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SUBJECT

A

Abell 85 (CTB 1) (supernova remnant), 2:70
Abell 370 (galaxy cluster), 1:19, 4:19
Abell 1656 (Coma Cluster of Galaxies), 4:11, 11:74
Abell 2744 (galaxy cluster), 4:19
Abell catalog, 2:58-59
active galactic nuclei (AGNs), 3:58-61. See also black holes
Ahuna Mons (feature on Ceres), 10:31-32, 10:34-35
Al (artificial intelligence), using for engineering, 4:18
Albireo (binary star cluster), 10:46
Algol (Beta Persei) (star), 1:18
ALMA. See Atacama Large Millimeter/submillimeter Array (ALMA)
Almach (binary star system), 10:47
amateur astronomy, discovery of white dwarf with multiple rings, 6:9
ammonia, on Pluto, 10:9
Anders’ Earthrise crater (feature on Moon), 2:13
Andromeda Galaxy (M31)
distance to, compared to light received from, 2:69
future collision with Milky Way, 5:66, 6:11
overview of, 6:48-49
regularly erupting nova in, 6:11
antimatter, double-slit experiment using positrons, 9:11
Antlia 2 (dwarf galaxy), 3:13, 10:12
Apep (triple star system), 3:18
Apollo missions
astrogeology, 7:70-73
development of spacecraft for, 7:44-47
naming and recognition of Mount Marilyn, 4:44-47
observing landing sites, 7:80-83, 7:84
public relations and pop culture, 7:74-79
seismometers left on Moon, 12:68-69
Apollo 8 mission, craters named for, 2:13
Apollo 9 mission
reminiscences of Jim McDivitt, 4:32-35
reminiscences of Rusty Schweickart, 4:22-31
Apollo 11 mission
observing landing site, 7:81, 7:84
overview of, 7:34-43, 7:56-69
photo gallery, 7:56-69
recorded audio, 7:16
reminiscences of Michael Collins, 7:24-33
3-D images of, 7:34-43
Apollo 12 mission
retrospective of, 11:18-27, 11:28-35
3-D image of, 11:28-35
Apollo 13 mission, 4:12
Apollo 14 mission, origin of “Big Bertha” rock collected during, 5:21
Ariel (moon of Uranus), 10:52
Arp 256 (barred spiral galaxies), 2:74
Arp’s Loop, 4:71
Artemis program, announcement of, 9:9
artificial intelligence (Al), using for engineering, 4:18
asterisms. See names of specific asterisms
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Asteroid Day, 6:11
Asteroid Terrestrial-impact Last Alert System (ATLAS), 5:44-51
asteroids
See also names of specific asteroids
increase in collisions, 5:9
largest, 2:19
occulting distant stars, 8:9
possible remains of, buried beneath surface of Moon, 10:11
simulation of shattering and reassembly, 7:12
with tails, 8:13
Trojans, 7:18
water on, 4:9
astrogeology, 7:70-73
astroimaging, of aurorae, 4:56-59
astronauts
changes in long spinal muscles, 5:11
effects of microgravity on brains of, 2:13
Indian plans for manned spaceflight, 1:19
Jim McDivitt, 4:32-35
Michael Collins, 7:24-33
resveratrol and prevention of muscle loss, 11:11
risk of infection, 4:11
Rusty Schweickart, 4:22-31
Twins Study (Scott and Mark Kelly), 8:12
virus reactivation during long missions, 7:11
astronomers, nightmares of, 4:12
astronomy
deep-sky observations in southern sky from Costa Rica, 10:48-51
deep-sky observations in winter, 1:48-53
famous clichés, 2:12
feeling vibrations from cosmic sources, 6:11
nearly futile targets for observation, 6:12
net worth of US space economy, 7:19
observations within Golden Triangle region, 10:44—47
paper ephemera related to, 6:50-55
responsible popularization of, 10:16—17
top ten stories of 2018, 1:22-31
Astronomy magazine
2019 Guide to the Night Sky, 1:supplement
Readers Choice Awards, 9:16-20
Star Products, 10:56-63
AT2018cow (The Cow) (black hole or neutron star), 5:21
Atacama Large Millimeter/submillimeter Array (ALMA)
chemical composition of stellar nursery, 3:18
surface temperature variations on Europa, 2:17
Athebyne (binary star system), 10:45
ATLAS (Asteroid Terrestrial-impact Last Alert System), 5:44-51
aurorae
effect on satellites passing through, 8:11
image of, 11:71
imaging, 4:56-59

B
Barnard’s E (dark nebulae), 12:71
Barnard’s star b (exoplanet), 3:11, 5:11
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Barnard’s star, exoplanet orbiting, 3:11, 5:11
barred spiral galaxies, percentage of, 4:16. See names of specific barred spiral galaxies
Bennu (asteroid)
early findings from OSIRIS-REx, 4:19
first image from OSIRIS-REx, 1:9
size and density of, 4:13
BepiColombo mission
launch of; 2:13
Mercury Planetary Orbiter (MPO), 2:13
Mio orbiter, 2:13
overview of, 2:13
Beresheet spacecraft
crash of, 8:15
tardigrades on board, 12:11
Berkeley 58 (open cluster), 10:47
Beta Persei (Algol) (star), 1:18
Betelgeuse (star), effects of future supernova, 7:92-93
Big Bang
calculating inflation rate immediately after, 2:68—69
formation of first chemical elements, 1:66
surviving efforts to disprove, 1:12
Big Dipper (constellation)
distance of stars from Earth, 3:13
names of in various cultures, 3:13
binary star systems (double stars)
See also names of specific binary star systems
black widow binaries, 2:14
closest pair known, 7:11
colliding wind binaries, 2:14
contact binaries, 2:14
eclipsing binaries, 1:18
exoplanet orbits affected by passing system, 7:14
naked-eye observations of, 7:86
off-axis masks for resolving, 6:16
with perpendicular planetary disk, 5:11
regularly erupting nova in Andromeda, 6:11
spectroscopic binaries, 1:18
types of, 1:18, 2:14
visual binaries, 1:18
binocular astronomy
Binocular Observing Olympics (BOO), 8:64
Oberwerk BT-100XL-ED Binocular Telescope, 5:62—63
observations of dark nebulae, 7:88
observations of minor planets, 6:14
observations within Cassiopeia, 12:62
observations within Cepheus, 11:62
observations within Leo, 4:64
observations within Lyra, 9:68
observations within Taurus, 1:64
observations within Virgo and Coma Berenices, 5:66
black holes
binary, 2:10
at center of Milky Way, 3:13, 3:14, 10:11
clocking spin of, 5:13
colliding within merging galaxies, 3:14
correlation with galaxies’ central bulge, 3:14
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cosmic rays jetted from, 4:16
dark matter and, 2:9, 2:10, 10:71
discovery of massive, 7:9
exhaust vents, 7:11
first image of, 8:10-11, 10:16
fountain effect surrounding, 4:21
glow of before collision, 2:11
gravitational waves from collision between neutron star and, 9:9
influence of on shape of galaxies, 11:69
interaction of dark matter and, 10:71
jets from colliding with interstellar gas, 5:21
loss of mass, 5:68—69
mapped, using light bouncing off accretion disk, 5:10
measuring mass via surrounding gas clouds, 4:11
merger of, 4:16
plane of accretion disks, 4:66—67
possible birth of, 5:21
radiation bubbles from, 7:19
recirculating star-forming gas throughout galaxy, 3:16
relationship to quasars, 8:68
spin of, 8:68
supermassive, at center of dwarf galaxy, 10:12
undetected, 2:9
in Whirlpool Galaxy, 6:9
wobble of jets emanating from, 9:11
Blinking Planetary Nebula (NGC 6826), 10:45
Bode’s Galaxy (M81), 4:71, 6:49
Bode’s law, 4:66
Bose-Einstein condensate, 2:11
Bow-tie Nebula (NGC 40), 10:47
brown dwarfs
dividing line between massive planets and, 5:13
maximum theoretical size of, 1:11

