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SUBJECT

A
AAVSO (American Association of Variable Star Observers), history and overview of, 9:54-57
Abell 21 (Medusa Nebula), 6:50-51, 53
Abell 72 (planetary nebula), 2:64
Abell 78 (planetary nebula), 7:9
Abell 2261 (galaxy cluster), 4:7
Abell 2744 (galaxy cluster), multiwavelength image of, 2:7
ACO S 295 (galaxy cluster), 9:65
Acrab (Beta Scorpii) (double star), 12:43
active galactic nuclei (AGNs). See black holes
Al (artificial intelligence), sketches of the Sun assisted by, 11:40—43
airglow, 7:64
al-Amal (Hope) orbiter
arrival of, 5:12
aurorae, 11:7
mission of, 2:22-23
Albireo (Beta Cygni) (double star), 7:58, 12:42-43
Alcor (80 Ursae Majoris) (star), 5:56, 12:40-41
Aldebaran (Alpha Tauri) (star), as “rival” of Mars, 3:14
Almach (Gamma Andromedace) (double star), 12:43
Alpha Aurigae (Capella) (star), 2:46
Alpha Lacertae (star), 9:15
Alpha Leporis (Arneb) (star), 2:59
Alpha Lyrae. See Vega (Alpha Lyrae)
Alpha Orionis. See Betelgeuse (Alpha Orionis)
Alpha Scorpii. See Antares (Alpha Scorpii)
Alpha Tauri (Aldebaran) (star), as “rival” of Mars, 3:14
Alps mountain range (feature on Moon), 11:63
amateur astronomy
Chiricahua Astronomy Complex, 10:28-31
double stars, 12:40-43
galaxy images, 2:48-53
mapping of near-Earth asteroid, 4:11
planetary nebulae, 6:50-55
psychology of stargazing, 12:13
small telescopes, 6:40—45
American Association of Variable Star Observers (AAVSO), history and overview of, 9:54-57
Andromeda Galaxy (M31)
images of, 7:41, 10:23
view of Milky Way from, 6:61
Antares (Alpha Scorpii) (star)
image of, 6:65
observing, 7:40—41, 12:43
as “rival” of Mars and Orion, 3:14
Antikythera mechanism, 3:40-45
antipodal phenomena, 3:12
antistars, 8:9
Apennines mountain range (feature on Moon), 11:63
Apollo 11 mission
death of Michael Collins, 8:7
sample return, 6:10
Apollo 12 mission, sample return, 6:10
Apollo 13 mission, 6:10
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Apollo 14 mission
overview of, 5:24-31
sample return, 6:10
3D images of, 5:40-45
Apollo 15 mission
overview of, 7:14-23
sample return, 6:10
3D images of, 7:24-31
Apollo 16 mission, sample return, 6:10
Apollo 17 mission
rock sample displayed in Oval Office, 5:7
sample return, 6:10
Apophis (near-Earth asteroid), 7:9
Arecibo Observatory
cable failures and collapse of, 3:8-9, 8:29-31
cleanup costs, 7:11
function of, 8:25
oral history of, 8:22-31
Aristillus Crater (feature on Moon), 3:64
Arneb (Alpha Leporis) (star), 2:59
Artemis program
Biden administration’s commitment to, 6:9
exposure to extreme space weather, 9:10
Artemis-1 mission, launch date, 2:23
artificial intelligence (AI), sketches of the Sun assisted by, 11:40—43
ASASSN-14ko (supermassive black hole), 8:20
asterisms. See names of specific asterisms
asteroids
See also names of specific asteroids
mapped by amateur astronomers, 4:11
synonyms for, 8:10
astroimaging
eight-year Sun trail imaged with pinhole camera, 4:12
galaxies, 2:48-53, 10:24
getting started in, 10:23-24
Hydrogen-alpha, 4:42, 9:44-48
James Webb Space Telescope from Earth, 10:20
light pollution, 10:26
lightweight, portable setup for, 3:52-57
Mercury’s sodium tail, 10:13
Moon, 10:27
nebulae, 10:25
overview of, 10:22-27
planets, 10:27
selecting hardware, 10:24-25
smartphones, 11:48-53
software processing, 10:26-27
special events, 10:27
Sun, 10:26
astronauts
billionaires, 11:8-9
Michael Collins, 8:7
oldest, 11:9
process for making sugars from carbon dioxide, 12:9
60th anniversary of human spaceflight, 11:24-31
timeline of crewed launches, 11:26-31
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wearing wristwatches, 9:62—63
youngest, 11:9
astronomers
Carolyn Shoemaker, 12:7
Galileo Galilei, 8:58-59
poorest, 8:10
psychology of stargazing, 12:13
Wilhelm Gliese, 8:63
astronomical sketching
Al-assisted sketches of the Sun, 11:40-43
strip sketches of Jupiter, 8:45
astronomy
Antikythera mechanism, 3:40-45
astro-accessories, 6:13
backyard observations, 5:58
deep-sky lists, 3:15
deep-sky observations with modest telescopes, 7:40-45
easiest major discovery, 8:10
finding open-sky sites, 6:56—57
gender gap in Australia’s astronomy workforce, 8:9
messy disagreements, 5:13
multi-messenger, 6:24-31
observations in southern sky, 5:48-53
observations to interest children, 4:56-57
observing details, 2:14-15
orientation, 4:14
perceiving the color violet, 12:14—15
psychology of stargazing, 12:13
top ten stories of 2020, 2:16-23
Turkey’s space program, 6:9
unusual record holders, 8:10
astronomy clubs, 6:56
Astronomy magazine
Star Products, 10:52-59
top 10 stories of 2020, 2:16-23
ATLAS (Comet C/2019 Y4), 2:20
ATLAS (Comet C/2020 M3), 5:64-65
atmospheres
atmospheric pressure on Mars and Venus, 2:10
comparison of terrestrial planets, 6:19
exoplanet vulcanism replenishing, 7:12
exoplanet with rock vapor atmosphere, 3:9
historical research into clouded atmosphere of Venus, 12:48-53
lightning, sprites and elves in Jupiter’s atmosphere, 2:13
nickel and iron vapor in atmospheres of comets, 9:11
oxygen-rich without the presence of life, 8:11
phosphine in atmosphere of Venus, 2:9, 22, 5:9
super-Earth with Earth-like atmosphere, 6:7
two carbon isotopes in same exoplanet atmosphere, 11:9
water vapor in atmosphere of Mars, 3:7
Auriga (constellation), observations within, 2:46—47
aurorae
image of, 9:65
on Jupiter, 12:11
on Mars, 11:7
axions, dark matter and, 9:20-21
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B
Baily’s beads, 2:42
Barnard 29 (dark nebula), 2:47
Barnard 30 (dark nebula), 12:65
Barnard 31 (dark nebula), 12:65
Barnard 32 (dark nebula), 12:65
Barnard 33 (Horsehead Nebula), 9:64
Barnard 72 (Snake Nebula), 8:51
Barnard’s Galaxy (NGC 6822), 10:50
barred spiral galaxies, formation of, 8:62—63. See also names of specific barred spiral galaxies
baryons, 1:13
BBN (Big Bang nucleosynthesis), 1:18-20
Beehive Cluster (M44), 4:41
Bennu (asteroid)
OSIRIS-REx’s departure from, 9:7
sample collection, 2:8-9
sample return, 6:11
Berenice’s Hair (Coma Berenices) (constellation), binocular observations of, 4:58
Bernardinelli-Bernstein (Comet C/2014 UNz71), 11:12
Beta Camelopardalis (star), 3:60
Beta Cygni (Albireo) (double star), 7:58, 12:42—43
Beta Orionis (Rigel) (star), 2:60
Beta Scorpii (Acrab) (double star), 12:43
Betelgeuse (Alpha Orionis) (star)
brightness and shape changes, 2:18, 7:10
brightness during future supernova, 2:18
observing, 2:60
outburst of hot gas as possible cause of dimming, 2:18
as “rival” of Mars, 3:14
Bezos, Jeff, 11:8-9
Big Bang
development of particles, 1:12—13
efforts to research, 1:10-13
overview of, 1:10-13
what came before, 1:14-17
Big Bang nucleosynthesis (BBN), 1:18-20
binary star systems (double stars)
See also names of specific binary star systems
number detected by Gaia, 6:14
observations in southern sky, 5:52
targets for amateur astronomy, 12:40-43
binocular astronomy
Berenice’s Hair, 4:58
Jupiter and moons, 8:58-59
Moon, 6:58
Oberwerk binoculars, 9:58-59
observations in summer, 7:58
observations near Ursa Major, 5:56
observations within Camelopardalis, 3:60, 12:60
observations within Lacerta, 9:15
observations within Lepus, 2:59
sunspots, 2:58
swing-arm mounts, 6:13
Uranus and Neptune, 11:58
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binoviewers, 7:13
Black Eye Galaxy (M64; NGC 4826), 6:9, 9:43
black holes
See also names of specific black holes
accreting matter at super-Eddington rates, 3:22-23
accretion disk, defined, 1:62
anatomy of, 1:62
Black Hole Era, 1:65
blanets orbiting, 4:23
boosting star formation in satellite galaxies, 10:10
at center of Centaurus A, 11:7
death of, 1:60-62
devouring stars, 2:7, 12:24-31
direct-collapse black holes (DCBHs), 3:20-22
event horizon, defined, 1:62
forming without parent star, 10:62—63
gravitational wave signals from collisions of, 2:9, 11:60
growth of during period of star formation, 4:11
intermediate-mass, 2:21
jets emanating from, 11:7
light echoes from, 12:9
mapping magnetic field of, 7:8-9
merger of massive stars to form, 3:22
merger with neutron star, 10:7
optical light from object on event horizon, 11:60
in Palomar 5, 11:12
possibility that “Planet Nine” is a black hole, 6:60—-61
possible formation through collision of boson stars, 6:9
possibly quenching star formation, 4:11
primordial, 6:60-61
rogue, 4:23
singularity, defined, 1:62
sizes of, 1:65, 2:21
space-time around, 1:57
stellar-mass black holes in globular cluster, 6:9
supermassive, cosmic web as source of material for, 2:10
supermassive, ejected by galaxy mergers, 4:7
supermassive, ejection of from galaxy center, 2:63
supermassive, growth model, 6:9
supermassive, lack of influence in formation of barred spiral galaxy structure, 8:62—63
supermassive, neutrino detected from star swallowed by, 6:7
supermassive, rapid growth of, 3:16-23
supermassive, visualization of binary system, 8:11
tidal disruption events (TDEs), 12:24-31
Black Swallowtail Butterfly Cluster (IC 4665), 8:51
blanets, 4:16—-17, 23
blazars, messengers produced by, 6:28
Blinking Planetary Nebula (NGC 6826), 6:55
Blue Origin, first crewed flight, 11:8-9
Blue Ring Nebula, 3:11
Blue Snowball (NGC 7662) (planetary nebula), 6:55
Bode’s Galaxy (M81), 4:41
Boeing CST-100 Starliner spacecraft, postponement of demonstration flight, 12:7
Bortle dark-sky scale, 6:45, 10:10
boson stars, possible formation of black hole through collision of, 6:9
Bow Tie Nebula (NGC 40), 6:50
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Box Nebula (NGC 6309), 8:51

