Astronomy Magazine 2023 Index

SUBJECT

A
Abell 2199 (galaxy group)
image of, 5:43
observing, 5:42-43
Abell 3158 (galaxy cluster), 6:11
active galactic nuclei (AGNSs). See black holes; blazars; quasars; radio galaxies; Seyfert galaxies
Aditya-L1 solar observatory, proposed launch of, 2:21
Adobe Photoshop
erasing stars from images with Al tools, 4:46—47
original release and latest version of, 8:34-35
Al See artificial intelligence
airglow, image of, 2:57
Akari satellite, 6:20
AL (Astronomical League), programs provided by, 10:50
Al-Amal (Hope) orbiter, flybys of Deimos, 8:7
Albireo (Beta Cygni) (double star)
binocular observations of, 9:52
colors of, 9:12
Alcantara Launch Center, 8:51
Aldebaran (Alpha Tauri) (star)
image of, 3:56
image of with Mars and other features, 2:57
Algol (Beta Persei) (double star), 11:48
Alnitak (Zeta Orionis) (star), 4:11
Alpha Aurigae (Capella) (star), binocular observations of, 12:52
Alpha Capricorni (Algedi) (binary star system), binocular observations of, 8:66
Alpha Centauri A (star)
acoustic spectrum, 12:22
overview of, 6:38-39
position and distance from Sun, 6:40
size and magnitude, 6:38
Alpha Centauri B (star)
overview of, 6:38-39
position and distance from Sun, 6:40
size and magnitude, 6:38
Alpha Lyrae (Vega) (star), as celestial reference point, 5:12
Alpha Orionis (Betelgeuse) (star), image of, 3:56
Alpha Piscis Austrini (Fomalhaut) (star), dust rings surrounding, 11:26-27
Alpha Tauri. See Aldebaran
amateur astronomy
Astronomads Bangla, 12:42-45
Astronomical League programs, 10:50
emission nebula discovered near Andromeda, 5:11
evolution of, 8:32-35
Stellafane, 9:36-39
Amazon, Project Kuiper satellites, 3:15, 18
ammonia, in Saturn’s atmosphere, 12:7
analemmi, 6:56-57, 8:56-57
Andromeda Galaxy (M31)
emission nebula discovered near, 5:11
image of, 8:72
image of with Comet Hale-Bopp, 8:71
measuring dark energy via galactic orbits, 12:9
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Apollo 8 mission
“Earthrise” photo, 12:14-15, 19
Genesis reading broadcast, 12:15-19
Mount Marilyn, 12:18
overview of, 12:14-19
Ara (constellation), deep-sky observations within, 6:26-27
arcminutes, 12:12
arcseconds, 12:12
Arecibo Observatory
decision not to rebuild, 3:9
official end of scientific activities, 12:7
Ariane 6 launcher, delays to, 7:9
Aristarchus, 10:12
Arp 94 (galaxy pair), 2:56
Arp 120 (The Eyes; NGC 4435 and NGC 4438) (galaxy pair), 5:42
Arp 331 (Pisces galaxy cloud), 5:42
Arrokoth (Ultima Thule; 2014 MUseo)
Astronomy magazine's coverage of, 8:25
New Horizons mission, 1:16
Artemis 1 mission
completion of, 3:8-9
delayed launch, 2:18, 3:8
launch of, 2:18, 3:8-9
overview of, 3:8-9
volume of rocket launch compared to Rice Krispies, 6:11
Artemis 2 mission
advice from Jim Lovell, 12:16
scheduled launch date, 12:9
Artemis 3 mission, 12:9
Artemis program, second lander design selected, 9:9
artificial intelligence (AI)
anomaly detection, 7:43
erasing stars from images with Al tools, 4:44—47
fake galactic images, 7:40—42
machine learning, 7:38-39
neural networks, 7:38, 43
role of in future of astronomy, 7:36-43, 8:47
searching radio data for signs of life, 6:9
terminology, 7:38
asterisms. See names of specific asterisms
asteroids
See also names of specific asteroids
DART mission, 2:20-21, 12:9
effect on Earth if asteroid hit Moon, 9:54-55
astroimaging
cameras for eclipses, 12:25-27
comets, 1:44-49
composite astrophotography, 9:48-49
consumer cameras, 1:47
dark nebulae, 7:44-49
erasing stars with Al tools, 4:44-47
flat darks, 11:50
gain, 11:50
in India, 12:42-45
lucky imaging, 12:51
master darks, 11:50
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nightscapes, 8:64
offset, 11:50
past 50 years of, 8:52-59
smartphone photography, 8:35
star trails, 8:64
time-lapse videos, 8:64
wavelet deconvolution, 12:51
without scopes, 8:64
astronauts
See also names of specific astronauts
risks of space tourists conceiving children in space, 8:9
time needed to accelerate to near light speed without crushing, 4:54
ASTRONET Roadmap, 9:9
Astronomads Bangla, 12:42-45
Astronomical Association of Northern California, 8:32
Astronomical League (AL), programs provided by, 10:50
astronomical tourism
embrace of in 1980s, 8:34
risks of space tourists conceiving children in space, 8:9
astronomical units (AU), 12:12
astronomy
Carl Sagan in the 1970s, 8:16—17
Civil War-era events, 12:38-41
comparison of last 50 years with earlier half-century historical periods, 8:10
coping with blurry, turbulence-ridden observations, 2:12
decadal surveys of future research priorities, 2:15
familiarizing yourself with the night sky, 4:50
imaginary scale model of Earth and nearest celestial bodies, 12:12
naked-eye observations, 11:12
next 50 years of, 8:44-51
role of Al in future of, 7:36-43, 8:47
top 10 stories of 2022, 2:14-23
units of measurement of distance, 12:12
Astronomy Day, 8:32-33
Astronomy magazine
1970s, 8:19-20
1980s, 8:20-21
1990s, 8:21-22
2000s, 8:22
2010s, 8:22-23
2020s, 8:23
best observing story contest, 8:60—61
coverage of 50 years of science, 8:24-31
early team and contributors to, 8:19-20
first issues of, 8:19-20
Guide to the Night Sky 2024, 12:supp
history of, 8:18-23
launch at cusp of era of astounding discoveries, 8:10
origin of, 8:15, 19
past 50 years of published astroimages, 8:52—-59
purchase of by Kalmbach Publishing Co., 8:21
Star Products, 10:42-49
top 10 stories of 2022, 2:14-23
Astro-Physics triplet objective lenses, 8:34
AT2022cmc (tidal disruption event), 4:7
atmospheres
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ammonia in atmosphere of Saturn, 12:7

detection of exoplanet too hot to host atmosphere, 7:9

of Mercury, 9:24

of Venus, 10:9

of WASP-39b, 6:18
AU (astronomical units), 12:12
AU Microscopii (star), images of debris disk surrounding, 5:9
Auriga (constellation), binocular observations within, 12:52
aurorae

aurora-like process on Mercury, 10:22-23

on brown dwarfs, 10:25

on Callisto, 10:24

during Civil War, 12:40

on Earth, 10:20-22

on Europa, 10:24

on exoplanets, 10:25

on Ganymede, 10:23-24

inciting mechanism of, 10:20-22

on lo, 10:24

on Jupiter, 10:23-24

magnetotail, 10:21-22

on Mars, 10:23-24

on Neptune, 10:24-25

on Saturn, 10:24

on Uranus, 10:24-25

on Venus, 10:23

B
B205 (dark nebula), 7:47
B343 (dark nebula), 7:49
B347 (dark nebula), 7:48
Barnard 33. See Horsehead Nebula
Barnard 92 (dark nebula), 10:39
Barnard 93 (dark nebula), 10:39
Barnard 95 (dark nebula), 10:40
Barnard 304 (dark nebula), 10:39
Barnard 307 (dark nebula), 10:39
Barnard’s Star
overview of, 6:39-40
position and distance from Sun, 6:40
size and magnitude, 6:38
barred spiral galaxies, appearance of in early universe, 5:11. See also names of specific barred spiral galaxies
Belt of Venus (anti-twilight arch), 12:44-45
Bennu (asteroid), sample return, 2:21
BepiColombo mission, next Mercury flyby, 2:21
Beta Capricorni (Dabih) (quintuple star system), binocular observations of, 8:66
Beta Cygni. See Albireo
Beta Persei (Algol) (double star), 11:48
Betelgeuse (Alpha Orionis) (star), image of, 3:56
binary star systems (double stars)
See also names of specific binary star systems
binocular observations of, 5:52
tightest orbit known, 5:10
USNO's observations of, 2:49
binocular astronomy
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binary star systems, 5:52
Bufo the Toad, 6:52
Messier marathon, 3:52
observations in summer, 7:52
observations within Auriga, 12:52
observations within Capricornus, 8:66
observations within Cassiopeia, 10:52
observations within Cygnus, 9:52
observations within Leo, 4:52
observations within Orion, 2:50
observations within Perseus, 11:48
observing M16, M17 and Sh 2-54, 10:39-40
BL Ceti (star)
overview of, 6:42-43
position and distance from Sun, 6:40
size and magnitude of, 6:38
Black Eye Galaxy (M64; NGC 4826), 7:57
black holes
See also names of specific black holes
amount of dark matter accounted for by, 4:54-55
bright event caused by swallowing of star, 4:7
center of, 12:54-55
at center of Centaurus A, 9:10-11
at center of M87, 9:11
delayed emissions after ingesting star, 3:9
embedding diagrams of, 9:55
as energy source for quasars, 11:18-19
exoplanets orbiting, 5:21
first images of, 8:27
masses of detected by gravitational waves and electromagnetic observations, 5:19
mechanism behind rapid spinning of, 7:54-55
microlensing, 5:16, 18
nearest to Earth, 3:11
as possible source of dark energy, 6:9
rogue, 2:16—-17, 5:14-21
spaghettification, 2:54
as spheres, 9:55
stellar mass, tidal acceleration of object falling into, 2:54
stellar-mass, graphic of all known, 5:20
stellar-mass, gravitational waves produced by collisions of, 3:55
supermassive, Astronomy magazine's coverage of, 8:26-27
supermassive, closest binary known, 5:9
supermassive, ejected by galaxy mergers, 9:10
supermassive, gravitational waves produced by collisions of, 3:55
supermassive, in binary quasar, 8:7
supermassive, redness of dusty galactic cores occupied by, 5:9
supermassive, shock wave and wake from runaway, 9:10
supermassive, tidal acceleration of object falling into, 2:54
black-drop effect, 7:50
blazars, components of, 11:19
Blue Origin
Blue Moon lander, 9:9
booster failure, 2:7
New Glenn rocket, 9:9
selection of lander design, 9:9
BlueWalker 3 satellite, 4:9



