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SUBJECT

A
Abell 21 (Medusa) (planetary nebula), 9:73
Abell 65 (planetary nebula), 2:72
Abell 1656 (Coma galaxy cluster), 10:12, 11:74
Abell 2744 (Pandora's Cluster) (galaxy cluster), 2:19
ACT-CL J0102-4915 (El Gordo) (galaxy cluster), 8:9
AL (Astronomical League), 3:82, 84
Aldebaran (star), 1:18
Alexander, Claudia, 11:9
ALHS84001 (meteorite), 4:14
ALMA. See Atacama Large Millimeter/submillimeter Array (ALMA)
Alpha Aquilae (Altair) (star), 7:14
Alpha Centauri A (star), 5:19
Alpha Cygni (Deneb) (star), 7:14
Alpha Lyrae (Vega) (star), 7:14
Alpha Virginis (Spica) (star), 7:14
Altair (Alpha Aquilae) (star), 7:14
Amalthea (moon of Jupiter), 2:35
Andromeda Galaxy (M31)
halo around, 9:19
most detailed image of, 5:13
Antares (star), 6:52-53, 7:14
APF (Automated Planet Finder), 5:46-51, 8:13
Apollo missions
location of Snoopy lunar module, 10:50
Moon rocks from, 5:20
Arches Cluster, 9:11
arcseconds, 5:12
Arcturus (star), 7:14
Aries (constellation), observations within, 11:20
Aristarchus Plateau (feature on Moon), 8:20
Arp 299, 5:9
asteroid belt, percentage of mass of contained in Ceres, 8:16
Asteroid Day, 3:19, 7:34-35
asteroids
See also names of specific asteroids
Asteroid Day, 3:19, 7:34-35
central Australian impact scar, 7:9
largest impacts on Earth, 8:15
mapping using radar, 11:13
mimicking comets, 7:16
with moons, 5:13
NASA asteroid search program problems, 1:12
need to discover and monitor, 6:14, 7:28-33
nomenclature, 7:11
observing with binoculars, 8:58-60
origin of, 5:12
asteroseismology, 2:44-49
astroimaging
black background of space, 4:69
color space, 2:68
field of view indicators, 8:66
masking, 1:20
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minimum (erosion) filters, 6:66
processing techniques, 7:68
profile of astroimager, 2:58-61
rejection, 4:70, 5:68
scattered light, 10:68, 11:69
wavelets, 12:68
astrology, 3:16, 10:10
astronauts
common ailments from time spent in space, 7:12
Jim Lovell, 6:24-29
records for longest space missions, 7:12
total time in space, 12:12
Astronomical League (AL), 3:82, 84
astronomical sketching
See also subjects of sketches by name
Comet C/2013 Al (Sliding Spring), 3:84
Eskimo Nebula (NGC 2392), 3:84
Fetus Nebula (NGC 7008), 7:64—65
Fireworks Galaxy (NGC 6946), 7:64—65
Heart Nebula (IC 1805), 2:66
International Space Station, 11:68
M1-64 and M1-92, 9:68
Melotte 15 (open cluster), 2:66
moons of Jupiter, 1:68
NGC 5774 and NGC 5775, 6:64
profile of sketcher, 1:56-59
solar prominences, 10:66
with white media on black paper, 5:66, 7:64—65
astronomy
500 coolest things about, 3:22-43, 52-81
astronomy-based travel ideas, 7:60—63
average number of clear days in January by state, 1:19
average number of clear days in April by state, 4:18
average number of clear days in June by state, 6:12
average number of clear days in November by state, 11:19
coincidences in, 11:10
comparison of northern and southern skies, 5:30-35
digitizing observers' logbooks, 1:13
direct visual observation, 7:56—59
equipment for, 12:10
gender gap in, 1:60-65
historical awakening of, 11:9
losing one's bearings during observation, 3:11
observations from Hawaii, 11:52-55
out-of-focus observation, 12:66
private funding for, 3:19
promoting interest of adults in, 10:60—63
seven favorite Milky Way deep-sky objects, 2:62—63
top ten stories of 2014, 1:24-33
Astronomy magazine
most popular words in Astronomy.com news headlines, 4:12
overview of Astronomy.com, 4:20
Star Products, 9:60-67
astrophysics, interview with astrophysicist, 9:20
Atacama Large Millimeter/submillimeter Array (ALMA)
Einstein rings, 8:17
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ionized carbon in early galaxies, 10:12
planet formation, 3:12
aurorae
brown dwarfs, 11:12
images of, 3:89, 8:72, 10:13
Mars, 7:12
Automated Planet Finder (APF), 5:46-51, 8:13
axions, 2:13

B

Background Imaging of Cosmic Extragalactic Polarization. See BICEP (Background Imaging of Cosmic Extragalactic
Polarization) 2 instrument
Barnard, Edward Emerson, 5:18
Barnard 72 (Snake Nebula), 1:73
Barnard 252 (Dolphin Nebula), 7:73
Barnard 261 (dark nebula), 11:73
Barnard 262 (dark nebula), 11:73
Barnard's Galaxy (NGC 6822), 6:73
Barnard's Star, 5:18
Barringer Meteor Crater (feature on Earth), 6:44
Bat supernova remnant (NGC 6995), 9:73
Beagle 2 lander, 5:17
Beta Pictoris (star)
changes to debris disk, 6:9, 10:13
comets orbiting, 2:15
Betelgeuse (red giant star), 1:18
BICEP (Background Imaging of Cosmic Extragalactic Polarization) 2 instrument
disputed evidence of inflation, 1:19, 29
searching for proof of inflation, 5:13
Big Bang
interaction between Higgs particle and gravity following, 3:20
quantum entanglement and, 5:44—45
binary star systems
See also names of specific binary star systems
with dual planet-forming disks, 2:19
exoplanets orbiting, 2:16, 12:9
merging pair of white dwarfs, 6:12
observing, 11:18
binocular astronomy
asteroids, 8:58-60
observations in fall, 8:62-63
observations in winter, 1:66—67
"Black Beauty" (martian meteorite), 6:12
black drop effect, 5:14
black holes
alignment of, 3:12
with blue supergiant companion, 9:22
at center of galaxies, 4:32-33, 5:9
cosmic precipitation, 7:13
discovery of supermassive, 11:13
effect of time dilation when crossing event horizon, 1:35
ejected after galaxy collision, 3:12
encounter with star, 2:9
flares from, 11:13
galaxy formation and, 11:13
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growth of, 6:15
intermediate-mass, 1:26-27, 6:20, 12:18
jets emitted from at center of radio-faint galaxies, 6:12
light beams moving through space-time of, 6:13
mass of supermassive, 10:15
merger of supermassive, 5:17
in merging galaxies, 3:18
organic molecules around, 6:12
possible recovery of information lost into, 8:13
shape of disks surrounding, 9:9
supernovae of stars massive enough to form, 2:34
twins at center of galaxy, 12:12
wind emitted by, 6:12
X-ray flares from, 5:20, 10:13
Black Swallowtail Butterfly Cluster (IC 4665), 10:72
bolides, 6:14
Bolshoi Azimuthal Telescope, 3:20
brain, evolution of, 9:14
Breakthrough Prize in Fundamental Physics, 4:9
brown dwarfs, 5:24-29, 11:12
Butterfly Nebula (Sharpless 2-108; IC 1318; LDN 239 and LDN 251; Gamma Cygni Nebula) (emission nebula), 12:73

