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T nl 1l
A Guided Tour of the Universe FHANDHAL K7y —

Carter Emmart, PhD.
Director of Astrovisualization, AMNH

Thank you all, and it is an honor to share with you today a tour of the
universe. This kind of presentation is still new, made possible only since
the turn of the millennium by technological advances, which have
dramatically increased data capture rate, data access, and ability for
data to be interactively displayed in immersive settings. At the turn of
the Millennium, both my museum and efforts here in Japan had similar
ideas to repurpose the planetarium as a 3D data display to show the
currently mapped universe.

Starting from an aerial perspective of Earth, we see the familiar flat
horizon and the domed sky above. Accurate recreation of the sky
above us with diurnal motion, and motion of celestial bodies was, and
remains a central concept of the planetarium recreating the night sky
as we experience it, in two dimensions. What is new here is our ability
to travel upward, or rather, outward into the true 3D layout of the
universe.

We knew the earth was round, yet it was the astronauts who first
experienced seeing that fact, and photographed it, allowing them to
share their experience with the rest of humanity. Our flat horizon has
been a powerful illusion of a world so large as to be nearly
incomprehensible in extent, amount of resources, and room for disposal.
Going into space we see the horizon bend and curve back on itself
revealing this limited world of ours. It is this perspective which launched
the environmental movement as we know it today, global in reach with
greater understanding of the earth as a total system. Undeniably, we
find earth to be beautiful. We react to this beauty as we react to the
beauty of nature, at once familiar in color and detail of a world we
depend on for our survival, a world we have evolved on that has
shaped our palette of vision and defined our senses in living in harmony
with it. No other planet has such a color range as we see on earth.
Water in three physical states, dominates the view with 3/4 of the
surface in liguid blue, white vapor clouds in an endless parade of forms
and white snow and ice at the poles and mountain tops. Browns, tans
and reds of wind swept desert give way to the unique living signature
of our world in rich and varied shades of photosynthetic greens
nourished in oceans and fed by cascading rivers of water across the
exposed surface like the blood in our veins. Enclosing us like a jewel,
an insulating, pressurizing atmosphere, kept warm by the Sun, scatters
the blue light of sky seen from above as a glow, and quickly diminishes
to the stark black of space in 30 km, less than width of Tokyo city.
We live out our lives consuming other life dwelling together on a
paper-thin biological bubble caught between space and the rocky bulk
of a planet still churning, shifting and venting, warmed inside by the
radioactive decay of elements forged in supernovas predating our solar
system. Spinning once a day on an axis inclined to its orbital plane, a
procession of seasons occurs, as we orbit this ordinary star, our sun.
Seen from Earth, we watch the Sun and other planets wander through
the constellations of the zodiac.

This image is being built as we speak with data as current as two
hours ago, as NASA collects such a daily mosaic every day since this
satellite was launched in 1998. Twin polar orbiting satellites, AQUA
and TERRA have been doing this job, collecting two mosaics daily at
half a km resolution, and in many different wave bands than the
standard red green blue we see here. We also see gaps between plus
and minus 30 degrees latitude where the acaquired bands of coverage
spread out beneath these polar orbiting satellites. From the height of
the International Space Station, with this data we effectively
reconstruct what the astronauts see on any given day, but we can
also go where it did not, and see things it could not.

This 3D model of the International Space Station, or ISS, comes from
NASA plans, but was built here in Japan by Takahei and colleagues for
efficient real-time interaction allowing us to study its parts, come close
and see what it must be like to be there. It is worth noting that the
real ISS could fit on a standard professional football field. Here we see
the Japanese Experiment Module with its own exterior platform and
robotic arm.
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The ISS is typical of other Low Earth Orbit satellites, which orbit only a
few hundred km above the surface where the effects of tenuous
atmospheric drag are minimized. These go around the globe in just 90
minutes, traveling at 28,000 km an hour. The number of satellites
plotted here are about eleven hundred, while the number of objects
being tracked are far more, roughly 40,000. Farther out we see two
distinct groups of satelites: a ring hovering far above earth’s equator
and another in between. The ring at 36,000 km shows the
geosynchronous satelites, with an orbital period of 24 hours, matching
that of earth, so that they hover above a preferred location along the
equator. It has gotten so crowded since the first one, Syncom 2 which
was launched in 1963, that we can see some orbits are inclined into
slightly less favorable orbits which cause the satellites to wander north
and south in a periodic fashion as seen from the ground. Lower, the
highly inclined, crossing orbits are from GPS relay satellites. All
together, these satellites we have come to rely on have become
known as our "techno-sphere’, and it is of obvious concern that we
keep our satellites safe.

One threat is radiation associated with solar storms. Earth’ s molten
iron core creates a deflecting magnetic field, called the
magnetosphere, which would look something like this, if we could see it.
These are the results of the research group at Boston University. It
shows the form of earth’s magnetic field as calculated by a model,
constrained to observations during a particular solar storm in October
2003. We see the effects of the solar wind shaping our
magnetosphere as it flows around it. In the direction of the sun, our
magnetosphere is compressed by the solar wind, and during strong
solar storms, it can be pushed below geosynchronous orbit, requiring
attention to harden satellites there with preventative measures.
Behind the earth the magnetosphere streams into a giant tail, where
field lines break and reconnect trapping ions from the solar wind.
Converging toward the earth’s magnetic poles, these ions spiral down,
interacting with the earth’s ionosphere above 100 km producing the
aurora. Our magneto-tail length varies, but easily reaches beyond the
Moon, which orbits about ten times the distance of the geosynchronous
satelites.

