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Galileo
(1564-1642)

1l Lwes NUNCIuO

On the third, at the seventh hour, the stars were arranged in this
juence. The eastern one was 1 minute, 30 seconds from Jupiter

+ closest western one 2 minutes; and the other western one wa

ist * O *x x We:

y minutes removed from this one. They were absolutely on tl
ime straight line and of equal magnitude

On the fourth, at the second hour, there were four stars arow
upiter, two to the east and two to the west, and arranged precise

Zast * . O * X We

on a straight line, as in the adjoining figure. The casternmost wa
listant 3 minutes from the next one, while this one was 40 second
vom Jupiter; Jupiter was 4 minutes from the nearest western one
d this one 6 minutes from the westernmost one. Their magnitude
:re nearly equal; the one closest to Jupiter appeared a little smalles
an the rest. But at the seventh hour the castern stars were only
2 seconds apart. Jupiter was 2 minutes from the nearer easten

sast * kK O x x* Wesi

me, while he was 4 minutes from the next western one, and this
one was 3 minutes from the westernmost one. They were all equal
and extended on the same straight line along the ecliptic.

On the fifth, the sky was cloudy.

On the sixth, only two stars appeared flanking Jupiter, as 1s seen

“ast * O P 3 West

n the adjoining figure. The eastern one was 2 minutes and the
vestern one 3 minutes from Jupiter. They were on the same straight

fine with Jupiter and equal in magnitude

On the seventh, two stars stood near Jupiter. both to the east

Notes for & re-productions of Siderius Nuncius
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How could
Galileo study
Jupiter and its

moons how!

Friday, June 25, 2010
This slide is an intro to a ~10 minute demo of WorldWide Telescope, showing how one can

visualize Galileo’s observations, and also the 3D Jupiter+moons system.



http://www.youtube.com/watch?v=_DiJkv_TosQ
http://www.youtube.com/watch?v=_DiJkv_TosQ

What can we observe!?
What can we ‘“‘see’’?
What can we imagine?

What can we explain?
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What can we observe!?
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What can we observe!?

I(E,s,,t)

Time

Intensity

Energy Spatial Position

(wavelength) (2,9, 2)

“State”
(e.g. polarization)

...and the science is in the interpretation of these
measurements into physical quantities & processes.
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What can we observe!?

Intensity
Spatial Position

T Gy )
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What can we observe!?

Iz )

Intensity
Spatial Position

(z,y )

X-Ray of Human Skull, c. 1920
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What can we observe!?

I T,t)

Time
Intensity
Spatial Position

(z,y. )

“Nova Stella”
of Tycho, 1572
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What can we observe!?

I 7.1

Time

Intensity
Spatial Position

(z,y. )

Cardiac Motion

Friday, June 25, 2010
Cardiac Motion: This is an excellent demonstration of why we need to reconstruct at various sequences in the cardiac

cycle. You will note how depending on the contracting heart, the right coronary artery is either absolutely normal or
evaluation might be considered limited by motion related artifact. This is why we reconstruct all cases at 10% intervals.
From: http://www.ctisus.org/rsna 2006/cardiac cta/videos.html




What can we observe!?

I(E, %)

Intensit
d Spatial Position

Energy T
(wavelength) ( J )
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What can we observe!?

I(E, % )

Intensit
d Spatial Position

Energy T
(wavelength) ( e )
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The Multiwavelength Universe

Ultra-high
energy Spectral Lines
Prcb>|cesksis I(e.g. Light from Very “Night Vision”: from Cold and
ack hole '
_ iagnostic “Through” Dust mission from
SUper=super Spectroscopy Very Cold Dust
novae)

- _.
»
I .
. Pt 2!

U GAMMARNYS . T XRABC OV VBIBLET - INFRARED . 0 MCROWAYE© . - RADIO”
Hot gas ina Emission from
variety of Dust Anywhere Emission from
environments in the Universe relativistic objects
(e.g. in galaxy (e.g. pulsars, fast jets);
clusters, emission from hot gas

relativistic jets) (supernova remnants,

H Il regions)
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Does the public understand “multi-wavelength sensing™?