C
Caldwell 54 (NGC 2506) (open cluster), 4:72
Campbell’s Hydrogen Star (planetary nebula), 10:46
Canadian Hydrogen Intensity Mapping Experiment (CHIME), 5:14
Canes Venatici (constellation), observations within, 4:54—55
Cardanus Crater (feature on Moon), 1:70, 5:71
Carina Nebula (NGC 3372)
image of, 10:49
infrared image of, 1:9
Caroline’s Spiral Cluster (NGC 7789), 10:46
Cassini Division (feature of Saturn’s ring system), 10:11
Cassini spacecraft, Emmy Award for coverage of demise, 1:14
Cassiopeia (constellation), binocular observations within, 12:62
Cassiopeia A (supernova remnant), 4:74
Cat’s Eye Nebula (NGC 6543), 10:47
Cat’s Paw Nebula (NGC 6334)
chemical composition of stellar nursery within, 3:18
infrared image of, 2:14
Cave Nebula (Sharpless 2-155), 7:97
Centaurus A (Hamburger Galaxy; NGC 5128), 6:47-48, 10:50
Cepheus (constellation), binocular observations within, 11:62
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Ceres (dwarf planet)
binocular observations of, 6:14
carbon concentration, 4:11
diameter of, 2:19
discovery of, 6:14
interior structure of, 10:30
meteorites originating from, 7:9
mud volcanoes on, 1:11
overview of, 10:28-35
possible water under surface of, 6:11
surface features of, 10:31-35
Chandelier Cluster (NGC 6723), 8:57
Chandra X-ray Observatory
components of, 7:15
gyro problems, 2:11
image of central regions of Milky Way, 11:9
selection of images from, 4:19
20th anniversary of, 11:9
Chandrayaan-2 spacecraft, crash of Vikram lander, 12:10
Chang’e-4 mission
imaged from Lunar Reconnaissance Orbiter, 6:17
lunar landing and exploration, 5:11
name for landing site, 6:17
CHaracterising ExOPlanet Satellite (CHEOPS), launch window, 3:9
Chariklo (asteroid), rings around, 3:10
Chilescope Observatory, 8:30-35
CHIME (Canadian Hydrogen Intensity Mapping Experiment), 5:14
Cigar Galaxy (M81), 4:71
circumzenithal arc (CZA), 6:12
climate change and global warming, atmospheric and temperature effects of, 12:64
CMB (cosmic microwave background), 1:26
Coatbutton Nebula (NGC 7008), 10:46
Cocoon Galaxy (NGC 4490), 4:55, 9:74
Cold Atom Laboratory, 4:13
cold quasars, 10:14
Coma Berenices (constellation), binocular observations within, 5:66
Coma Cluster of Galaxies (Abell 1656), 4:11, 11:74
Comet 1P/Halley
as contact binary, 6:15
pronunciation of, 10:16
Comet 21P/Giacobini-Zinner, 1:70, 2:71
Comet 46P/Wirtanen, 3:73, 4:16, 5:72
Comet 66P/Du Toit, 7:95
Comet 67P/Churyumov-Gerasimenko
as contact binary, 6:15
number of photos taken by OSIRIS camera, 8:15
Comet C/2016 R2 (PANSTARRS), 6:72
Comet C/2018 N1 (NEOWISE), 4:71
Comet C/2018 Y1 (Iwamoto), 8:70
comets
See also names of specific comets
activity after escape of surface ice, 1:11
ancient cometary material trapped within meteorite, 8:11
spread of life via cometlike objects, 2:11
constellations
See also names of specific constellations
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extinct, 2:48-51
number of objects from New General Catalogue within each, 7:16
smallest, 11:12
time spent by Neptune in, 3:11
time spent by Pluto in, 11:15
visible worldwide at some time during the year, 1:14
contact binaries
See also names of specific contact binaries
number discovered, 6:15
stars, 2:14
Copernicus, Nicolas, visit to sites from life of, 8:44-51
Cor Caroli (binary star system), 4:55
Coronado 70mm SolarMax I1I telescope, 2:60-61
Cosmic Bat Nebula (NGC 1788), 7:16
cosmic microwave background (CMB), 1:26
cosmic rays
from black holes, 4:16
radiation bubbles from black holes, 7:19
cosmic web, 3:52-53
cosmology, rate of expansion of universe, 6:20-27
The Cow (AT2018cow) (black hole or neutron star), 5:21
Crab Nebula (M1), gamma ray bursts from, 11:12
craters, discovered in Greenland, 3:10, 6:13. See also names of specific craters
Crew Dragon capsule, destruction of during test, 8:9
Crux (Southern Cross) (constellation), 10:48—49
CTB 1 (Abell 85) (supernova remnant), 2:70
CubeSats
as guides for space telescopes, 5:11
monitoring of InSight landing, 4:11, 10:13, 10:24
RemoveDebris experiment, 1:11
sizes of, 10:13
Curiosity rover, measuring variations in gravitational field of Mars, 6:11
Cygnus (constellation), observing coalsack regions within, 9:70
Cygnus A (galaxy), 2:11
Cygnus Loop (Veil Nebula), 2:71
CZA (circumzenithal arc), 6:12

D
Daniel K. Inouye Solar Telescope (DKIST), 5:44-51
dark energy, repulsive force possibly increasing, 6:11
dark matter
binary black holes and, 2:10
“cold” nature of, 10:11
in dwarf galaxies, 2:10, 5:11
galaxies lacking, 7:10-11
from galaxy swallowed by Milky Way, 3:16
galaxy with very little, 1:24-25
interaction of black holes and, 10:71
interaction of normal matter and, 10:71
tiny black holes and, 5:9
undetected black holes and, 2:9
dark nebulae
See also names of specific dark nebulae
binocular observations of, 7:88
image of, 8:71
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observing coalsack regions within Cygnus, 9:70
Dawn spacecraft

See also Ceres (dwarf planet)

Ahuna Mons, 10:31-32, 10:34-35

end of mission, 3:16

overview of findings from mission, 10:28-35
DCT (Discovery Channel Telescope), 1:45
Deep Space Network (DSN), 4:67
Delta Cephei A (star), 11:62
Delta Cephei (binary star system), 10:46
Dione (moon of Saturn), stripes on, 3:11
Discovery Channel Telescope (DCT), 1:45
DKIST (Daniel K. Inouye Solar Telescope), 5:44-51
double stars. See binary star systems (double stars); names of specific binary star systems
Dragonfly drone, 11:13
DSN (Deep Space Network), 4:67
dwarf galaxies

See also names of specific dwarf galaxies

dark matter in, 2:10

star formation and dark matter, 5:11

supermassive black hole at center of, 10:12
dwarf planets. See names of specific dwarf planets