The Moon, our nearest neighbor is a challenging 400,000 km away, the
farthest humans have ever traveled, now almost fifty years ago! The
light and dark features are large enough however for us to see with
just our eyes, from earth. With a telescope, Galileo could clearly see
that the lighter parts were mountainous, ringing the smoother darker
parts, and a predominance of round craters. At first, Galileo and
others thought these smooth areas to be seas, the origin of the Latin
name, “Mare” , that is still used. Being one quarter the diameter of
earth, our moon does not have enough mass to gravitationally hold an
atmosphere. In stark contrast to our paradise earth, the moon has no
air, no liquid water, no life, and no color. We see only layers of ancient
impact craters and slightly younger smooth flows of extrusive
volcanism. NASA’ s Lunar Reconnaissance Orbiter, or LRO, gathered
this global atlas of both image and height, shortly after the very
successful, Kaguya mission by this country. A more limited, older
photographic mapping can also be shown from NASA’s Apollo 15
mission, which was conducted in 1971. The coverage shows migration
of the ground track of the Command Module over 5 days in lunar orbit,
and emphasizes the solar lighting in that period. Coming closer to the
edge of the great Mare Imbrium, to a place known as Palus Putradinus,
the “swamp of decay” , below the beautiful Apennine Mountains, and
next to the river like lava channel called Hadley Rille is the landing site
of Apollo 15’s Lunar Module, Falcon, which carried the first car to the
Moon, the lunar rover. When | showed this to commander, Dave Scott,
who piloted Falcon to the surface, he told me that he and Jim Irwin
smiled at one another because of how beautiful it was to fly over
these mountains. Let’s hover to quickly look at the geologic map,
which was prepared for this mission. We can see distinctions between
uplifted basin rim mountains, volcanic flow, Mare flooring, outcrops in the
rille, and cratering materials. From here we can also appreciate the
rover traverses the astronauts drove on three expeditions. On their
second outing, they drove partly up the flank of Hadley Delta and
found a crystalline rock of anorthosite, 4.5 billion years old, the oldest
rock yet found on the moon. Multiple lines of evidence support that
the moon and earth were the result of a collision between two
pre-existing proto planets. Shortly before the time this rock formed.
Coming toward the landing site, we switch to high resolution LRO
imagery of less than one meter. Can you see the base of the lunar
module, Falcon? And here we can see the lunar rover and the science
experiments left behind. Leaving the moon, we fly westward, as did
Falcon, crossing Mare Imbrium toward the bright young crater
Aristarchus and the very large Schroter’s Rille, much bigger than the
one explored at Hadley. With no atmosphere, we can see more and
more fine topographic detail as we get closer to the shadow line of the
terminator. Passing into darkness, let’s head for Mars...
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As amazing as it was that we sent humans to the moon nearly a half
century ago, have you ever considered while eating lunch, that since
you woke up about four hours earlier, you have actually traveled the
distance from the earth to the moon as earth orbits the sun? The
same distance took the Apollo astronauts three days to travel. This is
true because our speed around the sun is quite fast. Mars, the next
planet out from the sun takes twice as long to race around the Sun, so
roughly every two years we pass it. Depending on the opposition, we
can be as little as 50 million km away, but we cannot instantaneously
travel there, and must launch away from Earth toward where Mars wil
be when we expect to get there. The least energy orbital transfer
takes between 6-8 months. Mars is half the size of earth, and has
enough mass to gravitationally hold a thin atmosphere. We see a
world of features that seem caught somewhere between the earth
and the moon. Craters like on the moon, but also giant volcanoes,
planetary scale fault canyons and fluvial channels now known to be
carved by water about 3.5 bilion years ago, around the same time we
find the earliest traces of life on the earth. The best color global
coverage of Mars was assembled from Viking mission imaging over
thirty years old. The means of assembling this mosaic predates later
satellites, which mapped from a planetary center basis, which gives it
slight mis-registration in comparison to more recent maps. In 2001, the
Mars Odyssey orbiter mission carried the Themis infrared camera,
which mapped close to full global coverage. Themis obtained a
resolution of 100m. Here we see the imagery over a height map
which was gathered by the Mars Global Surveyor mission, which went
into orbit around Mars in 1997, the same year NASA also landed
Pathfinder successfully with the small Sojourner rover. More recently,
the Mars Reconnaissance Orbiter’ s Context Camera, or CTX ,
obtained roughly 80% global coverage down to 6m resolution. Here,
with CTX, we see truly what Mars looks like about as good as we see
Earth from an airliner. We have mapped this world only second to our
own. By doing this and using domes to visualize the results, we are
not only projecting images, but the images recreate the real setting of
alien worlds which allow us to project our presence there too. Mars
presents a particularly challenging set of questions about going there,
and whether people should go at all. We already know various ways
of how to send humans there, live off its resources, and even set up
colonies if only we had the budget between nations to do it. And
Mars is the most earth-like world in the solar system. But, we don’t
yet know if Mars has life, and if it does, we had better explore it
robotically before we contaminate it with our life forms, which will
happen if we send humans. In our profession, we will take more people
to Mars, virtually, than we could ever hope to send physically. And yet,
as beautiful and fascinating as Mars is, like the Moon it reminds us of
what a true paradise our own planet is by comparison.

Missions to the outer solar system have pushed our instruments to the
ultimate frontier.

Using NASA’s ephemeris system, we can plot the intricate dance of
complex missions like Cassini at Saturn. Here we see the evolving
orbits of that mission, color coded to display missions phases in the
four-year primary mission, from 2004 to 2008. Cassini was placed into
a carefully designed orbital resonance with Saturn’s largest, cloud
enshrouded moon, Titan. In this period of time, 45 encounters allowed
a progression of gravity assist maneuvers that allowed mission
engineers to gradually change the mission profile to examine various
aspects of this vast planetary system.

If we move away from Saturn we can see the paths of the four
probes, which have left the solar system. The first two where
launched in 1972 and “73, called Pioneers 10 and 11. Pioneer 10, being
the first probe to go beyond Mars and cross the unknown hazards of
the asteroid belt reached Jupiter to obtain the first close up pictures.
It’s twin, Pioneer 11 was placed on a more radical path by sweeping
under Jupiter’s south pole to then whip upward in an inclined trajectory
toward Saturn, arriving there in 1979, fourteen months before
Voyager 1, already on its way.

Voyagers 1 and 2 were launched in 1977, and encountered Jupiter two
years later. Both spacecraft were much more sophisticated than the
Pioneers, carrying a full array of instruments, and much better
cameras. After Voyager 1 successfully accomplished its mission at
both Jupiter and Saturn, Voyager 2 was aimed at Saturn precisely so
that it would then encounter Uranus in 1986 and Neptune in 1989
using a particularly favorable planetary alignment of that time.

We draft the trajectories of these four probes out to the year 2050,
when they would have been in space for 75 years, about an average
human lifetime. At that point they will be just beyond the distance it
takes light to travel in one day. It takes light from the sun four hours
to reach Neptune. Six times that, one light day. And yet, it takes just
over four years for light from the nearest star, Alpha Centauri, to
reach us. Four light years is more than 4000 solar system diameters,
if we consider Neptune’s orbit as roughly the edge.

Beyond Neptune are the icy bodies of the Kuiper Belt and beyond that,
the realm of the comets making up the Oort Cloud. Long period
comets indicate this Domain which occupies a sphere of loosely
populated icy bodies left over from the formation of the solar nebula
with a radial extent of roughly a light year.
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Maybe one day, as our colleague, Ebisuzakisan suggests, we might
learn to populate comets by hollowing them out to live inside and hitch
a ride out here. And if other stars have Oort Clouds, maybe we could
then switch onto their comets as means of migrating between stellar
systems.

Out here amongst the true 3D layout of the stars, our familiar sky
begins to distort, but play with this long enough and you begin to
recognize it even in 3D. Familiar constellations parade by in line of site
with our sun, but then distort, as we see them from the side, showing
the true distances of stars to one another. Delightfully, we now sail
through this real distribution of the stars.

Let’s again turn on the familiar zodiacal constellations. These allow us
to watch the effects of how they distort as we fly out. In order to
get an idea of the distances we are looking at, we can see the
nearest star to us, Alpha Centauri, which is four light years away, Sirius
at 8.5 light years, Procyon at 12, Altair 16, Vega 26, and Arctaurus at
40. Aldebaran is 70 light years away and is at the edge of an
expanding shell of radio and television carrier wave emissions from
earth. Our expanding radio sphere, here visualized with orientation to
earth’s celestial coordinates, allows a convenient metric for us to
consider as our local solar neighborhood which includes many of the
stars we see in the night sky. While we orbit here we can see the
orientation of the ecliptic with the distribution of the zodiacal
constellations. In addition, we clearly see the Miky Way band orienting
us to the larger system of stars we are part of as a galaxy. Hidden
amongst the stars, we now highlight the exoplanetary systems we
have so far discovered, the first one found in 1995, 51 Pegasi. As we
look at this set of about 900 confirmed worlds out around our own
solar system, it’s interesting to think how our radio signals have
reached all of them within this sphere. We listen for radio signals from
other worlds but so far see no signs of any. We can also show the
Kepler mission’ s planetary candidates of several thousand in number.
These use stellar transits by planets, which are in line of site to stars
continuously observed to detect tiny, periodic drops in light. These
observations had to be limited to a small part of sky, chosen
perpendicular to the ecliptic as we can see in relation to the zodiacal
constellations. The Kepler sample can be considered representative of
what surrounds us in all directions, like we see from the other data set,
closer to home. We now understand that planets are a normal
phenomenon, and likely outnumber the stars.