Kepler’s Supernova Remnant
SN 1604

Chandra X-ray Observatory

Hubble Space Telescope
Spitzer Space Telescope

Full-Cloud Duta (Phase I, AR Data A vallabic)

{
|
?
i
:

\ A ) o= IRAS: Av/Temp Mags
M FcrAO: 1200

FCRAO: 130

[ ] Sphrer & IRAC 13 36,58 pum)

Spitrer c2d: IRAC 24 (458 pm)

B € € % K K <€ <
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o v v
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FE
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HST 65811”1 Ha 3.8 light-years

1.2 parsecs 60"
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http://www.cfa.harvard.edu/COMPLETE/data_html_pages/data.html
http://www.cfa.harvard.edu/COMPLETE/data_html_pages/data.html
http://www.cfa.harvard.edu/COMPLETE/data_html_pages/data.html
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4 Find more articles on infrared oil spill
& : :
: , NASA Captures Night Infrared View of Gulf Oil SN

Spill

|| Enlarge

Image credit: NASA/GSFC/METI/ERSDAC/JAROS, and U.S./Japan ASTER
Science Team

(PhysOrg.com) -- A May 7 nighttime infrared image of the Gulf oil spill

from an instrument on NASA's Terra spacecraft provides a different ) <
perspective on the oil slick nearing the Gulf coast. Leaking Oil Invades Louisiana Wildlife Habitats Download Image TR,
Ads by Google hultiple cameras on JPL's MISR instrument on NASA's Tema spacecraft were used to create two unique views - 3
. R of oil moving into Louisiana's coastal wetlands.
Barracuda Spam Firewall - 50,000 customers worldwide. No Image Credit: NASA/GSF C/LaRCAPL, MISR Team
Per User Fees. Free Eval! - www.barracudanetworks.com
. . . X Page Last I_]pxjgt;:.j June 2, 2010 Budq»‘t“ tr:ann Plans and Freedom of Information Act Contact NASA

The Advanced Spaceborne Thermal Emission and Reflection Radiometer N Page Editor: Jim Wflson E' 0 ]Jrét;tlllrt Reports f{nuax y Policy & Important Site hiap
(ASTER) instrument on NASA's Terra spacecraft captured this nighttime NASA NASA Official: Brian Dunbar nééanur. flﬁg{én}] sted N Advisory Council E,F,H,]U,,,,rw gov
image of the growing oil spill in the Gulf of Mexico on May 7, 2010. On April ) fr'JTr I'Tf;?lt'r' t[r['.“ ~“'r'r i;lr Ftt }f{l;ﬁ t'Trt'-r‘é_r']érf‘fl _H_':t*t_llrrle Open Govemment at NASA
20, an exploswn destroyed the Deepwater Horizon oil platform operating in Policies and Inventories: Gan 15 L Help and Preferences

NACA Mammunisatiane

.',-,‘

Friday, June 25, 2010



http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.nasa.gov/topics/earth/features/oil20100520-b.html
http://www.physorg.com/news192734048.html
http://www.physorg.com/news192734048.html
http://www.physorg.com/news192734048.html
http://www.nasa.gov/topics/earth/features/oilspill/index.html
http://www.nasa.gov/topics/earth/features/oilspill/index.html
http://www.nasa.gov/topics/earth/features/oilspill/index.html

What can we observe!?
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What can we observe!?
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What can we “see’?
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Data * Dimensions ¢ Display
(DDD)




| quantity | on 0 dimensions

Medicine:
My Pulse (bpm) 72
Genomics:
Number of 4

Nucleotides

Astronomy:

Speed of Light I 86,283

(mps)




| quantity Ion | dimension

Medicine:
Heart Rhythms

Genomics:

DNA Sequence

Astronomy:
Planet Transit

- =

Il VL

Nl BANTE T NFA NS N B A N e B e e A N N R R TR e . -
.