E
Earth
amount of life deep below surface, 4:11
atmospheric and temperature effects of global warming, 12:64
average temperature, 6:17
craters discovered in Greenland, 3:10, 6:13
distance to Moon compared to diameter of planets, 2:10
dust clouds orbiting, 3:11
earliest plate tectonics, 12:15
formation of water on, 3:11
geocorona of, 6:15
increase in asteroid collisions, 5:9
interior structure of, 10:22
lack of background stars in images of from Moon, 8:69
mass extinction and supernovae, 4:11
Meteor Crater, 1:32-35
origin of water on, 5:22-31
percentage of atmospheric heat absorbed by, 3:18
percentage of liquid water by volume, 4:10
possibility of magnetic poles flipping, 10:70-71
size of compared to Sun, 6:11
solstices and hottest/coldest days, 7:92-93
speed of rotation at equator, 5:18
spin of, 11:68
water-laced dust grains, 1:11
eclipses
lunar, 1:12, 1:20, 1:71, 4:9, 6:72, 7:94, 9:11, 12:18-19, 12:70
optical phenomena during, 6:64
solar, 1:11, 2:11, 2:52-55, 3:16, 8:58—63, 11:52-59
as viewed from Moon, 6:69
EHT (Event Horizon Telescope), 8:10—11
8 Homeward crater (feature on Moon), 2:13
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Elephant’s Trunk Nebula (part of IC 1396), 3:70, 10:46
elliptical galaxies, percentage of, 4:16. See also names of specific elliptical galaxies
emission nebulae. See names of specific emission nebulae
Enceladus (moon of Saturn)

interior structure of, 9:13

percentage of liquid water by volume, 4:10

possibilities of life on, 9:50-55

water on, 4:10, 9:50-55
Eridania paleolake (feature on Mars), 12:11
ESA (European Space Agency). See names of specific spacecraft and missions
ESO 495-21 (dwarf galaxy), 10:12
ESO 577-24 (planetary nebula), 5:17
Eta Aquariid meteors, 5:10, 10:72
Eta Carinae (binary star system), high resolution image of, 11:15
Eta Cassiopeiae (binary star system), 10:47
Eunomia (asteroid), binocular observations of, 6:14
Europa (moon of Jupiter)

ice spikes on, 2:11

interior structure of, 9:13

missions to, 9:30-35

percentage of liquid water by volume, 4:10

possibilities of life on, 9:30-35

salt on, 10:11

study of plume activity on, 1:27

surface temperature variations, 2:17

Tara Regio, 10:11

water on, 9:30-35
Europa Clipper spacecraft, antenna of, 8:15
European Space Agency (ESA). See names of specific spacecraft and missions
Event Horizon Telescope (EHT), 8:10-11
ExoFiT Mars rover, remote-controlled test model, 3:14
extrasolar planets (exoplanets)

See also names of specific exoplanets

classifying, 5:13

cold Jupiters, 5:13

core composed of aluminum oxides, 4:11

discovered orbiting Barnard’s star, 3:11

discovered through machine-learning algorithm, 8:11

Earth-sized discovered nearby, 12:12

evidence of collision between, 6:13

gas giants orbiting young system, 2:11

helium envelope around, 4:11

hot Jupiters, 5:11, 5:13

hot Neptunes, 4:11

metallic core remnant, 8:11

mini-Neptunes, 5:13

moons orbiting, 1:23, 2:19

orbiting 40 Eridani A, 1:9

orbits affected by passing stars, 7:14

ploonets, 11:13

Red Dots campaign, 12:12

rogue planets, 3:11

smallest yet discovered, 11:11

studying molecules that might mimic cell membranes on, 2:28-35

sub-Neptunes, 5:14

super-Earths, 5:13
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extraterrestrial life, 9:22-23
deep-sea practice for future exploration, 12:11
possibilities of on Enceladus, 9:50-55
possibilities of on Europa, 9:30-35
possibilities of on Mars, 1:9, 9:24-29
possibilities of on Pluto, 9:62—67
possibilities of on Titan, 9:44-49
possibilities of on Triton, 9:56—61
SETI data release, 10:13
spread of life via cometlike objects, 2:11
studying molecules that might mimic cell membranes, 2:28-35

F
FarFarOut (dwarf planet), 7:11
fast radio bursts (FRBs)
detected by Al, 1:13
discovery of second repeating FRB, 5:14
tracking to home galaxies, 11:10-11
Fireworks Galaxy (NGC 6946), 10:45
Flaming Star Nebula (IC 405), 8:70
40 Eridani A (star)
binary companion of, 12:16
potentially habitable super-Earth orbiting, 1:9
47 Tucanae (NGC 104), 8:52-53
Fox Head Cluster (NGC 6819), 10:45
FRB 121102 (fast radio burst), 1:13, 11:10
FRB 180924 (fast radio burst), 11:10-11
FRB 190523 (fast radio burst), 11:11
FRBs. See fast radio bursts (FRBs)
Frigate Bird Cluster (NGC 6866), 10:46
fungi, possibility of surviving space travel, 11:11

G

Gaia spacecraft, second data release from, 1:26-27
galaxies
See also names of specific galaxies; names of specific types of galaxies
Arp’s Atlas of Peculiar Galaxies , 2:58
brighter than 10th magnitude, 3:46
collisions between, 7:14
discovery of previously unseen through radio data, 6:11
influence of black holes on shape of, 11:69
merging and interacting, 3:54-57
most distant, 3:49-53
observing, 3:44-48
overview of discovery and study of, 3:20-27
percentages of by type, 4:16
size of central bulge and black hole, 3:14
tool for identifying mergers, 5:17
with very little dark matter, 1:24-25
winds preventing burnout, 1:14
galaxy clusters
See also names of specific galaxy clusters
Abell catalog, 2:59
observing, 3:47-48
unnoticed, 5:13
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Gamma Cassiopeiae (star), 3:9
gamma-ray bursts (GRBs)
from Crab Nebula, 11:12
hypernovae and, 5:21
Ganymede (moon of Jupiter), percentage of liquid water by volume, 4:10
Gateway lunar outpost, 7:11
Gazelle (ancient constellation), observations of galaxies within, 5:52-57
Ghost Nebula (IC 63), 3:9
Ghost Nebula (Sharpless 2-136), 10:72
GJ 1061 (dwarf star), 12:12
globular clusters
See also names of specific globular clusters
in Coma Cluster, 4:11
determining age of, 3:69
observing, 8:52-57
open clusters versus, 6:69
Palomar catalog, 2:59
The Goblin (2015 TGss7) (dwarf planet), 2:17
Golden Triangle region, 10:44-47
Googie architecture, 7:77-78
gravitational waves
from binary systems, 2:14
from colliding neutron star and black hole, 9:9
from colliding neutron stars, 9:9
number of events detected, 8:13
gravity
bone loss/gain in experiments with mice, 12:11
effects of on photons, 10:71
measuring variations in gravitational field of Mars, 6:11
GRBs. See gamma-ray bursts (GRBs)
Great Red Spot (feature on Jupiter), 1:11, 8:73