Branson, Richard, 11:8-9

Breakthrough Starshot project, 5:16-23

brown dwarfs, magnetic fields of, 3:7. See also names of specific brown dwarfs
Bubble Nebula (NGC 7635), 5:64, 11:64

Butterfly Cluster (M6), 8:47

Butterfly Nebula (NGC 6302), 6:54

C

CAC (Chiricahua Astronomy Complex), 10:28-31
Caldwell 49 (Rosette Nebula; NGC 2237-9), 3:52, 5:63
California Nebula (NGC 1499), 6:62—-63
Callisto (moon of Jupiter), search for life on, 1:48
Caloris Basin (feature on Mercury), 3:12, 12:63
Camelopardalis (constellation), binocular observations within, 3:60, 12:60
Canon EOS Ra camera, 9:44-48
Capella (Alpha Aurigae) (star), 2:46
Captain Hook Cluster (NGC 6633), 8:51
carbon

carbon footprint of 2020 EAS meeting, 2:11

CNO cycle, 4:9

process for making sugars from carbon dioxide, 12:9

two isotopes in same exoplanet atmosphere, 11:9
Carina Nebula (NGC 3372)

compared to Orion and Tarantula, 9:30

image taken with adaptive optics, 2:12
Cartwheel Galaxy, multiwavelength image of, 2:7
Cassiopeia A (supernova remnant), stable titanium found in, 8:13
Castor (double star), 12:41-42
Cat’s Eye Nebula (NGC 6543)

images of, 4:65, 10:25

observing, 6:54
Caucasus mountain range (feature on Moon), 11:63
Cave Nebula (Sharpless 2-155), 5:64
Celestron

NexStar Evolution 8HD Telescope (60th Anniversary Edition), 2:54-56

StarSense Explorer telescopes, 5:54-55
Centaurs

See also names of specific Centaurs

discovery of, 3:26

locations of, 3:27

potential missions to explore, 3:24, 27-31

ring systems, 3:28, 30
Centaurus A (galaxy), black hole at center of, 11:7
chance, 12:12
Chandra X-ray Observatory, superheated gas and twisted strands of magnetic fields near center of Milky Way, 9:7
Chandrayaan-3 spacecraft, delayed launch of, 2:23
Chang’e-5 mission

overview of, 4:8-9

sample return, 4:8-9, 6:11
Chang’e-6 mission, sample return, 6:11
Chariklo (Centaur)

orbit of, 3:27

ring system, 3:30-31
Charon (moon of Pluto), observing, 7:48—49
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chemistry

Big Bang nucleosynthesis, 1:18-20

CHNOPS paradigm, 1:47
Chicxulub Crater (feature on Earth)

asteroid dust found within, 6:14

origin of life, 1:44
Chiricahua Astronomy Complex (CAC), 10:28-31
Chiron (Centaur)

discovery of, 3:26

orbit of, 3:27

potential mission to explore, 3:24, 29-31

ring system, 3:25, 28
CIBER-2 (Cosmic Infrared Background ExpeRiment-2) mission, 4:23
Cigar Galaxy (M82; NGC 3034)

multiwavelength image of, 2:7

observing, 4:41, 9:40, 42
Cleopatra’s Eye (NGC 1535) (planetary nebula), 6:52—-53
CMB. See cosmic microwave background (CMB)
CME:s (coronal mass ejections), defined, 4:44
Coalsack Nebula, 4:65, 5:50, 52
Coathanger (Collinder 399) (asterism), 7:54
Cocoon Galaxy (NGC 4490), 9:41-42
Collinder 249 (open star cluster), 5:52
Collinder 399 (Coathanger) (asterism), 7:54
Collinder 464 (open star cluster), 3:60
Collins, Michael, death of, 8:7
Columbia space shuttle, 40th anniversary of first flight, 11:29-31
Coma Berenices (Berenice’s Hair) (constellation), binocular observations of, 4:58
Coma Star Cluster (Melotte 111), 4:58
Comet 21/Borisov

lack of stellar contamination, 8:7

nickel vapor in atmosphere of, 9:11

overview of, 2:20, 4:18-19, 21
Comet 46P/Wirtanen, 8:20
Comet 81P/Wild, sample return, 6:11
Comet C/2014 UN271 (Bernardinelli-Bernstein), 11:12
Comet C/2016 R2 (PANSTARRS), nickel and iron vapor in atmosphere of, 9:11
Comet C/2019 U6 (Lemmon), 2:65
Comet C/2019 Y4 (ATLAS), 2:20
Comet C/2020 F3 (NEOWISE), 2:20
Comet C/2020 M3 (ATLAS), 5:64—65
Comet C/2020 X3 (SOHO), imaged during solar eclipse, 4:51
cometary nebulae, 9:10
comets

See also names of specific comets

interstellar, 4:18

largest discovered in modern times, 11:12

nickel and iron vapor in atmospheres of, 9:11
Condor Galaxy (NGC 6872), 3:64
conjunctions, Jupiter and Saturn, 5:62—63, 6:15
constellations. See names of specific constellations
contact binaries. See names of specific contact binaries
Copeland’s Septet (galaxy group), 5:66
Copernicus Complexio cosmological simulation, 2:48
coronal mass ejections (CMEs), defined, 4:44
cosmic dark ages, 1:21-23
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cosmic inflation, development of theory, 1:14-17
Cosmic Infrared Background ExpeRiment-2 (CIBER-2) mission, 4:23
cosmic microwave background (CMB)
cosmic dark ages, 1:22
cosmic inflation and, 1:16-17
curvature of universe, 1:58
defined, 1:13
origin of Population III stars, 1:25
spectrum of, 1:12
cosmic rays
multi-messenger astronomy, 6:24-31
solar activity levels and, 10:9
studied via satellite error logs, 10:9
cosmic web
imaging filaments of, 7:7
as source of material for supermassive black holes, 2:10
COVID-19 pandemic
impact on astronomy, 2:20
impact on Perseverance mission, 2:25, 29, 31
telescopes and observatories closed due to, 2:20
CQ 4479 (galaxy), 4:10
Crab Nebula (M1)
images of, 7:41
observing, 4:40
3D model of central region, 6:12
craters, image of triplet craters on Mars, 12:7. See also names of specific craters
Crescent Nebula (NGC 6888), images of, 4:65, 10:25
Crew Dragon capsule
first crewed mission to ISS (Endeavour), 2:18—-19
second crewed mission to ISS (Resilience), 3:11
Crystal Ball Nebula (NGC 1514), 6:52
Curiosity rover, self-portrait of, 7:11
Cygnus Loop. See Veil Nebula (Cygnus Loop; NGC 6960/92/95)
Cygnus X-1 (black hole), revised mass of, 6:12

D

Daemen, Oliver, 11:9
Daniel K. Inouye Solar Telescope, first sunspot image from, 4:7
dark energy
cosmic acceleration and, 1:53-55
cosmic expansion and, 10:63
discovery of, 1:53-54
Dark Energy Survey, number of galaxies to be observed by, 9:11
dark matter
counteracting galaxy rotation, 10:9
fifth fundamental force and, 9:22
minihalos, 1:26
overview of, 9:16-21
particles responsible for, 9:19-21, 23
shape of in Milky Way, 4:63
simulations of, 2:12
supersymmetry and, 9:19-20
dark nebulae. See names of specific dark nebulae
DART (Double Asteroid Redirection Test) mission, launch date, 2:22
DAVINCI+ (Deep Atmosphere Venus Investigation of Noble gases, Chemistry, and Imaging Plus) mission, overview of,
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10:8-9
De Mairan’s Nebula (M43), 9:64
deep-sky lists, 3:15
Delta Orionis (Mintaka) (star), 2:60
Dolphin Nebula (Sharpless 2-308), 5:64
Donatiello I (dwarf galaxy), 2:49
Double Asteroid Redirection Test (DART) mission, launch date, 2:22
Double Bubble Nebula (NGC 2371), 6:53
double stars. See binary star systems (double stars); names of specific binary star systems
Dumbbell Nebula (M27), observing, 6:55, 7:40, 55, 8:48-49
dust
amount of extraterrestrial dust that falls on Earth each year, 8:13
asteroid dust found within Chicxulub Crater, 6:14
defined, 11:61
dust devil tracks on Mars, 3:66
dust storms on Mars, 3:7
intergalactic vs. interstellar vs. interplanetary, 11:61
as most common solid in universe, 9:13
possibility of dust covering martian return samples, 9:62
zodiacal light possibly caused by dust from Mars, 7:12
dwarf galaxies. See names of specific dwarf galaxies
dwarf planets. See names of specific dwarf planets