C

Caelum (constellation), 3:14
Caldwell 7 (NGC 2403) (spiral galaxy), 4:16
Caldwell 83 (NGC 4945) (spiral galaxy), 12:72
Callisto (moon of Jupiter), 6:13
Canopus (star), 5:19
Capella (star), 1:18
carbon, in early galaxies, 10:12
Carina Nebula (NGC 3372), 5:9
Cassini spacecraft
depth of lakes on Titan, 3:18
overview of observations of Titan, 10:24-29
reducing grainy appearance of radar images, 6:20
why not placed in orbit around Titan, 11:50-51
Cassiopeia A (supernova remnant), 6:16
centaurs, 7:13
Cepheid variable stars, measuring distances with, 10:50-51
Ceres (dwarf planet)
See also Dawn spacecraft
arrival of Dawn spacecraft, 4:22, 6:13
Dawn spacecraft camera calibration, 3:9
location of, 2:17
maps of, 11:19
outgassing material, 7:9
percentage of mass of asteroid belt contained in, 8:16
reflective spots on, 8:16
solitary mountain on, 12:15
water vapor on, 1:26
CG4 (cometary globule), 5:10
Chandra X-ray Observatory
neutron star system, 10:12
relative size of, 2:13
Cherenkov Telescope Array, 11:13
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Chiron (centaur), 7:13
chondrules, 5:12
CID-947 (galaxy), 11:13
Circinus X-1 (neutron star system), 10:12
CIZA J2242.8+5301 (Sausage cluster), 8:15
climate change and global warming
denial of, 10:14
sunspots and, 12:17
Cloud D star cluster, 10:13
CMB. See cosmic microwave background (CMB)
CMEs (coronal mass ejections), 8:74
Coddington's Nebula (IC 2574) (barred spiral galaxy), 1:73
coincidences, 11:10
Coma galaxy cluster (Abell 1656), 10:12, 11:74
Comet 67P/Churyumov-Gerasimenko, 6:9
See also Philae lander; Rosetta spacecraft
behavior on approach to Sun, 9:44-49
closest approach to Sun, 8:12
debris jets, 2:16
"escort phase" of Rosetta mission, 3:14
ingredients for life found on, 11:12
lack of magnetism, 8:13
large boulder on, 9:19
map of, 1:13
overview of, 1:28
Philae lander, 2:19
possible water ice, 7:13
search for location of Philae lander, 4:14
sinkholes on, 10:15
surface of, 5:16
water vapor from, 4:13
Comet C/2013 Al (Sliding Spring) , 1:72
image of, 4:74
sketch of, 3:84
Comet C/2014 E2 (Jacques), 2:73
Comet C/2014 Q2 (Lovejoy), 5:72, 6:72, 10:73
cometary globules, 5:10
comets
See also names of specific comets
boulders observed on, 8:34-35
changes to surface on approach to Sun, 6:13
collisions with Earth and ingredients for life, 12:9
effects of close encounter with Earth, 11:50
first images of Oort Cloud comet surfaces, 3:14
orbiting Beta Pictoris, 2:15
Compton Gamma Ray Observatory, 2:13
constellations
See also names of specific constellations
boundaries of, 6:44-45
with the most Messier objects, 3:12
starriest, 3:14
coronal mass ejections (CMEs), 8:74
cosmic dust
reaching Earth's surface, 9:17
supernovae as source of, 1:33
cosmic inflation
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disputed evidence of, 1:19, 29
quantum entanglement and, 5:44—45
searching for proof of, 5:13
cosmic infrared background, 3:20
Cosmic Infrared Background Experiment, 3:20
cosmic microwave background (CMB)
B-mode polarization, 2:12
cosmic nature of, 5:45
inflation theory, 5:13
craters. See names of specific craters
Curiosity rover, 8:28-30
appearances in news stories, 4:12
clues regarding brine in martian soil, 8:13
comparative size of, 8:16
data transmission speed, 12:18
discovery of methane on Mars, 4:14
reaches base of Mount Sharp, 1:13
Cygnus Loop (supernova remnant), 12:72

D

dark energy
chameleon-like particles, 12:18
Hubble Space Telescope and, 4:30-31
mystery of, 8:9
Dark Energy Survey, 8:13
dark matter
Alpha Magnetic Spectrometer on ISS, 1:12
axions, 2:13
bridge of, 11:13
clumping of, 12:62
"dark galaxies" in Coma Cluster, 10:12
examining behavior of, 7:12
first map of, 8:13
Hubble Space Telescope and, 4:33-34
interacting with itself, 8:12
link to comet impacts, 6:16
mass of, 2:9
ruling out entire class of dark matter candidates, 4:12
shortage of satellite galaxies around Milky Way, 2:17
Dawn spacecraft
arrival of, 4:22, 6:13
calibration of camera, 3:9
reflective spots on Ceres, 8:16
Daystar Filters, 8:64—65
Deep Space Climate Observatory (DSCOVR), 11:12
degrees, 9:34
Deimos (moon of Mars), visibility of from surface of Mars, 9:34
Delta Cephei (star), 9:13
Deneb (Alpha Cygni) (star), 7:14
diffuse interstellar bands (DIBs), 5:13
The Digital Einstein Papers, 4:22
DNA, origin of double helix, 9:11
Dolphin Nebula (Barnard 252), 7:73
Double Cluster (NGC 869 and NGC 884), 7:18
double stars. See binary star systems; names of specific binary star systems
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Dragon capsule, 8:13

Drake equation, 1:35

DSCOVR (Deep Space Climate Observatory), 11:12

dwarf galaxies, orbiting Milky Way, 2:14, 12:13

dwarf planets, locations of in solar system, 2:17. See also names of specific dwarf planets
DWB 111 (Propeller Nebula), 12:73