H
Hamburger Galaxy (Centaurus A; NGC 5128), 6:47-48, 10:50
Haumea (dwarf planet), rings around, 3:10
Hayabusa spacecraft, analysis of dust grains collected by, 1:19
Hayabusa2 spacecraft
dislodging samples for collection, 6:11
Mobile Asteroid Surface Scout (MASCOT) rover, 2:10
second landing of, 11:9
HBC 672 (star), 3:18
HD 106906 b (exoplanet), 7:14
HD 184738 (star), 10:46
HD 206267 (star), 3:70
Heart Nebula (IC 1805), 1:70
helium, envelope of around exoplanet, 4:11
Hercules (constellation), 8:72
Hercules Cluster (M13), 8:52, 8:55, 8:57, 10:64—65
Herschel’s Garnet star (Mu Cephei), 10:46, 11:62
Hertzprung-Russell (H-R) diagram, 3:69
Hickson 56 (galaxy cluster), 10:73
Hippocamp (moon of Neptune), 6:9
Hockey Stick (NGC 4656-7) (galaxy), 4:55
Hole in the Cluster (NGC 6811) (open cluster), 10:45
Holmberg 9 (dwarf irregular galaxy), 4:71

10
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H-R (Hertzprung-Russell) diagram, 3:69
Hubble constant, 6:20-27, 9:10-11
Hubble Space Telescope
Beyond Ultra-deep Frontier Fields And Legacy Observations (BUFFALO) mission, 1:19
Corrective Optics Space Telescope Axial Replacement (COSTAR), 5:16
flawed mirror, 4:12
gyro problems, 2:11
Hubble Ultra Deep Field image, 5:11
image of Jupiter, 12:13
measuring rate of expansion of universe, 9:10-11
Wide Field Planetary Camera 2, 4:16, 5:16
Hubble-Lemaitre law, 3:9
Hydra (constellation)
observations within, 4:62
size of, 11:12
hydrogen
above Jupiter’s Great Red Spot, 1:11
clouds surrounding early galaxies, 2:11
Hyperion supercluster, 2:9
hypernovae, 5:21
hypervelocity stars, 2:11, 7:11

I
IAU (International Astronomical Union), founding of, 4:21
IC 10 (dwarf irregular galaxy), 10:9, 10:46
IC 63 (Ghost Nebula), 3:9
IC 167 (galaxy), 7:97
IC 405 (Flaming Star Nebula), 8:70
IC 417 (Spider Nebula; Sharpless 2-234), 7:96
IC 1295 (planetary nebula), 8:55
IC 1396 (Elephant’s Trunk Nebula), 3:70, 10:46
IC 1730 (galaxy), 7:97
IC 1805 (Heart Nebula), 1:70
IC 1848 (Soul Nebula), 1:70
IC 2162 (Sharpless 2-255) (nebula), 11:72
IC 2177 (Seagull Nebula), 12:74
IC 2602 (Southern Pleiades star cluster), 10:50
IC 4603 (reflection nebula), 4:71
IC 5070 (Pelican Nebula), 3:74
IC 5148 (Spare Tire Nebula), 12:71
IFNs (integrated flux nebulae), 4:71
inflation, calculating rate of immediately after Big Bang, 2:68—69
InOMN (International Observe the Moon Night), 10:66
InSight (Interior Exploration using Seismic Investigations, Geodesy and Heat Transport) lander
delay in launch of, 10:22
imaged by Trace Gas Orbiter, 7:15
instrumentation onboard, 10:23, 10:25-26
landing monitored by CubeSats, 4:11, 10:13, 10:24
landing of, 4:10, 10:24
landing site, 10:21
marsquake, 8:11, 10:25
overview of, 10:18-27
Rolling Stones Rock, 12:9
self-hammering spike gets stuck, 6:10, 10:13
setup and testing of, 4:10

11
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integrated flux nebulae (IFNs), 4:71
International Astronomical Union (IAU), founding of, 4:21
International Observe the Moon Night (InOMN), 10:66
International Space Station (ISS)

antibiotic-resistant bacteria on, 3:11

antimicrobial coating tested on, 7:11

biomining reactors, 11:11

gravity and free fall, 10:17

Honey and Bumble robots, 9:11

length of Expedition 57, 4:11

virus reactivation during long missions, 7:11
interplanetary dust, orbiting Earth, 3:11
interstellar gas

early, unpolluted by star formation, 4:9

size of stars resulting from, 3:68

temperature and density of, 2:68
Io (moon of Jupiter), volcanic material shot into space, 5:11
Iris Nebula (NGC 7023), 10:47
irregular galaxies, percentage of, 4:16. See also names of specific irregular galaxies
ISS. See International Space Station (ISS)
Itokawa (asteroid), analysis of dust grains collected from, 1:19
Iwamoto (Comet C/2018 Y1), 8:70

J
J0002+6216 (pulsar), 7:9
J043947.08+163415.7 (quasar), 5:17
Johnson, Katherine, facility named in honor of, 6:15
Juno spacecraft. See also Jupiter
Jupiter
See also Juno spacecraft; names of moons orbiting
average temperature, 6:17
delayed development of, 1:10
Great Red Spot, 1:11, 8:73
Hubble image of, 12:13
migration of revealed by Trojan asteroids, 7:18
origin of core with fuzzy boundary, 12:14
size of compared to Sun, 6:11
speed of rotation at equator, 5:18
view from southern pole, 6:13
water on, 1:11

K

KBOs (Kuiper Belt objects), discoveries from New Horizons mission, 8:20-29. See also names of specific Kuiper Belt
objects
Kepler space telescope
end of mission, 3:16
exoplanets discovered through machine-learning algorithm, 8:11
handoff to TESS, 1:24
Kepler-107b and Kepler-107c (exoplanets), 6:13
Kepler-1625b (exoplanet), 1:23, 2:19
Kes 75 (pulsar), 2:14
KIC 9832227 (binary star system), 1:11
Korolev Crater (feature on Mars), 5:9
Krafft Crater (feature on Moon), 1:70, 5:71
Kuiper Belt object 2014 MUés. See Ultima Thule (Kuiper Belt object 2014 MUse9)

12
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Kuiper Belt objects (KBOs), discoveries from New Horizons mission, 8:20-29. See also names of specific Kuiper Belt
objects

L
L 98-59b (exoplanet), 11:11
Lagoon Nebula (M8), 4:19, 10:73
Laniakea Supercluster, 3:35
Large Magellanic Cloud (LMC)
consumption of companion galaxy, 1:11
future collision with Milky Way, 5:18
jets emanating from star within, 6:18
Laser Interferometer Gravitational-Wave Observatory (LIGO), funding for upgrade, 6:17
Lederman, Leon, 2:10
LEMUR (Limbed Excursion Mechanical Utility Robot), 11:11
lenticular galaxies, percentage of, 4:16. See also names of specific lenticular galaxies
Leo (constellation)
binocular observations within, 4:64
observations of galaxies within, 5:52-57
LHA 120-N 180B (star-forming region), 6:18
life, origin of, formation of DNA-like molecule, 6:11. See also extraterrestrial life
light
grant to convert into propulsion, 1:14
volcanic effects on atmosphere and influence on art, 4:48-53
why night sky is dark, 11:68-69
light years, apparent paradox between age of universe and distance, 1:66
LightSail 2 spacecraft, 11:13
LIGO (Laser Interferometer Gravitational-Wave Observatory), funding for upgrade, 6:17
Limbed Excursion Mechanical Utility Robot (LEMUR), 11:11
LMC. See Large Magellanic Cloud (LMC)
Lobster Claw Nebula (Sharpless 2-157), 2:70
Local Group of galaxies, overview of, 3:28-31
Lost-in-Space Galaxy (NGC 6503), 10:47
Lowell Observatory, 1:44-47
LRO (Lunar Reconnaissance Orbiter), image of Chang’e-4 and Yutu-2, 6:17
Lucy spacecraft, construction approval, 3:17
lunar eclipses
Danjon scale, 1:12
January 2018, 1:71
January 2019, 1:12, 4:9, 6:72, 7:94
July 2018, 1:20
July 2019, 12:18-19, 12:70
meteorite impact during, 4:9, 9:11
optical phenomena during, 6:64
penumbral and umbral effects, 12:18—-19
visual illusions caused by, 1:20
Lunar Reconnaissance Orbiter (LRO), image of Chang’e-4 and Yutu-2, 6:17
Lupus 3 (star-forming region), 1:74
Lyman-alpha emissions, from hydrogen clouds surrounding early galaxies, 2:11
Lynds Bright Nebula 258, 3:72
Lyra (constellation), binocular observations within, 9:68