E
Eagle Nebula (M16), observing, 8:46—48
Earth
airborne observatories, 6:18
amount of extraterrestrial dust that falls each year, 8:13
atmosphere compared to other terrestrial planets, 6:19
Chicxulub Crater, 1:44, 6:14
comparative planetology, 6:16-23
compared to Venus, 6:23
density compared to other terrestrial planets, 6:19
diameter compared to other terrestrial planets, 6:19
large low-shear velocity provinces (LLSVPs), 7:10
mass compared to other terrestrial planets, 6:19
number of systems that could have spotted Earth transiting the Sun, 10:11
origin of life on, 1:43-45
overview of, 12:16
size compared to Sun and other planets, 5:11
space-based observing missions, 6:20
statistics, 12:16
during Sun’s black dwarf stage, 4:62
EAS (European Astronomical Society), carbon footprint of 2020 meeting, 2:11
eclipses
annular, 2:41, 6:46-49, 10:65, 11:44-47
Antikythera mechanism, 3:43-44
aureole, 11:15
crescent corona, 11:15
lunar, 5:46-47, 11:54-57
solar, 2:40-45, 4:45, 47-51, 6:46—49, 7:60-61, 9:49-53, 11:44-47, 12:44-47
EGS77 (galaxy group), 2:17
EHT. See Event Horizon Telescope (EHT)
80 Ursae Majoris (Alcor) (star), 5:56, 12:40-41
Einstein rings, 4:9
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electron-capture supernovae, 10:11
Elephant’s Trunk Nebula (part of IC 1396), images of, 3:54, 57, 4:64
11 Camelopardalis (star), 3:60
elliptical galaxies. See names of specific elliptical galaxies
Emerald Nebula (NGC 6572), 6:54, 8:51
emission nebulae, defined, 9:10. See also names of specific emission nebulae
Enceladus (moon of Saturn)

icequakes, 11:9

search for life on, 1:48
EnVision orbiter, announcement of, 10:8
Epsilon Bodétis (Izar) (double star), 12:42-43
Epsilon Lyrae (multiple-star system), 7:45
ESA (European Space Agency). See names of specific spacecraft and missions
ESO 253-3 (galaxy), 5:9
Eta Carinae (binary star system), multiwavelength image of, 2:7
Europa (moon of Jupiter)

nightside glow, 3:9

search for life on, 1:48
European Astronomical Society (EAS), carbon footprint of 2020 meeting, 2:11
European Space Agency (ESA). See names of specific spacecraft and missions
Event Horizon Telescope (EHT)

black hole at center of Centaurus A, 11:7

changes in network of telescopes comprising, 11:11

mapping magnetic field of black hole, 7:8-9
ExoMars Trace Gas Orbiter, image of triplet craters on Mars, 12:7
extrasolar planets (exoplanets)

See also names of specific exoplanets

blanets, 4:23

closely-orbiting, 7:9

with completely clear skies, 5:9

density of rocky planets, 5:7

discovered with Arecibo Observatory, 8:28

in globular clusters, 3:63

hot Jupiters, 5:9

image of circumplanetary disk surrounding, 11:11

Jupiter-sized orbiting smaller white dwarf, 2:13

orbit resembling theoretical Planet Nine, 4:12

overview of TESS mission, 8:14-21

possibility of orbiting Sirius, 12:63

with rock vapor atmosphere, 3:9

rogue planets, 4:18, 20-21

rules to follow in search for life, 1:46—48

second hottest known, 7:9

super-Earth with Earth-like atmosphere, 6:7

two carbon isotopes in same atmosphere, 11:9
extraterrestrial life

consciousness as fundamental to, 11:14

Fermi paradox, 10:20

idea of microbial life on Venus, 12:51-53

planets rich in uranium and thorium, 4:9

rules to follow in search for, 1:46-48

F
“Farfarout” (2018 AG37) (planetoid), 6:7
fast radio bursts (FRBs)

10
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See also names of specific fast radio bursts
identifying origins of, 9:9
magnetars as source of, 2:11
Fireworks Galaxy (NGC 6946), 9:43, 10:49
5 Lacertae (star), 9:15
Flame Nebula (NGC 2024), 9:64
Flaming Star Nebula (IC 405), 2:47, 5:64—65
Fobos-Grunt mission, 6:11
47 Tucanae (NGC 104) (globular cluster), 4:66, 5:49-50
FRBs. See fast radio bursts (FRBs); names of specific fast radio bursts
Funk, Wally, 11:9

G

Gagarin, Yuri, 60th anniversary of human spaceflight, 11:24-27
Gaia mission, number of binary systems detected by, 6:14
galaxies

See also names of specific galaxies; names of specific types of galaxies

amateur astroimaging, 2:48-53

astrophotography, 10:24

color-magnitude diagrams, 1:30-31

ejecting star-forming gas, 5:9

formation of, 1:28-31, 3:10

mergers of, 1:29-31, 5:7

observing through the Milky Way, 10:48-51

peculiar, 9:40-43

rapid formation of in early universe, 3:10

with regularly erupting flare, 5:9

star formation and black-hole growth, 4:10

star formation in mergers of, 5:7

star formation quenched by ‘parasitic’ black holes, 4:11

stellar streams, 2:51-52

tuning fork diagram of, 9:40, 42
galaxy clusters

See also names of specific galaxy clusters

average temperature of, 3:9

supermassive black holes ejected by mergers, 4:7
galaxy groups, discovery of earliest known, 2:17
GAL-CLUS-022058s (Molten Ring Galaxy), 4:9
Gale Crater (feature on Mars), waterless explanation for sediments, 12:9
Galileo Galilei, replicating observations of Jupiter and moons, 8:58-59
Gamma Andromedae (Almach) (double star), 12:43
Gamma Comae Berenices (star), 4:58
Gamma Cygni (star), 9:65
Gamma Delphini (double star), 12:42—43
Gamma Leporis (star system), 2:59
Gamma Virginis (Porrima) (double star), 12:41-42
gamma-ray bursts (GRBs)

magnetar firing, then going dormant, 11:9

oldest known, 4:9

shortest discovered, 11:7
Ganymede (moon of Jupiter), image of, 10:7
Gemini Sky Window, 6:13
Genesis mission, 6:11
Ghost of Jupiter (NGC 3242) (planetary nebula), 6:53
Giant Impact Hypothesis, 3:7, 62-63, 7:10

11
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GJ 1132 b (exoplanet), atmosphere replenished by vulcanism, 7:12
Gliese, Wilhelm, 8:63
Gliese 486b (exoplanet), 6:7
globular clusters
See also names of specific globular clusters
exoplanets in, 3:63
most metal-poor, 2:9
gluons, 1:12—-13
GN-z11 (galaxy), 4:9
gravitational lensing
discovering rogue planets through, 4:20
Einstein rings, 4:9
gravitational waves
from black hole mergers, 11:60
B-mode polarization, 1:17
evidence for background sea of waves, 5:11
multi-messenger astronomy, 6:24-31
signals from binary black hole or neutron star collisions, 2:9
suggesting birth of intermediate-mass black hole, 2:21
translating signals into distance and mass of objects, 3:62
gravity
smallest force yet measured, 7:9
spiders using light for orientation in zero gravity, 4:9
GRB 200826A (gamma-ray burst), 11:7
GRBs. See gamma-ray bursts (GRBs)
Great Peacock (NGC 6752) (globular cluster), 5:53
Great Red Spot (feature on Jupiter), 8:42—43
Great Rift, 4:64
GW Orionis (star system), 2:9
GW190521 (gravitational wave), 2:21

H
Ho imaging. See Hydrogen-alpha (Ha) imaging
Hadley Plain (feature on Moon), 11:63
Hayabusa spacecraft, sample return, 6:11
Hayabusa2 spacecraft, sample return, 4:13, 6:11
HD 106906 b (exoplanet), 4:12
HD 192579 (star), 7:58
Heart Nebula (IC 1805), 11:63
Heart-Shaped Cluster (M50), 4:41
helium, nucleosynthesis and, 1:19-20
Helix Nebula (NGC 7293)
multiwavelength image of, 2:7
observing, 6:55
Herbig-Haro (HH) objects, defined, 6:9. See also names of specific Herbig-Haro objects
Hercules Cluster (M13), 4:41, 8:47
HH 24 (Herbig-Haro object), 4:10
Hipparcos mission, 6:14
HMP (hyper-metal-poor) stars, 1:27
Hockey Stick (NGC 4656/7), 9:42—43
Hope orbiter. See al-Amal (Hope) orbiter
Horsehead Nebula (Barnard 33), 9:64
Hubble Space Telescope
computer memory error, 11:9
reconstruction of supernova, 5:12
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hydrogen, clearance of early fog of neutral hydrogen atoms, 2:17
Hydrogen-alpha (Hot) imaging

Canon EOS Ra camera, 9:44-48

filters, 4:42
hyper-metal-poor (HMP) stars, 1:27

I
IC 10 (irregular galaxy), 10:49-50
IC 289 (planetary nebula), 3:65
IC 405 (Flaming Star Nebula), 2:47, 5:64-65
IC 410 (Tadpoles Nebula), 2:47, 5:64—65
IC 418 (Raspberry Nebula), 2:59
IC 1396 (Elephant’s Trunk Nebula), images of, 3:54, 57, 4:64
IC 1805 (Heart Nebula), 11:63
IC 1848 (Soul Nebula), images of, 3:54, 10:25, 11:63
IC 1892 (galaxy), 9:41
IC 2163 (spiral galaxy), 9:42
IC 2177 (Seagull Nebula), 10:64
IC 2599 (emission nebula), 6:64
IC 2602 (Southern Pleiades star cluster; Theta Carinae Cluster), 2:65, 4:64, 5:51
IC 2944 (Running Chicken Nebula), 5:51-52
IC 4665 (Black Swallowtail Butterfly Cluster), 8:51
IC 4970 (lenticular galaxy), 3:64
IC 5070 (Pelican Nebula), 11:62
IceCube neutrino detector, neutrino detected from star swallowed by black hole, 6:7
IKAROS (Interplanetary Kite-craft Accelerated by Radiation of the Sun), 5:21
Impact-Origin of Life Hypothesis, 1:43—45
Ingenuity drone
See also Perseverance rover (Mars 2020)
first five flights of, 8:8-9
overview of, 2:28
InSight lander, marsquakes detected by, 2:16—-17
International Space Station (ISS)
Nauka lab module thruster misfire, 11:12
Russian plans to shoot film on, 9:9
SpaceX’s first crewed mission to (Endeavour), 2:18—19
SpaceX’s second crewed mission to (Resilience), 3:11, 9:9
SpaceX’s third crewed mission to (Endeavour), 8:9
spin and loss of attitude control, 11:12
tracking air leak with tea leaves, 2:9
transiting Moon, 6:63
Interplanetary Kite-craft Accelerated by Radiation of the Sun (IKAROS), 5:21
Iota Bodtis (star), 5:56
iron
most metal-poor globular cluster known, 2:9
vaporized, in cometary atmospheres, 9:11
irregular galaxies. See names of specific irregular galaxies
ISS. See International Space Station (ISS)
Itokawa (asteroid), sample return, 6:11
Izar (Epsilon Bodtis) (double star), 12:42-43