Astronomy Magazine Subject Index

Bok globules, images of, 6:56, 11:7
Brahe, Tycho, 1:10-11
Breakthrough Listen project, 6:9
Brocchi’s Cluster (Coathanger; Collinder 399) (asterism), 7:25-26
brown dwarfs
See also names of specific brown dwarfs
aurorae, 10:25
unusually hot, 12:9
why Jupiter is not a brown dwarf, 8:68
Bubble Nebula (NGC 7635), 3:57
Bufo the Toad (constellation), binocular observations of, 6:52
Butterfly Cluster (M6), 12:57
B-V star-color scale, 5:12

C

Caldwell 27 (Crescent Nebula; LBN 203; NGC 6888; Sh 2—105), images of, 4:57, 9:57
Caldwell 49. See Rosette Nebula
California Nebula (NGC 1499), image of, 2:57
Callisto (moon of Jupiter)
aurorae, 10:24
diameter of, 4:16
discovery of, 4:13
distance from Jupiter, 4:16
image of, 4:18
interior structure of, 4:16
overview of, 4:15
Canadian Hydrogen Intensity Mapping Experiment (CHIME), 9:10
Capella (Alpha Aurigae) (star), binocular observations of, 12:52
Capricornus (constellation), binocular observations within, 8:66
CAPSTONE spacecraft, recovery from uncontrolled spin, 2:9
carbon
appearance of in early universe, 11:10
detected in Orion Nebula, 12:36-37
carbon dioxide, on exoplanets, 2:9
Carina Nebula (NGC 3372)
Cosmic Cliffs, 4:10
image of, 6:57
star forming region in, 2:14-15
Cassini spacecraft, decision to crash into Saturn, 10:54
Cassiopeia (constellation), binocular observations within, 10:52
Cassiopeia A (supernova remnant)
imaging by JWST, 10:26-27
origin and composition of, 10:26-27
Cat's Eye Galaxy (M94), image of, 11:56
CCD cameras, Astronomy magazine's coverage of, 8:34, 53-54, 57
Ced 110 IRS 4 (protostar), 6:7
CEERS (Cosmic Evolution Early Release Science) Survey, purpose of, 6:9, 9:27
celestial equator, 5:12
Celestron
Schmidt-Cassegrain telescopes, 8:32-33
StarSense Explorer Dobsonian telescopes, 4:48-49, 8:34-35
Centaurs, as origin of comets, 1:15, 21. See also names of specific Centaurs
Centaurus A (NGC 5128) (elliptical galaxy), black hole at center of, 9:10-11
CG4 (cometary globule), images of, 4:56, 12:44-45
Chameleon I (molecular cloud), 6:7
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Chandrayaan-3 mission
landing of, 12:8
overview of, 12:8
proposed launch of, 2:21
Chandrayaan-4 mission, 12:9
Chang’e-5 mission, glassy beads storing water, 7:9
CHIME (Canadian Hydrogen Intensity Mapping Experiment), 9:10
CI Camelopardalis (X-ray binary star), 11:54
Cirrus Nebula. See Veil Nebula
Civil War, astronomical events associated with, 12:38—41
Clark, Alvan, 2:45-47
climate change and global warming
Carl Sagan's understanding and warnings about, 8:17
learning about from Venus, 5:27
using lunar dust to limit, 6:9
CMB. See cosmic microwave background
Coathanger (Brocchi’s Cluster; Collinder 399) (asterism), 7:25-26
COBE (Cosmic Background Explorer), Astronomy magazine's coverage of, 8:27
Collinder 26 (Melotte 15) (open cluster), binocular observations of, 10:52
Collinder 69 (open cluster), binocular observations of, 2:50
Collinder 70 (open cluster), binocular observations of, 2:50
Collinder 399 (Coathanger; Brocchi’s Cluster) (asterism), 7:25-26
Comet 1P/Halley
amateur astronomy, 8:34
appearance in 1066, 1:11
appearance in 1301, 1:9, 11
appearance in 1456, 1:11
appearance in 1758, 1:12, 3940
appearance in 1910, 1:8-10
appearance in 1986, 1:7, 39
appearance in 2061, 1:58
Giotto mission, 1:13, 17
Halley's discoveries, 1:11-12
images of, 1:39, 52, 58
overview of, 1:39-40
Comet 3D/Biela (Gambart’s Comet), 1:12
Comet 9P/Tempel (Tempel 1), Deep Impact mission to, 1:16—18
Comet 17P (Holmes)
images of, 1:42, 46, 55
overview of, 1:42
Comet 19P/Borrelly, 1:16
Comet 29P/Schwassmann-Wachmann
images of, 1:25, 8:56
proposed mission to, 1:21
Comet 46P/Wirtanen, 1:46
Comet 67P/Churyumov-Gerasimenko
images of, 1:14-17, 19-20
Philae lander, 1:18, 20
Rosetta spacecraft, 1:16—-18
Comet 73P/Schwassmann-Wachmann, 1:7
Comet 103P/Hartley (Hartley 2), 1:18
Comet 109P/Swift-Tuttle, 12:39-40
Comet 238P/Read, water vapor around, 9:7
Comet C/1680 V1 (Great Comet of 1680), 1:11-12
Comet C/1811 F1 (Great Comet of 1811), 1:12
Comet C/1843 D1 (Great March Comet), 1:12
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Comet C/1858 L1 (Comet Donati), 1:10-11, 12—-13
Comet C/1861 J1 (Great Comet of 1861), 12:39—40
Comet C/1864 N1 (Tempel), 1:13
Comet C/1882 R1 (Great September Comet), 1:12
Comet C/1908 R1 (Morehouse), 1:13
Comet C/1910 A1 (Great January Comet; Daylight Comet), 1:9
Comet C/1965 S1 (Ikeya-Seki)
images of, 1:37, 50-51
overview of, 1:37
Comet C/1969 Y1 (Bennett)
images of, 1:37-38, 50-51
overview of, 1:37
Comet C/1973 E1 (Kohoutek)
images of, 1:24, 38, 50-51
overview of, 1:38
Comet C/1975 V1 (West)
images of, 1:24, 38, 51, 8:56
overview of, 1:38-39
Comet C/1983 H1 (IRAS-Araki-Alcock)
image of, 1:39
overview of, 1:39
Comet C/1984 V1 (Levy-Rudenko), 1:7
Comet C/1987 P1 (Bradfield), 8:70
Comet C/1990 K1 (Levy), 1:52
Comet C/1995 O1 (Hale-Bopp)
amateur astronomy, 8:34-35
images of, 1:6, 24-25, 40, 52, 8:71
overview of, 1:40-41
Comet C/1996 B2 (Hyakutake)
amateur astronomy, 8:34
images of, 1:26, 41, 52, 8:61, 71
impression when viewing, 8:61
overview of, 1:41
tail of, 1:26
Comet C/1999 S4 (LINEAR), 1:54
Comet C/2002 V1 (NEAT)
images of, 1:41, 54
overview of, 1:41-42
Comet C/2006 P1 (McNaught)
images of, 1:25, 42, 54-55
overview of, 1:42
tail of, 1:25
Comet C/2011 L4 (PanSTARRS)
images of, 1:27, 43, 54
overview of, 1:43
Comet C/2011 W3 (Lovejoy)
images of, 1:43, 55
overview of, 1:42-43
Comet C/2012 S1 (ISON), images of, 1:22, 55
Comet C/2013 V5 (Oukaimeden), 1:48
Comet C/2015 V2 (Johnson), 1:47
Comet C/2017 K2 (PanSTARRS)
David H. Levy's reflections on, 1:7
image of, 1:24
Comet C/2018 V1 (Machholz-Fujikawa-Iwamoto), 3:52
Comet C/2020 F3 (NEOWISE)
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images of, 1:22-23, 25,37, 43, 44-45, 56
overview of, 1:43
Comet C/2020 F8 (SWAN), 1:26
Comet C/2021 A1 (Leonard), images of, 1:26, 44-45, 48
Comet C/2022 E3 (ZTF), 5:57
Comet C/2023 P1 (Nishimura), 12:57
Comet D/1993 F2 (Shoemaker-Levy 9)
amateur astronomy, 8:34
collision with Jupiter, 1:7, 17, 21, 40, 8:71
discovery of, 1:7
images of, 1:40
overview of, 1:40
Comet Interceptor mission, 1:21
comets
See also names of specific comets
anatomy of, 1:47
Brahe's discoveries, 1:10-11
classes of, 1:16, 20-21, 46
comet watches, 1:22, 24
conjunctions with, 1:46
David H. Levy's reflections on, 1:6-7
“dirty snowball” model, 1:13, 17
disconnection events, 1:26
early concepts of, 1:9-11
early photographs of, 1:11, 13
formation models, 1:17-20
great comets of recent years, 1:36—43, 50-52, 54-56
Halley's discoveries, 1:11-12
imaging, 1:44-49
jets emanating from, 1:27
long-period comets, 1:16, 21, 46
magnitude estimation, 1:24-25
missions to, 1:16
nucleus of, 1:17-20
number discovered so far, 1:7
observing, 1:22-27
origin in Kuiper Belt, 1:15-16, 21
origin in Oort Cloud, 1:13, 16, 21
outbursts from, 1:18-20
parabolic hoods, 1:27
phase transition of ice on, 1:20
poem about, 1:7
pseudo-nucleus, 1:27
short-period comets, 1:16, 21, 46
spectroscopy, 1:13
sungrazers, 1:46
synchrones, 1:25
tail measurement, 1:25-27
tail types, 1:25-27, 47
COMPASS (Compositions of Mini-Planets for Atmospheric Statistical Study), 10:17-18
constellations. See names of specific constellations
contact binaries. See names of specific contact binaries
Copernicus, Nicolaus, 10:12
coronae, 5:50
Cosmic Background Explorer (COBE), 4stronomy magazine's coverage of, 8:27
Cosmic Bat Nebula (NGC 1788; LDN 43), 11:56
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Cosmic Evolution Early Release Science (CEERS) Survey, purpose of, 6:9, 9:27
cosmic microwave background (CMB)
Astronomy magazine's coverage of, 8:27
sounds of, 12:22-23
Cosmic Question Mark (NGC 7822 and Sh 2-170), 5:57
cosmic web, composition of, 10:54-55
cosmological redshift, 6:16
cosmology, Astronomy magazine's coverage of, 8:27-28
Cosmos (TV series), 8:34
Coulter Optical Odyssey I telescope, 8:33
CPD-29 2176 (binary system), 6:7
Crab Nebula (M1)
image of, 6:44—45
overview of, 6:44-46
craters. See names of specific craters
Crescent Nebula (Caldwell 27; LBN 203; NGC 6888; Sh 2—105), images of, 4:57, 9:57
cubic centimeters, 3:12
Curiosity rover
comparative size of, 7:14
fossilized water ripples, 6:12
overview of, 4:23-24
selfie image of, 5:55
Cygnus (constellation), binocular observations within, 9:52
Cygnus Loop. See Veil Nebula
Cygnus X-1 (black hole), 5:16