M

M1 (Crab Nebula), 11:12

M3 (globular cluster), 4:71, 8:14
M4 (globular cluster), 8:56
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MS5 (globular cluster), 8:56-57
M8 (Lagoon Nebula), 4:19, 10:73
M10 (globular cluster), 8:55
M12 (globular cluster), 8:56
M13 (Hercules Cluster), 8:52, 8:55, 8:57, 10:64—65
M22 (globular cluster), 8:57
M31. See Andromeda Galaxy (M31)
M31N 2008-12a (white dwarf), 6:11
M33. See Triangulum Galaxy (Pinwheel galaxy; M33)
M37 (Salt and Pepper Cluster), 2:71
M42. See Orion Nebula (M42)
M45 (Pleiades star cluster), 5:72
MS51. See Whirlpool Galaxy (M51)
MS55 (globular cluster), 8:56-57
MS56 (globular cluster), 8:54
M57 (Ring Nebula), 8:54
M63 (Sunflower Galaxy), 4:55, 11:71
MB65 (spiral galaxy), 6:70-71
M66 (spiral galaxy), 6:70-71
M67 (open cluster), 6:45
M71 (globular cluster), 8:54
MS81 (Bode’s Galaxy), 4:71, 6:49
M82 (Cigar Galaxy), 4:71
MB&87 (galaxy), 3:14, 8:10-11
M90 (galaxy), 9:11
M92 (globular cluster), 3:70, 8:54
M94 (NGC 4736) (galaxy), 4:54
M101 (spiral galaxy), 6:47
M102 (NGC 5866) (lenticular galaxy), 3:72, 12:14
M104 (spiral galaxy), 6:46-47
M106 (NGC 4258) (spiral galaxy), 4:55
magnetic fields
around supermassive black holes, 4:16
feeding black holes, 2:11
possibility of Earth’s poles flipping, 10:70-71
MarCO (Mars Cube One) mission, monitoring of InSight landing, 4:11, 10:13, 10:24
Mare Frigoris (feature on Moon), 8:18
Mars
See also names of moons orbiting; names of specific missions to
ancient rivers, 8:9
average temperature, 6:17
avoiding communications problems on future missions to, 6:9
effects of heavy rain in Chilean Mars-like desert, 3:18
Eridania paleolake, 12:11
ice under sand at north polar cap, 9:12
image of, 2:72
interior structure of, 9:13, 10:22
Korolev Crater ice sheet, 5:9
marsquake, 8:11, 10:25
measuring variations in gravitational field, 6:11
meteors and cloud formation, 10:11
methane on, 8:14
missions to, 9:24-29
Mount Sharp, 6:11
naked-eye daylight observation of, 2:18
possibilities of life on, 9:24-29
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possibility of ancient subsurface life, 1:9
Rolling Stones Rock, 12:9
speed of rotation at equator, 5:18
temporary lakes, 3:11
Terra Cimmeria region, 12:11
test of proposed self-driving rover, 5:11
underground lake, 1:28
water on, 1:28, 5:9, 8:9, 9:12, 9:24-29
weather during InSight mission, 10:24
year-long series of images of, 6:70-71
Mars 2020 rover
installation of components, 11:9
offer to send personal names aboard, 9:11
parachute test, 3:9
rotorcraft, 12:11
Mars Cube One (MarCO) mission, monitoring of InSight landing, 4:11, 10:13, 10:24
Mars Express orbiter
image of Terra Cimmeria region, 12:11
Korolev Crater ice sheet, 5:9
mathematics, discoverability of, 2:16
Maui Space Surveillance Complex, 5:44-51
MAXIT J1820+070 (black hole), 5:10
McDivitt, Jim, 4:32-35
McMath-Pierce Solar Telescope, 4:70
Melotte 15 (open cluster), 1:71
Mercury
average temperature, 6:17
core of, 8:11
image of, 1:70-71
observing transit of, 11:50-51, 11:64
position during 2019, 2:13
speed of rotation at equator, 5:18
Messier catalog, number of nebulae in, 7:19
Meteor Crater (feature on Earth), 1:32-35
meteor showers
causes of, 5:10
Eta Aquariids, 5:10, 10:72
Perseids, 1:70, 2:72
meteorites
ancient cometary material trapped within, 8:11
crater discovered in Greenland, 3:10, 6:13
impact on Moon during eclipse, 4:9, 9:11
originating from Ceres, 7:9
size, speed, and danger of, 9:14
meteors
causing cloud formation on Mars, 10:11
color and composition of, 1:10
nebulous (diffuse), 5:20
origin of term, 1:10
methane, on Mars, 8:14
microbes
antimicrobial coating, 7:11
extracting minerals with, 11:11
Milky Way Galaxy, 10:11
age of, 4:67
ancient collision with Antlia 2, 10:12
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ancient star within, 3:14
cool hydrogen gas ring around black hole at center of, 10:11
dark matter from galaxy swallowed by, 3:16
distance to Andromeda, compared to light received from, 2:69
dwarf galaxy consumed by, 3:11
evidence of black hole at center of, 3:13
future collision with Andromeda, 5:66, 6:11
future collision with Large Magellanic Cloud, 5:18
galactic center chimneys, 7:11
image of center of, 8:71
image of from near South Pole, 2:71
images of, 2:72, 4:70, 5:71, 6:73, 7:96, 7:97, 10:74
ripples in outer regions of, 10:12
sideswiping neighbor galaxy, 1:12
size of black hole at center of, 3:14
study of variable stars on far side of, 12:9
total mass of, 7:15
warped shape of, 6:17
X-ray image of central regions, 11:9
youngest pulsar in, 2:14
Mira (star), 6:12
Misty Clover Cluster (Trumpler 37), 10:46
MM la and MM 1b (infant stars), 4:21
Moon (Earth’s)
See also names of specific missions to
Anders’ Earthrise crater, 2:13
apparent sizes of Full Moons, 1:62
Artemis program, 9:9
artificial lunar dust pit, 2:19
Beresheet spacecraft, 8:15
Cardanus Crater, 1:70, 5:71
Chang’e-4 mission, 5:11
“citadel” region of Mare Frigoris, 8:18
determining Sun’s early rotation velocity from lunar samples, 10:10-11
distance from Earth compared to diameter of planets, 2:10
eclipses of, 1:12, 1:20, 1:71, 4:9, 6:64, 6:72, 7:94, 9:11, 12:18-19, 12:70
8 Homeward crater, 2:13
features named after women, 4:44-47
first words spoken from, 10:16
Giant Impact Hypothesis, 11:44—49
Harvest Moon, 4:70
image of with Saturn, 5:71
images of, 5:71, 7:95, 8:70, 10:73, 11:70
increase in asteroid collisions, 5:9
interesting facts about, 10:66
interior structure of, 10:22
International Observe the Moon Night (InOMN), 10:66
Krafft Crater, 1:70, 5:71
lack of background stars in images of Earth from, 8:69
meteorite impact during eclipse, 4:9, 9:11
moonquakes, 9:12, 12:68—69
Mount Marilyn, 4:44-47
observing Apollo landing sites, 7:80-83, 7:84
origin of, 11:44-49
origin of “Big Bertha” rock collected from, 5:21
Petavius crater, 3:66
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possible remains of asteroid buried beneath surface of, 10:11
recession from Earth and slowing of orbit, 12:69
size of compared to Sun, 6:11
South Pole-Aitken Basin, 10:11
speed of rotation at equator, 5:18
Statio Tianhe, 6:17
Super Moon, 1:62, 10:16—17
timing of rise on D-Day, 10:9
titanium on, 3:72
water on, 7:11
moons, rogue ploonets, 11:13. See also names of specific moons
Mount Marilyn (feature on Moon), 4:44-47
Mount Sharp (feature on Mars), 6:11
Mu Cephei (Herschel’s Garnet star), 10:46, 11:62
multiple-star systems. See binary star systems (double stars)