S T RS TR . TR R R TR W R e e e

30 140 150 160 170

H LY

GACAC CAAGGC CCAGCACCTCCACTCTGCACACGTAGATGC TG

)

-
Q
N

Flux (normalised

Friday, June 25, 2010

24



| quantity |on 2 dimensions
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Medicine: Genomics: Astronomy:
X-Ray “Heatmap” Photograph
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Middle Panel: Jariwala et al. Molecular Cancer 2007 6:39 doi:
10.1186/1476-4598-6-39
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Middle Panel: Jariwala et al. Molecular Cancer 2007 6:39 doi:

10.1186/1476-4598-6-39
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>| quantity | on 2 dimensions
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Medicine:
Multimodal Imaging

Astronomy:
Color Photograph

Genomics:
“Heatmap”
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Middle Panel: Jariwala et al. Molecular Cancer 2007 6:39
10.1186/1476-4598-6-39
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| quantity

Medicine:
MRI

on 3 Dimensions

Astronomy:
Spectral-Line Data Cubes
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Middle Panel: Jariwala et al. Molecular Cancer 2007 6:39 doi:

10.1186/1476-4598-6-39
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| quantity

on 3 Dimensions

Medicine: ..in two dimensions  Astronomy:

MRI

Spectral-Line Data Cubes
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Middle Panel: Jariwala et al. Molecular Cancer 2007 6:39 doi:

10.1186/1476-4598-6-39
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“Astronomical Medicine”

“KEITH” “PERSEUS”

Image size: 520 x 274
Yiew size: 130S x 733
WL: 63 Ww: 127

im: 21/249
|Zoom: 227% Angle: 0

“z" is depth into head “Z" is line-of-sight velocity

Friday, June 25, 2010

(This kind of “series of 2D slices view” is known in the Viz as“the grand tour”)
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| quantity | on 4 Dimensions

Medicine:
Time-Resolved 3D Imaging

Friday, June 25, 2010

Middle Panel: Jariwala et al. Molecular Cancer 2007 6:39 doi:

10.1186/1476-4598-6-39
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How many “dimensions” at once?

Can/should time (animation) substitute for dimensions!?

cus”

“KEITH"

To appear in: Procee Japan, March

thirteenC0_249.tif

thirteenC0_249.tif

thirteenC0_249.tif|

) ) ) o ) ) thiteenCO_2449. tif
The ability to represent scientific data and concepts visually is becoming increasingly important due to the 0

unprecedented exponential growth of computational power during the present digital age. The data sets and

simulations scientists in all fields can now create are literally thousands of times as large as those created just

20 years ago. Historically successful methods for data visualization can, and should, be applied to today’s huge

data sets, but new approaches, also enabled by technology, are needed as well. Increasingly, “modular

craftsmanship” will be applied, as relevant functionality from the graphically and technically best tools for a

job are combined as-needed, without low-level programming.

Seeing Science

Alyssa A. GOODMAN?

1. Introduction

The essential function of data visualization is to
offer humans a way to see patterns in quantitative
information that would otherwise be harder to find.
Many people today believe that computers can
always find these patterns as easily, or more easily,
than people can. The people who do not believ
computers have this power fall into two groups:
researchers who strive to create tools as good as
humans, and small children (who have not yet been
indoctrinated to believe that computers are superior
computers to humans in all ways!). The most
productive research in data visualization today is
focused on developing technology to augment the
human ability to find patterns.

' . ; 2. History
. Before the introduction of the computer into
science, data visualization took two forms: 1) hand-
drawn sketches made by researchers themselves; and
2) professionally-drafted illustrations. Some
“conventions” for making these drawings did
develop (e.g. Cartesian coordinates), but the makers
of early scientific drawings were free to draw upon
or create whatever tools and rubrics were most
appropriate to their tasks, conventional or not.