D
d203-506 (red dwarf with protoplanetary disk), 12:37
Dabih (Beta Capricorni) (quintuple star system), binocular observations of, 8:66
Daniel K. Inouye Solar Telescope, inauguration of, 2:9
Danuri lunar orbiter, entering lunar orbit, 4:7
dark energy
black holes as possible source of, 6:9
equivalence of dark matter and, 11:52
limited knowledge of, 10:12
measuring via galactic orbits, 12:9
Dark Energy Spectroscopic Instrument. See DESI
dark matter
amount accounted for by unseen black holes, 4:54-55
composition of cosmic web, 10:54-55
equivalence of dark energy and, 11:52
dark nebulae
See also names of specific dark nebulae
catalogs of, 7:46
imaging, 7:44-49
dark stars, observations by JWST, 11:10
Dark Toad Nebula, 10:41
DART (Double Asteroid Redirection Test) mission
boulder cloud caused by, 12:9
overview of, 2:20-21
DAVINCI (Deep Atmosphere Venus Investigation of Noble gases, Chemistry, and Imaging) mission
objective of, 5:27, 7:9
scheduled launch date, 9:17
Daylight Comet (Comet C/1910 A1; Great January Comet), 1:9
DayStar Filters, 8:33

10
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Deep Impact mission, 1:16—18
deep learning. See artificial intelligence
Deep Space 1 mission, 1:16
Deimos (moon of Mars)
composition of, 8:7
discovery of, 2:47—48
flybys of by Hope orbiter, 8:7
phases of, 7:55
visibility from Mars' surface, 7:55
Delta Orionis (Mintaka) (star), celestial equator, 5:12
Dementor Nebula (LDN 881), 7:46-47
DESI (Dark Energy Spectroscopic Instrument)
Legacy Imaging Survey, 6:11
overview of, 2:40-42
Didymos (binary asteroid system), DART mission, 2:20-21
Dimorphos (asteroid moonlet)
boulder cloud caused by DART, 12:9
overview of DART mission, 2:20-21
Dog Walker (asterism), binocular observations of, 10:52
Double Asteroid Redirection Test mission. See DART mission
Double Cluster (NGC 869 and NGC 884), binocular observations of, 10:52
Double Cross (asterism), binocular observations of, 5:52
double stars. See binary star systems; names of specific binary star systems
Draco Trio (galaxy group)
images of, 5:36, 4243
observing, 5:42
observing in spring, 5:39
Dragon spacecraft, potential mission to boost orbit of Hubble, 3:9
Drake, Frank, 2:7
Drake equation, 2:7
Dumbbell Nebula (M27), confusing with comet, 8:61
dwarf galaxies, detection of young, metal-poor galaxy, 4:9. See also names of specific dwarf galaxies
dwarf planets
See also names of specific dwarf planets
discovery of, 8:25
reclassification of Pluto, 8:25

E
Eagle Nebula (M16)
binocular observations of, 7:52, 10:39
images of, 10:38, 41
infrared images of Pillars of Creation, 3:7, 6:18-19, 10:55
observing in summer, 10:38—41
Earth
annual movement of North Pole due to groundwater usage, 10:10
aurorae, 10:20-22
case for and against Rare Earth hypothesis, 7:18-23
determining direction of movement, 5:12
effect on if asteroid hit Moon, 9:54-55
image of with Moon from Lucy spacecraft, 3:10-11
Mariana Trench, 4:37
Mauna Loa, 4:9
rebutting conspiracy theory that Earth is flat, 10:12
size of compared to exoplanets, 7:18—-19, 22
slowing of inner core's rotation, 6:9

11
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water and origin of life, 4:37-38
Eclipse Simulator software, 3:48-49
eclipses

cameras for, 12:25-27

list of 25 hot eclipse products, 12:46—49

lunar, 6:22-25

reusing eclipse glasses, 4:43

solar, 2:54-55, 57, 3:36-39, 4849, 4:40-43, 6:54, 8:35, 9:40-45, 11:14
Edmund Scientific AstroScan, 8:33
EHT (Event Horizon Telescope), imaging Sagittarius A*, 2:22-23
83 Leonis (binary star system), binocular observations of, 5:52
Einstein Telescope, 9:9
Elbert, Donna, 3:10
electromagnetic force, comparison of fundamental forces, 5:54
elliptical galaxies

See also names of specific elliptical galaxies

black hole growth in, 6:9

globular clusters more common in, 12:55
ELT. See Extremely Large Telescope
emission nebulae, discovered near Andromeda, 5:11. See also names of specific emission nebulae
Enceladus (moon of Saturn)

phosphorus on, 10:10

possibility of life on, 4:37
EnVision orbiter, 5:27, 7:9
Eridanus A Group (galaxy group), 5:42
ESA (European Space Agency). See names of specific spacecraft and missions
ESO 257-19 (galaxy), 4:56
Euclid infrared space telescope, launch of, 10:9
Europa (moon of Jupiter)

aurorae, 10:24

diameter of, 4:16

discovery of, 4:13

distance from Jupiter, 4:16

images of, 4:15

interior structure of, 4:16, 19

Juno spacecraft flyby, 2:10

overview of, 4:14-16

possibility of life on, 4:36-37, 38
European Solar Telescope, 9:9
European Space Agency (ESA). See names of specific spacecraft and missions
Event Horizon Telescope (EHT), imaging Sagittarius A*, 2:22-23
exoplanets (extrasolar planets)

See also names of specific exoplanets

artists' depictions of, 5:44-48

Astronomy magazine's coverage of, 8:28-30

aurorae, 10:25

carbon dioxide detected on, 2:9

case for and against Rare Earth hypothesis, 7:18-23

categories of, 2:18

comparative size of, 7:18-19, 22

core accretion hypothesis, 10:18

detecting using Al, 7:40

detection of exoplanet too hot to host atmosphere, 7:9

discovered during 2022, 2:18

discovered in habitable zones of red dwarfs, 10:18

discovering in protoplanetary disks, 2:10

12
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discovery of first, 1:20
effects of adding hypothetical super-Earth to our solar system, 7:9, 10:18—19
first imaged by JWST, 2:7
habitable zones, 7:20-23
highly reflective, 11:10
hot Jupiters, 10:16, 11:10
lack of super-Earths and sub-Neptunes in our solar system, 10:14-19
observation of planet consumed by host star, 9:8-9
orbiting black holes, 5:21
radial velocity method of detection, 10:15-16, 18
star composition and development of ozone layer on, 8:9
sub-Neptunes, 10:14-19
super-Earths, 2:18, 7:9, 10:14-19
transit method of detection, 5:55, 10:16-17, 19
extraterrestrial life
carbon detected in Orion Nebula, 12:36-37
case for and against Rare Earth hypothesis, 7:18-23
extreme adaptability of microbes, 4:38
Fermi paradox, 7:22-23
habitable zones, 7:20-23
searching for, on watery worlds, 4:36-39
searching radio data with Al, 6:9
Extremely Large Telescope (ELT)
completion of as priority, 9:9
halfway point in construction, 11:7
Eyes, The (NGC 4435 and NGC 4438; Arp 120) (galaxy pair), 5:42

F
fast radio bursts (FRBs)
See also names of specific fast radio bursts
following collision of neutron stars, 7:9
number of known, 9:10
Fermi paradox, 7:22-23
51 Pegasi b (exoplanet), discovery of, 1:20, 8:29
55 Cancri e (exoplanet), 10:15-16
Flaming Star Nebula (IC 405), 2:57
Fleming’s Triangular Wisp, 10:13
Fomalhaut (Alpha Piscis Austrini) (star), dust rings surrounding, 11:26-27
Fornax Cluster (galaxy cluster), 7:56
Fox Head Cluster (NGC 6819), 7:25-26
FP J1912-0331 (planetary nebula), 12:56
FRBs. See fast radio bursts; names of specific fast radio bursts
Fred L. Whipple Observatory, 2:40, 4244

G
G150.3+4.5 (Thor's Lightning) (supernova remnant), 11:54
Gaia BH1 (binary system), 3:11
Gaia mission
third data release, 2:17
using Al to detect open clusters from data produced by, 7:42
galaxies
See also names of specific galaxies; names of specific types of galaxies
Brightest Cluster Galaxies classification, 6:10
cluster formation from lost stars, 5:7
detection of early massive galaxies, 6:8-9, 9:26-27
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jellyfish galaxies, 9:58
redness of dusty cores occupied by supermassive black holes, 5:9
Seyfert galaxies, 11:19
galaxy clusters
See also names of specific galaxy clusters
galaxy groups vs., 5:41
jets and hot gas, 7:7
galaxy groups
galaxy clusters vs., 5:41
observing, 5:40—43
Galaxy Zoo project, integrating Al into, 7:39-40, 42
Gambart’s Comet (Comet 3D/Biela), 1:12
gamma-ray bursts (GRBs)
See also names of specific gamma-ray bursts
brightest detected, 3:7, 8:8
caused by collision of compact stars, 11:10
frequencies of, 12:22, 24
hybrid short and long, 4:8-9
hypermassive neutron stars and, 5:10
long, 8:8
possible causes of, 8:8
spawning supernovae, 8:8
Ganymede (moon of Jupiter)
aurorae, 10:23-24
diameter of, 4:16
discovery of, 4:13
distance from Jupiter, 4:16
images of, 4:14
interior structure of, 4:16
overview of, 4:15-16
possibility of life on, 4:36
Geminid meteors, 5:56
Gingerich, Owen, 10:7
Giotto mission, 1:13, 17
GJ 486 b (exoplanet), 10:19
GJ 1214 b (exoplanet), 10:16
Gliese 411. See Lalande 21185
Gliese 436 b (exoplanet), artist's depiction of, 5:48
global warming. See climate change and global warming
globular clusters. See names of specific globular clusters
earliest known, 2:11
formation of, 3:54
reason behind location of, 12:55
glories (optical effect), 5:50
gold, stars containing, 4:9
Goldilocks zones (habitable zones; HZs), stellar and galactic, 7:20-23
GPM J1839-10 (radio source), 11:8
Grand Tack hypothesis, 10:18
gravitational lensing
gravitational waves, 11:10
Hubble tension, 9:9
microlensing, 5:16, 18
rogue black holes, 2:16-17
SN Zwicky, 12:7
Wolf 359 and search for extraterrestrial life, 6:43
gravitational waves
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bending or lensing, 11:10