Let’s gain a more distant perspective to appreciate our small place in
the Miky Way Galaxy. The stars we have charted with distance, from
the Hipparcos star catalog only numbers about one hundred thousand,
but we know the rough number of stars in the galaxy is a couple
hundred bilion! Add with what we are finding about exoplanets, and we
can easily say our galaxy probably has over a trilion planetary worlds.
How many could hold life, or complex, intelligent life? We know that in
our Miky Way Galaxy, it at least has one.

We live about half way out from the center of our galaxy, a distance
of about 25,000 light years. The light we see from there, left when
we were hunter gatherers making cave art and hunting animals with
stone tools, about twice the time since the Neolithic period when
humanity began agriculture.

Just as we orbit the sun, the sun orbits the galaxy, along with all our
stellar neighbors, just like the animals on a carrousel ride. In the time it
takes me to speak to you today, we will have traveled 800,000 km in
the direction of, and following, the star Deneb. That is twice the
distance to the Moon in just one hour. Just as the galaxy is
exponentially bigger than the solar system, however, so are the
timescales. While it takes one year for earth to go around the sun, it
takes 250 milion years for the sun to go around the galaxy. And just
as the earth’s orbit is a stable, nearly circular orbit, so too is the sun’s
orbit around the galaxy. This is not so for some other stars we can
calculate orbits for.

If we consider the galaxy as a giant clock, with the current
understanding that the sun and solar system are roughly 5 bilion yrs
old, then we, in a sense, have been around the galaxy 20 times. What
were we doing just one turn back? Life, carrying our eventual
genetic code was just crawling out of the ocean. Two turns back, life
had just managed to go multi-cellular. For most of a dozen or more
trips around the Miky Way Galaxy, we, as life, were simple, unicellular
organisms, bacteria.. Let’s consider when the dinosaurs died off, 65
million years ago, one quarter of an orbit back. Now the dinosaurs
don’t seem so old, do they? How about our own human origins? 150
thousand years ago, homo sapiens developed. You and me as we
recognize each other, as far as we can tell, speciated less than one
quarter of one degree of one orbit back. A tenth of that for what we
consider civilization... Now let’s consider all those exoplanets, even if a
lot of them nearby us were twins of earth, capable of life, consider
how brief it has been for our own planet to have had a species capable
of space travel and interstellar communication.

Moving away, we see our nearest galactic neighbors. Closest to us
are the Magellanic Clouds, companion minor galaxies who's light left
there about 150,000 years ago. We have other minor galactic
neighbors, but the biggest neighbors to us are Andromeda, M3 1, and
the smaller Pinwheel galaxy, M33. Light we see from these galaxies
left just over two milion years ago, the time of early hominids. These
nearest neighbors make up what we call the "Local Group", and as we
gain distance we can clearly see how the universe is not evenly
distributed at this scale. We see clusters, and strands of galaxies.
Over here we see the Virgo Cluster, so called because it is seen in the
constellation Virgo, way back down on earth. Out here, just like we
lost sight of the sun, we begin to loose site of the Miky Way, our Home.

HEATHIABE AN, EZS WODR BECELIENTESLDIIC
ZORAMELIFEE, EVFNSIIDLS [CHBFASEEICRETHSI &
BTEDLICBBEDPBLNRN EBEO Lo VELASSICHDOEZICA—
WEDENH IS . BEELL BEEROMEBETHIFRELTHEEICRYSR
ABIENTERMDBLNERA.

CCEBN 24D 3D DEBROPTE. HIRADHZEDHEFHEML
LHEF.LHL, LIES<KESLTWSD L, 3DDEAEmTH> THEDHTE
REUROET BB LALEENKBELE LB (CHI> THATHETH. Th
MWEHL, AESSBODE ENTNOEDERMMIRENE T IERIY 7
ICER2#DEBSNILEHEXNVTNKDTY,

BUBHIRADHEET —BEICRYEL LI AINROELTIT EEDL
SICEMTENERIBENTEEI.BOTNIENDEREERT B/ H(C,
BOEBREWERTNT 7T I VNAREDBTHEL £ 4 KFHMNTVET,
SO R BERE, TAFF UL 12KE, TILTAIVIE 16 HEF. NH(F 26
FE TV b o)L R(E A0 RETT 7IVF /NS 13 70 ERN. Z Z(3HhEk
MHEDSIARTVEBRBEBYBBOBHDEZSBICAVET . LAL
Ik SERPE< BERLAL TOWET, CHIFHERORAEZCHITTE
REAFULLAEBDOTI N RETHRASE<DELXEFATEY . ABRROIE
BEDOREERZ H7c 8 [CIIRBEZIER T KNS 70 AFDZ O TH
BLTWAE, BETZEEORBEHEOHANRYET.MX T RDJID
HEHERORA L WO KREBEDEFAD—EE L THRET 52 L &HHEICTRL
TNET B4 BN T REETLRESNARABEZBLIRLTHE
FTH, 1995 FICHIOTREENE LA NRHRRES 1BTT. 24215 L.
HADABRRORE Y [CI34 900 DR S NARBH Y.  OMREICHIRD S
DERESPINTES EZXHEEEKRVNETT MR THRORNSDE
BIESEZIMAS ELTLWETH. VWEDEZAADKBROHY EHA.TT
DIy arZlCLUBONEETHOBRERBEHICONET. NS
FRECEEMEBZFALTOET . ZEJEEONEICH Y . BEESHBEN
ICHABFEL< Zo 72y ARIICARRENAY T B EMRBESNET. NS
DBEAREDONSHBACTRSNAEFNIEY EHADT, BE+_2ECE
LCEARBECEERBFNRENET. 75 —DY T IVEILH DM
FERUBOODRRTHAHLEEXAETL. DT —INORBELYHA
BHEDTT HRETRBEDHFLERLHIHAKRTHY., EELEETHHT
FELTVSEEBLTVET,

RONSRADKBERE WS NEIIEFAEBED D HIC. HILLEBNTHE
L& S BNEIBFANSHDZNE4(E, Ev/NUVIRDODERTIZIH 10 AEL
PEZSNTWERAN. SRAICHDEDNZTOEIT 2,000 &5 3,000 E(E
THBENS ZEBDPOTVET RELARNBREEMZ 5 & K2 DIRA
BHEES TRKBEULOROHFEETZ2THEO LBBICEAET.ENIFED
. VWOEMR. MWERDVBDOTL £ 5D RONISRACIIDES Eb—
DHELET.