N
NASA (National Aeronautics and Space Administration)
See also names of specific spacecraft and missions
Deep Space Network (DSN), 4:67
facility named in honor of Katherine Johnson, 6:15
nebulae
See also names of specific nebulae
images of, 8:71, 8:73
number of in Messier catalog, 7:19
types of, 7:19
NEOWISE (Comet C/2018 N1), 4:71
Neptune
See also names of moons orbiting
average temperature, 6:17
observing, 10:52-55
speed of rotation at equator, 5:18
storms on, 6:10
time spent in each constellation, 3:11
why called ice giant, 7:92
Network Nebula (NGC 6992/5), 2:71
neutrinos, detection of first confirmed extragalactic, 1:30-31
Neutron star Interior Composition Explorer (NICER), mapping black holes, 5:10
neutron stars
density of, 1:18
disk of material around, 1:11
gravitational waves from collisions of, 9:9
matter gained by, 3:68—-69
possible birth of, 5:21
in Whirlpool Galaxy, 6:9
New General Catalogue (Dreyer), 7:16
New Horizons spacecraft
See also Pluto
discoveries from, 8:20-29
first image of Ultima Thule, 1:11
overview of Ultima Thule mission, 6:28-35
Newton, Isaac, biographical overview of, 12:28-35
NGC 40 (Bow-tie Nebula), 10:47
NGC 104 (47 Tucanae), 8:52-53
NGC 253 (Silver Coin Galaxy), 7:95
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NGC 281 (Pacman Nebula), 10:47

NGC 289 (barred spiral galaxy), 5:70

NGC 457 (Owl Cluster), 10:47

NGC 680 (elliptical galaxy), 7:97

NGC 691 (spiral galaxy), 7:97

NGC 891 (galaxy), 6:46

NGC 1052 (galaxy), 1:24-25

NGC 1052-DF2 (ultra-diffuse galaxy), 7:10-11
NGC 1052-DF4 (diffuse galaxy), 7:10-11
NGC 1300 (barred spiral galaxy), 6:48

NGC 1466 (globular cluster), 6:74

NGC 1579 (Northern Trifid Nebula), 10:73
NGC 1788 (Cosmic Bat Nebula), 7:16

NGC 2146 (barred spiral galaxy), 3:72

NGC 2185 (reflection nebula), 11:71

NGC 2371/2 (planetary nebula), 8:71, 12:9
NGC 2467 (Skull and Crossbones Nebula), 2:9
NGC 2506 (Caldwell 54) (open cluster), 4:72
NGC 2841 (spiral galaxy), 7:96

NGC 2903 (spiral galaxy), 8:74

NGC 3079 (spiral galaxy), 7:19

NGC 3372. See Carina Nebula (NGC 3372)
NGC 3486 (barred spiral galaxy), 2:71

NGC 3532 (star cluster), 10:50

NGC 3718 (barred spiral galaxy), 10:73

NGC 3981 (spiral galaxy), 1:14

NGC 4051 (spiral galaxy), 8:73

NGC 4214 (irregular galaxy), 4:55

NGC 4244 (Silver Needle Galaxy), 4:54
NGC 4258 (M106) (spiral galaxy), 4:55

NGC 4395 (galaxy), 4:55

NGC 4449 (irregular galaxy), 4:55

NGC 4485 (irregular galaxy), 9:74

NGC 4490 (Cocoon Galaxy), 4:55, 9:74
NGC 4631 (Whale Galaxy), 4:55

NGC 4656-7 (Hockey Stick) (galaxy), 4:55
NGC 4736 (M94) (galaxy), 4:54

NGC 4858 (galaxy aggregate), 11:74

NGC 4860 (elliptical galaxy), 11:74

NGC 5005 (spiral galaxy), 4:55

NGC 5033 (spiral galaxy), 4:55

NGC 5128 (Centaurus A; Hamburger Galaxy), 6:47-48, 10:50
NGC 5139 (Omega Centauri), 8:52-53, 10:50
NGC 5866 (M102) (lenticular galaxy), 3:72, 12:14
NGC 6052 (colliding galaxies), 7:14

NGC 6223 (galaxy), 10:45

NGC 6240 (merging galaxies), 3:14

NGC 6334. See Cat’s Paw Nebula (NGC 6334)
NGC 6334l (stellar nursery), 3:18

NGC 6503 (Lost-in-Space Galaxy), 10:47
NGC 6543 (Cat’s Eye Nebula), 10:47

NGC 6702 (elliptical galaxy), 10:45

NGC 6703 (lenticular galaxy), 10:45

NGC 6712 (globular cluster), 8:55

NGC 6723 (Chandelier Cluster), 8:57

NGC 6791 (open cluster), 10:45
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NGC 6811 (Hole in the Cluster) (open cluster), 10:45

NGC 6819 (Fox Head Cluster), 10:45

NGC 6826 (Blinking Planetary Nebula), 10:45

NGC 6866 (Frigate Bird Cluster), 10:46

NGC 6894 (planetary nebula), 6:70

NGC 6939 (open cluster), 10:45

NGC 6946 (Fireworks Galaxy), 10:45

NGC 6951 (spiral galaxy), 10:47

NGC 6960 (Witch’s Broom), 2:71

NGC 6979 (Pickering’s Triangle), 2:71

NGC 6992/5 (Network Nebula), 2:71

NGC 7008 (Coatbutton Nebula), 10:46

NGC 7023 (Iris Nebula), 10:47

NGC 7098 (barred spiral galaxy), 1:71

NGC 7354 (planetary nebula), 10:46

NGC 7380 (Wizard Nebula), 10:46

NGC 7788 (star cluster), 10:47

NGC 7789 (Caroline’s Spiral Cluster), 10:46

NGC 7790 (Widow’s Web Cluster), 10:47

NICER (Neutron star Interior Composition Explorer), mapping black holes, 5:10

Nikon D750 camera, 11:60-61

1999 KW4 (double asteroid), 10:9

Nobel Prize in physics, won by women, 2:11

Northern Trifid Nebula (NGC 1579), 10:73

Nova rocket, 7:46

novae
See also names of specific novae; supernovae
failed prediction of “red nova,” 1:11
regularly erupting, in Andromeda, 6:11