Dyson spheres, 8:12

E
Eagle Nebula (M16)
image of, 8:73
"Pillars of Creation" image, 4:26-27, 8:9, 12:63
Earth
atmosphere of, 9:17
The Blue Marble photo updated, 11:12
crust of compared with Vesta, 8:13
early bipedals, 1:9
as exoplanet, to alien civilizations, 6:45
largest asteroid impacts, 8:15
loss of atmosphere through asteroid bombardment, 4:22
magnetic fields of, 6:13
origin of iron on, 7:12, 11:51
sea level rise, 12:18
speed of orbit, 7:16
sulfur in core of, 10:20
eclipses
lunar, 2:72-73, 9:10, 56-59
solar, 2:72, 6:54-57, 7:13, 72, 8:54-57, 9:18, 12:17
umbral and penumbral shadows, 2:11
E-ELT. See European Extremely Large Telescope (E-ELT)
Einstein, Albert
documents of made available online, 4:22
relativity, 11:30-35
Einstein rings, 8:17
El Gordo (ACT-CL J0102-4915) (galaxy cluster), 8:9
elliptical galaxies, 8:17. See also names of specific elliptical galaxies
emission nebulae. See names of specific emission nebulae
Enceladus (moon of Saturn)
hydrothermal vents, 7:15
internal ocean on, 1:28
Eris (dwarf planet)
location of, 2:17
size of, 9:19
ESA (European Space Agency), 6:13. See also names of specific spacecraft and missions
Eskimo Nebula (NGC 2392), 3:84
ESO 137-001 (spiral galaxy), 3:12
ESO 378-1 (Southern Owl Nebula), 12:73
Eta Carinae (binary star system), 5:9
Europa (moon of Jupiter)
icy plumes on, 4:13
jets of ice, 9:13
plate tectonics, 1:12, 32
possibility of life on, 12:9
proposed mission to, 6:21, 9:13
rotation of ice shell, 8:34
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salt deposits on, 9:11
transiting Jupiter, 6:13
water vapor on, 1:26
Europa Clipper spacecraft, 6:21, 12:13
European Extremely Large Telescope (E-ELT)
estimated cost, 3:20
mirror size, 3:20
European Space Agency (ESA), 6:13. See also names of specific spacecraft and missions
exoplanets. See extrasolar planets (exoplanets)
extragalactic background, 8:22-27
extrasolar planets (exoplanets)
See also names of specific exoplanets
atmospheres of, 4:35
with comet-like tail, 10:17
debris disks and, 3:12
by diameter and stellar type, 3:18
discovered by GPI, 12:13
discovered by schoolboy, 10:12
discovery of, 5:12, 13, 8:13, 9:17, 11:16
distinguishing from sunspots and companion stars, 9:35
Earth as, to alien civilizations, 6:45
Earth-like, 5:12
effect of discoveries on Drake equation, 1:35
extraterrestrial life, 2:16
first visible-light reflection spectrum of, 8:19
hot Jupiters, 7:20, 10:13, 17
hottest, 10:17
images of planet formation, 1:19
making parent star appear old, 1:13
measuring magnetic fields of, 3:12
"mirage Earths", 4:13
most detailed map of, 2:13
most distant known, 8:13
Neptune-sized, 10:17
number of systems with multiple, 7:16
orbiting binary star systems, 12:9
orbiting quadruple star systems, 7:13
orbiting Tau Ceti, 8:13
with rings, 5:13
search for, 5:13
searching dust around Sun-like systems for, 4:13
size of and shape of orbit, 9:21
study of host stars, 1:17
super-Earth detected by ground-based telescope, 4:9
super-Earths, 5:12
Titius-Bode law and orbital resonance, 7:12
ubiquity of, 7:9
varying temperature on tidally-locked super-Earth, 9:11
Venus-like, 1:13
water vapor in atmosphere of, 1:16
weather on, 9:9
youngest discovered, 11:13
extraterrestrial life
search for, 7:15
search for on alien moons, 9:13
SETI, 4:68, 11:19
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WISE space telescope and search for, 8:12
Eye of Sauron, 3:13

F
fast radio bursts, 5:19
Fermi Gamma-ray Space Telescope, 2:13
Fetus Nebula (NGC 7008), 7:64—65
field of view (FoV) indicators, 8:66
55 Cancri e (exoplanet), 9:11
51 Eridani b (exoplanet), 12:13
51 Pegasi b (exoplanet), 8:19
fireballs
definition of, 6:14
explosion of over Russia, 6:15, 7:28-33
retracing path of, 2:12
Firefly Party Cluster (Wishing Well Cluster) (NGC 3532), 4:10
Fireworks Galaxy (NGC 6946), 7:64—65
47 Tucanae (NGC 104) (globular cluster), 1:72, 9:16, 10:74
FoV (field of view) indicators, 8:66

G
G2 (gas and dust cloud), 5:20, 7:20
Gaia spacecraft, 1:12, 3:20
galaxies
See also names of specific galaxies; names of specific types of galaxies
age of most distant, 9:17
black holes and formation of, 11:13
black holes at center of, 4:32-33
brightest known, 9:13
collisions between, 3:12, 18
"dying", 7:20
early, 3:9
early stages of massive-galaxy formation, 1:13
end of star formation in aging, 2:12
"fluffy”, 9:13
green structures near, 8:21
how star formation shuts off, 3:12, 4:13
ionized carbon in, 10:12
jets from merging, 9:17
merger of unequally-sized, 11:16
nomenclature, 7:11
particle jets streaming from, 4:13
precise measurement of distance to, 1:30-31
protogalaxies, 12:18
resulting shape of merged, 1:12
slow death of, 9:13
smallest known with central black hole, 1:19
speed needed to break free from galaxy cluster, 8:21
ultra-dense, 11:19
galaxy clusters
See also names of specific galaxy clusters
collision of, 8:15
speed needed for galaxy to break free from, 8:21
Galaxy Zoo, 4:13
Gamma Cygni Nebula (Butterfly Nebula) (emission nebula), 12:73
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Gamma Ursae Majoris (Phecda) (star), 11:72
gamma-ray bursts (GRBs)

delays caused by dust, 1:9

magnetars as source of, 11:9
Ganymede (moon of Jupiter)

evidence of underground ocean, 7:13

images of, 5:74, 8:73

relative size of, 2:12
Gemini North and South Telescopes, 3:20
Gemini Planet Imager (GPI), 5:9, 12:13
Geminids, 5:73
Giant Magellan Telescope, 3:20
globular clusters

See also names of specific globular clusters

dark, 9:21

formation of, 4:22, 11:13

Milky Way's missing clusters, 3:13

nitrogen in, 4:22

precursors of, 9:21
Google, 5:17
GPI (Gemini Planet Imager), 5:9, 12:13
Gran Telescopio Canarias, 3:20
gravitational lensing

Einstein rings, 8:17

measuring distant galaxy using, 2:13
gravity

constant influence of, 12:13

creating artificial, 2:35

search for gravitational waves, 9:20

speed needed to escape gravity of Milky Way, 3:14
GRBs. See gamma-ray bursts (GRBs)
Great Red Spot (feature on Jupiter), 3:13
Great Rift, 7:48-51
Gum Nebula, 5:10

H

Ha. See Hydrogen-alpha

Hale Observatory, 3:20

Hanny's Voorwerp (gas cloud), 8:21
HAT-P-11b (exoplanet), 1:16
HATS-6 (star), 9:17

Hawking, Stephen, 9:24

Hayabusa 2 spacecraft, launch of, 3:13
Haynes, Gordon, 2:58—61

HD 7925 (star), 8:13

HD 142527 (star), 5:13

HD 209458b (exoplanet), 3:12

HD 219134b (exoplanet), 11:16

HDE 226868 (blue supergiant star), 9:22
Heart Nebula (IC 1805), 2:66

Helix Nebula (NGC 7293), 10:18
Henize 2-428 (planetary nebula), 6:12
Hercules A (elliptical galaxy), 2:10
Herschel, Caroline Lucretia, 5:62—65
Herschel, William, 5:62—-65

10
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Herschel Museum of Astronomy, 5:62—65
Hesters, Jeff, 4:26-27
Higgs boson, 6:21
interaction between gravity and, 3:20
paper on size of, 11:17
High Definition Space Telescope, 11:12
Hooker Observatory, 3:20
HOPS 383 (protostar), 7:13
Horch, Elliot, 1:17
hot Jupiters
atmospheres of, 10:17
glowing in infrared, 10:13
HR 4796A, 5:9
Hubble constant, 4:31-32
Hubble Space Telescope
bipolar gas outflows, 5:12
changes to debris disk around Beta Pictoris, 6:9
Hubble Deep Field, 11:44-49
image commemorating 25th anniversary, 8:21
legacy of, 4:50-55
mirror size, 3:20
most detailed image of Andromeda, 5:13
"Pillars of Creation" image, 4:26-27
quarter century of images from, 4:56—66
relative size of, 2:13
servicing missions, 4:44—49
survey of planet-forming disks, 3:13
top seven discoveries by, 4:28-35
Hydrogen-alpha (Ho)
image of Sun, 5:73
Quark filter, 8:64—65
Hyperion (moon of Saturn), electrostatically charged surface of, 2:13