KONOFLHSHN. HHDZ DB Y HRADHLHS 25000 KED
ERTT. 2250k ARSHRRER TREE D < YRHTHE L TU
BEICHN, BHAHE - LHERBRAD SRS TORMO 2 E15EBL
RETT.

HIKDAEZEED LD IS ABFHAEMODEL LB IS BEAEOHYIOLS T
SRAZE> TOWET . ABHBIAICEFEEZLTVSZOBICH. TRTDAME
I2. ZOHEICEDLE T80 H km BiRITEZ LA LICADTLL D . ZNIEIZ
AD VBB TAANDEROD 2 BICHSLET. L L SRANS KRR E Y gz
BBHICKVERTH S ERAHKIC.HRRED LY KREVDOTT, Ik AR E
1ETI1AT2—AT. KBEMWRATZE 1 BT 524 285000 FELHYET,
DD, HERDBIE, [ZIFAEOMBETREL TOWET L, RAZE S KEEOH
EHEDLSBKETT . K4V PEEHHTEDLSBELREIDTY.

RAEERGBEFHEEX DL ABEXBRIIEE LT S0RELREIHE >
ThEY. HBEWR. KBERIZFAZ 20 EHE L ECARVET. 1TARD &
AERAZELTOVAETL £ S0, ThRERNTETFERERDS. bs
SEBNOHTELEZATY. 2ARS L. EMIIB LD ESHMMICBAED
ELAEEZATT. RONIRAZ 12 @, SHVFbo LED EEMmITEMRE
B, NOTUTZTLIBEPERBLBEZEXTHEL L 5. NI 6,500 B
FHl. 49D VARSKLECATTEITLL D . BBRZARICHNILET
BEVNDTEANWTL &S M. DNDONAEDEREES TL £ 5. 15 AEHL
REFEIVAPHERLELIZ BIBAMYTLLOD, EXABHE. H13E
APHZTADD B, 450 1 ELVBAZVEICELL THIEEZRRLLD
TT.ZD 105D 1 TUANPRHELELL. TNTE, 2TORNREEEZ
THEL &S MRDES DENSHLTHIRERFOL S BBRET. ERERHF
DOFAEMDNHBLELT. ENETRVBICFHERITPERIZI -V —>3>
ETRRNEFDEVEFIDBRETHOLNEEXATHEL LD,

BHEL T —BEVEERITZRTHEL LS. BHAEVDORIES VEL
TNICHES FAMRAT, ZORIE 15 AEFICHANIXTT ONSAEE
RAbLHYETH, —BREMRIRAIZT > ROXAS, M3 FhLY NS BE
SRIAL M33 T, SN 5 DIRAIN 5 DK 200 FERT AN, #IKTIIHIA
HOBRTT. CNSDEBOIRAIZNDY S FERAHELB L TOET B
NTOWKEBIDRT—I)LTIRIMAICFHIBEICEREENTOAELHENS
EMRFOEY EDDHYETIRICED. SRADOBIBENRAET. CETR
& ZHRERARNRAET MIRICIBR>THDE ZREDFICRZD
DTESHFINTOET. COMEEHD & KBFEREV., H2OBMTH S
RONERAZEREK>TLENET,

RITRARRE

BARERE
REVTS)—

FvoAT

VALV RT4NLNT

AFAT
e

WEZARKY

28



RITBARKY

BAREIE

Bhats

RIVTSU—
FyoAT
YAIVRTANLHT T
AFAT

TR

WEZRRRY

29

When we first displayed this map of galaxies in our dome in 1999, it’s
author, Brent Tully had only 3500 galaxies. His set now numbers
about 30,000. Let me add to it some newer data. These are the
galaxies of the Two Micron All-Sky Survey, or 2 MASS. This survey
became available in 2003 and has about one milion positions. We can
see a gap in the data which happens because our position within the
Milky Way Galaxy actually blocks our view of the galaxies beyond,
especially far distant galaxies which appear very small and dim.

Beyond the 2MASS galaxies, two deeper surveys make up our best
assessment of galaxies at the greatest distances yet mapped. We
display here the Sloan Digital Sky Survey and the Two Degree Field
Survey. Both of these surveys were done from observatories on
earth over the last decade, while 2MASS was conducted from space.
All represent a tremendous on-going effort to refine this picture, but
the farther one attempts to look, the more difficult it becomes to
measure. So, these surveys have yet to complete full coverage of the
sky, creating wedges of what’ s been mapped, and blank where has
yet to be.

Plotting galaxy distances is made possible by Edwin Hubble’s discovery
of the expanding universe, where distance is related to speed away
from us, which we measure spectroscopically. Albert Einstein had
predicted an expanding universe in 1915, and although others had
recorded incredible speeds for galaxies, it took Hubble, working from
the largest telescope in the world, on Mt. Wilson to determine galactic
distances. Hubble observed that the farther galaxies were faster in
apparent speed away from us, the signature of cosmic expansion. The
Hubble Law equates distance and speed and allows us to measure this
vast amount of galaxies, about two milion measured so far. ubble law
HEven farther are quasars, mapped in both the Sloan and Two Degree
Field surveys. These objects are so far away, we see them as they
appeared bilions of years ago in a very bright stage of galaxy birth.

The earliest stage of universe we can see is a microwave signal,
coming from all directions across the universe, the Cosmic Background
Radiation. Out here, we are no longer charting individual objects at
great distance but rather a condition of the very early universe implied
by the expansion that Hubble discovered. Our universe almost
fourteen billion years ago was compressed, hot and rapidly expanding
from a moment as far as we can tell, without history, the Big Bang.
Here we see our unique perspective of our surroundings about 370,000
years after that event, when the density of everywhere fell enough to
finally allow light to run free. The colors we see are very slight
temperature variations within the signal corresponding to tiny mass
fluctuations which are the seeds for the large scale lumpiness of the
universe we see later in time, and closer to home, in galaxy
distributions. With light, we cannot see beyond this earliest time of the
universe, so it is effectively our horizon in look-back time. Think for a
moment about the farthest galaxies we can see, from a period a few
bilion years after the Big Bang. In whatever form they have evolved
to, they might look out and see us in the ancient past. We are each
limited to a visible look-back sphere of the universe, each the same size
but each centered on its own position. They can see farther than we
can see in one direction and we see farther than them in the other.
The universe is larger than we can see, and it may infinite, but remains
beyond our reach.

So now, lets come back to the present, and where we are today.
Flying home into the observed galaxy distribution, let’s consider one
last thought. We are only seeing two million galaxies, but can
extrapolate that a couple hundred billion are within our observable
universe. We know that in our galaxy, we have at least one civilization
to have put together this picture we see here today. If there was just
one such civilization in each galaxy or two, think of this as not just a
mapping of galaxies, but perhaps a mapping of places where other
beings have made, or will make a similar observations.

We come to know the universe by seeing it, and in all its vastness
could it not be looking back at us?

Thank you.

And | would also like to thank my former students, founders of SCISS
who made this Uniview software in a series of internships at my
museum with Linkoping University in Sweden. Toshiyuki Takahei, who
has contributed to that effort greatly, especially here in Japan. Stuart
Levy at NCSA in the US who enabled us with Partiview from which
these efforts started, and my close colleague Brian Abbott who
maintains the Digital Universe Atlas at AMNH. Also the efforts at
NASA, namely Lucian Plesea, formerly at JPL for enabling Uniview’ s
globe browsing system, and the developers of the SPICE solar system
ephemeris system.
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Thank you very much for coming to this talk, and a very
special thanks to Itoh-san for inviting
me to present as part of the Dome Festa.

