a massive and
bright red star in Orion that will explode some day.

Crab Nebula from a star explosion.

Chandra X-ray Image

Illustration of our Solar System

Our Sun is a Star

NASA’s Marshall Space Flight Center in Huntsville, Alabama, manages the Chandra program
for NASA’s Science Mission Directorate in Washington. The Smithsonian Astrophysical
Observatory in Cambridge, Massachusetts, controls Chandra’s science and flight operations.

It is the closest star we’ll ever see. It is about
5 billion years old, and will live for about 5
billion more years. But not all stars live this long.
Really big stars, those 10–20 times bigger than
the Sun, live only a few million years. And when
they burn out, they go out with a bang!

STOP
for science
http://chandra.si.edu/edu/stop/

running Out of Gas
The energy from a star is the result of gravity,
which pulls all of its matter toward its center. This
compresses the center and makes it so hot that
fuel there undergoes a process called nuclear fusion. This fusion releases energy that holds up
the outside of the star against gravity. But when
the center runs out of fuel, the outer layers come
crashing down. Stars like the Sun get crushed
to the size of the Earth in this process. For stars
much larger than the Sun, this process causes
a massive explosion. These supernova explosions blow the star apart and, for several days,
generate more light than a billion stars.

Explosion took placE long ago

Hubble Optical Image

Supernova 1987a

The Crab Nebula

In February of 1987, a university student was
working at a telescope in Chile. He looked at the
pictures he had just taken with the telescope and
saw a very bright object that he knew he hadn’t
seen before—and he knew this part of the sky
very well. He went outside, looked up, and could
see it with his naked eye. He had discovered
a supernova! In this case, we actually have pictures of the star before it blew up. It was a giant
blue star, and pictures of that region show the star
is no longer there. But pictures with the Hubble
Space Telescope show rings of matter that were
thrown out from the star before the explosion. The
outer rings were thrown out about 20,000 years
ago. The Chandra X-ray Observatory shows us
that the explosion is now reaching the inner ring,
making it so hot that it glows in X-rays!

In 1054, Chinese astronomers recorded the sudden brightening of a star. It was so bright that
it could be seen during the day for months!
They had witnessed a supernova. The explosion
in 1054 left behind the Crab Nebula, a bright fuzzy
looking object with very energetic particles. The Crab
Nebula can still be seen with a small telescope.
An arrow marks the star
before the explosion.

After the explosion, the supernova
Hubble image of SN 1987A outshines all
the other stars in the region.