I

I Zwicky 18 (dwarf galaxy), 7:12

IAU (International Astronomical Union), 7:11

IBEX (Interstellar Boundary Explorer), 2:13

IC 342 (spiral galaxy), 10:20

IC 1318 (Butterfly Nebula) (emission nebula), 12:73
IC 1613 (dwarf galaxy), 5:73

IC 1805 (Heart Nebula), 2:66

IC 1871 (emission nebula), 1:73

IC 2574 (Coddington's Nebula) (barred spiral galaxy), 1:73
IC 2602 (Southern Pleiades) (open cluster), 9:72

IC 2631 (reflection nebula), 10:73

IC 4665 (Black Swallowtail Butterfly Cluster), 10:72
IC 5070 (Pelican Nebula), 2:73

Illustris Simulation, 6:10

infrared (IR) radiation, 3:20, 5:11

InSight lander, 4:9, 9:20

Integrated Flux Nebula, 6:73

Interface Region Imaging Spectrograph (IRIS) probe, 2:13
International Astronomical Union (IAU), 7:11
International Planetarium Society, 1:50—54
International Space Station (ISS)

11
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Alpha Magnetic Spectrometer (AMS), 1:12
crew change, 7:16
failed resupply mission, 10:12
research lab staff increase, 12:13
resupply mission, 12:15
sketching, 11:68
Interstellar (film), 6:13
Interstellar Boundary Explorer (IBEX), 2:13
Io (moon of Jupiter)
erupting lava lake on, 8:13
images of, 8:73
transiting Jupiter, 6:13
iOptron CEM60 mount, 2:64—65
IR (infrared) radiation, 3:20, 5:11
IRIS (Interface Region Imaging Spectrograph) probe, 2:13
iron, origin of on Earth, 7:12, 11:51
ISS. See International Space Station (ISS)
Ivester, Roger, 1:56-59

J
J1407b (exoplanet), 5:13
J1430+1339 (Teacup Galaxy), 6:12
Jacques (Comet C/2014 E2), 2:73
James Webb Space Telescope, 3:20
Jupiter
See also names of moons orbiting
age of, 10:13
brightness of moons in shadow, 5:74
comparison of year to that on other planets, 9:11
Great Red Spot, 3:13
image of Ganymede and, 5:74
image of with Venus, 11:73
number of moons, 11:12
relative size and density of, 2:12
sketching moons of, 1:68
triple-moon transit, 6:13

K

Keck Observatory
dust around Sun-like systems, 4:13
interferometer, 3:13
mirror size, 3:20
Kemble's Cascade (asterism), 12:73
Kepler 37b (exoplanet), 3:18
Kepler 452b (exoplanet), 11:16
Kepler spacecratft, 7:9
effect of discoveries on Drake equation, 1:35
extension of mission, 1:44-49
one thousandth exoplanet, 5:13
relative size of, 2:13
second chance for, 4:18
Kepler's third law of planetary motion, 7:17
Kes 73 (supernova remnant), 3:10
Kitt Peak National Observatory, 8:44-49
Klimchuk, James A., 9:20

12
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Koss, Michael, 3:18

L
Lagoon Nebula (MS8), 3:89
Langton Ultimate Cosmic ray Intensity Detector (LUCID), 11:13
Laniakea supercluster, 1:16, 12:56-61
Large Binocular Telescope
imaging surface of o, 8:13
mirror size, 3:20
Large Hadron Collider (LHC)
minor short circuit, 6:12
restarting, 3:20
Large Magellanic Cloud (LMC), 5:13
Large Millimeter Telescope, 3:13
Large Synoptic Survey Telescope (LSST)
laying of first stone, 8:16
mirror size, 3:20
Larsen, Seren, 4:22
Laser Interferometer Gravitational-wave Observatories (LIGO), 9:20
lasers
origin of, 6:11
use and misuse of, 6:11
LDN 239 and LDN 251 (Butterfly Nebula) (emission nebula), 12:73
LDN 988 (dark nebula), 8:73
LDN 1251 (dark nebula), 3:88
LHC. See Large Hadron Collider (LHC)
Lick Observatory, 5:17, 46-51, 8:13
life
See also extraterrestrial life
cosmic seeds, 12:9
evolution of, 7:10
origin of, 6:10
light
dark sky conditions, 4:11
doppelgénger effect, 10:20
fighting light pollution, 6:46-51
jumping shadows and diffraction, 5:14
light pollution from LEDs, 12:13
moving through space-time of black holes, 6:13
scattered, 10:68, 11:69
umbral and penumbral shadows, 2:11
zodiacal, 2:74
LightSail, 10:20
LIGO (Laser Interferometer Gravitational-wave Observatories), 9:20
lithium
missing, 2:17
in novae, 11:15
Little Gem (NGC 6818) (planetary nebula), 6:73
LMC (Large Magellanic Cloud), 5:13
Local (Virgo) supercluster, 5:52-53, 12:50-55
Local Group of galaxies, 12:44-49
Lost in Space Galaxy (NGC 6503) (spiral galaxy), 10:17
Lovejoy (Comet C/2014 Q2), 5:72, 6:72, 10:73
Lovell, Jim, 6:24-29
Lowell Observatory, 11:62-67

13
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LSST. See Large Synoptic Survey Telescope (LSST)
LUCID (Langton Ultimate Cosmic ray Intensity Detector), 11:13
lunar eclipses
October 2014, 2:72-73
September 2015, 9:10, 56-59
Lunar Mission One, 3:19
Lupus 4 (dark nebula), 1:74
Lynds Bright Nebula 315, 7:73
Lynds Bright Nebula 1122, 6:73