first detection of, 10:9

low frequency, 10:8-9

masses of neutron stars detected by, 5:19

produced by collisions of neutron stars, 7:9

produced by collisions of supermassive vs. stellar-mass black holes, 3:55
gravity

comparison of fundamental forces, 5:54

speed of, 11:52-53
GRB 211211A (gamma-ray burst), 4:8-9
GRB 221009A (gamma-ray burst), 8:8
GRBs. See gamma-ray bursts; names of specific gamma-ray bursts
Great Comet of 1680 (Comet C/1680 V1), 1:11-12
Great Comet of 1811 (Comet C/1811 F1), 1:12
Great Comet of 1861 (Comet C/1861 J1), 12:39-40
Great January Comet (Daylight Comet; Comet C/1910 Al), 1:9
Great September Comet (Comet C/1882 R1), 1:12

H
Ho imaging. See hydrogen-alpha imaging
Habitable Worlds Observatory (HWO), plans for, 5:9, 8:46-47
habitable zones (HZs; Goldilocks zones), stellar and galactic, 7:20-23
HAKUTO-R Mission 1 robotic lander, crash landing of, 8:7
Halley, Edmund, 1:11-12
Hamburger Galaxy (NGC 3628)
image of, 5:41
observing, 5:41
Happy Face (asterism), binocular observations of, 12:52
Hayabusa2 spacecraft, early results from samples returned by, 2:16
HD 45166 (binary star system), 12:10
HD 222582 b (exoplanet), artist's depiction of, 5:44-45
HE0435-1223 (quasar), 11:23
Herbig-Haro (HH) objects. See names of specific Herbig-Haro objects
Herschel Space Observatory, 6:20
Hertzsprung-Russell (HR) diagram, 4:55
HH 46/47 (Herbig-Haro objects), 11:7
HIP 65426 b (exoplanet), 2:7
HIPASS J1131-31 (Peekaboo Galaxy), 4:9
HMNS:s. See hypermassive neutron stars
Hope (Al-Amal) orbiter, flybys of Deimos, 8:7
Horsehead Nebula (Barnard 33)
Barnard catalog, 7:46
difficulty in observing, 4:11
Horseshoe Nebula. See Swan Nebula
HP Tauri (star), 12:57
HR (Hertzsprung-Russell) diagram, 4:55
HSC J2236+0032 (quasar), 11:22
Hubble constant and Hubble tension, 8:50-51, 9:9
Hubble Space Telescope (HST)
Astronomy magazine's coverage of, 8:30-31
CEERS Survey, 6:9, 9:27
comparison with JWST, 6:15-16
increasing number of satellite trails appearing in images from, 7:7
potential mission to boost orbit of, 3:9
33rd year in orbit, 8:74
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Huygens, Christiaan, 7:7
Huygens spaceprobe, risk of contaminating Titan, 10:54
HWO (Habitable Worlds Observatory), plans for, 5:9, 8:46-47
hydrogen-alpha (Hot) imaging
production of first filters, 8:33
solar eclipses, 6:54
Hypatia crater (feature on Moon), 3:50
hypermassive neutron stars (HMNSs)
acoustic spectrum, 12:22, 24
overview of, 5:10
HZs (habitable zones; Goldilocks zones), stellar and galactic, 7:20-23

I
IC 342 (spiral galaxy), 8:58-59
IC 343 (barred lenticular galaxy), 5:42
IC 405 (Flaming Star Nebula), 2:57
IC 410 (Tadpoles Nebula), 2:57
IC 443 (Jellyfish Nebula), 6:44-45, 47
IC 1318 (emission nebula), 7:48
IC 1340. See Veil Nebula
IC 1559 (galaxy), 5:58
IC 1613 (dwarf galaxy), 3:57
IC 2118 (Witch Head Nebula), 12:43
IC 2944 (Running Chicken Nebula), 8:72-73
IC 4651 (open cluster), 6:27
IC 4701 (emission cloud)
image of, 10:38
observing, 10:39
IC 5068 (nebula), 10:56-57
IceCube Neutrino Observatory, imaging the Milky Way via neutrinos, 10:10
ICM (intracluster medium), 10:55
Imaging X-ray Polarimetry Explorer. See IXPE mission
Infrared Astronomical Satellite, 6:20
Infrared Space Observatory, 6:20
Ingenuity drone, 4:25. See also Perseverance rover
InSight lander
end of mission, 4:7
end of operations, 2:20-21
International Space Station (ISS)
harmful chemicals in accumulated dust, 12:9
image of transiting the Moon, 4:56
Russia's continued support for, 9:7
intracluster medium (ICM), 10:55
Io (moon of Jupiter)
aurorae, 10:24
diameter of, 4:17
distance from Jupiter, 4:17
image of, 4:17
interior structure of, 4:17
overview of, 4:14, 17
iOptron CEM70 telescope mount, 6:48—49
Iota Cancri (binary star system), binocular observations of, 5:52
irregular galaxies. See names of specific irregular galaxies
ispace, crashed lunar lander, 8:7
ISS. See International Space Station
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IXPE (Imaging X-ray Polarimetry Explorer), black hole at center of Centaurus A, 9:10-11

J

J0305-3150 (quasar), 11:22
J0749+2255 (binary quasar), 8:7
James Webb Space Telescope (JWST)
Astronomy magazine's coverage of, 8:30-31
Bok globule, 11:7
candidate star clusters in NGC 7496, 6:9
carbon dioxide detected on exoplanet, 2:9
Cassiopeia A supernova remnant, 10:26-27
Chameleon I molecular cloud, 6:7
clouds feeding protostar, 4:7
comparison with Hubble, 6:15-16
Cosmic Cliffs, 4:10
dark stars, 11:10
detecting exoplanet too hot to host atmosphere, 7:9
dust rings surrounding Fomalhaut, 11:26-27
earlier infrared observatories that paved the way for, 6:20
earliest known globular clusters, 2:11
early barred spiral galaxies, 5:11
early massive galaxies, 6:8-9, 9:26-27
effect on astronomy, 6:14-20
exoplanet atmospheres, 10:18
first anniversary of release of first science images, 10:7
first deep field observation, 3:55, 6:20-21
first exoplanet imaged by, 2:7
first science images from, 2:22-23
instrumentation of, 6:17
Jupiter, 2:36-37
launch of, 2:22-23, 12:44-45
observations within solar system, 6:16—17
oldest light observable by, 3:54-55
PHANGS survey, 6:9, 9:7
Pillars of Creation, 3:7, 6:18-19
quasars, 11:22-23
Ring Nebula, 12:7
rings of Neptune, 2:11
star formation in Large and Small Magellanic Clouds, 6:20-21
star forming regions, 9:7
Tarantula Nebula, 2:7
Wolf-Rayet stars, 7:7
Janus (white dwarf), 12:10
jellyfish galaxies, 9:58
Jellyfish Nebula (IC 443), 6:44-45, 47
Jezero Crater (feature on Mars), backup cache of samples left by Perseverance rover, 3:7
JO204 (jellyfish galaxy), 9:58
Jones 1 (PK104-29.1) (planetary nebula), 5:56
JUICE (JUpiter ICy moons Explorer) mission
child's artwork traveling with, 4:18
development of, 4:15, 1718
instrumentation of, 4:16—17, 18-19
launch of, 2:21
lift off, 8:9
overview of, 4:12—19
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path of, 4:15

planned mission of, 4:19, 39
Juno spacecraft, flyby of Europa, 2:10. See also Jupiter
Jupiter

See also names of moons orbiting; names of specific missions to

aurorae, 10:23-24

collision of Comet Shoemaker-Levy 9, 1:7, 17, 21, 40, 8:71

Grand Tack hypothesis, 10:18

jovian whistlers, 12:23

JWST imaging of, 2:36-37

lightning on, 11:8

size of compared to exoplanets, 7:22

why not a star or brown dwarf, 8:68
JUpiter ICy moons Explorer mission. See JUICE mission
JWST. See James Webb Space Telescope

K

KBOs. See Kuiper Belt objects; names of specific Kuiper Belt objects
Kepler space telescope
Astronomy magazine's coverage of, 8:29
comparative size of exoplanets discovered by, 7:22
Kepler-186 f (exoplanet), 8:30
Kepler-422 b (exoplanet), 7:18
kilonovae, first known system that could trigger, 6:7
Kitt Peak National Observatory (KPNO), 2:39-42, 44
Kodak Pro Gold 400 (PPF) film, 8:54
Kodak Technical Pan Film, 8:33
Kuiper Belt objects (KBOs)
See also names of specific Kuiper Belt objects
discovery of first, 1:15, 8:25
as origin of comets, 1:15, 21