As computers entered the picture, several
important changes took place. First, on the upside,

z” is depth into IESSEN NS,

(X4

127
64 L
attmtiu:p to mif:ntation in the labeling, and 0
s of illustration. [1]
attention to the kinds of graphical details and
functionality that the work of draftspeople used to
add to science. Below, I argue that what is needed
now is for high-craft tools to be made modular and
interoperable enough so that scientists can combine
the functionality offered by various systems into
ones where “modular craftsmanship” is possible.
11:04:53 AM
7/26/05

3. Data * Dimensions * Display

Formally, we can frame visualization challenges
by thinking about interactions amongst data,
dimensions, and display. Some data to be visualized
arise from continuous functions (e.g. fitting), others
come from discrete measurements (e.g.
observational/exp - X
mnerently large 0

Made In Osirix

At cote

e

-sight velocity

(This kind of “series of 2D slices view” is known in the Viz as“the grand tour”)
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http://arxiv4.library.cornell.edu/pdf/0911.3349v1
http://arxiv4.library.cornell.edu/pdf/0911.3349v1
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-y Simulations

What can we imagine?”

The Future
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Simulations
(and “Tasting” them)




Star (and Planet, and Moon) Formation [0

"Globule” Circumstellar Disk Extrasolar System

Star-Formin

T P |

&

 Molecular Cloud Cor

g

Star C uster

—— AG’s focus... y

Number of Stars of each Mass
dN / dlog Mass

Stellar Mass
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“CMF"?

Note: IMF= “Initial Mass Funciton” of Stars, not “International Monetary Fund.”
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Alves, Lombardi & Lada 2007
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BUT: Beautiful images
like this do not reveal
internal structure

directly...
simulations >2D

observations
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“Tasting” Magnetohydrodynamic Simulations

Dimensions: 40000. AU Withou dback Time: 0. yr
Molecular Cloud Complex—| ¢
»
.“\ b.: '

Star Cluster

: '. s ;

B - t '

I 1 1 1 1 I 1 1 1 1 I 1 ] I ssTLTLT| O WYy e 5L L
=1.0 -0.5 0.0 0.5 1.0 1.5 2.0 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0
Log Column Density [g/em’] Log Column Density [g/em’]

Matthew Bati

Simulations of Bate 2009
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Tasting