M
M1-64 (planetary nebula), 9:68
M1-92 (Minkowski's Footprint) (reflection nebula), 9:68
M8 (Lagoon Nebula), 3:89
M16. See Eagle Nebula (M16)
M17 (Omega Nebula), 8:73
M20 (Trifid Nebula), 3:89, 6:74
M25 (open cluster), 8:73
M30 (NGC 7099) (globular star cluster), 12:73
M31. See Andromeda Galaxy (M31)
M35 (open cluster), 7:18
M38 (open cluster), 7:18
M42 (Orion Nebula), midsize particles in, 1:13
M46 (open cluster), 9:73
M77 (Seyfert galaxy), 6:12
M79 (globular cluster), 6:72
M85 (lenticular galaxy), 7:73
M87 (elliptical galaxy), 10:9
M102 (lost Messier object), 10:51
M107 (globular cluster), 10:73
M109 (spiral galaxy), 11:72
Magellan Telescopes, 3:20
magnetars
gamma-ray bursts, 11:9
seismic waves from, 2:13
magnetic fields
of chondrite meteorites, 3:13
of Earth, 6:13
of exoplanets, 3:12
of galaxies, 10:20
lack of on Comet 67P, 8:13
lack of on Mars, 1:34-35
"left-handed", 9:16
loops viewed by Planck, 11:15
of Mercury, 9:13
of Neptune, 11:9
Magnetospheric Multiscale spacecraft, 6:13
magnitude system for stellar brightness, 10:18
many worlds interpretation (MWI), 9:31
Mare Imbrium (feature on Moon), 2:72
Mare Tranquillitatis (feature on Moon), 2:72
Markarian 231 (galaxy), 12:12
Mars
See also names of specific missions to
aurorae, 7:12
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brine in soil of, 8:13
clouds above, 6:16, 7:12
comparison of year to that on other planets, 9:11
discovery of Beagle 2 lander, 5:17
early volcanoes on, 3:13
glass deposits on, 10:12
images of, 3:89, 4:74
image of with Moon and Venus, 9:73
image of with Venus and Moon, 12:72
loss of atmosphere, 4:13
meteorites from, 6:12
methane on, 4:14
navigating rovers without magnetic field for orientation, 1:34-35
nitrates on, 7:20
number of moons, 11:12
overview of current and future exploratory missions, 8:28-33
pros and cons of astronomical observation from, 12:62-63
relative size and density of, 2:12
visibility of moons from surface, 9:34
water in past, 4:14, 7:20
Mars Atmosphere and Volatile EvolutioN. See MAVEN (Mars Atmosphere and Volatile Evolution) spacecraft
Mars Express Orbiter, 8:31-32
Mars Low-Density Supersonic Decelerator, 10:13
Mars Odyssey spacecraft, 8:30-31, 10:9, 12:18
Mars Orbiter Mission (MOM)
arrival of, 1:17
purpose of, 8:31
Mars Reconnaissance Orbiter (MRO), 8:31-32
data transmission speed, 12:18
glass deposits, 10:12
The Martian (book and film), 11:56-61
mathematical universe hypothesis (ultimate ensemble), 9:32
MAVEN (Mars Atmosphere and Volatile Evolution) spacecraft, 8:31-32
atmospheric observations by, 2:13
dust clouds, 7:12
loss of atmosphere, 4:13
Medusa (Abell 21) (planetary nebula), 9:73
Melotte 15 (open cluster), 2:66
Mercury
compared to Venus, 1:11
comparison of year to that on other planets, 9:11
conjunction with Venus, 1:11
final images before crash of MESSENGER, 7:16
ice on, 2:9
length of "month" on, 9:11
magnetic field of, 9:13
observing, 1:12
relative size and density of, 2:12
retrograde motion of, 12:63
MESSENGER (MErcury Surface, Space ENvironment, GEochemistry, and Ranging) mission
final images before crash, 7:16
ice on Mercury, 2:9
magnetic field of Mercury, 9:13
Messier objects, constellations with the most, 3:12
meteor showers
Geminids, 5:73
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Perseids, 8:10
meteorites
chondrite, 3:13, 12:12
hunting, 6:58-61
from Mars, 6:12
meteors
Barringer Meteor Crater impact event, 6:44
definition of, 6:14
effect of dinosaur-killing impact on plant life, 1:13
global distribution of impacts, 3:18
Mezcua, Mar, 6:20
Milky Way Galaxy
bipolar gas outflows, 5:12
black hole at center of, 10:30-35
dark matter and shortage of satellite galaxies, 2:17
dwarf galaxies orbiting, 2:14, 12:13
historical efforts to pinpoint humanity's location within, 8:50-53
location of within universe, 10:50
missing globular clusters, 3:13
nitrogen in globular clusters of, 4:22
seven favorite Milky Way deep-sky objects, 2:62—63
size of, 7:9
speed needed to escape gravity of, 3:14
star clusters at edge of, 6:13
time-lapse view of evolution of, 8:13
tour of, 12:30-35
Mimas (moon of Saturn), possible subsurface ocean on, 2:12
Minkowski's Footprint (M1-92) (reflection nebula), 9:68
MOM. See Mars Orbiter Mission (MOM)
Moon (Earth's)
Aristarchus Plateau, 8:20
changing sizes of during a one-year span, 6:72—73
eclipses of, 2:72-73, 9:10, 56-59
effect of turning farside to Earth, 4:68—69
formation of, 4:9
future manned missions to, 1:9
hydrogen deposits on, 6:13
image of with Mars and Venus, 9:73, 12:72
images of, 7:73
lunar light rays, 7:52-55
Mare Imbrium, 2:72
Mare Tranquillitatis, 2:72
Mutus X, 12:64
neon on, 12:12
nomenclature for features on, 7:11
Oceanus Procellarum, 2:16
officially designated features on, 8:12
Reiner Crater, 2:14
swirls on surface of, 10:9
variations in moonrise times, 11:51
volcanism on, 2:16
moons
See also names of specific moons
of asteroids, 5:13
with moons of their own, 9:34-35
nomenclature, 7:11
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number of in solar system, 11:12
as target in search for life, 9:13
three formation theories, 5:20
MRO. See Mars Reconnaissance Orbiter (MRO)
multiverse hypotheses, 9:28-33
Mutus X (feature on Moon), 12:64
MWTI (many worlds interpretation), 9:31
MY Camelopardalis (binary star), 4:12

N
N90 (emission nebula), 5:72
nanoflares, 8:12, 9:20
NASA (National Aeronautics and Space Administration)
See also names of specific spacecraft and missions
asteroid search program problems, 1:12
Congressional funding shifts, 10:15
increase in budget, 4:12
percentage of federal budget, 10:15
probes to outer solar system, 11:16
space exploration budget, 1:16—-17
space telescopes of, 2:13
Nasty 1 (Wolf-Rayet star), 9:11
near-Earth objects (NEOs), need to discover and monitor, 6:14
nebulae, nomenclature of, 7:11. See also names of specific nebulae
neon, on Moon, 12:12
NEOs (near-Earth objects), need to discover and monitor, 6:14
Neptune
comparison of year to that on other planets, 9:11
future mission to, 12:12
magnetic field, 11:9
number of moons, 11:12
relative size and density of, 2:12
neutrinos
confirmation of extra-galactic, 12:13, 17
discovery of non-atmospheric, 1:26-27
New Horizons spacecraft
early surprises from, 10:16
interview with principal investigator, 8:19
long distance images, 6:9
navigational images, 5:12
observing pass from surface of Pluto, 7:45
overview of, 2:22-27, 7:22-27
overview of discoveries made by, 11:24-29
wakes from hibernation, 3:13
why not stopping at Pluto, 2:35
Next Generation Planet Survey, 5:13
NGC 55 (barred spiral galaxy), 3:89
NGC 104 (47 Tucanae) (globular cluster), 1:72, 9:16, 10:74
NGC 109 (spiral galaxy), 10:15
NGC 225 (Sailboat Cluster), 3:89
NGC 253 (Sculptor Galaxy), 7:12
NGC 330 (open cluster), 8:72
NGC 346 (open cluster), 8:72
NGC 371 (open cluster), 8:72
NGC 602 (open cluster), 5:72
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NGC 869 and NGC 884 (Double Cluster), 7:18