L
L1527 (dark cloud), 4:7
Lagoon Nebula (M8), 6:58
Lagrange points, discovering exoplanets in protoplanetary disks via, 2:10
Lalande 21185 (Gliese 411) (star)
overview of, 6:40-41
position and distance from Sun, 6:40
size and magnitude, 6:38
Large Binocular Telescope (LBT), 2:41-42, 44
Large Magellanic Cloud (LMC), star formation in, 6:20-21
Laser Interferometer Gravitational-Wave Observatory (LIGO), fourth observing run, 9:9
Laser Interferometer Space Antenna (LISA), 8:48—49
LBN 203 (Crescent Nebula; Caldwell 27; NGC 6888; Sh 2—105), images of, 4:57, 9:57
LDN 43 (Cosmic Bat Nebula; NGC 1788), 11:56
LDN 881 (Dementor Nebula), 7:46-47
LDN 889 (dark nebula), 7:48
LDN 1400 (dark nebula), 11:54
LDN 1450 (dark nebula), 7:47
lenticular galaxies. See names of specific lenticular galaxies
Leo (constellation), binocular observations within, 4:52
Leo Triplet (galaxy group)
image of, 5:41
observing, 5:41
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Levy, David H., 1:7
LHS 3844 b (exoplanet), 10:16
life, origin of
See also extraterrestrial life
case for and against Rare Earth hypothesis, 7:18-23
water and, 4:37-38
light
background glow, 4:9
colors as internal perception rather than external phenomena, 7:10, 9:12
coronae, 5:50
cosmological redshift, 6:16
glories (optical effect), 5:50
twilight, 11:42-44
light pollution
concern over reflection from satellite antennae, 4:9
concern over Starlink satellites' contribution to skyglow, 5:9
dark-sky reserve in India, 12:45
disappearance of dark skies faster than satellite measurements might indicate, 5:8-9
lightning
blue jets, 6:57, 12:44-45
on Jupiter, 11:8
red sprites, 12:44—45
LIGO (Laser Interferometer Gravitational-Wave Observatory), fourth observing run, 9:9
LISA (Laser Interferometer Space Antenna), 8:48-49
Little Rosette Nebula (Sh 2-170), 5:57
LkCa 15 (star), 2:10
LMC (Large Magellanic Cloud), star formation in, 6:20-21
Lobster Nebula (NGC 6357), images of, 2:9, 10:58
LP 413-53AB (binary star system), 5:10
LP 791-18 d (exoplanet), 9:7
LSR J1835+3259 (brown dwarf), 9:9
LTT9779 b (exoplanet), 11:10
Lucy mission
image of Earth and Moon, 3:10-11
launch of, 1:21
Luna 25 mission, 12:8-9
lunar eclipses, 2022 (October), 6:22-25
Lynx X-ray observatory, 8:46-47

M
M1. See Crab Nebula
M6 (Butterfly Cluster), 12:57
M8 (Lagoon Nebula), 6:58
M15 (globular cluster), 5:19
M16. See Eagle Nebula
M17. See Swan Nebula
M18 (open cluster), binocular observations of, 7:52, 10:39
M23 (open cluster)
image of, 10:40
observing, 10:39
M24. See Small Sagittarius Star Cloud
M25 (open cluster)
image of, 10:41
observing, 10:39
M27 (Dumbbell Nebula), confusing with comet, 8:61
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M29 (NGC 6913) (open cluster), 7:25-26
M30 (globular cluster), binocular observations of, 8:66
M31. See Andromeda Galaxy
M34 (open cluster), 11:48
M36 (open cluster), binocular observations of, 12:52
M37 (open cluster)
binocular observations of, 12:52
image of, 7:57
M38 (open cluster), binocular observations of, 12:52
M40 (Winnecke 4) (optical double star)
image of, 2:25
observing in winter, 2:26
M42. See Orion Nebula
M45 (Pleiades star cluster; Seven Sisters star cluster), images of, 2:57, 8:72-73
M49 (elliptical galaxy)
image of, 2:27
observing in winter, 2:27
M57 (Ring Nebula), JWST images of, 12:7
M61 (spiral galaxy)
image of, 2:26
observing in winter, 2:26
Mo64 (Black Eye Galaxy; NGC 4826), 7:57
MB65 (spiral galaxy)
image of, 5:41
observing, 5:41
observing in winter, 2:25
M66 (spiral galaxy)
image of, 5:41
observing, 5:41
observing in winter, 2:25
M77 (NGC 1068) (spiral galaxy), 3:10-11
M78 (reflection nebula)
images of, 2:25, 7:56
observing in winter, 2:25
M79 (globular cluster)
image of, 2:24-25
observing in winter, 2:25
M&84 (elliptical galaxy)
image of, 2:26
observing, 5:42
observing in winter, 2:26-27
M85 (lenticular galaxy)
image of, 2:27
observing in winter, 2:27
M&6 (elliptical galaxy)
image of, 2:26
observing, 5:42
observing in winter, 2:26-27
M&87 (elliptical galaxy)
image of central black hole, 9:11
observing in winter, 2:27
structure of, 9:11
M94 (Cat's Eye Galaxy), image of, 11:56
M95 (barred spiral galaxy)
binocular observations of, 4:52
images of, 2:27, 5:41
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observing, 5:41-42
observing in winter, 2:25
M96 (spiral galaxy)
binocular observations of, 4:52
images of, 2:27, 5:41
observing, 5:41-42
observing in winter, 2:25
M98 (spiral galaxy), observing in winter, 2:26
M99 (spiral galaxy), observing in winter, 2:26
M100 (spiral galaxy), observing in winter, 2:26
M101 (Pinwheel Galaxy), supernova in, 9:56
M105 (elliptical galaxy)
binocular observations of, 4:52
images of, 2:27, 5:41
observing, 5:41-42
observing in winter, 2:25
M106 (spiral galaxy), observing in winter, 2:26
M108 (barred spiral galaxy), observing in winter, 2:25
M109 (NGC 3992) (barred spiral galaxy)
image of, 2:27
observing in winter, 2:25-26
Maat Mons (feature on Venus)
evidence of volcanic activity, 7:8
radar-based image of, 5:25
Machholz, Don, 3:52
machine learning (ML). See artificial intelligence
MACHOs (massive compact halo objects), 4:55
Magellan mission
contribution to idea that life might be found on Venus, 9:16
possible volcanic eruption detected by, 7:8
magnetars
binary star system possible progenitor of, 12:10
emitting radio waves after suddenly slowing, 5:7
magnetic fields
aurorae, 10:20-25
death of Donna Elbert, 3:10
Elbert range, 3:10
magnitude system, 5:12
Mariana Trench (feature on Earth), 4:37
Mariner 2 mission, 5:24
Markarian 6 (Stock 7) (open cluster), binocular observations of, 10:52
Markarian’s Chain (NGC 4374) (galaxy group)
images of, 2:26, 5:42
observing, 5:42
Mars
See also names of moons orbiting; names of specific missions to
aurorae, 10:23-24
Carl Sagan's involvement in the Viking missions, 8:16—17
early digital image of, 8:70
early image published in Astronomy magazine, 8:55
evidence of frozen water that melted and ran across dunes, 8:9
fossilized water ripples, 6:12
future missions to, 4:25
image of rising above lunar surface, 3:57
image of with Aldebaran and other features, 2:57
image of with Comet C/2022 E3, 5:57
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image of with Orion, 3:56
inverse black-drop effect, 7:50
Jezero Crater, 3:7
limits on ability of rovers to detect past life on, 6:9
local martian time, 11:53
megatsunami in past, 4:10
Olympus Mons, 11:7
overview of rovers sent to, 4:20-26
3D images of, 11:3641
visibility and phases of moons, 7:55
Mars 2 mission, 7:16
Mars 3 mission, 7:16
Mars 2020 mission. See Perseverance rover
Mars Pathfinder mission. See Sojourner rover
massive compact halo objects (MACHO:s), 4:55
Mauna Loa (feature on Earth), 4:9
Maxwell Montes (feature on Venus), 5:25
Mayall telescope, 2:39-41
Mayall II (globular cluster), 5:19
Meade Instruments
founding of, 8:32
LX200 telescope, 8:34
Melotte 15 (Collinder 26) (open cluster), binocular observations of, 10:52
Melotte 20 (open cluster), 11:48
Mercury
aurora-like process, 10:22-23
black-drop effect, 7:50
early atmosphere of, 9:24
sodium tail, 9:24-25
sunken hollows and volatiles, 9:20-25
vulcanism, 9:22-23
Messier catalog
binocular version of Messier marathon, 3:52
Messier marathons, 8:33-34
observations during winter, 2:24-27
meteor showers. See names of specific meteor showers
meteorites
alternative to rare Earth magnets, 3:9
damage from testing with magnets, 8:9
meteors
red, 8:62
silver, 8:62
speed upon impact, 10:12
methane, first methane-powered rocket to reach orbit, 11:10
microlensing
See also gravitational lensing
light curves, 5:18
overview of, 5:16
Milky Way Galaxy
See also Sagittarius A*
image of over desert, 5:56
image of over mangrove trees, 4:57
image of over mountain, 12:56
image of over tent, 12:43
image of over waterfall, 9:57
image of with blue jet lightning and red sprites, 12:44-45
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images of over observatories, 1:49, 8:59
imaging via neutrinos, 10:10
measuring dark energy via galactic orbits, 12:9
RR Lyrae stars in outer halo, 6:12
Mini Coathanger (asterism), observations in spring, 5:39
Mintaka (Delta Orionis) (star), celestial equator, 5:12
ML (machine learning). See artificial intelligence
MMT Opbservatory, 2:40, 4243
Monkey Head Nebula (NGC 2174), 6:57
Mons Mouton (feature on Moon), 6:7
Moon (Earth's)
See also names of specific missions to
crashed ispace lander, 8:7
early images published in Astronomy magazine, 8:55
eclipses of, 6:22-25
effect of moonlight when troops fired upon their own general, 12:40-41
effect on Earth if asteroid hit Moon, 9:54-55
farside lunar radio telescope concept, 8:48
glassy beads on surface storing water, 7:9
Hypatia crater and Atwood's flash, 3:50
image of ISS transiting, 4:56
image of Mars rising above lunar surface, 3:57
image of over wildfires, 11:56
image of south pole, 7:57
image of with Earth from Lucy spacecraft, 3:10-11
image of with Venus, 9:57
inverse black-drop effect, 7:50
Mons Mouton, 6:7
Mount Marilyn, 12:18
occultation of Venus, 12:43
oxygen as most abundant element on, 10:12
proposed Chinese manned mission to, 10:9
proposed method for building landing pads on, 4:9
rebutting conspiracy theory that Moon landing was a hoax, 10:12
using lunar dust to limit climate change, 6:9
moons. See names of specific moons
Morning Star Missions to Venus
overview of, 9:14-19
sample return mission, 9:18—-19
timeline of balloon and parachute mission, 9:17
Mount Etna (feature on Earth), 3:56
Mount Graham International Observatory, 2:39—44
Mount Marilyn (feature on Moon), 12:18
Mouton, Melba Roy, 6:7
multiple-star systems. See binary star systems; names of specific multiple-star systems
multiverse theory, 10:12
Muscleman Cluster (Stock 2) (open cluster), binocular observations of, 10:52

N

NANOGrav (Nanohertz Observatory for Gravitational Waves), 10:8-9

NASA (National Aeronautics and Space Administration). See names of specific spacecraft and missions

