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NGC 300 (spiral galaxy), 3:16

NGC 457 (Owl Cluster), 9:63

NGC 869 (star cluster), 11:76

NGC 884 (star cluster), 11:76

NGC 1097 (barred spiral galaxy), 3:86
NGC 1291 (galaxy), 3:16

NGC 1316 (elliptical galaxy), 3:16
NGC 1514 (planetary nebula), 6:86
NGC 1532 (spiral galaxy), 10:95

NGC 1647 (open cluster), 1:80

NGC 1672 (spiral galaxy), 12:14-15
NGC 1746 (open cluster), 1:80

NGC 2237-9 (Rosette Nebula), 7:79
NGC 2392 (Eskimo Nebula), 7:79
NGC 2403 (galaxy), 1:92, 11:58

NGC 2438 (planetary nebula), 1:64
NGC 2736 (emission nebula), 4:20-21
NGC 3199 (emission nebula), 7:80
NGC 3372 (Eta Carinae Nebula), 12:88
NGC 3521 (spiral galaxy), 3:88

NGC 3603 (star cluster), 2:16

NGC 3718 (spiral galaxy), 7:79

NGC 3729 (spiral galaxy), 7:79

NGC 4013 (spiral galaxy), 6:86

NGC 4038/9 (Antennae galaxies), 7:10-11, 9:16
NGC 4485 (galaxy), 8:94

NGC 4490 (galaxy), 8:94

NGC 4565 (Needle Galaxy), 11:60
NGC 4567 (spiral galaxy), 3:86

NGC 4568 (spiral galaxy), 3:86

NGC 4569 (galaxy), 3:16

NGC 4631 (Whale Galaxy), 11:61

NGC 4649 (galaxy), 12:24

NGC 5367 (reflection nebula), 9:55, 57
NGC 5371 (spiral galaxy), 12:85

NGC 5963 (spiral galaxy), 3:85

NGC 5965 (spiral galaxy), 3:85

NGC 6188 (emission nebula), 10:94-95



NGC 6193 (open cluster), 9:55-57

NGC 6231 (star cluster), 9:56-57

NGC 6712 (globular cluster), 12:85
NGC 6752 (globular cluster), 5:87

NGC 6781 (planetary nebula), 9:61

NGC 6791 (star cluster), 10:20

NGC 6834 (open cluster), 6:84

NGC 6871 (open cluster), 9:68

NGC 6913 (M29) open cluster, 9:68
NGC 6946 (Fireworks Galaxy), 11:58
NGC 7000 (North America Nebula), 9:62
NGC 7160 (star cluster), 10:85

NGC 7662 (Blue Snowball), 9:63
NH2CH2CN (amino acetonitrile), 7:25
Nix (Pluto’s moon), 2:21

North America Nebula (NGC 7000), 9:62
North Korea, 2:20

Norway, 11:62-67

novae, 11:23, 12:28. See also supernovae
Novaya-Zemlya effect, 11:12

NP101is (telescope), 1:74-77

NTT (New Technology Telescope), 6:25
NuSTAR mission, 1:22

O

observation, astronomical

of “odd-couples”, 1:64-67

summertime, 7:70-71

observatories. See also names of specific observatories
domes, 5:70-71

historic, 4:62—-63

Obsession 18 inch Ultra Compact telescope, 4:68—69
occultation

of Mars by Moon, 8:95

of stars by Earth, 8:75

Ocean Surface Topography Mission (OSTM) satellite, 12:23
Omega Centauri (globular star cluster), 7:22

open clusters, 2:60-63. See also names of specific open clusters
Ophiuchus (galaxy cluster), 5:21

Opportunity rover

budget cuts, 6:22

climbs out of Victoria Crater, 12:23

loss of tool-carrying arm, 8:23

Orion 102mm /7 ED telescope, 10:78-79

Orion BT70 binocular telescope, 3:72-73

Orion jettison engine, 11:22

Orion Nebula (M42)

binary star system in, 10:26

distance to, 2:17

star-forming regions in, 10:23



Orion spacecraft, 7:23

OSTM (Ocean Surface Topography Mission) satellite, 12:23
Owl Cluster (NGC 457), 9:63

oxygen, free, 6:13

ozone layer, 2:17

P

7w (pi), 11:12

PAHs (polycyclic aromatic hydrocarbons), 11:23
Palomar Mountain Observatory, 1:26
panspermia hypothesis, 4:56-57