E,S,QZ‘,
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Star Formation Taste Tests > Overview &=
< | & Al e AlAl =+ A https://iic.grouphub.com/projects/700257/project/log ~ Q- taste test goodman alyssa
Back to Dashboard | Switch to a different project Project Settings | My info | Log-out [JHEIE)
Star Formation Taste Tests cfa
(OWYTIl Messages To-Do Milestones Writeboards Chat Time  Files People & Permissions Search Ny
Project overview & activity New message New to-do list New milestone New file I lC
Welcome to the Tasting Room
E) This project's RSS feed
Subscribe to your project RSS feed and
be notified when someone posts a
message, comment or file, or adds or
completes a to-do item or milestone in
this project. What's RSS?
People on this project
HCO
This is the collaborative space for those who do simulations of star forming Alyssa Goodman
regions, and those who observe them. It was inspired, in the Fall of 2006, by the
NSF proposal entitled “Star Formation Taste Tests,” by A. Goodman & E. SATSLRIeT
Rosolowsky. Today, it is used to host conversations about and short descriptions
of simulatons, along with links to longer descriptions (e.g. Journal articles & web Rahul Shetty
sites). In the future, we are planning to connect more enhanced descriptions of
those simulations directly to online code bases and sample outputs, via the new August Muench
CADAC site. So, stay tuned.
Douglas Alan
MONDAY, 13 APRIL 2009
Jens Kauffmann
Relevant References relating to Bayesian Methods Rahul S.
Michelle Borkin
UESDAY, 7 APRIL 2009
BT ™) dustfit slides.odf Rahul . Michael Halle
WEDNESDAY, 18 FEBRUARY 2009 Felice Frankel
L] Taste Tests we Plan (COMPLETE Group) Alyssa G. Tim Kaxiras
ComparePRRand PRV dendrogramstocetermnethe Alyssa G.
correct—paradigm—formappingbetween-the-twe- Tim Clark
pendrograms and Simulations
raste—TFesting-gerveryto-CABAC priorto-Ringberg Alyssa C. American Museum of Natural History
Meeting (Dendrograms and Simulations
Mordecai-Mark Mac Low
link to http://wwwl.astrophysik.uni-kiel.de/asd/ Sarah B.
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Figure 2 | Comparison of the ‘dendrogram’ and ‘CLUMPFIND' feature-
identification algorithms as applied to *CO emission from the L1448
region of Perseus. a, 3D visualization of the su ndicated by colours in
the dendrogram shown in c. Purple illustrates the smalle: ale self-
gravitating structures in the region corresponding to the leaves of the
dendrogram; pink shows the smallest surfaces that contain distinct self-
gravitating leaves within them; and green corresponds to the surface in the
data cube containing all the significant emission. Dendrogram branches
corresponding to self-gravitating objects have been highlighted in yellow
over the range of Ty, (main-beam temperature) test-level values for which
the virial parameter is less than 2. The ions of the four ‘self-
gravitating’ leaves labelled with billiard balls are the same as those shown in
Fig. 1. The 3D visualizations show position—position—velocity (p—p—v) space.
RA, right ascension; dec., declination. For comparison with the ability of
dendrograms (c) to track hierarchical structure, d shows a pseudo-
dendrogram of the CLUMPFIND segmentation (b), with the same four
labels used in Fig. 1 and in a. As ‘clumps’ are not allowed to belong to larger
structures, each pseudo-branch in d is simply a series of lines connecting the
maximum emission value in each clump to the threshold value. A very large
number of clumps appears in b because of the sensitivity of CLUMPFIND to
noise and small-scale structure in the data. In the online PDF version, the 3D
cubes (aand b) can be rotated to any orientation, and surfaces can be turned
on and off (interaction requires Adobe Acrobat version 7.0.8 or higher). In
the printed version, the front face of each 3D cube (the ‘home’ view in the
interactive online version) corresponds exactly to the patch of sky shown i
Fig. 1, and velocity with respect to the Local Standard of Rest increas

front (—0.5kms ") to back (8kms™").

data, CLUMPFIND typically finds features on a limited range of scales,
above but close to the physical resolution of the data, and its results can
be overly dependent on input parameters. By tuning CLUMPFIND’s
two free parameters, the same molecular-line data set® can be used to
show either that the frequency distribution of clump mass is the same
as the initial mass function of stars or that it follows the much shal-
lower mass function associated with large-scale molecular clouds
(Supplementary Fig. 1).

Four years before the advent of CLUMPFIND, ‘structure trees’
were proposed as a way to characterize clouds” hierarchical structure

64
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using 2D maps of column density. With this early 2D work as inspira-
tion, we have developed a structure-identification algorithm that
abstracts the hierarchical structure of a 3D (p—p-v) data cube into
an easily visualized representation called a ‘dendrogram’'®. Although
well developed in other data-intensive fields'"'?, it is curious that the
application of tree methodologies so far in astrophysics has been rare,
and almost ively within the area of galaxy evolution, where
‘merger trees’ are being used with increasing frequency’.

Figure 3 and its legend explain the construction of dendrograms

The dendrogram quantifies how and where local m:

ima of emission merge with each other, and its implementation
explained in Supplementary Methods. Critically, the dendrogram is
determined almost entirely by the data itself, and it has negligible
sensitivity to algorithm parameters. To make graphical presentation
possible on paper and 2D screens, we ‘flatten’ the dendrograms of 3D
data (see Fig. 3 and its legend), by sorting their ‘branches’ to not
hich eliminates dimensional information on the is while
rving all information about connectivity and hierarchy
Numbered ‘billiard ball’ labels in the figures let the reader match
features between a 2D map (Fig. 1), an interactive 3D map (Fig. 2a