National Academies of Sciences, Engineering, and Medicine, decadal surveys of future research priorities, 2:15
National Science Foundation (NSF), agreement with SpaceX, 5:9

near-Earth objects (NEOs). See names of specific near-Earth objects

nebulae, observing during summer, 10:38-41. See also names of specific nebulae; names of specific types of nebulae
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NEID (NN-EXPLORE Exoplanet Investigation with Doppler Spectroscopy), 2:40—41
Neptune
See also names of moons orbiting
aurorae, 10:24-25
factors preventing collision with Pluto, 2:55
imaged by JWST, 6:16
rings of, 2:11, 6:16
size of compared to exoplanets, 7:22
neutrinos
imaging the Milky Way by means of, 10:10
second galactic source of, 3:11
neutron stars
detected by gravitational waves and electromagnetic observations, masses of, 5:19
gravitational waves and FRB following collision of, 7:9
hypermassive, 5:10
mechanism behind rapid spinning, 7:54-55
New Glenn rocket, 9:9
New Horizons mission
See also Pluto
Astronomy magazine's coverage of, 8:25
flyby of Arrokoth, 1:16
New Shepard rocket, booster failure, 2:7
Next Generation Very Large Array (ngVLA) radio observatory, 8:48
NGC 129 (open cluster), binocular observations of, 10:52
NGC 169 (spiral galaxy), 5:58
NGC 281 (Pacman Nebula), 2:57
NGC 346 (open cluster)
composition of, 5:7
image of, 6:15
inflow of stars, 2:9
NGC 379 (galaxy), 5:42
NGC 380 (galaxy), 5:42
NGC 383 (galaxy), 5:42
NGC 384 (galaxy), 5:42
NGC 385 (galaxy), 5:42
NGC 386 (galaxy), 5:42
NGC 387 (galaxy), 5:42
NGC 869 and NGC 884 (Double Cluster), binocular observations of, 10:52
NGC 1068 (M77) (spiral galaxy), 3:10-11
NGC 1097 (spiral galaxy), 6:56
NGC 1333 (reflection nebula and star cluster)
image of from Hubble on 33rd year in orbit, 8:74
imaging, 7:47
NGC 1365 (barred spiral galaxy), 7:56
NGC 1391 (barred lenticular galaxy), 5:42
NGC 1393 (lenticular galaxy), 5:42
NGC 1394 (lenticular galaxy), 5:42
NGC 1400 (elliptical galaxy), 5:42
NGC 1402 (barred lenticular galaxy), 5:42
NGC 1407 (elliptical galaxy), 5:42
NGC 1499 (California Nebula), image of, 2:57
NGC 1531 (dwarf galaxy), 11:58
NGC 1532 (spiral galaxy), 11:58
NGC 1788 (Cosmic Bat Nebula; LDN 43), 11:56
NGC 1866 (globular cluster), 3:54
NGC 2070. See Tarantula Nebula
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NGC 2174 (Monkey Head Nebula), 6:57
NGC 2237-9/44/46. See Rosette Nebula
NGC 2244 (open cluster), 7:49
NGC 3226 (elliptical galaxy), 2:56
NGC 3227 (barred spiral galaxy), 2:56
NGC 3324 (open star cluster), JWST images of, 2:14-15, 4:10
NGC 3372. See Carina Nebula
NGC 3384 (elliptical galaxy)

binocular observations of, 4:52

image of, 2:27
NGC 3389 (galaxy), 2:27
NGC 3568 (barred spiral galaxy), 2:58
NGC 3628. See Hamburger Galaxy
NGC 3992. See M109
NGC 4374. See Markarian’s Chain
NGC 4435 and NGC 4438 (The Eyes; Arp 120) (galaxy pair), 5:42
NGC 4458 (galaxy), 5:42
NGC 4461 (galaxy), 5:42
NGC 4473 (galaxy), 5:42
NGC 4477 (galaxy), 5:42
NGC 4712 (spiral galaxy), 10:57
NGC 4725 (spiral galaxy), 10:57
NGC 4826 (Black Eye Galaxy; M64), 7:57
NGC 5068 (barred spiral galaxy), 9:7
NGC 5128 (Centaurus A) (elliptical galaxy), black hole at center of, 9:10-11
NGC 5548 (galaxy), 5:9
NGC 5634 (globular cluster)

image of, 5:38

observing in spring, 5:36-37
NGC 5643 (barred spiral galaxy), observing in spring, 5:37
NGC 5694 (globular cluster), observing in spring, 5:37
NGC 5749 (open cluster), observing in spring, 5:37
NGC 5822 (open cluster), observing in spring, 5:37-38
NGC 5824 (globular cluster), observing in spring, 5:38
NGC 5846 (elliptical galaxy), observing in spring, 5:38
NGC 5850 (spiral galaxy), observing in spring, 5:38
NGC 5882 (planetary nebula), observing in spring, 5:38
NGC 5897 (globular cluster), observing in spring, 5:38
NGC 5907 (spiral galaxy)

image of, 5:37

observing in spring, 5:38
NGC 5921 (barred spiral galaxy)

image of, 5:39

observing in spring, 5:38
NGC 5925 (open cluster), observing in spring, 5:38-39
NGC 5927 (globular cluster), observing in spring, 5:39
NGC 5981 (spiral galaxy)

observing, 5:42

observing in spring, 5:39
NGC 5982 (elliptical galaxy)

observing, 5:42

observing in spring, 5:39
NGC 5985 (spiral galaxy)

observing, 5:42

observing in spring, 5:39
NGC 5986 (globular cluster), observing in spring, 5:39
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NGC 6124 (open cluster)
image of, 5:38
observing in spring, 5:39
NGC 6144 (open cluster), observing in spring, 5:39
NGC 6166 (galaxy), 5:42—43
NGC 6188 (emission/reflection nebula), 6:27
NGC 6193 (open cluster), 6:27
NGC 6250 (open cluster), 6:27
NGC 6300 (barred spiral galaxy), 6:27
NGC 6352 (globular cluster), 6:27
NGC 6355 (globular cluster), 7:58
NGC 6357 (Lobster Nebula), images of, 2:9, 10:58
NGC 6362 (globular cluster), 6:27
NGC 6397 (globular cluster), 6:27
NGC 6530 (star cluster), 6:58
NGC 6561 (open cluster), 10:41
NGC 6596 (open cluster), 10:41
NGC 6604 (open cluster)
images of, 10:39-40
observing, 10:39
NGC 6611 (open cluster), 10:40
NGC 6625 (open cluster), 10:40
NGC 6645 (open cluster), 10:41
NGC 6791 (open cluster), 7:25-26
NGC 6802 (open cluster), 7:25, 27
NGC 6819 (Fox Head Cluster), 7:25-26
NGC 6823 (open cluster), 7:25, 27
NGC 6830 (open cluster), 7:25-27
NGC 6834 (open cluster), 7:25, 27
NGC 6883 (open cluster), 7:25-27
NGC 6885 (open cluster), 7:25, 27
NGC 6888 (Crescent Nebula; Caldwell 27; LBN 203; Sh 2—-105), images of, 4:57, 9:57
NGC 6910 (open cluster), 7:25-26
NGC 6913 (M29) (open cluster), 7:25-26
NGC 6940 (open cluster), 7:25, 27
NGC 6960 (Western Veil Nebula; Witch’s Broom), 6:45-47
NGC 6960/92/95. See Veil Nebula
NGC 6992 (Eastern Veil Nebula), 6:45-47
NGC 7000 (North America Nebula), 4:57
NGC 7172 (galaxy), 5:43
NGC 7173 (galaxy), 5:43
NGC 7174 (galaxy), 5:43
NGC 7176 (galaxy), 5:43
NGC 7331 (spiral galaxy)
images of, 4:57, 5:43
observing, 5:43
NGC 7335 (lenticular galaxy), 5:43
NGC 7336 (spiral galaxy), 5:43
NGC 7337 (barred spiral galaxy), 5:43
NGC 7340 (elliptical galaxy), 5:43
NGC 7469 (spiral galaxy), 6:21
NGC 7496 (spiral galaxy), 6:9
NGC 7635 (Bubble Nebula), 3:57
NGC 7769 (spiral galaxy), 5:43
NGC 7770 (spiral galaxy), 5:43
NGC 7771 (barred spiral galaxy), 5:43
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NGC 7822 (emission nebula), images of, 5:57, 10:56

ngVLA (Next Generation Very Large Array) radio observatory, 8:48

1992 QB1 (15760 Albion) (Kuiper Belt object), discovery of, 1:15, 8:25
NN-EXPLORE Exoplanet Investigation with Doppler Spectroscopy (NEID), 2:40—41
North America Nebula (NGC 7000), 4:57

novae. See kilonovae; supernovae; names of specific novae

NSF (National Science Foundation), agreement with SpaceX, 5:9

O

observatories
See also names of specific observatories
dew on mirrors and lenses, 8:69
higher specific humidity and temperatures due to climate change, 2:9
images of Milky Way over, 1:49, 8:59
skunk found inside, 8:60
Tuscon Triangle, 2:38-44
wild fires, 2:41
Okie-Tex Star Party, 8:34
Olympus Mons (feature on Mars), as possible volcanic island, 11:7
Omega Nebula. See Swan Nebula
15760 Albion (1992 QB1) (Kuiper Belt object), discovery of, 1:15, 8:25
101955 Bennu (asteroid), sample return, 2:21
OneWeb satellites, 3:15, 18
Oort Cloud, origin of comets, 1:13, 16, 21
open clusters
See also names of specific open clusters
observing within Summer Triangle, 7:24-27
reason behind location of, 12:55
using Al to detect, 7:42
Opportunity rover
comparative size of, 7:14
overview of, 4:21, 23
Origins, Spectral Interpretation, Resource Identification, Security-Regolith Explorer (OSIRIS-REx) mission, 2:21
Origins Space Telescope concept, 8:46—47
Orion (constellation)
binocular observations within, 2:50
images of, 3:56, 4:57
Orion Nebula (M42)
carbon detected in, 12:36-37
images of, 4:57, 8:58-59, 71
Orion Telescopes & Binoculars, 8:33
OSIRIS-REXx (Origins, Spectral Interpretation, Resource Identification, Security-Regolith Explorer) mission, sample return,
2:21
overtone series, 12:20-22, 24
ozone, star composition and development of ozone layer on orbiting planets, 8:9