New Academy

| would like to introduce you to the place | work, the
California Academy of Sciences, in its fiveyear-

old building in Golden Gate Park in San Francisco.

| want to call your attention to two things:

- first, we are a natural history museum—or as we like to
say, a natural future museum—with active research in
the life sciences as well as home to an aguarium and
planetarium.

« second, we use our location in a park to help connect
people to the natural world—our mission is to explore,
explain, and sustain life on Earth.

This is important context for the work we do in the
visualization studio.

Original Academy Building, Exterior

History is also important. The Academy’ s history
stretches back 160 years, and this image shows our
original location on Market Street near downtown San
Francisco--- The building on the left.

Original Academy Building, Interior

Beginning in 1891, visitors could explore the many
artifacts one would expect to find in a natural history
museum:--- While Academy researchers explored the world
on expeditions.

This is my first core observation: we must honor our
history and continue to bring authentic science
experiences to our audiences.

Earthquake Damage

But the Academy’ s history changed greatly because of
the 1906 earthquake and fire, which destroyed our
building and the majority of our collections.

Academy in Golden Gate Park
The Academy rebuilt itself in Golden Gate Park, on the
same location where we exist today---

Africa Hall with Dioramas

And inside our new buildings, visitors could imagine
traveling to other places, such as Africa, through the
dioramas you see lining the walls of this room.
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Diorama

Each diorama painstakingly recreated a specific location. Is
is a window into another world using artwork and
specimens—an immersive experience of the time!

| remember walking through the halls of the American
Museum of Natural History with Cartersan, and he
astutely observed that our work in astronomy continued in
the same vein as the scientists and artists who created
these dioramas.

My second core observation is that the immersive worlds
we create must combine artistry and science.

Original Morrison Planetarium

In 1952, the Academy opened Morrison Planetarium, with
its original star projector built in San Francisco.

It was a three-ton data visualization machine that
surrounded visitors with one specific data set:

the stars of the night sky.

Morrison Computer
State-of the art technology of the time cataloged
locations for 3,800 stars.

Computer Print-Out

Or to look at it another way---

This is my third observation: data visualization forms the
core of modern, authentic science.

Current Computer Clusters

Today, our computers have changed considerably, as you
can see in this image of the current machine room under
the planetarium dome:---

New Morrison Planetarium

The new, fully digital Morrison Planetarium allows us to
create tightly-focused, visually-driven stories—or as | like
to call them, “narrative journeys.”

Much like the museum dioramas, we can take people to
new worlds!

Except now we place people inside these environments:
not outside looking in, but traveling through the
environments we create.

And although we offer astronomy programs at Morrison
Planetarium, we focus on a wide range of topics---

Earthquake Logo

For example, our most recent production, Earthquake:
Evidence of a Restless Planet, which has shown here at
the Dome Festa. Again my thanks to Itoh-san.
Earthquakes are important to the history of San Francisco
and the Academy—and important to the lives and safety
of many people around the world.

We want our visitors to learn, but we also want them to
think about how they can change their behavior based on
want they learn. We want to address not just their minds
but their hearts.

Earthquake Simulation Video

We decided to tell the story using many techniques,
including supercomputer simulations of the 1906
earthquake created by Lawrence Livermore National
Laboratories:--

On the left side, we see the regional simulation that
covers the Bay Area, with the surface shaking shown on
the top and slip along the fault plane below.

On the right side, we see the global-scale simulation, with
the surface shaking again on top and the propagation of
waves into Earth’ s interior shown below.

Recreation of 1906 Market Street

To help people to identify personally with these science
data, we put them in a real place. This image shows our
“diorama” of an actual location in 1906 San Francisco—
with specific buildings and even specific damage
recreated from historical references.

To help people understand the connection between their
everyday lives and the abstract simulations | just showed
you, we need to connect these two worlds.

| would now like to show you a brief video that puts these
pieces together---
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EVVYXDAYE1—HTY. LB RERDOKIMTTE 3 8 0 0BADEDME
EBHLTOELE,

AYE1—SDERIAE T BIOBENSH D L. N MOE=DRRE
TIB. T = ARLBRAMOMELRZORLERRL TNET,

BRE AVE21—FE SA RELECEFEFELL.TIRIUVAR—A
DFDBREDY L —VI—LADBERICHBRTENET.

FEUYITSXIUDIATT,

HLOWIITFZINDEIY TSI UDAICKY ARBRREN.RE
B BB YR MEEDOH BIRIT EVWWEWDTTH, TOKDIHHE
ZRIWHT CENTERLIICRYE LA BYEDOZFSIDLIIC.A2E
HFLWHRAESENTHENTEET,

COESICREICALERBT 2D TELEL ELEADSBLHZDHTD
< . HK4DBIVELAERREZRT20DTY,

BUYYITSRIVUIATIR RXZOT OS5 LAERBLETHLEHD
FEYIICESEHTTVET,

Earthquake D EH I TY,

BIZIE. FWESDOHRHOMESRIE R - I MR VEBZEET SREDTM
EVWSHET ABBREVELELS. FREA.HYDBESTENELE,

B TSP RAETATFEI—DERICEARPEEEA.ZLT, H#
RADZDALDEHERLICES>THAYTT .

REEDH L ICIFRZATWNEREELWDTTY, £, FALZEEEIC T
BELEDLDICERDIENTERINICDOVTHEZXTELLOTT . MHT
FA<LICRAZVDDTT,

RO 2I V-3 VEFFTYT . H4R Z<ORBEEVHEEDD
Z &ICLE L7, Lawrence Livermore EISIFRRFFICL YD 5Nz 19 0 65
DBOR—=/N—AYE1—5223 -3 VHFHTTT,

ERIEBRIE—FO simuation T EMSENTOES . MIBEICA > T
BYRAATOET,

AMIE, &KYKESEFEED simulation T, thEAHSBWENT, IRO R
DRDEEDEHANTOET,

1906FNY—Ty AN —bEZDLSICBELE L. ALHEA
HICCNSDYA IV AT —F ICRRBEFDDEMITRHICH4IHSZE
AYDIBFHICENTNEET,

Making-of Video

The “dome master” appears on the left, showing a
fisheye view of the second scene of our film.

Our 1906 San Francisco is based on both historical and
modern imagery.

We combined supercomputer simulations of ground shaking
with knowledge of construction materials to reproduce the
buildings’ movement during the earthauake.

We shift to an abstract representation of the city to allow
people a more intellectual, less emotional response.

We created custom software tools to visualize terrestrial
data sets.

We integrate regional and global supercomputer
simulations using simple, intuitive color representation.

And we tested the visuals and narration with audiences to
confirm that they could understand the story.

This accompanied our submission to the Visual Effects
Society awards, which led to Earthquake becoming the
first planetarium feature honored with a nomination for
Achievement in a Special Venue.

Middle Harbor Shoreline Park

For our upcoming show, we want to teach about
ecosystems, with the goal of connecting our viewers to
the natural world that exists alongside our human-built
world.