J

J0313-1806 (galaxy), 5:7
Jackson, Mary W., 6:9
James Webb Space Telescope (JWST)
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components of, 10:19
delayed launch, 2:22
imaging from Earth, 10:21
Integrated Science Instrument Module (ISIM), 10:19
mirror production process, 10:18
orbit of, 10:17
overview of, 10:14-21
Jewel Box (NGC 4755), 5:50, 52-53
Juno spacecraft
See also Jupiter
images of Ganymede, 10:7
zodiacal light and dust from Mars, 7:12
Jupiter
See also names of moons orbiting; names of specific missions to
aurorae producing heat, 12:11
axial tilt of, 9:12
binocular observations of, 8:58-59
cloud features, 8:42
Clyde’s Spot, 8:43—44
conjunction with Saturn, 5:62—63, 6:15
equatorial region, 8:44-45
Great Red Spot, 8:42—43
images of in different wavelengths, 9:12
lightning sprites and elves, 2:13
northern tropical regions, 8:45
number of that could fit inside Sun, 5:11
observing at opposition, 8:40—45
observing details, 2:14
observing Galilean moons at opposition, 8:45
observing moons line up, 2:14
Oval BA, 8:43
overview of, 12:20
replicating Galileo’s observations, 8:58—-59
size compared to Sun and other planets, 5:11
statistics, 12:20
time spent in each constellation, 9:12
JWST. See James Webb Space Telescope (JWST)

K
K2-141 b (exoplanet), 3:9
Kappa Bodétis (star), 5:56
KBOs. See Kuiper Belt objects (KBOs); names of specific Kuiper Belt objects
Kemble’s Cascade (asterism), 12:60
kilonovae, 3:10, 10:46
Kite Cluster (NGC 1664), 2:46
Kosmos 300 mission, 6:10
Kosmos 305 mission, 6:10
Kraken Mare (feature on Titan), depth of, 5:11
Kuiper Belt, not as dark as expected, 5:9
Kuiper Belt objects (KBOs)
See also names of specific Kuiper Belt objects
Centaurs, 3:24-31
New Horizons and study of, 2:62—-63

L

14



Astronomy Magazine 2021 Index

Lacerta (constellation), binocular observations within, 9:15
Lacerta OB1 (stellar association), 9:15
Lagoon Nebula (M8; NGC 7538), 7:45, 8:47-48, 11:64
Lagrange points, 7:61
Lambda Orionis (star), 2:60
Large High Altitude Air Shower Observatory, 9:7
Large Magellanic Cloud (LMC)
amateur astroimaging, 2:50
warping of Milky Way by, 4:7
Large Synoptic Survey Telescope (LSST). See Vera C. Rubin Observatory (VRO)
Laser Interferometer Gravitational-Wave Observatory. See LIGO (Laser Interferometer Gravitational-Wave Observatory)
Lavinia Planitia (feature on Venus), 11:12
LDN 772 (Loch Ness Monster Nebula), 3:65
Lemmon (Comet C/2019 U6), 2:65
lenticular galaxies. See names of specific lenticular galaxies
Leo I (dwarf spheroidal galaxy), 9:65
Lepus (constellation), binocular observations within, 2:59
LHS 3844b (exoplanet), 7:9, 8:21
life, origin of
See also extraterrestrial life
consciousness as fundamental, 11:14
Impact-Origin of Life Hypothesis, 1:43-45
tardigrades and theory of panspermia, 9:9
light
B-mode polarization, 1:17
Bortle dark-sky scale, 6:45, 10:10
empty space not as dark as expected, 5:9
light pollution and astrophotography, 10:26
light pollution from streetlights, 3:9
from object on black hole’s event horizon, 11:60
spiders using light for orientation in zero gravity, 4:9
lightning, sprites and elves in Jupiter’s atmosphere, 2:13
LIGO (Laser Interferometer Gravitational-Wave Observatory)
gravitational waves suggesting birth of intermediate-mass black hole, 2:21
merger of black hole and neutron star, 10:7
translating signals into distance and mass of objects, 3:62
Lion Nebula (NGC 2392), 6:53, 8:10
lithium
novae as source of, 11:9
nucleosynthesis, 1:20
Little Dumbbell Nebula (M76), 6:50, 52
Little Gem (NGC 6818) (planetary nebula), 6:55
LMC. See Large Magellanic Cloud (LMC)
Lobster Claw Nebula (Sharpless 2-157), 11:64
Loch Ness Monster Nebula (LDN 772), 3:65
LSST (Large Synoptic Survey Telescope). See Vera C. Rubin Observatory (VRO)
Lucy spacecraft, launch date, 2:22
Luna 15 mission, 6:10
Luna 16 mission, 6:10
Luna 18 mission, 6:10
Luna 20 mission, 6:10
Luna 23 mission, 6:10
Luna 24 mission, 6:11
Luna YE-8-5 No. 402 mission, 6:10
Luna YE-8-5 No. 405 mission, 6:10
Luna YE-8-5 No. 412 mission, 6:11
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Luna-25 lander, launch date, 2:23
lunar eclipses
Danjon scale of color variation, 11:56
May 2021, 5:46-47
November 2021, 11:54-57
Lyra (constellation), observations within, 10:60

M

M1. See Crab Nebula (M1)

M2 (globular cluster), 8:49

M3 (globular cluster), 4:41

M4 (globular cluster), 7:40-41

MS5 (globular cluster), 4:40, 41

M6 (Butterfly Cluster), 8:47

M7 (Ptolemy Cluster), 7:45, 8:47

M8 (Lagoon Nebula; NGC 7538), 7:45, 8:47-48, 11:64
M9 (globular cluster), 8:60

M10 (globular cluster), 8:47, 51, 60

M11 (Wild Duck Cluster), 8:48

M12 (globular cluster), 8:47, 51, 60

M13 (Hercules Cluster), 4:41, 8:47

M14 (globular cluster), 8:60

M15 (globular cluster), 8:49

M16 (Eagle Nebula), observing, 8:46—48
M17 (Omega Nebula; Swan Nebula), 8:48
M20 (Trifid Nebula), 8:47

M22 (globular cluster), 8:48

M23 (open cluster), 8:47

M27 (Dumbbell Nebula), observing, 6:55, 7:40, 55, 8:48-49
M30 (globular cluster), 8:49

M31. See Andromeda Galaxy (M31)

M35 (star cluster), 4:41

M36 (Pinwheel Cluster), 2:47, 4:40

M37 (Salt and Pepper Cluster), 2:47, 4:40-41
M38 (Starfish Cluster), 2:47, 4:40

M41 (star cluster), 4:41

M42. See Orion Nebula (M42)

M43 (De Mairan’s Nebula), 9:64

M44 (Beehive Cluster), 4:41

M45 (Pleiades star cluster), 7:43

M46 (open cluster), 4:41

M47 (open cluster), 4:41

M48 (open cluster), 4:41

M50 (Heart-Shaped Cluster), 4:41

M51. See Whirlpool Galaxy (M51)

M52 (open cluster), 5:64

MS53 (globular cluster), 4:41

MS56 (globular cluster), 4:65

M57 (Ring Nebula), 6:54, 8:48

M60 (NGC 4649) (elliptical galaxy), 9:43
M63. See Sunflower Galaxy (M63)

Mo64 (Black Eye Galaxy; NGC 4826), 6:9, 9:43
M67 (open cluster), 4:41

M70 (globular cluster), 8:48

M?71-S mission, 50th anniversary of, 11:16—17
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M73 (asterism), 8:49
M74 (Phantom Galaxy), 10:24
M76 (Little Dumbbell Nebula), 6:50, 52
M78 (reflection nebula), 2:60
M79 (globular cluster), 2:59
M&81 (Bode’s Galaxy), 4:41
M82. See Cigar Galaxy (M81; NGC 3034)
M&83 (Southern Whirlpool Galaxy), 4:41
M&87 (galaxy), mapping magnetic field of black hole within, 7:8-9
MB88 (spiral galaxy), 10:64
M92 (globular cluster), 8:47
M94 (spiral galaxy), 4:41
M97 (Owl Nebula), 4:40, 41, 6:53
M101 (Pinwheel Galaxy), 5:56
M104 (Sombrero Galaxy), 4:41
M106 (spiral galaxy), 7:66
MACHOs (massive compact halo objects), 9:23
Maftei 1 (galaxy), 10:49
Maftei 2 (galaxy), 10:49
magnetars
firing GRBs, then going dormant, 11:9
formed by colliding neutron stars, 3:10
overview of, 10:45
as source of FRBs, 2:11
youngest, fastest-spinning, 5:10, 10:45
magnetic fields
of black holes, 7:8-9
of brown dwarfs, 3:7
of Moon, 12:9
near center of Milky Way, interacting with superheated gas, 9:7
of planets rich in uranium and thorium, 4:9
of Sun, description of, 4:44
of Sun, imaging field lines, 2:18-19
Mare Imbrium (feature on Moon), 11:63
Mare Serenitatis (feature on Moon), 11:63
Mariner 9 mission, 50th anniversary of, 11:16-23
Mars
See also names of moons orbiting; names of specific missions to
atmosphere compared to other terrestrial planets, 6:19
atmospheric pressure on, 2:10
aurorae, 11:7
Chandler wobble, 5:10
conjunction with Venus, 7:50-51
current missions to, 2:22-23
density compared to other terrestrial planets, 6:19
diameter compared to other terrestrial planets, 6:19
dust devil tracks, 3:66
dust storms on, 3:7
50th anniversary of multiple missions to, 11:16-23
Gale Crater, 12:9
human vision and appearance of canals, 4:15
image of triplet craters, 12:7
landing and mission of Zhurong rover, 9:8-9
marsquakes, 2:16—17
martian North Star, 10:62
mass compared to other terrestrial planets, 6:19
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mythology and celestial “rivals” of, 3:14
occultation of, by Moon, 2:64, 3:65
overview of, 12:19
panoramic surface image, 6:10—-11
sample return missions, 6:10—-11
size compared to Sun and other planets, 5:11
statistics, 12:19
vulcanism on, 9:11
water possibly locked up in minerals, 7:7
water vapor in atmosphere of, 3:7
zodiacal light possibly caused by dust from, 7:12
Mars 2 mission, 50th anniversary of, 11:16-23
Mars 3 mission, 50th anniversary of, 11:16-23
Mars 2020 mission. See Perseverance rover (Mars 2020)
Mars Express orbiter, 2:22
Mars Reconnaissance Orbiter, dust devil tracks, 3:66
Mars Sample Return mission, 6:11
Martian Moons Exploration (MMX) mission, 6:11
massive compact halo objects (MACHOs), 9:23
Meathook Galaxy (NGC 2442), 5:50, 53
Medusa Nebula (Abell 21), 6:50-51, 53
MeerKAT radio telescope, superheated gas and twisted strands of magnetic fields near center of Milky Way, 9:7
Melotte 111 (Coma Star Cluster), 4:58
Melotte 227 (alignment of stars), 5:53
Mercury
antipodal phenomena, 3:12
atmosphere compared to other terrestrial planets, 6:19
Caloris Basin, 3:12, 12:63
density compared to other terrestrial planets, 6:19
diameter compared to other terrestrial planets, 6:19
mass compared to other terrestrial planets, 6:19
overview of, 12:17
size compared to Sun and other planets, 5:11
sodium tail, 10:13
statistics, 12:17
Weird Terrain, 3:12
Messier Catalog
deep-sky lists, 3:15
observations in spring, 4:40-41
observations in summer, 8:46—49
meteor showers
how replenished, 8:62
Perseids, 8:12, 52-55, 12:65
meteorites
handling, 11:61
identifying, 11:61
insurance coverage, 8:10
purchasing, 6:13
meteors
defined, 8:52
facts about, 8:54
red, 9:14
Milky Way Galaxy
acceleration of solar system around, 4:10
dark matter counteracting rotation, 10:9
formation of, 1:28-31
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images of, 2:65, 5:48-49, 6:65, 10:64—65, 11:63, 12:64
map of, 1:29