P

P172+18 (quasar), 11:23

Pa 30 (planetary nebula), 5:10

Pacman Nebula (NGC 281), 2:57

Palomar 5 (globular cluster), observations in spring, 5:38
parsecs, 12:12

PDS 70 (star system), 11:7

Peekaboo Galaxy (HIPASS J1131-31), 4:9

Perseus (constellation)
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binocular observations within, 11:48
image of, 8:55
Perseverance rover (Mars 2020)
backup cache of samples, 3:7
overview of, 4:21, 24
Phaethon (asteroid), tail made of sodium atoms, 8:7
PHANGS (Physics at High Angular resolution in Nearby Galaxies) survey, purpose of, 6:9, 9:7
Philae lander, landing site of, 1:18, 20
Phobos (moon of Mars)
discovery of, 2:47—48
phases of, 7:55
visibility from Mars' surface, 7:55
phosphorus, on Enceladus, 10:10
Photoshop. See Adobe Photoshop
Physics at High Angular resolution in Nearby Galaxies (PHANGS) survey, purpose of, 6:9, 9:7
Pillars of Creation (region in Eagle Nebula), infrared images of, 3:7, 6:18-19, 10:55
Pinwheel Galaxy (M101), supernova in, 9:56
Pioneer Venus Multiprobe mission, 5:24, 26-27
Pisces galaxy cloud (Arp 331), 5:42
Pismis 24 (star cluster), 2:9
PixInsight, 4:44-46
PK104-29.1 (Jones 1) (planetary nebula), 5:56
Planck satellite, Astronomy magazine's coverage of, 8:27-28
“Planet Nine” (Planet X), Astronomy magazine's coverage of, 8:26
planetary nebulae. See names of specific planetary nebulae
planets, defining poles for planets other than Earth, 6:55. See also exoplanets; names of specific planets
Pleiades star cluster (Seven Sisters star cluster; M45), images of, 2:57, 8:72-73
Pluto
See also New Horizons mission
factors preventing collision with Neptune, 2:55
reclassification of, 8:25
poles
annual movement of Earth's North Pole due to groundwater usage, 10:10
defining for planets other than Earth, 6:55
image of Moon's south pole, 7:57
Pragyan rover, 12:8
Project Kuiper satellites, 3:15, 18
ProP-M “nano-rovers,” 7:16
protoplanetary disks
carbon molecule detected in, 12:36-37
discovering exoplanets in, 2:10
protostars
image of clouds feeding, 4:7
infrared light produced by, 10:55
in Tarantula Nebula, 2:7
Proxima c (exoplanet), 2:18
Proxima Centauri (star)
overview of, 6:37-39, 42-43
position and distance from Sun, 6:40
size and magnitude, 6:38
Proxima d (exoplanet), 2:18
PSR 1257+12 (pulsar), 8:29
PSR 1829-10 (pulsar), 8:28-29
Psyche (asteroid), 2:21
Psyche mission
delay, 3:9, 7:8
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proposed launch of, 2:21

Ptolemy Cluster (M7), 12:57

pulsars
See also names of specific pulsars
white dwarf pulsars, 10:7
youngest known, 2:19

Q

Q142242309 (quasar), 11:21

Quaoar (dwarf planet), ring around, 6:11

quasars
See also names of specific quasars
Astronomy magazine's coverage of, 8:26
binary, 8:7
black holes as energy source, 11:18-19
discovery of first, 11:17-18
emission lines from accretion disk, 11:20
JWST's observations of, 11:22-23
Lyman-a forest, 11:21
overview of, 11:16-23

R

radiation belts, radio emissions from brown dwarf, 9:9
radio astronomy
See also Event Horizon Telescope; fast radio bursts
creation of images via, 12:54
discovery of GPM J1839-10, 11:8
farside lunar radio telescope concept, 8:48
magnetars emitting radio waves after suddenly slowing, 5:7
radio emissions from radiation belts around brown dwarf, 9:9
radio emissions from supernovae, 10:9
searching data with Al for signs of life, 6:9
radio galaxies, components of, 11:19
Rare Earth hypothesis, case for and against, 7:18-23
Recliner (asterism), binocular observations of, 2:50
red dwarfs, exoplanets discovered in habitable zones of, 10:18. See also names of specific red dwarfs
red giant stars, gradual expansion from main sequence to, 4:55
reflection nebulae. See names of specific reflection nebulae
relativity, speed of gravity and, 11:52-53
Rho Ophiuchi Complex (star forming region), images of, 10:7, 12:44-45, 56
Ring Nebula (M57), JWST images of, 12:7
ring systems
of Neptune, 2:11, 6:16
of Quaoar, 6:11
of Saturn, 2:9, 9:9, 50
Rocket Lab Mission to Venus, 9:17, 19
rockets
See also names of specific rockets
first methane-powered rocket to reach orbit, 11:10
nuclear thermal rocket, 6:7
Rosetta spacecraft, 1:16—-18
Rosette Nebula (Caldwell 49; NGC 2237-9/44/46)
image of, 6:56
imaging, 7:49
rovers, see also names of specific rovers
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limits on ability to detect past life on Mars, 6:9
overview of rovers sent to Mars, 4:20-26
RR Lyrae stars, 6:12
Running Chicken Nebula (IC 2944), 8:72-73
RV Cygni (carbon star), binocular observations of, 9:52
Ryugu (asteroid), early results from returned samples, 2:16

S

Sadalmelik (star), celestial equator, 5:12
Sagan, Carl, 8:16—17
Sagittarius A* (Sgr A*) (black hole)
brighter areas in accretion disk, 9:54
first image of, 2:22-23, 9:54
imaging, 8:27
X-ray flare emanating from, 2:8-9
satellites
See also names of specific satellites
concerns over contribution to skyglow, 5:9
disappearance of dark skies faster than satellite measurements might indicate, 5:8-9
image of trails caused by, 10:56
increase and effects of constellations of, 3:14-19
increasing number of trails appearing in Hubble images, 7:7
limiting light reflected from, 3:16
low Earth orbit (LEO), 3:14-19
naked-eye observations of, 4:50
radio interference, 12:9
Saturn
See also names of moons orbiting
ammonia, 12:7
aurorae, 10:24
destroyed moon as source of rings, 2:9
early image published in Astronomy magazine, 8:56
moons of, 9:50
observing, 9:50
ring system of, 2:9, 9:9, 50
stormy “great white spot,” 12:7
surface features of, 9:50
science
combining art and, 9:48—49
cubic centimeters as standard measure of volume, 3:12
SDSSCGB 10189 (galaxy cluster), 6:10
Seven Sisters star cluster (Pleiades star cluster; M45), images of, 2:57, 8:72-73
17 Canum Venaticorum (binary star system), binocular observations of, 5:52
17 Comae (binary star system), binocular observations of, 5:52
79 Cygni (double star), binocular observations of, 9:52
Seyfert galaxies, types of, 11:19
Sgr A*. See Sagittarius A*
Sharpless 2—46 (emission nebula), 10:40
Sharpless 2—53 (emission nebula), 10:40
Sharpless 2—54 (nebula)
binocular observations of, 10:39-40
images of, 10:39
observing during summer, 10:38—41
Sharpless 2—101 (Tulip Nebula), 7:57
Sharpless 2—105 (Crescent Nebula; Caldwell 27; LBN 203; NGC 6888), images of, 4:57, 9:57
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Sharpless 2—108 (emission nebula), 3:57
Sharpless 2—119 (emission nebula), 2:56
Sharpless 2—150 (emission nebula), 10:57
Sharpless 2—170 (Little Rosette Nebula), 5:57
Sharpless 2—174 (Valentine Rose Nebula), 11:56
Sharpless 2-239 (star-forming region), 3:58
Simeis 147 (Spaghetti Nebula) (supernova remnant), 6:46—47
SIMP J01365663+ 0933473 (brown dwarf), aurorae, 10:25
Sirius A (star)
overview of, 6:41-42
position and distance from Sun, 6:40
size and magnitude, 6:38
Sirius B (star)
overview of, 6:41-42
position and distance from Sun, 6:40
size and magnitude, 6:38
61 Cygni (star), binocular observations of, 9:52
67 Ursae Majoris (binary star system), binocular observations of, 5:52
SKA. See Square Kilometer Array
Sky-Watcher SolarQuest, 9:46—47
SLIM (Smart Lander for Investigating Moon) mission, 12:9
Sloan Digital Sky Survey, amount of data produced by, 7:40
SLS (Space Launch System), Artemis 1 mission, 2:18, 3:8-9
SMACS 0723 (galaxy cluster)
first deep field observation by JWST, 2:11, 3:55, 6:20-21, 8:30
gravitational lensing reveals globular clusters, 2:11
Small Magellanic Cloud (SMC), star formation in, 5:7, 6:20-21
Small Sagittarius Star Cloud (M24)
images of, 10:39, 12:56-57
observing, 10:39
Smart Lander for Investigating Moon (SLIM) mission, 12:9
SN 1572 (supernova), 1:10-11
SN 1604 (supernova), 8:48
SN 1987A (supernova), 8:34
SN 2023ixf (supernova), 9:56
SN Zwicky (supernova remnant), 12:7
SNR G082.2+05.3 (W63) (supernova remnant), 9:56
SOFIA (Stratospheric Observatory for Infrared Astronomy)
end of operations, 2:20-21
final flight, 3:7
Sojourner rover
images from, 7:14-15, 17
instrumentation of, 7:14—15
landing of, 7:15
launch of, 7:14
observations and discoveries made by, 7:15-16
overview of, 4:21-22
size of, 7:14
travels of, 7:15-16
25th anniversary of mission, 7:12—17
Solar and Heliospheric Observatory, composition of Phaethon's tail, 8:7
solar eclipses
1133 (August), 3:44
1433 (June), 3:44
1544 (January), 3:45
1562 (April), 3:45
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1571 (July), 3:4041
1598 (March), 3:44—45
1778 (June), 3:45-46
1806 (June), 3:46, 47
1836 (May), 3:43, 46
1842 (July), 3:44
1851 (July), 3:40, 4647
1868 (August), 3:45, 47
1878 (July), 3:47
1882 (May), 3:42
1900 (May), 3:42
1919 (May), 3:46, 47
1988 (March), 8:70
2017 (August), 3:46, 4:41-43
2022 (October), 2:57
2023 (April), 9:40-45, 11:14
2023 (October), 4:40-43
2024 (April), 3:36-39, 48-49, 4:40-43
ancient records of, 3:40, 42, 47
annular vs. total, 4:41-42
cameras for, 12:25-27
eclipse tourism, 8:35
evolution of images published in 4Astronomy magazine, 8:54-55, 58
first millennium records of, 3:42-44
history of, 3:40-47
hydrogen-alpha imaging, 6:54
list of 25 hot eclipse products, 12:46—49
next 50 years of exploration, 8:50-51
reusing eclipse glasses, 4:43
shadow bands, 2:54-55
software for simulating, 3:48—49
viewing in East Timor, 9:40—45
solar system
Astronomy magazine's coverage of, 8:25, 28-29
background glow, 4:9
effects of adding hypothetical super-Earth to, 7:9, 10:18-19
lack of super-Earths and sub-Neptunes in our solar system, 10:14-19
sonification, 12:23
Space art
child's artwork traveling with JUICE mission, 4:18
combining science and, 9:48—49
exoplanets, 5:44—48
as historical record, 5:46
Space Launch System (SLS), Artemis 1 mission, 2:18, 3:8-9
space startups, declining investment in, 3:11
spacecraft, time needed to accelerate to near light speed without crushing human occupants, 4:54. See also names of specific
spacecraft
SpaceX
See also names of specific spacecraft and missions
alternative to Starship lander, 9:9
Starlink constellation effects, 3:14-15, 17-19
Starlink satellite radio interference, 12:9
Starlink skyglow concerns, 5:9
Starlink-related agreement with NSF, 5:9
test flight and explosion of combined Starship and Super Heavy booster, 8:9, 9:9
Spaghetti Nebula (Simeis 147) (supernova remnant), 6:46—47
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Sparkler Galaxy, 2:11
spiral galaxies. See names of specific spiral galaxies
Spirit rover
comparative size of, 7:14
overview of, 4:21-22
Spitzer Space Telescope, 6:20
Square Kilometer Array (SKA)
amount of data to be produced by, 7:40—41
beginning of construction, 4:9
future of, 8:48-49
star clusters, formed from stars lost from galaxies, 5:7. See also names of specific star clusters
Starlink satellites
agreement with NSF, 5:9
concerns over contribution to skyglow, 5:9
effects of, 3:14-15, 17-19
radio interference, 12:9
Starmaster Portable Telescopes, 8:34
Starmus Festival, 3:20-27
StarNet, 4:44-46
stars
See also names of specific stars; names of specific types of stars
acoustic spectra, 12:22
bright event caused by star consumed by black hole, 4:7
B-V star-color scale, 5:12
cluster formation from lost stars, 5:7
colors of, 5:12, 9:12
composition of and development of ozone layer on orbiting planets, 8:9
containing gold, 4:9
diffraction spikes, 7:54
dust rings surrounding, 3:10
erasing from images with Al tools, 4:44-47
formation of, 2:9
formation of during cosmic noon, 5:7
gradual expansion from main sequence to red giant, 4:55
habitable zones around, 7:20-23
Hertzsprung-Russell (HR) diagram, 4:55
images of star trails, 3:57, 8:64, 11:54
infrared light produced by protostars, 10:55
magnitude system, 5:12
observation of planet consumed by host star, 9:8-9
oscillations of, 12:23
ten nearest, 6:36—43
whether currently visible naked-eye stars still exist, 7:10
Starship lander
alternative to, 9:9
test flight and explosion of combined Starship and Super Heavy booster, 8:9, 9:9
StarXTerminator, 4:44, 4647
Stellafane, 100th anniversary of, 9:36-39
Stellarvue Telescopes, 8:34
Stephen Hawking Medals, 3:25
Stock 2 (Muscleman Cluster) (open cluster), binocular observations of, 10:52
Stock 7 (Markarian 6) (open cluster), binocular observations of, 10:52
Stratospheric Observatory for Infrared Astronomy. See SOPHIA
strong force, 5:54
Summer Triangle (asterism), observing open clusters within, 7:24-27
Sun
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See also solar eclipses