NGC 925 (barred spiral galaxy), 3:89

NGC 1313 (black hole), 12:18

NGC 1398 (barred spiral galaxy), 10:73

NGC 1512 (galaxy), 9:20

NGC 1528 (open cluster), 11:73

NGC 1788 (reflection nebula), 6:73

NGC 1886 (galaxy), 6:72

NGC 1907 (open cluster), 7:18

NGC 2158 (open cluster), 7:18

NGC 2192 (open cluster), 8:73

NGC 2392 (Eskimo Nebula), 3:84

NGC 2403 (Caldwell 7) (spiral galaxy), 4:16

NGC 2438 (planetary nebula), 9:73

NGC 2613 (barred spiral galaxy), 11:72

NGC 3372 (Carina Nebula), 5:9

NGC 3576 (emission nebula), 1:10

NGC 3603 (star cluster), 1:10

NGC 4945 (Caldwell 83) (spiral galaxy), 12:72

NGC 5774 (galaxy), 6:64

NGC 5775 (galaxy), 6:64

NGC 6366 (globular cluster), 9:73

NGC 6503 (Lost in Space Galaxy) (spiral galaxy), 10:17

NGC 6791 (open cluster), 6:72

NGC 6818 (Little Gem) (planetary nebula), 6:73

NGC 6822 (Barnard's Galaxy), 6:73

NGC 6940 (open cluster), 1:73

NGC 6946 (Fireworks Galaxy), 7:64—65

NGC 6995 (Bat supernova remnant), 9:73

NGC 7000 (North America Nebula), 2:73

NGC 7008 (Fetus Nebula), 7:64-65

NGC 7099 (M30) (globular star cluster), 12:73

NGC 7129 (reflection nebula), 5:73

NGC 7142 (open cluster), 5:73

NGC 7293 (Helix Nebula), 10:18

NGC 7714 (spiral galaxy), 7:74

NGC 7715 (spiral galaxy), 7:74

NIROSETI, 7:15

North America Nebula (NGC 7000), 2:73

Nova Vul 1670, 7:17

novae
See also names of specific supernovae; supernovae
discovery of hours after initial explosion, 2:19
lithium found in, 11:15
red, 11:17
type Ia supernovae versus, 5:45

NuSTAR (Nuclear Spectroscopic Telescope Array) satellite
black hole at center of Milky Way, 10:30-35
first images of Sun by, 4:13
wind emitted by black holes, 6:12

O

observatories. See names of specific observatories
Oceanus Procellarum (feature on Moon), 2:16
Omega Nebula (M17), 8:73
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OnSight virtual reality software, 5:13
Oort Cloud

effects of Scholz's Star, 6:15, 8:35

first images of surfaces of comets from, 3:14
open clusters, 1:14

See also names of specific open clusters
Ophiuchus (constellation), 3:16
Opportunity rover, 8:28

comparative size of, 8:16

completion of first "marathon", 7:13

data transmission speed, 12:18

flash memory issues, 4:13
Orion (constellation), observations within, 2:50-57
Orion Nebula (M42), midsize particles in, 1:13
Orion spacecraft

test firing of booster, 7:13

unmanned tests of, 3:13
OSIRIS-REx mission, 10:13

P
Pandora's Cluster (Abell 2744) (galaxy cluster), 2:19
parallel universes, 9:28-33
Patrodus-Menoetius (double asteroid), 3:13
PDS 456 (black hole), 6:12
Pelican Nebula (IC 5070), 2:73
pentaquarks, 11:12
Perseid meteors, 8:10
Phecda (Gamma Ursae Majoris) (star), 11:72
Philae lander, 2:19
See also Comet 67P/Churyumov-Gerasimenko
Comet 67P's approach to Sun, 9:44-49
ingredients for life found on Comet 67P, 11:12
lack of magnetism on Comet 67P, 8:13
search for location of, 4:14
Phobos (moon of Mars), visibility of from surface of Mars, 9:34
Planck satellite
analysis of data from, 4:12
disputed evidence of inflation, 1:19, 29
magnetic loops, 11:15
planetariums, 1:50-54
planetary nebulae, 6:13, 9:35. See also names of specific planetary nebulae
Planetary Society, 10:20
planet-forming disks (protoplanetary disks), 2:19, 3:12, 13, 5:13
planets
See also extrasolar planets (exoplanets); names of specific planets
comparison of years on, 9:11
dual, in stable orbit, 3:9
glassy grains and formation of, 8:12
influence of, 10:10
intermediate phase of formation, 11:12
nomenclature, 7:11
relative sizes and densities of, 2:12
Titius-Bode law and orbital resonance, 7:12
plate tectonics, on Europa, 1:12, 32
Pluto
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See also New Horizons spacecraft

comparison of year to that on other planets, 9:11

complexity of surface, 12:16

early surprises from New Horizons mission, 10:16

image taken on birthday of discoverer, 6:9

interview with principal investigator of New Horizons mission, 8:19
length of "month" on, 9:11

location of, 2:17

navigational images captured, 5:12

number of moons, 11:12

observing from Earth, 7:46—47

observing New Horizons pass from surface, 7:45

occultation of star by, 10:13

overview of, 7:22-27

overview of discoveries made by New Horizons mission, 11:24-29
size of, 9:19

stars as seen from, 8:19

Pollux (star), 1:18

Procyon (star), 1:18

Progress 59 (resupply ship), 8:15

Propeller Nebula (DWB 111), 12:73

protogalaxies, 12:18

protoplanetary disks (planet-forming disks), 2:19, 3:12, 13, 5:13
pulsars

Q

creating holes in disk, 11:13
widest known orbit of, 9:11

quantum entanglement, 5:44-45, 6:34
quantum mechanics, 5:44-45

Quark Hydrogen-alpha filter, 8:64—-65
quarks, 11:12

quasars

R

alignment of, 3:12
group of four, 9:17

radio astronomy

diminishing intensity of radio waves, 4:68
fast radio bursts, 5:19
jets emitted from black holes at center of radio-faint galaxies, 6:12

red dwarfs

color of when viewed from orbiting planets, 7:44-45
death of, 4:69

reflection nebulae. See names of specific reflection nebulae
Reiner Crater (feature on Moon), 2:14

relativity, general theory of, 11:30-35

Rigel (star), 1:18

ring systems

of exoplanets, 5:13
replenishment of, 5:44
size of particles in Saturn's rings, 12:12

rockets, height of, 10:19
Rosetta spacecraft, 6:9

See also Comet 67P/Churyumov-Gerasimenko

20



Astronomy Magazine 2015 Index

appearances in news stories, 4:12
Comet 67P's approach to Sun, 8:12, 9:44-49
debris jets spotted by, 2:16
"escort phase" of mission, 3:14
lack of magnetism, 8:13

large boulder spotted by, 9:19
measurement of water vapor, 4:13
overview of, 1:28