mosaics of, 7:62—63

observing other galaxies through, 10:48-51

Radcliffe Wave star-forming region, 2:21

shape of dark matter in, 4:63

shape of, warped by LMC, 4:7

slowed rotation of central bar, 10:9

spur off of Sagittarius Arm, 12:10

star formation in, 1:41

star formation in central bulge, 3:9

star formation near center of, 8:9

stripping stars from satellite galaxies and clusters, 11:12
superheated gas and twisted strands of magnetic fields near center of, 9:7
view of from Andromeda, 6:61

Mintaka (Delta Orionis) (star), 2:60

Mizar (Zeta Ursae Majoris) (star), 5:56, 12:40-41

MMX (Martian Moons Exploration) mission, 6:11

Molten Ring Galaxy (GAL-CLUS-022058s), 4:9

MOND (MOdified Newtonian Dynamics) theories, 9:22-23
Moon (Earth’s)

See also names of specific missions to

Alps mountain range, 11:63

Antikythera mechanism, 3:40-45
Apennines mountain range, 11:63

apparent size of, 10:12

Aristillus Crater, 3:64

astrophotography, 10:27

binocular observations of, 6:58

brightness and shininess of, 10:12
Caucasus mountain range, 11:63

distance of Shepard’s golf shots, 5:12
east-west designations, 4:14

eclipses of, 5:46—47, 11:54-57

eyepiece filters for observations of, 3:46-51
formation of, 3:7

Giant Impact Hypothesis, 3:7, 62-63, 7:10
Hadley Plain, 11:63

images of, 5:63, 9:65, 11:63—64, 12:65
images of monthly Full Moons, 10:65
magnetic field of, 12:9

Mare Imbrium, 11:63

Mare Serenitatis, 11:63

most valuable sites for science and mining, 4:9
occultation of Mars, 2:64, 3:65

orbital migration, 5:61

Plato Crater, 3:64

Promontorium Heraclides, 7:57

proposal for radio telescope within crater, 9:7
proposed Russian/Chinese lunar space station, 7:9
protecting “lunar heritage sites,” 5:9
renaming of surface features in Latin, 5:13
rock sample displayed in Oval Office, 5:7
sample return missions, 6:10-11

Sinus Iridum, 7:57

strategy for easy observations, 4:52—53
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transited by ISS, 6:63
transiting Sun, 2:7
Turkey’s space program, 6:9
Vallis Alpes, 3:64
water ice on surface, 3:9
moons. See names of specific moons
multi-messenger astronomy, 6:24-31
multiple-star systems. See binary star systems (double stars)

N

Nancy Grace Roman Space Telescope
image of, 4:22
overview of, 4:25-26, 28-29, 31
search for rogue planets, 4:20
NASA (National Aeronautics and Space Administration)
See also names of specific spacecraft and missions
airborne observatories, 6:18
avoiding collisions between spacecraft, 7:9
building named for Mary W. Jackson, 6:9
Explorer-class missions, 8:15
new administrator, 9:9
space-based Earth-observing missions, 6:20
SpaceX delivers astronauts to ISS, 2:18-19
total daily data transmitted from Earth-orbiting satellites, 3:11
near-Earth asteroids (NEAs), mapped by amateur astronomers, 4:11
nebulae, imaging, 10:25. See also names of specific nebulae
Necklace Nebula, 12:66
Needle Galaxy (NGC 4565), 10:24
NEOWISE (Comet C/2020 F3), 2:20
Neptune
See also names of moons orbiting
binocular observations of, 11:58
overview of, 12:23
size compared to Sun and other planets, 5:11
statistics, 12:23
neutrinos
CNO cycle, 4:9
dark matter and, 9:20
detected from star swallowed by black hole, 6:7
multi-messenger astronomy, 6:24-31
neutron stars
formation of, 10:40-—42
gravitational effect on surface deformations, 11:7
gravitational wave signals from collisions of, 2:9
kilonovae, 10:46
magnetars formed by collision of, 3:10
merger with black hole, 10:7
overview of, 10:40-47
New Horizons spacecraft, targeting Kuiper Belt objects, 2:62—63. See also Pluto
New Shepard rocket, 11:9
NGC 40 (Bow Tie Nebula), 6:50
NGC 104 (47 Tucanae) (globular cluster), 4:66, 5:49-50
NGC 246 (planetary nebula), 6:50
NGC 362 (globular cluster), 4:66, 5:50
NGC 457 (Owl Cluster), 7:42-43
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NGC 660 (galaxy), 10:24

NGC 1228 (galaxy), 9:41

NGC 1229 (Seyfert-type galaxy), 9:41-42
NGC 1230 (galaxy), 9:41

NGC 1291 (ring galaxy), 6:64

NGC 1313 (Topsy Turvy Galaxy), 5:50, 11:63
NGC 1360 (Robin’s Egg Nebula), 6:52

NGC 1499 (California Nebula), 6:62—63
NGC 1501 (Oyster Nebula), 6:52

NGC 1502 (open cluster), 12:60

NGC 1514 (Crystal Ball Nebula), 6:52

NGC 1535 (Cleopatra’s Eye) (planetary nebula), 6:52-53
NGC 1664 (Kite Cluster), 2:46

NGC 1778 (open cluster), 2:47

NGC 1857 (open cluster), 2:47

NGC 1907 (open cluster), 2:47

NGC 1931 (emission nebula), 2:47

NGC 2014 (nebula), 6:65

NGC 2017 (asterism), 2:59

NGC 2020 (nebula), 6:65

NGC 2024 (Flame Nebula), 9:64

NGC 2070. See Tarantula Nebula (NGC 2070)
NGC 2119 (galaxy), 10:50-51

NGC 2126 (star cluster), 2:47

NGC 2169 (37 Cluster), 2:60, 7:45

NGC 2207 (spiral galaxy), 9:42

NGC 2237-9 (Rosette Nebula; Caldwell 49), 3:52, 5:63
NGC 2276 (spiral galaxy), 10:66

NGC 2281 (open cluster), 2:46

NGC 2313 (emission nebula), 9:10

NGC 2327 (emission nebula), 10:64

NGC 2341 (galaxy), 10:50-51

NGC 2342 (galaxy), 10:50-51

NGC 2350 (galaxy), 10:50-51

NGC 2371 (Double Bubble Nebula), 6:53
NGC 2380 (galaxy), 10:50-51

NGC 2392 (Lion Nebula), 6:53, 8:10

NGC 2403 (spiral galaxy), 3:60

NGC 2438 (planetary nebula), 6:53

NGC 2442 (Meathook Galaxy), 5:50, 53
NGC 2516 (open cluster), 5:50-51

NGC 2559 (galaxy), 10:50-51

NGC 2566 (galaxy), 10:50-51

NGC 2992 (Seyfert-type galaxy), 6:63

NGC 2993 (spiral galaxy), 6:63

NGC 3034. See Cigar Galaxy (M81; NGC 3034)
NGC 3114 (open cluster), 5:51

NGC 3165 (galaxy), 11:64

NGC 3166 (galaxy), 11:64

NGC 3169 (galaxy), 11:64

NGC 3195 (planetary nebula), 5:51

NGC 3226 (elliptical galaxy), 9:42

NGC 3227 (spiral galaxy), 9:42

NGC 3242 (Ghost of Jupiter) (planetary nebula), 6:53
NGC 3293 (open cluster), 9:64

NGC 3324 (open star cluster), 6:64
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NGC 3372. See Carina Nebula (NGC 3372)
NGC 3521 (spiral galaxy), 2:52

NGC 3576 (Statue of Liberty Nebula), 3:64
NGC 3766 (Pearl Cluster), 5:52

NGC 3981 (spiral galaxy), 5:64—65

NGC 4013 (spiral galaxy), 2:48

NGC 4027 (barred spiral galaxy), 9:41-42

NGC 4217 (spiral galaxy), 12:64

NGC 4248 (irregular galaxy), 7:66

NGC 4449 (dwarf starburst galaxy), 2:51

NGC 4485 (spiral galaxy), 9:41-42

NGC 4490 (Cocoon Galaxy), 9:41-42

NGC 4565 (Needle Galaxy), 10:24

NGC 4647 (spiral galaxy), 9:43

NGC 4649 (M60) (elliptical galaxy), 9:43

NGC 4656/7 (Hockey Stick), 9:42-43

NGC 4755 (Jewel Box), 5:50, 52-53

NGC 4826 (Black Eye Galaxy; M64), 6:9, 9:43
NGC 4833 (globular cluster), 5:53

NGC 5189 (Spiral Planetary Nebula), 5:52-53
NGC 5195 (galaxy), 5:56

NGC 5281 (open cluster), 5:53

NGC 5426 (spiral galaxy), 9:43

NGC 5427 (spiral galaxy), 9:43

NGC 5907 (spiral galaxy), 2:53

NGC 6025 (open cluster), 5:53

NGC 6144 (globular cluster), 7:40-41

NGC 6164/6165 (planetary nebula), 6:64

NGC 6188 (emission nebula), 6:64

NGC 6210 (Turtle Nebula), 6:54

NGC 6302 (Butterfly Nebula), 6:54

NGC 6309 (Box Nebula), 8:51

NGC 6362 (globular cluster), 5:53

NGC 6384 (spiral galaxy), 8:51

NGC 6397 (globular cluster), 6:9

NGC 6441 (globular cluster), 2:66

NGC 6543. See Cat’s Eye Nebula (NGC 6543)
NGC 6572 (Emerald Nebula), 6:54, 8:51

NGC 6621 (spiral galaxy), 9:43

NGC 6622 (barred spiral galaxy), 9:43

NGC 6633 (Captain Hook Cluster), 8:51

NGC 6752 (Great Peacock) (globular cluster), 5:53
NGC 6781 (planetary nebula), 6:54-55