Go Pro Rig

We are using a variety of software and hardware tools to
accomplish this, including these compact and affordable
clusters of GoPro cameras:--

Crew Using GoPro Rig
We are currently using the GoPro cameras and other
equipment to capture fulldome video and still imagery of
different environments.

Reconstruction of Angelo Forest

We can use the imagery directly, but we can also use the
multiple images to reconstruct the locations in three
dimensions using photogrammetry. These are modern,
digital dioramas!

Because these scenes are digital, we can manipulate them
in surprising and informative ways.

For example, we will make the ground transparent in this
shot to reveal the mutualistic relationship between
mycorrhizal fungi and the tree roots.

These immersive experiences can allow people to see the
natural world in a new way.

LIiDAR Imagery of Angelo Reserve

And we can integrate our digital dioramas into other
ways of looking at ecosystems, including LIDAR surveys
of entire river systems that reveal connections over wide
regions.

Video of Middle Harbor Shoreline Park

Using all these tools—authentic science data, immersive
experiences, and informed artistry—

we hope to inspire both understanding and affinity for the
world around us.

Thank you very much for your kind attention.

COBKIZ 1906 FEY LTS5V RADRBDFHRESASITRLEL
e ERMERESEICLENSOHEDRBYCTOWELERLELL ALY
BWOEDEELINERELIELD A simuation EDDRMY ZEBELTHED
DEIIZDIC. CNEDOMREDRIFILENHZDTT.

ZO2DDMREDRFIEEFFEBRELEL LD,

EFAERICDOVWTHELETS.

R=LRRY="DEMICHYETH. IEBORIKD2FEBD - DR

[RE2—ZRLTLET.
190 6FLBFOY TSI AIBEENEKEFROBEKRICEDNTNE
ED
HMEOBROBMOENEBIRT 5/20HIC. A== 21— THERLE
WEOENDS 23— 3 Y ERERMOMBZE DRITE L HOBKR
EBEBRLAEZEICLY ALDORBENERIGHINA SN, KU MBICEELTD
55 EMTEELE.

IO LTHIRICET 27 — 9ty FERRLET 2ROV I YT
V—=IVEBIVELE. LTIV TERNGEERREE N BIRNR L2 TEN
BA=N—=AYE1—-92a23b—2a L THALELEERPANEE
BELTNTVBNED hEBRIKEST L —2 3 Y TREBICERDA X ICT R
r&EL&ELE.

CNERGHRHBAEICIEELELELZ 3. “Earthauake” (75 RF U D
LABRELTREMOTD. HRMERIGEREC/ S R—PENDEVIRE
EWVeEEELE.

Middle Harbor Shoreline Park T3,

ROBHETE, TALVRTFARDVWTOHEEBEFELEZVLEBOTOE
T HEHERTOAIAEAIHICOS SNEHROEICHFET SEARAREDR
F5Z&LEBAMELTVET.

GoPro DM T . AAEBHETRDEDICH LBV I D7 EN—RD T
TEFERALTOWET . BEOL DI/ N TFE GoPro DTS RE—H
ASEFEALTVNET,

IV —RBE TN R—AETFHREPRA S LREOBEREBE T SEIC
13 GoPro MH * 5 Lt DM EERLTNET.

Angelo Forest DBAICDNWTHELET.

INEBHRFEECEGEED CLHTEETH ARBICERURBEEZEN.HD
HfE 3RTCTHBRT 5O ICHEBOEREFALET. Ch S5 RN
FUINCHSTENZIBTLL D,

INSDY—VRFVINTTOT, BIREERELIF oA THEED
TEETHAE BRELAOER> COBEERFREASHICT ZLHICZD
T3y MIHMELBESRETEV ELE,

NS DOFARILBRIGERIIAN 2 DHFHLWAETERRERD LN TEZD
TY.

Angelo Forest fR2I1CB8 3 % LDAR Ef§ZE CHBALET.HK4ETFPoIP
FIRETAVRATARDVWTHDAETRDIAEEMET S ENTEE
ED
LDAR FRZE(. KEECHAEZANLEOAEERS AT LAEZHASHICT
B7DDREETHHDOTINCDERBEHET.

Middle Harbor Shoreline 2XE M EF #+T¥,

NS0V =)L DEYELWS A I RF -4, AR{LEER. Z L TRED
HEEMHEEVNSOTIN, TNOEFENKR4ZRYBECHRICHT IBREL
—HREERELLCOVERVET,

CEEBUBES CENELE,

FIALT Y - 147 » b Ryan Wyatt (Morrison Planetarium and Science Visualization)

2007 £ XOY LT F I AARN Za—=TIN  F=T 2 UEA) T INVZTRETHTFI—-DOFY Y
2T IE U Y AMEEKRORESUETM O ETH 72> T, (Director, Morrison Planetarium

and Science Visualization, California Academy of Sciences)

ZTNETIE 2000 FICVZa—T I - F—=T 2 ULET AU HBRBEDENA T - TIXFUT L

® Science Visualizer ELTTF V) « TI5RFUTLDAL TV

VHFEICBD - TE M. KX

FREOT—% - E2a7 71— a O b HERERICHT 2 nglilt 707 J Az R4
B 7o B— AWGIER 2 JUYE L IR 215 T2, 1 —% — « TV — FREIIT R— LM

IR EBRARMGE I L T Y HBEONA AT ELTHISN TN S,

EARTH QUAKEe: EVIDENCE OF A RESTLESS PLANET, 2012

LIFE: A COSMIC STORY, 2010

FRAGILE PLANET#* EARTH’ S PLACE IN THE UNIVERSE, 2008
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BARERERI A S F— A7 £ A% in Hitachi @ EBHER—%

At )V B — KWHRER

ERBES  {ERA / Tite EZ® / Director HlfER4t - H& / Production company fitias 4t - Bl4& / Distribution Company
A-1 L& ZADT 4 —FE / Syokotan Wonder Universe (28min) At & AZAZI /NI T SR YU D LAKRSH/ KEEE A=AI/NET 55U LKA
A-2 X=SNbA—=IPU—X THT —E—LE—DEEH] / ZULA Patro-Under the Weather(24min) Deborah Manchester Zula USALLC /  Spitz Inc. HReU 7S
A3 MO THE PLANETRUM AY AY | BR7’5% v b / TAKANOTSUME THE PLANETARIUM 2 (25min) FROGMAN THRTA=5—X Dy /NUHARH HREHDLE IHYRTO-—5—X vV BkREH
A-4 FEH—=/\)b (24min) BERT #AetUT S BRetU 7S
A-5 547 LWOBEDESYEE / ONELIFE (40min) AT - H BBC EARTH BRAHE 50\

A6 FEHRANDOKLT 75 v oR—IVICHE (25min) NHK. 8 [X/NEP HRRHDEDE I F ¥ —X

AT FTAYVEENP-TL S | (25min) THEE HR S ABEIFHITHR HREHARALTRER

A-8 2)IHh57 I TEEEA~FEHA LB / Toyokawa to the ALMA Telescope: An Ongoing Journey into Space (35min) RO ETT. Bk KE#. /IS5 AZHAZI /N TS5V D LKA