1line) and a sorted dendrogram (Fig. 2

ty is an approximate pro
oLizco, where Xj3c0 = 8.0 X107

ial parameter, o,
inciple, extende ions of the tree (Fig. g
where o, vhere gravitational energy is comparable to or larger
than kinetic energy) correspond to regions of p—p—v space where self-
gravity is significant. As o, only represents the ratio of kinetic energy
to gravitational energy at one point in time, and does not explicitly
capture external over-pressure and/or magnetic fields'®, its measured
value should only be used as a guide to the longevity (boundedness) of
7 particular feature.

L max

Test level

Local max

Intensity level

Figure 3 | Schematic illustration of the dendrogram process. Shown is the
construction of a dendrogram from a hypothetical one-dimensional
emission profile (bla The dendrogram (blue) can be constructed by
‘dropping’ a test constant emission level (purple) from above in tiny steps
(exaggerated in size here, light lines) until all the local maxima and mergers

found, and connected as shown. The intersection of a test level with the
emission is a set of points (for example the light purple dots) in one
dimension, a planar curve in two dimensions, and an isosurface in three
dimensions. The dendrogram of 3D data shown in Fig. 2c is the direct
analogue of the tree shown here, only constructed from ‘isosurface’ rather
than ‘point’ intersections. It has been sorted and flattened for representation
on a flat page, as fully representing dendrograms for 3D data cubes would
require four dimensions.

©2009 Macmillan Publishers Limited. All rights reserved
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Figure 2 | Comparison of the ‘dendrogram’ and ‘CLUMPFIND’ feature-
identification algorithms as applied to *CO emission from the L1448
region of Perseus. a, 3D visualization of the surfaces indicated by colours in
the dendrogram shown in c. Purple illustrates the smallest scale self-
gravitating structures in the region corresponding to the leaves of the
dendrogram; pink shows the smallest surfaces that contain distinct self-
gravitating leaves within them; and green corresponds to the surface in the
data cube containing all the significant emission. Dendrogram branches
corresponding to self-gravitating objects have been highlighted in yellow
over the range of T,,;, (main-beam temperature) test-level values for which
the virial parameter is less than 2. The x—y locations of the four ‘self-
gravitating’ leaves labelled with billiard balls are the same as those shown in
Fig. 1. The 3D visualizations show position—pos y (p—p—v) space.
RA, right ascension; dec., declination. For comparison with the ability of
dendrograms (c) to track hierarchical structure, d shows a pseudo-
dendrogram of the CLUMPFIND segmentation (b), with the same four
labels used in Fig. 1 and in a. As ‘clumps’ are not allowed to belong to larger
structures, each pseudo-branch in d is simply a series of lines connecting the
maximum emission value in each clump to the threshold value. A very large
number of clumps appears in b because of the sensitivity of CLUMPFIND to
noise and small-scale structure in the data. In the online PDF version, the 3D
cubes (aand b) can be rotated to any orientation, and surfaces can be turned
on and off (interaction requires Adobe Acrobat version 7.0.8 or higher). In
the printed version, the front face of each 3D cube (the ‘home’ view in the
interactive online version) corresponds exactly to the patch of sky shown in
Fig. 1, and velocity with respect to the Local Standard of Rest increases from
front (—0.5kms ') to b: (8kms™").

data, CLUMPFIND typically finds features on a limited range of scales,
above but close to the physical resolution of the data, and its results can
dependent on input parameters. By tuning CLUMPFIND’s

ameters, the same molecular-line data set® can be used to

as the initial mass function of stars or that it follows the much shal-
lower mass function associated with large-scale molecular clouds
(Supplementary Fig. 1).