NGC 6818 (Little Gem) (planetary nebula), 6:55
NGC 6822 (Barnard’s Galaxy), 10:50

NGC 6826 (Blinking Planetary Nebula), 6:55
NGC 6841 (galaxy), 10:50

NGC 6872 (Condor Galaxy), 3:64

NGC 6888 (Crescent Nebula), images of, 4:65, 10:25
NGC 6921 (galaxy), 10:50

NGC 6946 (Fireworks Galaxy), 9:43, 10:49
NGC 6960 (Witch’s Broom), 8:7

NGC 6960/92/95. See Veil Nebula (Cygnus Loop; NGC 6960/92/95)
NGC 7000 (North America Nebula), images of, 2:15, 11:62
NGC 7009 (Saturn Nebula), observing, 6:55, 11:59
NGC 7013 (lenticular galaxy), 10:50
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NGC 7209 (open cluster), 9:15
NGC 7217 (ring galaxy), 4:65
NGC 7231 (galaxy), 10:50
NGC 7243 (open cluster), 9:15
NGC 7293. See Helix Nebula (NGC 7293)
NGC 7380 (Wizard Nebula), 12:65
NGC 7538 (Lagoon Nebula; MS), 7:45, 8:47-48, 11:64
NGC 7635 (Bubble Nebula), 5:64, 11:64
NGC 7662 (Blue Snowball) (planetary nebula), 6:55
nickel, vaporized, in cometary atmospheres, 9:11
1999 AP0 (asteroid), 4:11
nitrogen, CNO cycle, 4:9
Nobel Prize in physics
discovery of pulsars, 8:10
winners in 2020, 2:7
noctilucent clouds (polar mesospheric clouds [PMCs]), 6:14
North America Nebula (NGC 7000), images of, 2:15, 11:62
novae, as source of lithium, 11:9. See also names of specific novae; supernovae
Nu Indi (star), 8:20

@)
Oberwerk 20x65 ED Deluxe binoculars, 9:58-59
observatories
See also names of specific observatories
closed due to COVID-19 pandemic, 2:20
plans for observatory on Saishiteng Mountain, 12:9
Omega Nebula (Swan Nebula; M17), 8:48
Omicron! Cygni (star), 7:58
Omicron? Cygni (star), 7:58
11/2017 Ul. See ‘Oumuamua (11/2017 U1)
open clusters. See names of specific open clusters
Oph 98 A (brown dwarf), 4:9
Ophiuchus (constellation)
binocular observations within, 8:60
observations within, 8:50-51
Origins, Spectral Interpretation, Resource Identification, Security-Regolith Explorer mission. See OSIRIS-REx mission
Orion (constellation)
images of, 6:63, 10:64—65
observations within, 2:60
as “rival” of Antares, 3:14
Orion Nebula (M42)
compared to Carina and Tarantula, 9:30
images of, 3:56, 7:45, 9:64
observing, 2:60, 4:40
OSIRIS-REx (Origins, Spectral Interpretation, Resource Identification, Security-Regolith Explorer) mission
departure from Bennu, 9:7
sample return, 2:8-9, 6:11
‘Oumuamua (112017 U1) (interstellar object)
size of, 7:11
theories regarding, 4:18-19, 7:11
trajectory of, 7:11
Owl Cluster (NGC 457), 7:42—43
Owl Nebula (M97), 4:40, 41, 6:53
oxygen
CNO cycle, 4:9
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oxygen-rich atmospheres without the presence of life, 8:11
Oyster Nebula (NGC 1501), 6:52

P
P172+18 (quasar), 7:7
Palomar 5 (globular star cluster), 11:12
PANSTARRS (Comet C/2016 R2), nickel and iron vapor in atmosphere of, 9:11
Parker Solar Probe
findings of, 2:18-19
flyby of Venus, 2:23
image of Venus, 6:7
Wide-field Imager for Parker Solar Probe (WISPR), 6:7
Parkes Observatory, given indigenous name Murriyang, 3:9
Pazmino’s Cluster (Stock 23), 12:60
PDS 70 (star), 11:11
PDS 70 c (exoplanet), 11:11
Pearl Cluster (NGC 3766), 5:52
Pelican Nebula (IC 5070), 11:62
Perseid meteors
forecast for 2021, 8:53-54
image of, 12:65
observing in 2021, 8:12, 55
origin of, 8:52-53
Perseverance rover (Mars 2020)
Empire State Building display in honor of, 11:64
first sample collection, 12:10
first science campaign, 10:7
hypothetical course, 2:26-27
impact of COVID-19 pandemic, 2:25, 29, 31
Ingenuity drone, 2:28, 8:8-9
instrumentation of, 2:30
landing site, 2:27-29, 31
overview of, 2:23, 24-31
panoramic surface image, 6:10—11
possibility of dust covering return samples, 9:62
preparation for main mission, 8:8-9
sample return mission, 2:26, 30-31, 6:10-11, 9:62
successful landing of, 5:8-9
Phaethon (asteroid), vaporizing sodium, 12:8-9
Phantom Galaxy (M74), 10:24
photons
most energetic ever detected, 9:7
multi-messenger astronomy, 6:24-31
Pinwheel Cluster (M36), 2:47, 4:40
Pinwheel Galaxy (M101), 5:56
“Planet Nine” (Planet X)
exoplanet with orbit resembling, 4:12
possibly a black hole, 6:60-61
planetary nebulae, best for amateur observers, 6:50-55. See also names of specific planetary nebulae
planets, imaging, 10:27. See also extrasolar planets (exoplanets); names of specific planets
Plato Crater (feature on Moon), 3:64
Pleiades star cluster (M45), 7:43
ploonets, 4:22
Pluto
See also New Horizons spacecraft
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observing at opposition, 7:46—49
overview of, 12:23
reclassification of], 5:13
statistics, 12:23
polar mesospheric clouds (PMCs) (noctilucent clouds), 6:14
Porrima (Gamma Virginis) (double star), 12:41-42
Promontorium Heraclides (feature on Moon), 7:57
protons, decay of, 1:65
protoplanetary disks, formation of spiral structure, 2:62
Proxima Centauri (star)
flare from, 8:7
sending spacecraft to, 5:16-23
Ptolemy Cluster (M7), 7:45, 8:47
pulsars
See also names of specific pulsars
anatomy of, 10:44
discovered with Arecibo Observatory, 8:27
discovery of, 8:10
evidence for background sea of gravitational waves, 5:11
overview of, 10:44-45

Q
quarks, 1:12—-13
quasars
See also names of specific quasars
high-redshift, containing supermassive black holes, 3:16-23
oldest known, 5:7
oldest radio-loud quasar, 7:7
Queqiao satellite, 7:61

R
R Scuti (variable star), 9:60
Radcliffe Wave star-forming region, 2:21
radio astronomy
See also Event Horizon Telescope (EHT); fast radio bursts (FRBs)
cable failures and collapse of Arecibo Observatory, 3:8-9, 7:11, 8:29-31
oral history of Arecibo Observatory, 8:22-31
proposal for radio telescope within crater on Moon, 9:7
radioactivity, development of life and, 4:9
randomness, 12:12
Raspberry Nebula (IC 418), 2:59
RBC EXT8 (globular cluster), 2:9
RCW 58 (nebula), 10:64
red dwarfs
See also names of specific red dwarfs
flares erupting from poles, 12:7
life cycle of, 4:63
redshift, debunked theory regarding, 5:13
reflection nebulae. See names of specific reflection nebulae
Rho Ophiuchi (binary star system), 6:65
Rho Ophiuchi Complex (star forming region), 6:65, 8:51
Rigel (Beta Orionis) (star), 2:60
Ring Nebula (M57), 6:54, 8:48
ring systems
of Centaurs and dwarf planets, 3:25, 28, 30
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discovery of, 3:30
formation of spiral structure, 2:62
of Saturn, 2:14-15, 9:63
Robin’s Egg Nebula (NGC 1360), 6:52
rockets
booster from 1966 briefly captured in Earth orbit, 6:60
fuel-pumping bladder designed using origami, 4:7
infrasound created by launches, 10:9
noctilucent clouds caused by, 6:14
rogue planets
discovering through gravitational microlensing, 4:20
overview of, 4:18, 20-21
theories regarding, 4:21
water on, 10:9
rogue stars, 4:22-23
Roman, Nancy Grace, 4:25-26, 28-31
Rosette Nebula (Caldwell 49; NGC 2237-9), 3:52, 5:63
rovers, see also names of specific rovers
Rubin, Vera C., 4:25-27, 30-31
Running Chicken Nebula (IC 2944), 5:51-52
Ryugu (asteroid), sample return, 4:13, 6:11