Pan-STARRS-1 telescope, 1:22

particle entanglement theory, 7:14

Pelican Nebula (IC 5070), 5:86

Pencil Nebula, 4:20-21

Peony Nebula star, 11:24

Permian period, 4:39

Perseid meteors, 8:14

PHAs (potentially hazardous asteroids), 2:21
Phobos (Mars’ moon), 9:48-49

Phoenix lander

landing date, 1:37

landing technique, 5:22

microscopic images from, 9:18-19

overview of, 9:50-53

photons, 8:74-75

pi (T), 11:12

Pinwheel Galaxy (M101), 4:79, 11:23, 60-61
Planck space mission, 9:28-33

planemos, 7:58

planetariums, 12:23

planetary nebulae, see names of specific planetary nebulae
planetesimals, 3:71

planets. See also exoplanets; names of specific planets
dwarf, 3:71

formation of giant, 10:23

rings around, 1:22

roundness of, 8:74

Pleiades star cluster, 1:14

Pluto, 2:21

plutoids, 11:16

Polaris (star), 8:94

Pollux (star), 2:70

polycyclic aromatic hydrocarbons (PAHs), 11:23
potentially hazardous asteroids (PHAs), 2:21
Prawn Nebula (IC 4628), 10:93

Ptolemaeus Crater (feature on Moon), 5:86
Pulsar Search Collaboratory, 1:25

pulsars

affirmation of theory of relativity through observation of, 10:21



binary system, 2:21
student efforts to document, 1:25
pulsating carbon white dwarves, 8:22

Q
quark stars, 9:20

QuickSCAT satellite, 10:21

R

R Leporis (Hind’s crimson star), 6:87
radiation

converting to electricity, 7:23

risks to astronauts, 1:22

radio telescopes. See also names of specific radio telescopes
Deep Space Network (DSN), 5:56-61, 6:23
for Moon’s far side, 6:23

Murchison Wide-Field Array, 5:38-43
study of 3C273 (galaxy), 1:22

radio waves, effect on ionosphere, 5:21
radio-emitting stars, 4:26

red giant stars, 1:33, 9:58, 10:84
reflection nebulae, 4:79, 9:55, 57
Regolith Excavation Challenge, 6:25
Regulus (star), 1:64-65

relativity, theory of, 9:22-27, 10:21
Rhea (Saturn’s moon), 6:27

right ascension and declination, 6:63
ring galaxies, 3:86

Ring Nebula (M57), 9:61-62

rings, plantary, 1:22, 12:18-19
rockets, see names of specific rockets
Rosette Nebula (NGC 2237-9), 7:79
RS Pup (Cepheid variable star), 6:23
Ruprecht 173 (open cluster), 9:68
Russia

experiments on missions to Mars, 2:17
Foton-M bio-satellite, 1:22

space tourism, 11:19

Yasniy satellite launch site, 4:24

S

Saggese, Enrico, 12:23

satellites. See also names of specific satellites
heat-regulating skin for, 12:28

redistributing thruster fuel on, 2:17

viewing, 6:74

Saturn. See also names of moons orbiting
Cassini mission, 10:28-33

image of, 9:79

rings of, 1:22



storms on, 8:22

wave-like pattern of temperature change, 9:20
SDSS (Sloan Digital Sky Survey), 3:45-51, 12:28
Selenological and Engineering Explorer (SELENE), 7:26
Shackleton Crater (feature on Moon), 12:24
Sharpless 2-9 (emission nebula), 1:91