@)
Oberon (moon of Uranus), 10:52, 10:55
Oberwerk BT-100XL-ED Binocular Telescope, 5:62—63
observatories, on Hawaiian summit of Haleakala, 5:44-51. See also names of specific observatories
off-axis masks, 6:16
Olbers’ paradox, 11:68-69
Omega Centauri (NGC 5139), 8:52-53, 10:50
Omicron Draconis (star), 10:45
Omicron! Cygni (star), 10:46
11/2017 U1 (‘Oumuamua) (interstellar object), 1:28-29, 5:12
open clusters
See also names of specific open clusters
globular clusters versus, 6:69
oddities of, 3:12
Trumpler catalog, 2:57
Opportunity rover
end of mission, 6:56—58
reappearance of after Planet-Encircling Dust Event, 2:17
reminiscences of, 6:58-59
Orion (constellation)
changes in position over time, 5:17
images of, 4:71, 8:71
Orion Nebula (M42), 4:19
Dragon feature, 5:13
observing, 2:62
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salt in cloud orbiting star in, 6:11

3D “data cube” of, 5:13
Orion spacecraft, testing of parachute system, 1:10
OSIRIS-REXx spacecraft

early findings from, 4:19

first image of destination, 1:9
‘Oumuamua (112017 U1) (interstellar object), 1:28-29, 5:12
The Outer Limits (TV series), 6:44-49
Owl Cluster (NGC 457), 10:47
oxygen, above Jupiter’s Great Red Spot, 1:11

P
Pacman Nebula (NGC 281), 10:47
Palomar 10 (globular cluster), 12:72
Palomar 13 (globular cluster), 6:70-71
Palomar catalog, 2:59
Panoramic Survey Telescope and Rapid Response System (Pan-STARRS)
amount of data in second release of digital sky survey, 6:15
overview of, 5:44-51
Pan-STARRS. See Panoramic Survey Telescope and Rapid Response System (Pan-STARRS)
PANSTARRS (Comet C/2016 R2), 6:72
Parker Solar Probe
record-breaking approach, 3:11
second flyby, 8:11
Pelican Nebula (IC 5070), 3:74
perception, 7:20
Perseid meteors, 1:70, 2:72
Petavius crater (feature on Moon), 3:66
Phaethon (asteroid), 2:11
Phi Draconis (star), 10:47
Phobos (moon of Mars), gravitational field of, 3:13
Phoebe (moon of Saturn), water on, 4:11, 12:68
photons, effects of gravity on, 10:71
physicists, Leon Lederman, 2:10
physics, Nobel Prize in, won by women, 2:11
Pickering’s Triangle (NGC 6979), 2:71
Pinwheel galaxy. See Triangulum Galaxy (Pinwheel galaxy; M33)
“Planet Nine” (Planet X)
disk of small, icy solar-system debris instead of, 5:13
orbit of 2015 TGss7 (The Goblin) and, 2:17
planetary nebulae
See also names of specific planetary nebulae
Abell catalog, 2:58-59
defined, 5:17
observing, 2:44-47
planets
See also extrasolar planets (exoplanets); names of specific planets
changes in orbits of, 4:66
cores surviving host star expansion to red giants, 12:11
determining chemical composition of, 6:68—69
early formation of, 4:13
outweighing protoplanetary disks, 2:17
transits of, 7:93
PlaneWave CDK17 telescope, 1:58—59
plate tectonics, on Earth, 12:15
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Pleiades star cluster (M45), 5:72
ploonets, 11:13
Pluto
See also New Horizons spacecraft
ammonia on, 10:9
average temperature, 6:17
image of, 1:71
interior structure of, 9:13
planned orbiter mission, 12:20-27
possibilities of life on, 9:62—67
possible ocean beneath surface of, 9:11, 9:62—-67
speed of rotation at equator, 5:18
Sputnik Planitia, 3:11
time spent in each constellation, 11:15
Virgil Fossae, 10:9
Polaris (star), visibility of south of equator, 1:66—67
Pragyan rover, 12:10
Procyon (star), 12:16
protoplanetary disks
Bat Shadow, 3:18
clump of dust discovered in, 11:14
companion star formed in, 4:21
evidence of planets during recent survey, 4:11
planetary systems outweighing, 2:17
varying snow line in, 6:18
warped, 5:11
pulsars
See also names of specific pulsars
glitches in rotation speed of, 12:11
slowest spinning, 2:19
speeding away from supernova remnant, 7:9
youngest in Milk Way, 2:14

Q
quark-gluon plasma (QGP), 4:19
quasars
See also names of specific quasars
brightest discovered, 5:17
cold, 10:14
relationship to black holes, 8:68—69

R
radio astronomy

See also fast radio bursts (FRBs)

discovery of previously unseen galaxies, 6:11

radio jets from black hole, 5:18
Red Dots campaign, 12:12
red dwarfs, superflares from, 2:19. See also names of specific red dwarfs
reflection nebulae. See names of specific reflection nebulae
relativity, testing as S2 star passes supermassive black hole, 1:24-25
RemoveDebris experiment, 1:11
Ring Nebula (M57), 8:54
ring systems

of Chariklo, 3:10

of Haumea, 3:10
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of Saturn, 2:11, 4:9, 4:11, 5:11, 10:11
of white dwarfs, 6:9
robots, for International Space Station, 9:11
rogue planets, 3:11
Rolling Stones Rock (feature on Mars), 12:9
Rosetta spacecraft, number of photos taken by OSIRIS camera, 8:15. See also Comet 67P/Churyumov-Gerasimenko
Rossby waves, 12:64
Ryugu (asteroid)
dislodging samples for collection, 6:11
MASCOT rover completes mission, 2:10
second landing of Hayabusa2, 11:9
size of, 4:13