possible water ice, 7:13

sinkholes, 10:15

surface of Comet 67P, 5:16

S
Sagittarius A East (supernova remnant), 7:13
Sagittarius A* (Sgr A*) (black hole)
NuSTAR satellite's observations of, 10:30-35
X-ray flare from, 5:20
Sahelanthropus tchadensis, 1:9
Sailboat Cluster (NGC 225), 3:89
satellites, explosion of, 6:20. See also names of specific satellites
Saturn
See also Cassini spacecraft; names of moons orbiting
age of, 10:13
comparison of year to that on other planets, 9:11
cyclical storms on, 8:12
disappearance of moonlets, 1:13
images of, 10:72
length of day on, 7:16
number of moons, 11:12
pinpointing position of, 5:20
relative size and density of, 2:12
replenishment of ring system, 5:44
size of ring particles, 12:12
Sausage cluster (CIZA J2242.8+5301), 8:15
Scholz's Star, 6:15, 8:35
science
art and, 8:14
belief in blend of science fiction and, 9:9
postmodernism and rejection of, 11:14
science fiction
belief in blend of science and, 9:9
The Martian (book and film), 11:56-61
Sculptor Galaxy (NGC 253), 7:12
SDO (Solar Dynamics Observatory), 3:15, 5:13
SDSS J0100+2802 (quasar), 6:15
SDSS J0905+57 (galaxy), 4:18
Search for Extraterrestrial Intelligence. See SETI (Search for Extraterrestrial Intelligence)
Sedna (dwarf planet), location of, 2:17
Semarkona meteorite, 3:13
Sentinel Mission, 3:19
SETI (Search for Extraterrestrial Intelligence)
diminishing intensity of radio waves, 4:68
funds committed to, 11:19
Sextans the Sextant (constellation), 3:14
Sgr A*. See Sagittarius A* (Sgr A*) (black hole)
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shadows
doppelgénger effect, 10:20
jumping shadows and diffraction, 5:14
umbral and penumbral, 2:11
Sharpless 2-108 (Butterfly Nebula) (emission nebula), 12:73
Sharpless 2-120 (reflection nebula), 8:73
Sharpless 2-121 (reflection nebula), 8:73
Sharpless 2-216 (planetary nebula), 8:73
Sharpless 2-219 (emission nebula), 8:73
Sharpless 2-221 (supernova remnant), 8:73
Sirius (star), 1:18
Sirius B (white dwarf), 9:35
Sky-Watcher USA Star Adventurer mount, 7:64—65
Sliding Spring. See Comet C/2013 Al (Sliding Spring)
SLS. See Space Launch System (SLS)
Small Magellanic Cloud (SMC), 5:13, 8:66
SMASH (Survey of the MAgellanic Stellar History), 5:13
Snake Nebula (Barnard 72), 1:73
SOFTA (Stratospheric Observatory for Infrared Astronomy), 7:13
Sojourner rover, 8:16
Solar Dynamics Observatory (SDO), 3:15, 5:13
solar eclipses
October 2014, 2:72
March 2015, 7:13, 72, 9:18
March 2016, 8:54-57
August 2017, 6:54-57
types of, 12:17
viewing reflected in water, 9:18
solar flares, 3:15, 8:12, 9:20, 10:73, 12:15
solar prominences, 10:66, 12:15
solar system
dwarf planets of, 2:17
family of Pluto-sized objects in early, 4:13
formation of, 7:15
meteorite magnetic fields and formation of, 3:13
number of moons in, 11:12
relative sizes and densities of planets in, 2:12
supernova as cause of spin, 12:13
tour of, 12:24-29
South Pole Telescope (SPT), 2:28-33
Southern Owl Nebula (ESO 378-1), 12:73
Southern Pleiades (IC 2602) (open cluster), 9:72
space
"emptiness" of, 6:30-35
flatness of, 6:44
"foaminess" of, 9:9
size and powers of ten, 12:14
"space bubbles", 1:13
Space Launch System (SLS), 1:16
rocket engine test, 12:13
test firing of booster, 7:13
spacecraft
See also names of specific spacecraft
angular accuracy, 5:12
instrument anomalies during flybys, 1:12
lost, 3:11
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NASA's probes to outer solar system, 11:16
speed of, 7:15
SpaceX
Dragon capsule, 8:13
failed ISS resupply mission, 10:12
Spica (Alpha Virginis) (star), 7:14
spiral galaxies. See names of specific spiral galaxies
Spirit rover, 8:16
Spitzer Space Telescope
most distant known exoplanet, 8:13
relative size of, 2:13
SPT (South Pole Telescope), 2:28-33
star clusters, 6:13. See also names of specific star clusters
star parties, 10:56-59
Starlight Xpress Trius-SX694 camera, 10:64—65
Starmus Festival, 5:54-61, 9:24
stars
See also names of specific stars; names of specific types of stars
0-type, 10:13
closest bright stars, 1:18, 7:14
closest neighbors of sky's brightest, 9:21
comparison of five brightest in night sky, 5:19
complex organic molecules found in stellar disk, 8:21
cosmic star-formation rate, 4:32
with debris disks, 3:12
degrees of distance between, 9:34
distinguishing exoplanets from sunspots and companion stars, 9:35
ejected from galaxy collisions, 2:19
encounter with black hole, 2:9
end of formation of in aging galaxies, 2:12
first generation of, 10:15
formation of, detecting early stages of, 5:12
formation of first, 8:9
formation of multiple-star systems, 6:21
formation of, shutting off, 3:12, 4:13
formation rate, versus rate of supernovae, 2:34
linking mass and spin with age, 5:12
"listening" to, 2:44-49
magnitude system for stellar brightness, 6:20
mergers of, 6:12, 7:17
names of from Golden Age of Islam, 2:18
navigational, 11:15
nomenclature, 7:11
number of in most detailed catalog, 2:13
number of in US Naval Observatory catalog, 8:17
number of stars visible by size of eye, 5:44
sound waves from plasma, 7:13
study of exoplanet hosts, 1:17
sunspot cycles, 7:45
system of five, 11:13
T Tauri, 1:9
Thorne-Zytkow objects (Dot Above Z), 9:50-55
trails of, 8:72
training computers to identify spectral types, 5:13
visible distance between bright, 11:17
Stellarvue SV60EDS refractor telescope, 6:62—63
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Stern, S. Alan, 8:19
Stratospheric Observatory for Infrared Astronomy (SOFIA), 7:13
string theory, 9:31
Subaru Telescope, 3:20
sulfur, in Earth's core, 10:20
Sun
changing size of during one-year span, 6:72-73
competing activity cycles, 11:17
coronal holes, 12:15
coronal mass ejections, 8:74
eclipses of, 2:72, 6:54-57, 7:13, 72, 8:54-57, 9:18, 12:17
filaments, 12:15
Hydrogen-alpha image of, 5:73
image of, 11:73
nanoflares, 8:12, 9:20
observing safely, 8:18
outer atmosphere of, 9:20
outer-layer features, 12:15
temperature of corona, 12:13
sunspots
climate change and, 12:17
cycle of on other stars, 7:45
distinguishing exoplanets and companion stars from, 9:35
earliest surviving depiction of, 6:18
image of, 12:15
large, high energy, 9:13
weak cycle, 4:14
supernovae
See also names of specific supernovae
as cause of solar system's spin, 12:13
first discovered by Gaia spacecraft, 1:12
hot blue morphing into type Ia, 9:13
most likely candidates for, 11:13
rate of, versus star formation rate, 2:34
as source of cosmic dust, 1:33
"standard candles", 7:13
of stars massive enough to form black holes, 2:34
of stars outside home galaxies, 10:15
temperature of gas ejected from, 1:34
type Ia versus novae, 5:45
type 1Ib, 1:13
supervoids, 8:19
Survey of the MAgellanic Stellar History (SMASH), 5:13
Swift satellite
relative size of, 2:13
tenth anniversary of, 3:18