A-9 a7/ ) DEE / Aesthetics of the stork (12min) EREEE
A-10 B=—EDYFNDAY—KEE / Secret Lives of Stars (25min) FUYR-R—F— E & S /HA S ABAFEHREM HX S ABAETIR
A-11 PEVEE e ) g TIAYII—T4 A2 bEREH A=ZHI/NET 535V Y LR
A2 RFLFEIXOBH (21min) AZ—=Z4 F R VA, IWFRIFFE WEIR TR BRAHRY -S54 hRYH
A3 B/ B~A—05 EMEOFHERDH T~ / Color of the Arctic sky (26min) EmAEZ HREHA —/\ b= BREHA -\ b=

A-14 MUSICA~F (3722 L 1\ ? / MUSICA-Why is the Universe Beautiful? (26min) LiRiER BREHES AT HREHS AT
A-15 ELT0EE (109hR) / Mt Fuji (11min) KAGAYA BREHKAGAYAR Y Ut ABERFMRA. A=HI/IWVITSRIVUDA VTS
A16 Ny RVEPIOFEEHE (27min) HFEARS HASHDDESF ¥ —X B RHDEDE S F ¥ — X
A-17  Tokyo Night Sky (6min) ANYLEIFA MK/ hESTRZ IO hAiv/LESTRY I HAHL/ FESTAY O b kKT
A-18 #+—05 / Aurora (17min) SRET BE HFIREHAND You, KRR ILEIZEE HIRS4AND You
A-19 We are ALENS! ~7R & 5[3FHA | ~ / We are ALENS! (25min) Max Crow NSC Creative BABIRGIMERE : 7 1 AN —/N— U8R A=NI /WS T75x5 U0 AKRRH
A20  BHFEBRRE~FUAVEHLATILEYRNEID 2~ (23— MR) (26min) NH#— DKEIFRREYS—/THRTA-5-X Py /\UHRASH IHORTO—5—X Jv/AUkREH
A-21 Z2—/X—RIVT 4 / / Super Volcano (24min) Spitz Creative MediaMirage3D, Thomas Lucas ProductionDenver Museum Nature and Science #xet VTS
A-22 Earthauake (30min) Ryan Wyatt Morrison Planetarium

A-23 ZHEDE / The star of hope (30min) WA - Rl BEHHE HAAHDADE S F + —X

A-24 To Space & Back (25min) Annette Sotheran-Barnett Sky-Skan, Inc. in co-operation with the Franklin Instiute Konica Minolta

A-25 A—05 BREEFEDIHKDS VR (25min) HRARHDEDE S F +—X HRAESHDEDE S F ¥ —X

A-26 BRAITDIZFSEE 74V EEEHBIRUR) (25min) #HAESHDEDE I F v —X HRAEHDEDE I F v —X

A27  Syiar-bo 75y oA=L /MSSION TO THE BLACKHOLE (25min) BB NRA - VSRR BRER 75y OR—VRIFRAS BHALHABALHARR. HALHDIDE S F v+ —X
A-28 #2 Dl (25min) A=A MR DH BRSHMRY -1 bR DA BRAHRY—SA NRY DA

A-29 ERo>aA=/N—R ({REE) / Hidden Universe (40min) Tony Wright MacGilivrayFreemanFims #HALdES5

A-30 Dream to Fly (35min) Paulina Majda The Heavens of Copernicus Sky-Skan

B : iR E S
B-1 PICASSO i %1%% / PICASSO - A Chrinicle Development of a Deep Diving Drone (57min) HEXRIE I ITBGE N B R RTEE WMIITBEENBEARAREE
B-2 7 h#=&BAE / Red Crabs and The Lunar Cycle (51min) LN HARH—H A B’ —hA
C: bL—5—1Ef

c-1 Thirty Meter Telescope 832 X E 1% / Thirty Meter Telescope (3min.) BABRFARRBELRNE. hARLRBEFZHATHR

C-2 LRELEDBRILDY » TBEDF- / The sea of the Ki peninsula - The northernmost sea with coral reef - (3min) HETERL LK F fILKFE

c3 Tokyo Night Sky - POP Version (6min) ANYLEIFA MK/ hESTRZ IO NAY/ hESTEY b HHL/ FESTAV ISR

C-4 /= ¥ R/ —<> /NORNAN THE SNOWMAN (2min) NRfEE IHVRTOA-5—-X v/ AUHkRAH IVR7O-5—X JvNUkRait
5 FHILVAR—% —~2061EFEFHDIR~/ SPACE ELEVATOR (2min) oH OB EFTMRBERHABEL Y —/TO/RTO-5—X v/ HREt IHVRTO—5—X vk Rett
C6  THAUNERBBYEAAT TS5 U ARHHE N L —5— / Expanding Universe (10min) TAUNBREBMENATF VT SHIVD L HREH BB LHRF

c-7 T =R YT d = —~HEKDETBEDHE~/ Earth Symphony (1min) KAGAYA BIRAHKAGAYAR Y D% AWNEHRER. A=ZHI/NETSRIVIA UTS

S: ZEHM

S-1

Lichtmond - Universe of Light

Giorgio & Martin Koppehele with Thomas W. Kraupe

Planetarium Hamburg with bluphase.media
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F—ATx A% ¢ EWHER A KRBEERCR

F—A7z ZAZWREPIZ BBt =2 (FL—F—fEf. ZFHRMER) 2RI, KBCSNEIhkzli4LkD
[REBRMN-Z) BRMho7) REE) O3BRBETHREL TWEEEELE.

ZOER, EMIGRIINZEmIE. BIFO#@o TL 2,

BB, FEHIZ, XBIR ISICEMNIGEINZEMT. G027 UZAY) a7 —RESNEL K,

551457 : MUSICA ~FHIZBEELEL W ?

HITEAE © 20134F
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HfERH - Bk AR5 1T
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EBRELNWERL 2.00ARHITHD X7,

207 2 BN S IV @SN ~FilinN Epi < il

HITEAE : 20134F

BB IRORMT WK KR TR R

BIfEEAL - Bk 3= h NI TS5 U T L&

TEMBEEE © BTN D TH o AR KFZZEIRINT. KEBRER T
SFORENH O, HAOERE K FOFAIMEZ XA E Uk, ZOEFETWSHIE
N, HEARAITHEEL. BOTIVIEEOY —F —2BOEARIEAS . &
JITHEEN, ERANPEZWAEZHAOER R LFORREE, BIITHOREREED
2RI 9 % ST 7 0 JA A Rl & el

B3N HEOREE (10550

HITEAE : 201 34E
% KAGAYA
HIfESAL - HA © HIRSHIKAGAYAR Y UF
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AZAI NI T I U LAt katv 75
VEMBES: - HPGEPEE o ZAAANDLDSD S EE i, WEQEZEEE LIl
DLEME =LV IEVITEND X7, @REMAKImEGE TR 1 Y& RE L,
N=IVE L. JBHOZ%EHmME, SEMIThE> TR KT 7258 Lo 2 o
WEIHITBEUALEI N,

REFEH  A-OSHPREBICEYNITEZAvE— FEEFRE - RBWRE  T3eRE] kLA

SRR : 20134E6 H4 H (K)~8H 2 H (&)
JESHEREL © 5 MR CRmfEM 1,

b iR

R—2fEs : 5)

F—AT7 A% :a—bFurSLa05 A s - AEE

AVFAEF-

5 4 MEBRRFR R ETRR AT, RELH
FMGEERT 27V - OHEREHNEL, B
2 FEPER A GRS K O BHERIER O3 > 7 X b
ZEELTVET,

3MH &2 4L, B EBMED RN TV
R— WG, RO FHifERMEZFELE L.