S

Sadr Region (nebulosity), 9:65
Sagittarius Dwarf Elliptical Galaxy (Sag DEG), 1:41
Salt and Pepper Cluster (M37), 2:47, 4:40-41
satellite galaxies

amateur discovery of, 2:52-53

black holes boosting star formation in, 10:10
satellites

See also names of specific satellites

increase in deployments of, 8:13

total daily data transmitted from NASA’s Earth-orbiting satellites, 3:11
Saturn

See also names of moons orbiting

antipodal phenomena, 3:12

Cassini division in rings, 2:14-15

conjunction with Jupiter, 5:62-63, 6:15

core of, 12:9

observing, 11:59

orderliness of rings, 9:63

overview of, 12:21

size compared to Sun and other planets, 5:11

statistics, 12:21
Saturn Nebula (NGC 7009), observing, 6:55, 11:59
Scarlet Letter nebula (Sharpless 2-96), 2:64
science

barriers faced by female scientists, 4:29-30

decadal survey of planetary science research priorities, 4:13

randomness and chance, 12:12
SDSS J1030+0524 (supermassive black hole), 2:10
Seagull Nebula (IC 2177), 10:64
17 Com (binary star system), 4:58
Sextans Trio (galaxy group), 11:64
SGR 1935+2154 (magnetar), 2:11, 11:9
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Sharpless 2-96 (Scarlet Letter nebula), 2:64
Sharpless 2-155 (Cave Nebula), 5:64
Sharpless 2-157 (Lobster Claw Nebula), 11:64
Sharpless 2—-308 (Dolphin Nebula), 5:64
Shenzhou-12 spacecraft, 10:7
Shepard, Alan

distance of golf shots, 5:12

60th anniversary of human spaceflight, 11:27-29
Shoemaker, Carolyn, 12:7
Sigma Orionis (triple star system), 2:60
Simonyi Survey Telescope, opening date, 2:23
Sinus Iridum (feature on Moon), 7:57
Sirius (star system), possible exoplanets orbiting, 12:63
61 Cygni (star), 12:41-42
Small Magellanic Cloud (SMC)

amateur astroimaging, 2:50

image of, 5:49

star formation in, 4:66
Smith Cloud, 1:30
SN 1987A (supernova)

multiwavelength image of, 2:7

possible pulsar at center of, 6:7
SN 2018zd (supernova), 10:11
Snake Nebula (Barnard 72), 8:51
SOFIA (Stratospheric Observatory for Infrared Astronomy), water ice on Moon’s surface, 3:9
SOHO (Comet C/2020 X3), imaged during solar eclipse, 4:51
solar eclipses

annular, 2:41, 11:44-47

aureole, 11:15

Baily’s beads, 2:42

bisecting paths with similar totality durations, 7:60—61

crescent corona, 11:15

longest possible duration, 4:48

next 20 years of, 9:49-53

online resources for, 2:44

viewing through white-light filters, 4:45

June 2020, 2:40-45

December 2020, 4:47-51

June 2021, 6:46-49, 10:65, 11:44-47

December 2021, 9:49, 12:44-47

April 2023, 9:49-50

April 2024, 9:50

August 2026, 9:50

August 2027, 9:50-51

July 2028, 9:51

November 2030, 9:51

November 2031, 9:51

March 2033, 9:52

March 2034, 9:52

September 2035, 9:52-53

July 2037, 9:53

December 2038, 9:53

December 2039, 9:53

April 2041, 9:53
Solar Orbiter mission

flyby of Venus, 2:23
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test images, closest ever taken, 2:19
solar prominences
defined, 4:44
failed, 10:10
image of, 4:46
solar system
acceleration of around Milky Way, 4:10
comparison of planets’ size with Sun, 5:11
formation of, 1:40-42
orbital migration, 5:61
solar winds, defined, 4:44
Sombrero Galaxy (M104), 4:41
Soul Nebula (IC 1848), images of, 3:54, 10:25, 11:63
Southern Pleiades star cluster (Theta Carinae Cluster; IC 2602), 2:65, 4:64, 5:51
Southern Whirlpool Galaxy (M83), 4:41
Space Launch System, test firing of core stage, 7:7
Space Shuttles, 40th anniversary of first flight, 11:29-31
spacecraft
See also names of specific spacecraft
avoiding collisions between, 7:9
Chinese reusable spacecraft, 2:9
fuel and energy sources used by, 12:62—63
propelled by lasers, 5:18-19
propelled by light, 5:18—-19
sample return missions, 6:10—-11
space-time
around black holes, 1:57
shape of, 1:56-58
SpaceX
See also names of specific spacecraft and missions
avoiding collisions between spacecraft, 7:9
first crewed mission to ISS (Demo-2), 2:18-19
second crewed mission to ISS (Crew-1), 3:11, 9:9
Starlink satellites, 8:13
third crewed mission to ISS (Crew-2), 8:9
spectroscopes
first analysis of light with, 8:10
reasons to purchase, 6:13
spinthariscopes, 6:13
spiral galaxies, formation of spiral arms, 2:62. See also names of specific spiral galaxies
Spiral Planetary Nebula (NGC 5189), 5:52-53
star clusters, Sun’s parent cluster, 5:60. See also names of specific star clusters
StarChip nanocraft, 5:19-23
Stardust mission, 6:11
Starfish Cluster (M38), 2:47, 4:40
Starliner spacecraft, postponement of demonstration flight, 12:7
Starlink satellites, increase in deployments of, 8:13
stars
See also names of specific stars; names of specific types of stars
black holes boosting formation of in satellite galaxies, 10:10
devoured by black holes, 2:7, 12:24-31
formation of, and black-hole growth, 4:10
formation of near center of Milky Way, 8:9
formation of, quenched by ‘parasitic’ black holes, 4:11
giant disappearing star, 10:9
hyper-metal-poor (HMP) stars, 1:27
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images of star trails, 3:65, 11:62
made of antimatter, 8:9
Population I stars, 1:27
Population II stars, 1:27
Population I11 stars, 1:24-27
rogue stars, 4:22-23
spectral class and color, 4:60
stellar nurseries, 6:9
violet, 12:14-15
Statue of Liberty Nebula (NGC 3576), 3:64
stellar streams, amateur discovery of, 2:51-52
Stellar Tidal Stream Survey, 2:52
Stellarvue
SVX 102T telescope, 12:58-59
SVX 152T telescope, 8:56—57
Stock 23 (Pazmino’s Cluster), 12:60
Stratospheric Observatory for Infrared Astronomy (SOFIA), water ice on Moon’s surface, 3:9
Sun
Al-assisted sketches of, 11:40-43
anatomy of, 4:44
astrophotography, 10:26
aureole, 11:15
campfires, 2:19
CNO cycle, 4:9
crescent corona, 11:15
current missions to, 2:19
Earth during Sun’s black dwarf stage, 4:62
eclipses of, 2:40-45, 4:45, 47-51, 6:46-49, 7:60-61, 9:49-53, 10:65, 11:15, 4447, 12:44-47
effect of activity levels on cosmic rays, 10:9
eight-year Sun trail imaged with pinhole camera, 4:12
exposing Artemis program to extreme space weather, 9:10
failed prominences, 10:11
findings of Parker Solar Probe, 2:18-19
formation of, 1:40-42
green flash, 2:65
hydrogen alpha image of, 7:62—63
imaging of magnetic field lines, 2:18-19
lunar transit, 2:7
magnetic field, 4:44
number of Jupiters that could fit inside, 5:11
number of systems that could have spotted Earth transiting, 10:11
parent star cluster, 5:60
size compared with planets, 5:11
solar cycle 25, 2:58, 9:10
solar filters, 4:42-46
solar storms, 8:10
terminology, 4:44
viewing sunspots through filtered binoculars, 2:58
Sunflower Galaxy (M63)
image of, 10:24-25
observing, 4:41
stellar streams, 2:51
sunspots
defined, 4:44
first image from Inouye Solar Telescope, 4:7
images of, 4:46
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viewing through filtered binoculars, 2:58
superclusters. See names of specific superclusters
supernovae

See also names of specific supernovae

discovered via infrared observation, 12:9

discovered with TESS mission, 8:20

electron-capture, 10:11

kilonovae, 3:10, 10:46

neutrino-driven bubble theory, 8:13

reconstruction of, 5:12

titanium found in, 8:13
Surveyor 2 probe, rocket reenters Earth’s orbit, 3:7
Swan Nebula (Omega Nebula; M17), 8:48
Swift J1818.0-1607 (magnetar), 5:10, 10:45

T
T Lyrae (carbon star), 7:58
TAAA (Tucson Amateur Astronomy Association), 10:28-31
Tabby’s Star, debris ring as possible cause of dimming, 4:22
Tadpoles Nebula (IC 410), 2:47, 5:64—65
Tarantula Nebula (NGC 2070)
compared to other nebulae, 9:30
components of, 9:26-27
observing, 5:50, 53
overview of, 9:24-31
telescopes
See also names of specific telescopes
advantages of small scopes, 6:40
best for children, 4:54-57
binoviewers, 7:13
closed due to COVID-19 pandemic, 2:20
deep-sky observations with modest telescopes, 7:40-45
eyepiece filters for lunar observations, 3:46-51
making the most of small scopes, 6:42—43, 45
mirror production process, 7:52—-53
refracting, 12:43
seasonal targets for small scopes, 6:42—45
solar filters, 4:42-46
TESS (Transiting Exoplanet Survey Satellite)
availability of data from, 8:19
follow up on observations of, 8:19
map of objects of interest, 8:18
non-planetary discoveries, 8:20
observational sectors, 8:18
orbit of, 8:16-17
overview of, 8:14-21
Theia (planet), 3:7, 62-63, 7:10
Theta Bodtis (star), 5:56
Theta Carinae Cluster (Southern Pleiades star cluster; IC 2602), 2:65, 4:46, 5:51
30 Cyagni (star), 7:58
37 Cluster (NGC 2169), 2:60, 7:45
thorium, development of life on planets rich in, 4:9
3C186 (galaxy), 2:63
Tiangong space station
first crew, 10:7
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launch of first module, 8:9
Tianwen-1 spacecraft, 2:22-23, 9:8
TIC 168789840 (TYC 7037-89-1) (multiple star system), 8:20
time
history of measuring and tracking, 12:54-57
possibility of paradox-free time travel, 2:9
Titan (moon of Saturn)
Kraken Mare, depth of, 5:11
search for life on, 1:47
titanium, in supernova remnants, 8:13
Topsy Turvy Galaxy (NGC 1313), 5:50, 11:63
Transiting Exoplanet Survey Satellite. See TESS (Transiting Exoplanet Survey Satellite)
TRAPPIST-1 (red dwarf)
density of rocky planets, 5:7
exoplanets orbiting, 1:46-47
tribalism, 7:56
Trifid Nebula (M20), 8:47
Tucson Amateur Astronomy Association (TAAA), 10:28-31
Turtle Nebula (NGC 6210), 6:54
12 Camelopardalis (star), 3:60
29P/Schwassmann-Wachmann 1 (Centaur), 3:29
2018 AG37 (“Farfarout”) (planetoid), 6:7
2020 SO (rocket booster), 6:60
TYC 7037-89-1 (TIC 168789840) (multiple star system), 8:20
TYC 8998-760-1 b (exoplanet), 11:9