T

T Tauri stars, 1:9

Tau Ceti (star), exoplanets orbiting, 8:13
Taurus Molecular Cloud, 9:72

Teacup Galaxy (J1430+1339), 6:12
telescopes

See also names of specific telescopes
classic, 10:52-55
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donated to classrooms, 9:13
fate of old refractors, 10:44-49
light transmitted by popular filters, 2:15
mirror sizes compared, 3:20
relative size of NASA's space telescopes, 2:13
Terrestrial Planet Finder, 10:13
Tethys (moon of Saturn), red streaks on, 11:16
Theia (planet), 8:9
Thirty Meter Telescope (TMT), 2:17
construction of, 5:50
Hawaiian Supreme Court case, 11:15, 12:13
India becomes member of, 4:13
mirror size, 3:20
protests over construction of, 9:16
30 Arietls (star system), 7:13
Thorne-Zytkow objects (TZOs) (Dot Above Z), 9:50-55
3C 279 (black hole), 11:13
time, effect of time dilation when crossing event horizon of black holes, 1:35
Titan (moon of Saturn)
depth of lakes on, 3:18
dunes on, 4:12
methane rainfall runoff, 1:17
overview of, 10:24-29
reducing grainy appearance of radar images, 6:20
relative size of, 2:12
size of methane raindrops, 7:44
toxic clouds at poles of, 2:12
why Cassini not placed in orbit around, 11:50-51
Titius-Bode law, 7:12
TMT. See Thirty Meter Telescope (TMT)
trans-Neptunian objects, 9:19
Trifid Nebula (M20), 3:89, 6:74
Tunnunik impact crater (feature on Earth), 10:13
Twinkle satellite, 6:13
2004 BLgg (asteroid), 5:13
2012 VP53 (dwarf planet), 1:31, 2:17
TZOs (Thorne-Zytkow objects) (Dot Above Z), 9:50-55

U
UFOs (unidentified flying objects), 3:9
ultimate ensemble (mathematical universe hypothesis), 9:32
ultraluminous X-ray sources (ULXs), 2:12
unidentified flying objects (UFOs), 3:9
universe
3-D map of early, 2:13
age of, 4:31-32
end of, 2:9
explaining in simplest language possible, 2:17
interaction between Higgs particle and gravity following Big Bang, 3:20
lack of center of, 8:35
microwave emissions, 11:15
missing lithium, 2:17
parallel universes, 9:28-33
reionization in early, 4:34
size of, 6:9, 12:20-35, 44-61
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slowdown in energy produced by section of, 12:12
spin of, 6:45

Uranus
comparison of year to that on other planets, 9:11
number of moons, 11:12
relative size and density of, 2:12

US 708 (star), 6:13

\Y
V404 Cygni (X-ray binary), 10:13
V471 Tauri (binary star system), 6:13
vacuum, 6:30-35
Van Allen radiation belts, 4:18
van den Bergh 106 (reflection nebula), 9:73
van den Bergh 142 (reflection nebula), 9:9
Van Vleck Observatory, 10:44—49
variable nebulae. See names of specific variable nebulae
Vega (Alpha Lyrae) (star), 7:14
Vela SNR (supernova remnant), 3:88
Venus
active volcanoes, 10:19
chart plotting positions of, 6:16
compared to Mercury, 1:11
comparison of year to that on other planets, 9:11
conjunction with Mercury, 1:11
heavy metal frost, 2:13
image of with Jupiter, 11:73
image of with Mars and Moon, 9:73, 12:72
images of, 6:72, 12:72-73
observing in fall, 10:12
relative size and density of, 2:12
resurfacing of, 10:9
Venus Express spacecraft
active volcanoes, 10:19
contact lost, 3:13
runs out of fuel, 4:18
Very Large Telescope (VLT), ESO
mirror size, 3:20
SPHERE instrument, 6:13
Vesta (asteroid)
comparison with Earth's crust, 8:13
origins of, 3:15
Virgo (Local) supercluster, 5:52-53, 12:50-55
Visible and Infrared Survey Telescope for Astronomy (VISTA), 6:74
VLT. See Very Large Telescope (VLT), ESO
volcanoes
on Mars, 3:13
on Moon, 2:16
on Venus, 10:19
Voyager 1 spaceprobe, long-lasting shock waves, 4:12

\\

WASP-33b (exoplanet), 10:17

WASP-43b (exoplanet), 2:13

WASP-94A and B (binary star system), 2:16
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water
in atmosphere of exoplanet, 1:16
on Comet 67P, 4:13, 7:13
early formation of, 8:13
ice on Mercury, 2:9
internal ocean on Enceladus, 1:28
on Mars as brine, 8:13
on Mars in past, 4:14, 7:20
predating Sun, 1:13
vapor on Ceres, 1:26
vapor on Europa, 1:26
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Kepler spacecraft's new lease on life, 1:44-49

Jennings, Karen
Where are the women in amateur astronomy?, 1:60—65

K

Kornei, Katherine
Big Island astronomy, 11:52-55
The Local Group: Our galactic neighborhood, 12:44-49
Kruesi, Liz
How Hubble changed the world, 4:50-55
Limits of the cosmos: The far reaches of space, 12:56-61
Searching for the universe's background glow, 8:22-27
Top 10 space stories of 2014, 1:24-33
What lurks in the monstrous heart of the Milky Way?, 10:30-35
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Livio, Mario
Hubble's top seven science discoveries, 4:28-35
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Matthews, Jaymie
How astronomers hear stellar heartbeats, 2:44-49
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O'Meara, Stephen James
The "Aristarchus X", 8:20
Discover Orion's deep-sky gems, 2:50-57
The doppelgénger effect, 10:22
Double trouble, 11:18
The nature of observing, 7:56-59
A northerner's view of the southern sky, 5:30-35
Out-of-focus observing, 12:66
Rainy eclipse, 9:18
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The Reiner swirl, 2:14

A spooky shadow effect, 5:14

The 13th "sign"?, 3:16

A 12th-century sunspot enigma, 6:18
Twin treats, 1:14

Two odd couples, 7:18

Into the void, 4:16

R
Reddy, Francis

The Milky Way: Earth's home galaxy, 12:30-35

Our solar system: Realms of fire and ice, 12:24-29
Regas, Dean

Eclipse of the Super Moon, 9:56-59
Reynolds, Mike

Go light with the Star Adventurer mount, 7:64—65
Rix, Erika

An award for sketching, 3:84

Black paper, 5:66

Catch the fleeting ISS, 11:68

The feeling is mutual, 1:68

Galaxy groupings, 6:64

Sketch Minkowski's nebulae, 9:68

Solar prominences, 10:66

Think positive, 7:66

Two perspectives, 2:66
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Scoles, Sarah

The Virgo Supercluster: Our 100,000 closest galaxies, 12:50-55
Sokol, Joshua

No country for old telescopes, 10:44—49
Stern, S. Alan

NASA sets its sights on Pluto, 2:22-27

The Pluto system explored!, 11:24-29

Pluto: Up close and personal, 7:22-27

T
Talcott, Richard
Hunt the last planet, 7:46-47
Jim Lovell in his own words, 6:24-29
Rendezvous with an evolving comet, 9:44-49
25 years of dazzling images, 4:56—66
Trefil, James
Relativity turns 100, 11:30-35
Trusock, Tom
Around the world in eight star parties, 10:56-59
Vacation with the stars, 7:60-63
We test Stellarvue's compact refractor, 6:62—63
Tyndall, Amy
Turning on the stars again, 10:60-63
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Wilkins, Ralph
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Touring the Herschel Museum, 5:62—-65
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