AEH

2013 9 A 23 A (A -f) F—A7 1 R¥ inHitachi [T LB,
BZICTEERETVELE.

BEBOAICIE. FifTH. BEM. EHE. FUSFUT o, RRE
DO5EBICEALT. TNTNS5 SBaTORAET>TEEELE,

[BEE&UER]

RESH 18 85 - 2SR
FZNVE-LERESFE 15 BR
FEERESH 15 #R
SIENRE 1= #R

KEEBICLDBELERIC, RAVTFRAMOLBERDORNS, &
BOEBROREICLS RFHAIE] 2 1 ERECEYT. AL L.
HEREF OB E, RICASERE—DBEATIRENLLELS TA
S[RE] LBVET.

EEE (S¥FRR)
Dr.Carter Emmart (American Museum of Natural History)
Ryan Wyatt (Director , Morrison Planetarium and Science Visualization,
California Academy of Sciences)
KHIER] (RRXBHIBUYERT BAY R T At AIREM
'O =NV ANBAZARER #5588 R RR)
MEHME (AL Evotr9— 25 —F)
[E RiE (54 RERHZRES EEZ8RK - tEZES.
BAZTSx& VU0 LGER BER)
FREM (684 REFHERER FBR. BIRXA XXIFEE5-)
ZER (54 EERRERES EBR. BIXXE XXEREV S —)

AEH

2V E—ALfER

NIEPpRE] KLA | ZF B

SAKURA | A% fiith
FA—OSHIEEICEYMTEAvE—2 | hiE #t

FEER
Computer Works | K% #iAER

BELBXEEUNRTRHY EHA.

Omnbbus for Reverie (R—AfER) | Bif XH&Z

Relentless Night (K—AfER - 852 E REFEZEER) | Jack White
Domemaster (RK—AfES - 55 1 AIREFEZEMESR) | Pl 548
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The message from aurora

HIfE : hil #th (Tetsuya Nakagaki)

B

REE : 75 AN THRE LA —OS2RBR G KEEFHHICRSNL &
DTHERERIEPNGS —VEEHET. F—OSHILBICEL> TS
S IEBXHIE. DETOBASBEKREFEDOP, HERE (VD FHISR
BREOBECENEN TSI LT,

BEEBAAVEM - F-OSOHENAATREA A=V ITED > B INEHL
BUBMMCEVNSGDEZEZOND, o F—OSOHRLABENESZS
NTEY., IO LEBRRERZADLOOBOPEBEI N, L, TIEA A —
PHICESAONBLSBRHTHDOT. HENZEAGELNEZBE,

S BR& B EBICTESLLN,

cA—OSDELE, BGMBIyFLTHY, BHLELE.
cREOAAELKEBNh TN S, RENBRICRZ S,

+ Curious abort technique and technology - all time lapse? layering? Overall
effect stunning , with great choice of music and oveall simplicity elegant work.

ERH : FEBA
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MN3®5&1 & UA / Trajectories of ‘'HAYABUSA’
BIFE SRR, LF FE HNR

(Akira Miura , Yukio Y. s Yoshi )

BSEF © &)1l E (Makoto Yoshikawa)

EREE : N\HEREE TIORE] . BNREA MATEADTL S 28EZ,
LEFOABHIEDNT CC THRLUELL, B NIPRE] HNERES +
AVICEBELEEDS =V ITHREY. UT 02 3 2RA —ILOMEN SRR
BETOBREHONTNET, HEE NIORE] O FHATETEHEOTH
Y. MEMUN—BINERBOETEZLTOWETHS, SEOBRKRE. RET
BT —IM5 3 RATHEBMENTELS—2TY. BYOEEA bHTH
WHICH DI/, TFORE ] BHOEIEN A5 (AMCA) DBIRMRKE LT,
BARUA PATHRRLTNET, FEBRCMABSFERTHMBRGOER
BEELTVWET,

BESAAVE - FPREORBEOBHEHNERICRREN TS VEKREN. X b=
U-HRZNEEBEEZBOVTVEVWLS L UT I3RS —ID ST IV
DHERELSDDED. EDLDICLTERETIT O ADRAENE IS,

A MNTESUTT—FTRHELEIAETOERTH>TIELM O/
CRFRREOBAT - S ICEDE BRABEEBRL TVEAILBRBES Lo,
CEHEMEOHERDTIND, EEHRICEDLS ICRTHRLLDESS H. i
FBELTHRLEWETESS D, FPREhSRAASZEA.

- Data visualization beautifully done , although it could have been flatscreen

changing perspectives (e.g. static starfield) some what confusing.
+ More cam movement around system. More reference cues to solar system ecliptic

SIBEE
F3®5&1 3 LA / Trajectories of ‘'HAYABUSA’
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F—ALTxA® :¥551 b

R—2A47x A% in Hitachi (HMEv 72 —FE) TTEMRTSERO—BZ, LTOYFTI A b
RBITTRA LR ZPEL X U7z,

© D < AXOFHIMBRPIAE @HORKIA)
S e e WOF o 27
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VT4 7H BhEEEe Y5 —)
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MRS (T ER) BHRBRE~T UL DV ENSRXTIVFET ZAMEZD 2~ (2 a—MMR).

Thirty Meter Telescope #r 4K EWUG, HERLED N THE PLANETRIUM A3 A | BRT 532y b,
T—AI T F Z—~HEKNETE2EOME~. Snowflake -Letter from The Heavens-,

F—05 REEEDINOY VA, FHRANOKKLT 7Ty I m -k

UEL i WROF AL X1

P i

B : 9O H 14 H (&), 15 H(H)

RS 0 (10 #E5) Thirty Meter Telescope fAT K EMUE, @HRBER~F U T VENSXTIVF T AN
A% ?~. Tokyo Night Sky. #Ot &0 RbDH > TELEDIHE.

et )N THE PLANETRIUM A ALY | BT S3xw b, /¥ -0 L HIROFGFHZRD T,
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EE AHRE 240 4

BLEDRE @ MRl SR EE ASPR N LB
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Thirty Meter Telescope #/r 4 KEM &, F#EHE4LED N THE PLANETRIUM AT A | BT %y b,
EHEBER~T U VENERTIVFIANEAS 2 ~E a— MR, A—0IFKREEEDIY A,

FH RANOKRKAT. Ny ZIVEMOFiiEilEE.. MUSICA. To Space & Back
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RS 2 (2 fRED) EROMK (i H & I 16:30~16:55)

i) B~F— 05 LHERO A E R T~ (W H & HIC 17:00~17:25)
2 T I H UYL THIRZER

EH 166 (e 2 MEshilsesl b i)

BLEDRE © Mk}

A 120

AL SENSECESZR—LT RS B F I MY T I FHEEEL TBMEETWEEEE L
—RBEEDEHER> TORETLEDT, BEROKLT VR T LTS Z LIFTEEREATLEDN, B
HIFHEZR TWERES ZENTEXLE,
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