Four years before the advent of CLUMPFIND, ‘structure trees™
were p sed as a way to acterize clouds’ hier I structure
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using 2D maps of column density. With this early 2D work as inspira-
tion, we have developed a structure-identification algorithm that
abstracts the hierarchical structure of a 3D (p—p-v) data cube into
an easily visualized representation called a ‘dendrogram’®. Although
well developed in other data-intensive fields'"'"?, it is curious that the
application of tree methodologies so far in astrophysics has been rare,
and almost exclusively within the area of gala

‘merger trees’ are being used with increasing frequency".

Figure 3 and its legend explain the construction of dendrograms
schematically. The dendrogram quantifies how and where local max-
ima of emission merge with each other, and its implementation is
explained in Supplementary Methods. Critically, the dendrogram is
determined almost entirely by the data itself, and it has negligible
sensitivity to algorithm parameters. To make graphical presentation
possible on paper and 2D screens, we ‘flatten’ the dendrograms of 3D
data (see Fig. 3 and its legend), by sorting their ‘branches’ to not
cross, which eliminates dimensional information on the x axis while
preserving all information about connectivity and hierarchy.
Numbered ‘billiard ball’ labels in the figures let the reader match
features between a 2D map (Fig. 1), an interactive 3D map (Fig. 2a
online) and a sorted dendrogram (Fig. 2c).

A dendrogram of a spectral-line data cube allows for the estimation
of key physic rties associated with volumes bounded by is
surfaces, such as rz 3 on (o,) and luminosity
(L). The volumes can have any shape, and in other work'* we focus on

specially elongated features seen in L1448
(Fig. 2a). The luminosity is an « ximate proxy for mass, such
that My, = X, Li3co, where X3¢0 = 8. 0% cm?K ™ 'km ™ 's
(ref. 15; see Supplementary Methods and Supplementary Fig. 2).
The derived values for size, mass and velocity dispersion can then be
used to estimate the role of self-gravity at each point in the hierarchy,
via calculation of an ‘observed’ virial parameter, aops = 50 R/ GMigm.
In principle, extended portions of the tree (Fig. 2, yellow highlighting)
where oy, vhere gravitational energy is comparable to or larger
than kinetic energy) correspond to regions of p—p—v space where self-
gravity is significant. As o, only represents the ratio of kinetic energy
to gravitational energy at one point in time, and does not explicitly
capture external over-pressure and/or magnetic fields', its measured
value should only be used as a guide to the longevity (boundedness) of
any particular feature.

Intensity level

Figure 3 | Schematic illustration of the dendrogram process. Shown
construction of a dendrogram from a hypothetical one-dimensional
emission profile (black). The dendrogram (blue) can be constructed by
‘dropping’ a test constant emission level (purple) from above in tiny steps
(exaggerated in size here, light lines) until all the local maxima and mergers
are found, and connected as shown. The intersection of a test level with the
emission is a set of points (for example the light purple dots) in one
dimension, a planar curve in two dimensions, and an isosurface in three
dimensions. The dendrogram of 3D data shown in Fig. 2c is the direct
analogue of the tree shown here, only constructed from ‘isosurface’ rather
than ‘point’ intersections. It has been sorted and flattened for representation
on a flat page, as fully representing dendrograms for 3D data cubes would
require four dimensions.
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Embedded Outflow in HH 46/47 Spitzer Space Telescope * IRAC
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Media Contacts

Credit: NASAIJPL-Caltechi 4. Nonega-Cras

HH46/47

This image from NASA's Spitzer Space Telescope transforms a dark cloud into a silky translucent veil, revealing the molecular
outflow from an otherwise hidden newborn star. Using near-infrared light, Spitzer pierces through the dark cloud to detect the
embedded outflow in an object called HH 46/47. Herbig-Haro (HH) objects are bright, nebulous regions of gas and dust that are
usually buried within dark clouds. They are formed when supersonic gas ejected from a forming protostar, or embryonic star,
interacts with the surrounding interstellar medium. These young stars are often detected only in the infrared.

The Spitzer image was obtained with the infrared array camera. Emission at 3.6 microns is shown as blue, emission from 4.5
and 5.8 microns has been combined as green, and 8.0 micron emission is depicted as red.
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