Sharpless 2-16 (emission nebula), 10:95
Sharpless 2-17 (emission nebula), 10:95
Sharpless 2-18 (emission nebula), 10:95
Sharpless 2-19 (emission nebula), 10:95
Sharpless 2-20 (emission nebula), 10:95
Sharpless 2-82 (emission and reflection nebula), 4:79
Sharpless 2-124 (emission nebula), 4:80
Sharpless 2-263 (emission nebula), 8:95
Sharpless 2-276 (emission nebula), 3:14—15
Sharpless 2-278 (emission nebula), 5:87
Sharpless 2-302 (emission nebula), 6:87

SLC (Space Launch Complex) 36, 12:28

Sloan Digital Sky Survey (SDSS), 3:45-51, 12:28
small molecular clouds (SMCs), 9:54, 57

Small Sagittarius Star Cloud (M24), 8:18
small-aperture telescopes, 6:71

SMCs (small molecular clouds), 9:54, 57

SN 1006 (supernova remnant), 10:24

SOFIA (jet-based infrared telescope), 5:21

SOHO spacecraft, 10:21

solar eclipses, 7:67-69, 10:74-77, 11:86-88

solar flares

on BO Microscopii, 4:25

on EV Lacertae, 9:20

superstorms, 9:34-39

Solar Radiation and Climate Experiment satellite, 3:18
solar system, shape of, 4:26

solar wind, 4:26

Southern Whirlpool Galaxy (M83), 10:95

Soyuz TMA-11 (spacecraft), 9:16

Space Adventures company, 11:19

Space Age, 50th anniversary of, 1:25

space elevators, 7:23

space junk, 6:40-43

Space Launch Complex (SLC) 36, 12:28

Space Shuttle

Columbia xenon experiment data, 10:26

final observable fireball from, 10:22

rotation of after launch, 12:63

space tourism, 11:19

spacecraft. See also names of specific spacecraft
Interplanetary Superhighway, 11:38-43

profile of current, 10:64—65

velocity of flybys, 6:20



SpaceShipTwo (space plane), 5:21
SpaceWorks Engineering company, 6:25
SpaceX company, 11:23

special-purpose dexterous manipulator (Dextre), 1:24, 6:25
spiral galaxies, 3:86, 9:59, 11:56. See also names of specific spiral galaxies
Spirit rover, 6:22

Spitzer Space Telescope

cosmic ice storm, 1:27

W5 (star-forming cloud), 12:20

SS Cygni (star), 9:67

star clusters, 5:22. See also names of specific star clusters
star diagonals, 4:56-57

starbursts, 3:64—69

Stardust (spacecraft), 4:56

star-forming regions, 10:12-13, 23
Starmaster telescope, 7:62—65

stars. See also names of specific stars
antimatter, 1:63

apparent motion of, 10:16—17

binary systems, 2:21, 10:26

direct versus indirect observation of, 7:20-21
formation of far from galactic center, 8:23
formation of in galaxy’s “tail”, 1:27
Hipparcos catalog of distances to, 1:25
imaging disks of, 6:62

methods of measuring diameters of, 12:62-63
neutron, 2:59

pulsating carbon white dwarves, 8:22

quark, 9:20

radio emissions from, 4:26

radio-emitting, 4:26

red giant, 1:33, 9:58, 10:84

Sun-like “helper stars”, 6:24

Sun-like with dust disks, 6:18

variable, 6:23, 12:76

visibility of disks of, 10:73

white-dwarf, 3:18, 8:22, 10:20

Wolf-Rayet, 7:34-39

STEREO spacecraft, 11:23

Stern, S. Alan (planetary scientist), 7:23
Stock 2 (open cluster), 11:76

Stock 5 (open cluster), 11:76

Stonehenge, 7:52-57

storms

on Jupiter, 9:14, 11:22

on Saturn, 8:22

soap bubbles reveal process of, 8:22

solar, 9:34-39

Subaru telescope (Hawaii), 4:26

Sun



Alfvén waves, 1:22

arcs, 1:16—-17

coronal mass ejections (CMEs), 3:18
death of, 12:38-43

eclipses of, 7:67-69, 10:74-77, 11:86-88
halos, 1:16—-17

heat of corona, 3:70

Hydrogen-alpha images of, 5:84-85, 12:84
Novaya-Zemlya effect, 11:14—15
observing, 4:64—65