analemmi, 6:56-57, 8:56-57

black-drop effect, 7:50

collisions of plasma ejections, 5:9

determining direction of movement, 5:12

energy released from core of, 10:12

first to propose heliocentric system, 10:12

as focus of elliptical orbits, 10:12

future expansion of, 4:55

motorized alt-azimuth mount for viewing, 9:46—47

position and distance from nearest stars, 6:40

size and magnitude compared to nearest stars, 6:38

solar power beamed from satellites to ground stations, 10:9

transit of Venus, 8:71

viewing sunspots via pinhole projections, 12:50
sunspots, viewing via pinhole projections, 12:50
superclusters. See names of specific superclusters
supernovae

See also names of specific supernovae

emission filaments emanating from, 5:10

gravitational lensing, 9:9, 12:7

heavy elements produced by, 6:54—55

Hubble tension, 9:9

observing supernova remnants, 6:44—47

predicted dimming of massive stars prior to, 3:9

radio-wave emissions from, 10:9

spawned by gamma-ray bursts, 8:8

X-ray radiation from blast waves heating surrounding gas, 8:9
Swan Nebula (Omega Nebula; Horseshoe Nebula; M17)

binocular observations of, 7:52, 10:39

images of, 10:38-39

observing during summer, 10:38—41

T
Tadpoles Nebula (IC 410), 2:57
Tarantula Nebula (NGC 2070; 30 Doradus)
imaged by JWST, 2:7, 6:14-15
star formation in, 6:20-21
Tau Leonis (binary star system), binocular observations of, 5:52
Taurus Molecular Cloud, 3:58
TDE:s (tidal disruption events), caused by star consumed by black hole, 4:7
Tele Vue Optics Nagler telescope, 8:33-34
telescopes
See also observatories; names of specific telescopes and observatories
Astronomy magazine's coverage of space telescopes, 8:30-31
cleaning optics, 6:13
coping with blurry, turbulence-ridden observations, 2:12
dew on mirrors and lenses, 8:69
diffraction spikes, 7:54
Dobsonian, 8:34
era of great refractors, 2:47
eruption of Mauna Loa, 4:9
evolution of amateur astronomy, 8:32-35
Huygens' nearsightedness, 7:7
imaging comets through remotely operated scopes, 1:48-49
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shutdown due to "cyber incident," 12:9
Stellafane and telescope-making, 9:36-39
toy telescopes, 11:46—47
zero magnification vs., 11:12
TESS (Transiting Exoplanet Survey Satellite), Astronomy magazine's coverage of, 8:29-30
tetrataenite, 3:9
Texas Star Party, 8:33
Theta' Orionis (multiple-star system), 2:52
Theta? Orionis (multiple-star system), 2:52
30 Doradus. See Tarantula Nebula
Thor's Lightning (G150.3+4.5) (supernova remnant), 11:54
3C 48 (quasar), 11:18
3C 273 (quasar)
discovery of, 11:17-18
images of, 11:20, 24-25
observing, 11:24-25
redshift, 11:19-20
3C 279 (quasar), 11:18
3C 297 (galaxy), 7:7
Tiangong space station
first crew, 10:9
image of, 9:57
tidal disruption events (TDEs), caused by star consumed by black hole, 4:7
time
local martian time, 11:53
rate of for person traveling near light speed vs. on Earth, 4:54
TOI-1452 b (exoplanet), 10:14
TOI-2095 b (exoplanet), 10:18
TOI-2095 ¢ (exoplanet), 10:18
Transiting Exoplanet Survey Satellite (TESS), Astronomy magazine's coverage of, 8:29-30
TRAPPIST-1 b (exoplanet), 7:9, 10:17
TRAPPIST-1 e (exoplanet), 10:17
TRAPPIST-1 f (exoplanet), 10:17
TRAPPIST-1 g (exoplanet), 10:17
Tulip Nebula (Sh 2-101), 7:57
12 Comae (binary star system), binocular observations of, 5:52
twilight, 11:42-44
2014 MUgeo. See Arrokoth
221009A (gamma-ray burst), 3:7
I Zw 96 (galaxy pair), 6:20

U
UGC 4211 (galaxy), 5:9
UGC 9749. See Ursa Minor Dwarf Galaxy
ULAS J1120+0641 (quasar), 11:16-17
Ultima Thule. See Arrokoth
universe
appearance of carbon in, 11:10
Astronomy magazine's coverage of cosmological news stories, 8:27-28
colors in, 9:12
cosmic inflation, 8:50
expansion of, 8:28
Hubble constant and Hubble tension, 8:50-51
lack of center and edge, 8:68
next 50 years of trying to understand, 8:50
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observable and unobservable, 10:12
single consciousness as basic nature of, 10:12
sounds of, 12:22-24
Uranus
See also names of moons orbiting
aurorae, 10:24-25
polar cyclone, 10:7
Ursa Minor Dwarf Galaxy (UGC 9749)
image of, 5:39
observing in spring, 5:38
U.S. National Optical-Infrared Astronomy Research Laboratory, 12:9
U.S. Naval Observatory (USNO)
history of, 2:45-49
Lincoln's visit to, 12:39
UV Ceti (star)
overview of, 6:42-43
position and distance from Sun, 6:40
size and magnitude, 6:38

\%
Valentine Rose Nebula (Sh 2-174), 11:56
variable stars. See names of specific variable stars
Vega (Alpha Lyrae) (star), as celestial reference point, 5:12
Vega 1 lander, 5:26
Vega C rocket, failure of, 7:9
Veil Nebula (Cirrus Nebula; Cygnus Loop) (NGC 6960/92/95 and IC 1340)
Fleming’s Triangular Wisp, 10:13
observing, 6:45-47
Vela Supernova Remnant
image of, 4:58
observing, 6:47
Venera 9 mission, 5:24-25
Venera 10 mission, 5:25
Venera 11 mission, 5:25-26
Venera 12 mission, 5:25-26
Venera 13 mission, 5:25-26
Venera 14 mission, 5:24-25
Venus
aurorae, 10:23
black-drop effect, 7:50
image of with crescent Moon, 9:57
image sequence, 10:57
learning about global warming from, 5:27
Maat Mons, 5:25, 7:8
Maxwell Montes, 5:25
metallic fog, 5:25-26
missions to, 5:24-27
observing cloud features on, 6:50
occultation of, 12:43
overview of, 5:22-27
phosphine, 9:16
possibility of life in clouds of, 9:14-19
possible volcanic eruption detected by Magellan, 7:8
survival of DNA and RNA molecules inside atmospheric sulfuric acid droplets, 10:9
transiting Sun, 8:71
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water on in past, 5:24
Vera C. Rubin Observatory (VRO), amount of data to be produced by, 7:39-41
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