U
U Cygni (star), 7:58
UGC 7356 (dwarf galaxy), 7:66
UGC 11466 (galaxy), 10:50
Unistellar eVscope, 3:58-59
universe
Big Bang, 1:10-13
Big Bang nucleosynthesis, 1:18-20
Big Crunch vs. Big Freeze, 1:50-52
Black Hole Era, 1:65
clearance of early fog of neutral hydrogen atoms, 2:17
cosmic acceleration and dark energy, 1:53-54
cosmic dark ages, 1:21-23
cosmic expansion and dark energy, 10:63
cosmic inflation, 1:14—17
Dark Era, 1:65-66
death of, 1:64-66
Degenerate Era, 1:64
dust as most common solid in, 9:13
early formation of supermassive black holes, 3:16-23
galaxy formation, 1:28-31, 3:10
observable vs. whole universe, 7:61
origin of Population III stars, 1:24-27
Primordial Era, 1:64
rapid formation galaxies of in early universe, 3:10
shape of space-time, 1:56—58
Stelliferous Era, 1:64
uranium, development of life on planets rich in, 4:9
Uranus

31



Astronomy Magazine Article Subject Index

See also names of moons orbiting

binocular observations of, 11:58

overview of, 12:22

size compared to Sun and other planets, 5:11

statistics, 12:22
Ursa Major (constellation), binocular observations near, 5:56
U.S. National Research Council, 4:13

\Y
V404 Cygni (binary system), 12:9
V1405 (nova), 7:64
V5669 Sg (nova), 11:9
Vallis Alpes (feature on Moon), 3:64
variable stars. See also names of specific variable stars
Vega (Alpha Lyrae) (star)
binocular observations of, 7:58
closely-orbiting planet, 7:9
Veil Nebula (Cygnus Loop; NGC 6960/92/95)
image showing fine details of, 8:7
images of, 3:55-56, 4:64
Venus
atmosphere compared to other terrestrial planets, 6:19
atmospheric pressure on, 2:10
compared to Earth, 6:23
conjunction with Mars, 7:50-51
crust shifts, 11:12
debunked theory regarding, 5:13
density compared to other terrestrial planets, 6:19
diameter compared to other terrestrial planets, 6:19
Earth as viewed from through telescopes, 5:60—61
historical research into clouded atmosphere of, 12:48-53
idea of microbial life on, 12:51-53
imaged by Arecibo Observatory, 8:26
imaged by Parker Solar Probe, 6:7
Lavinia Planitia, 11:12
mass compared to other terrestrial planets, 6:19
overview of, 12:18
phosphine in atmosphere of, 2:9, 22, 5:9
planned missions to, 10:8-9
size compared to Sun and other planets, 5:11
statistics, 12:18
volcanoes on, 2:17
Venus Emissivity, Radio Science, InNSAR, Topography, and Spectroscopy (VERITAS) mission, overview of, 10:8-9
Vera C. Rubin Observatory (VRO)
image of, 3:27
overview of, 4:24-27, 30-31
patrol telescope, 3:26
VERITAS (Venus Emissivity, Radio Science, InNSAR, Topography, and Spectroscopy) mission, overview of, 10:8-9
Veronica’s Veil (asterism), 5:14-15
Very Large Telescope (VLT), FLAMES study, 9:28-31
Virgin Galactic, first crewed flight, 11:8-9
Virgo interferometer, gravitational waves suggesting birth of intermediate-mass black hole, 2:21
VMS Eve, first crewed flight, 11:8
Voyager 1 spaceprobe, hum in interstellar plasma, 9:9
VRO. See Vera C. Rubin Observatory (VRO)
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VSS Unity, first crewed flight, 11:8
vulcanism
on exoplanets, 7:9, 12
on Mars, 9:11
on Venus, 2:17
Vulpecula (constellation), observations within, 7:54-55
VVV-WIT-08 (star), 10:9
VY Canis Majoris (star), outbursts from, 7:10

W
WASP-62b (exoplanet), 5:8-9
water
ice on Moon’s surface, 3:9
on Mars, 3:7, 7:7
on rogue planets, 10:9
WD 1856 b (exoplanet), 8:20
WD 1856+534 (white dwarf), 2:13
weakly interacting massive particles (WIMPs), 9:19-20
Weird Terrain (feature on Mercury), 3:12
WFIRST (Wide Field Infrared Survey Telescope). See Nancy Grace Roman Space Telescope
Whirlpool Galaxy (M51)
binocular observations of, 5:56
image of, 3:55
observing, 4:41
observing details, 2:15
white dwarfs
See also names of specific white dwarfs
most massive and smallest, 11:10
orbited by Jupiter-sized planet, 2:13
white-light filters, 4:42—46
Wide Field Infrared Survey Telescope (WFIRST). See Nancy Grace Roman Space Telescope
Wild Duck Cluster (M11), 8:48
WIMPs (weakly interacting massive particles), 9:19-20
Witch’s Broom (NGC 6960), 8:7
Wizard Nebula (NGC 7380), 12:65
Wolf-Rayet (WR) stars, formation of solar system, 1:42. See also names of specific Wolf-Rayet stars
WR 134 (Wolf-Rayet star), 6:65

X
X-ray astronomy
light echoes from black holes, 12:9
superheated gas and twisted strands of magnetic fields near center of Milky Way, 9:7

Z
Zeta Ursae Majoris (Mizar) (star), 5:56, 12:40—41
Zhurong rover

first half mile, 11:10

image of parachute and backshell, 11:10

landing and mission, 9:8-9
zodiacal light, possibly caused by dust from Mars, 7:12
ZTF J1901+1458 (white dwarf), 11:10
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TITLE

A

The age of multi-messenger astronomy, 6:24-31

Alien life, 11:14

Another star sneezes like Betelgeuse, 7:10

Apollo 14: Bouncing back from disaster, 5:24-31

Apollo 14 in 3D, 5:40-45

Apollo 15 in 3D, 7:24-31

Apollo 15: NASA hits its stride, 7:14-23

Arecibo collapses after cable failures, 3:8-9

Arecibo Observatory: The rise and fall, 8:22-31

Artemis delays may expose astronauts to hazardous space weather, 9:10
Asteroid dust found at Chicxulub Crater, 6:14

Astronomers find the youngest, fastest-spinning magnetar yet, 5:10
Astronomers spot a galaxy in midlife crisis, 4:10
Astrophotography with your smartphone, 11:48-53

B

Backyard astronomy with a small scope, 6:40—45
Backyard observing lists, 3:15

The best scopes for kids, 4:54-57

The Big Crunch vs. the Big Freeze, 1:50-52
Billionaires race to space, 11:8-9

A bird’s-eye view of Mars, 8:8-9

Birthplace of the stars, 2:12

Black holes can boost star formation in satellite galaxies, 10:10
A born-again star, 7:9

Bound across the sky, 2:59

Breakthrough Starshot: A voyage to the stars, 5:16-23
Bring it back home, 6:10-11

Busy 2021 at Mars kicks off with Hope, 5:12

C

Camera ready, 7:11

Capture the sky with Stellarvue’s SVX 102T, 12:58-59
Capturing the cosmos, 10:22-27

Catch a ring of fire eclipse, 6:46—49

Catch this month’s lunar eclipse, 11:54-57

Catching Mercury by the tail, 10:13

Celebrating 60 years of human spaceflight, 11:24-31
Celebrating a century of variable star astronomy, 9:54-57
Celestron’s 60th anniversary C8, 2:54-56

Celestron’s StarSense Explorer, 5:54-55

Chances are ..., 12:12

A chaotic cosmic tapestry, 9:7

China’s first Mars rover touches down, 9:8-9

China’s lunar loot returned, 4:8-9

Citizen astronomers map near-Earth asteroid, 4:11
Cluster sports abundance of black holes, 11:13

A cold, lonely death, 1:64—66

Color-coding stars, 4:60

Corona light, 2:40-45

Cosmic dance of binary black holes, 8:11
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The cosmic dark ages, 1:21-23

The cosmic Harp, 10:60

Cosmic tour of the planets, 12:16-23

The Crab Nebula’s delicate heart, 6:12
Cracking Venus’ crust, 11:12

A crescent corona, 11:15

Crew-1 ushers in “new era” of spaceflight, 3:11
Cygnus X-1 springs a massive surprise, 6:12

D

Dark matter: The unusual suspects, 9:16-23

Deep astroimaging in Hydrogen-alpha, 9:44-48
Defining time, 12:54-57

The devil’s in the details, 2:14-15

Discover deep-sky gems in Ophiuchus, 8:50-51
Discover the strangest galaxies in the sky, 9:40-43
Dissecting an ancient computer, 3:40—45

Double down on double stars, 12:40-43

Duck sauce on eyepieces, 5:13

Dust to dust, 9:13

E

Earth and Venus: Separated at birth, 6:23

Earth is a planet too!, 6:16-23

East meets west?, 4:14

Easy Moon observing, 4:52—53

Eight-year Sun trail imaged with beer can, 4:12

The emergence of matter, 1:18-20

The Event Horizon Telescope, 11:11

Event Horizon Telescope maps a black hole’s magnetic field, 7:8-9
Event Horizon Telescope zooms in on black hole jets, 11:7
Explore the extreme southern sky, 5:48-53

Explore the sky with Oberwerk binoculars, 9:58—59
Explore the wonders of Jupiter, 8:40-45

Exploring Camelopardalis, 3:60

Exploring the shape of space-time, 1:56—58

F

Facing reality, 10:12

Failed eruption falls back to Sun, 10:10

Far-flung exoplanet resembles long-sought Planet Nine, 4:12
50 years on Mars, 11:16-23

A filter for every phase, 3:46-51

Filters for observing the Sun, 4:42—46

The first stars are born, 1:24-27

Flying into June’s ring of fire eclipse, 11:44-47

G

A gaggle of globulars, 8:60

The galaxy’s marvelous rogues and misfits, 4:16-23
Getting a handle on it, 5:56

Giant comet found in dark energy data, 11:13
Grab-and-go astroimaging, 3:52-57



Astronomy Magazine 2021 Index

H

A hair-raising cluster, 4:58

Hayabusa2 delivers asteroid samples to Earth, 4:13
Here come the Perseids!, 8:52-55

How black holes die, 1:60—62

How supermassive black holes kill their galaxies, 4:11
How to build a galaxy, 1:28-31

How to grow a giant black hole, 3:16-23

How to observe Pluto, 7:46—49

How to swallow a star, 12:24-31

A Hubble chiaroscuro masterpiece, 4:10

Hubble highlights a two-faced nebula, 9:10
Hubble reconstructs a supernova, 5:12

Hunting the Little Fox, 7:54-55

I

Ice fishing, 11:58

Inflating the universe, 1:14-17

Inside the hunt for the nearest exoplanets, 8:14-21
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