photographing, 4:66-67

physical makeup of, 5:16

Solar Cycle 24, 5:21

solar fountains, 8:27

Sunflower Galaxy (M63), 11:59-60
super-Earths, 9:21, 11:26-31

supernovae. See also names of specific supernovae
dust from, 4:26

effects on Earth of nearby, 1:62-63
frequency of, 10:72-73

quark star birth, 9:20

Swan (Comet C/2006 M4), 12:85

Swan Nebula (M17), 8:18

T

Tau Bodétis (star), 6:27

Tele Vue Ethos eyepiece, 5:68—69

Tele Vue NP101is (telescope), 1:74-77
telescopes. See also names of specific telescopes: radio telescopes
23 best, 10:supplement

care and maintenance of, 12:74
eyepieces, 1:78

factors affecting visibility, 11:75
Hydrogen-alpha, 12:84

invention of, 8:84—-86

modifying old, 5:72

small-aperture, 6:71

star diagonals, 4:56-57

Sun-observing UV, 2:17

visibility of stars’ disks by, 10:73
Texas Petawatt Laser, 7:23

THEMIS mission, 11:18

Thirty Meter Telescope (TMT), 9:20
thunderstorms, 6:23

tides, 3:18

Titan (Saturn’ moon)

confirmation of liquid ethane lakes on, 12:27
liquid hydrocarbons, 5:21

possible seas on, 1:32-33

possible underground ocean, 6:22



TMT (Thirty Meter Telescope), 9:20

Trumpler 1 (open cluster), 5:85

Tunguska incident, 5:24, 10:21

Two Micron All Sky Survey (2MASS), 3:41-43

U

Ulysses spacecraft

extension of mission, 3:21

orbit of, 4:24

shutdown of, 9:14

unidentified flying objects (UFOs), 3:12
universe

blocking of light by dust, 9:20
expansion of, 2:59, 7:14

looking backward in time at distant objects, 6:62—63
shape of, 4:28-33

uranium, 9:58

Uranus, rings of, 12:18-19

U.S. Professor of the Year Award, 3:21
USA-193 (spy satellite), 7:24

\%

V598 Puppis (nova), 12:28

V1280 Scorpii (star), 11:23

Van Allen Belts, 3:18

Van den Bergh 152 (VdB 152) (molecular cloud), 9:78
Vanguard 1 (satellite), 3:20

variable stars, 6:23, 12:76

VdB 152 (Van den Bergh 152) molecular cloud, 9:78
Veil Nebula, 6:56-61

Venus

conjunction with Moon, 5:88

conjunction with Moon and Mercury, 8:95
exploration of, 10:66-71

hydroxyl molecules in atmosphere of, 9:20
images of, 9:79, 10:93

possible existence of water, 1:27

Venus Express mission, 3:18, 10:66-71, 11:23
Very Large Telescope

new wide-angle, near-infrared camera, 2:17
role in movie, 7:23

Vixen BT-125-A binoculars, 11:72-73
volcanos, 3:17, 9:20

Voyager 1 (spacecraft), 8:41-42

Voyager 2 (spacecraft), 4:23, 8:41-42, 10:18

W
WS5 (star-forming cloud), 12:20

web sites, astronomy-related, 2:68
webcams, 11:68-71



Whale Galaxy (NGC 4631), 11:61

Whirlpool Galaxy (M51), 11:60

white-dwarf stars, 3:18, 8:22, 10:20

wide-field imaging, 6:66—-69

Wild Duck Cluster (M11), 9:61

Wilkinson Microwave Anisotropy Probe (WMAP), 4:28-33, 7:23
Winter Triangle, 3:76

Witch Head Nebula, 5:85

WMAP (Wilkinson Microwave Anisotropy Probe), 4:28-33, 7:23
WMAP satellite, 6:23

WOH G64 (star), 10:23

Wolf-Rayet stars, 7:34-39

Y
Yasniy satellite launch site, 4:24
Yi So-yeon (astronaut), 7:23

Z
Zeta (T) Cephei (star), 10:85