S
Sagittarius A* (Sgr A*) (black hole)
radio jets, 5:18
testing relativity as S2 star passes, 1:24-25
Sagittarius Dwarf Spheroidal Galaxy, 1:12
Salt and Pepper Cluster (M37), 2:71
satellites
See also names of specific satellites
effects of passing through aurorae, 8:11
number of functioning/non-functioning, 12:15
orbiting billboards, 8:11
Saturn
See also Cassini spacecraft; names of moons orbiting
average temperature, 6:17
Cassini Division, 10:11
hexagonal polar storm, 1:18
image of with Moon, 5:71
images tracking movement of, 3:71
ring system of, 2:11, 4:9, 4:11, 5:11, 10:11
speed of rotation at equator, 5:18
water ice and organic molecules raining down from rings, 2:11
Schweickart, Rusty, 4:22-31
science
effectiveness and discoverability of mathematics, 2:16
perception and, 7:20
relative nature of speed, 8:16
Scorpius (constellation), observations within, 5:32-35, 8:66, 9:72
Seagull Nebula (IC 2177), 12:74
Search for ExtraTerrestrial Intelligence (SETI)
Breakthrough Listen project data release, 10:13
deep-sea practice for future exploration, 12:11
SETI. See Search for ExtraTerrestrial Intelligence (SETI)
Sgr A*. See Sagittarius A* (Sgr A*) (black hole)
Sharpless 2-136 (Ghost Nebula), 10:72
Sharpless 2-155 (Cave Nebula), 7:97
Sharpless 2-157 (Lobster Claw Nebula), 2:70
Sharpless 2-170 (Small Rosette Nebula), 2:72
Sharpless 2-171 (emission nebula), 12:70
Sharpless 2-209 (nebula), 3:72
Sharpless 2-224 (supernova remnant), 11:70
Sharpless 2-234 (Spider Nebula; IC 417), 7:96
Sharpless 2-254 (nebula), 11:72
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Sharpless 2-255 (IC 2162) (nebula), 11:72
Sharpless 2-256 (nebula), 11:72
Sharpless 2-257 (nebula), 11:72
Sharpless 2-258 (nebula), 11:72
Silver Coin Galaxy (NGC 253), 7:95
Silver Needle Galaxy (NGC 4244), 4:54
Sirius A (star)
ancient beliefs regarding, 12:16
as Dog Star, 12:16
images of, 4:71
observing star clusters in region of, 3:64
Sirius B (star), 12:16
624 Hektor (asteroid), 6:15
6478 Gault (asteroid), 6:73, 8:13
Skull and Crossbones Nebula (NGC 2467), 2:9
Sky-Watcher USA EvoStar 150 telescope, 4:60-61
Small Magellanic Cloud (SMC), outflow of hydrogen gas, 3:17
Small Rosette Nebula (Sharpless 2-170), 2:72
SNR 0454-67.2 (supernova remnant), 7:98
sodium chloride, on Europa, 10:11
SOFIA (Stratospheric Observatory for Infrared Astronomy), 3D “data cube” of Orion Nebula, 5:13
solar eclipses
August 2017, 1:11, 2:11
bees cease buzzing during, 2:11
July 2019, 2:52-55, 8:58-63, 11:52-59
optical phenomena during, 6:64
percentage of by type, 3:16
as viewed from Moon, 6:69
solar flares, simulation of lifecycle, 5:14
solar prominences, 5:71
solar system
age of, 4:67
changes in planetary orbits, 4:66
escape velocity needed to leave, 2:68
solar winds, calculating amount of particles ejected by, 6:68
Soul Nebula (IC 1848), 1:70
South Pole-Aitken Basin (feature on Moon), 10:11
Southern Crab Nebula, 8:74
Southern Cross (Crux) (constellation), 10:48—49
Southern Pleiades star cluster (IC 2602), 10:50
space debris (space junk)
amount and size of, 12:15
RemoveDebris experiment, 1:11
spacecraft
See also names of specific spacecraft
communication with, 4:67
degradation of signal from over distance, 4:67
solar sails, 11:13
steam-powered, 5:10
SpaceShipTwo (VSS Unity), second space flight, 6:18
SpaceX
authorization for satellite deployment, 3:13
destruction of Crew Dragon capsule, 8:9
Starlink satellites, 9:11, 10:14, 11:16
Spare Tire Nebula (IC 5148), 12:71
speed, relative nature of, 8:16
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SPHEREX (Spectro-Photometer for the History of the Universe, Epoch of Reionization and Ices Explorer), planned mission,
6:10
Spica (star), 5:72
Spider Nebula (Sharpless 2-234; IC 417), 7:96
spiral galaxies, percentage of, 4:16. See also names of specific spiral galaxies
Spirit rover, end of mission, 6:58
Spitzer Space Telescope, retirement of, 10:11
SPT2319-55 (galaxy), 1:14
Sputnik Planitia (feature on Pluto), ridges around, 3:11
star clusters, observing in region of Sirius, 3:64. See also names of specific star clusters
StarDate radio program, 2:17
Starlink satellites
concern about interference from, 10:14, 11:16
launch of first sixty, 9:11
Starmus Festival, 12:52-59
stars
See also names of specific stars; names of specific types of stars
absorption signal connected to first stars, 1:26
companion star formed in protoplanetary disk of, 4:21
complete destruction of massive, 12:11
consuming surrounding material, 4:21
determining chemical composition of, 6:68—69
extragalactic, 2:11
Hertzprung-Russell (H-R) diagram, 3:69
hypervelocity, 2:11, 7:11
images of star trails, 3:73, 4:72, 5:70, 11:72
interstellar clouds and size of, 3:68
jets emanating from, 6:18
lack of in images of Earth from Moon, 8:69
low-mass, outnumbering all others, 2:20-27
magnetic waves and formation of, 1:11
measuring as asteroids occult, 8:9
number of, compared to grains of sand, 2:12
planetary cores surviving host star expansion to red giants, 12:11
similarity in formation of large and small, 11:11
varying snow line in protoplanetary disks, 6:18
Statio Tianhe (feature on Moon), 6:17
Stellafane, 8:64
Stellarvue, 6:60—-63
STEVE (Strong Thermal Emission Velocity Enhancement) phenomena, source of, 9:9
Stratospheric Observatory for Infrared Astronomy (SOFIA), 3D “data cube” of Orion Nebula, 5:13
Struve 2155 (binary star system), 10:45
Struve 2486 (binary star system), 10:45
Struve 2816 (triple star system), 10:46
Subaru Telescope, supernovae discovered with, 10:14
Sun
Carrington Event, 10:11
chromosphere, 6:12
core of, 7:20
determining early rotation velocity from lunar samples, 10:10-11
differential rotation, 7:20
discovery of star from same stellar nursery, 3:11
eclipses of, 1:11, 2:11, 2:52-55, 3:16, 6:64, 6:69, 8:58-63, 11:52-59
green flash, 12:72
identifying sibling stars, 5:69
image of active region 2741, 8:73
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images of, 12:72
material used and energy emitted by, 7:20
photosphere, 7:20
predictions of coronal structure, 1:11
simulation of solar flare lifecycle, 5:14
size of compared to planets, 6:11
solar halo arcs, 4:20
solar prominences, 5:71
solstices and hottest/coldest days, 7:93
sunspots, 7:20, 7:97
superflares from, 10:11
transit of Mercury, 11:50-51, 11:64
Sunflower Galaxy (M63), 4:55, 11:71
sunspots, 7:20, 7:97
superclusters. See names of specific superclusters
supernovae
See also names of specific supernovae
discovered with Subaru Telescope, 10:14
effects of future supernova of Betelgeuse, 7:92-93
mass extinction on Earth and, 4:11
naked-eye discovery of, 6:12
surge in brightness from companion star, 4:11

T

Tara Regio (feature on Europa), 10:11
Taurus (constellation)
changes in position over time, 5:17
observations within, 1:64, 2:64
telescopes
See also names of specific telescopes
checking and diagnosing optical issues, 1:54-57
collimating the optics of, 5:58-61
CubeSats as guides for, 5:11
off-axis masks, 6:16
PlaneWave CDK 17 telescope, 1:58-59
Stellarvue, 6:60-63
Terra Cimmeria (feature on Mars), 12:11
TESS. See Transiting Exoplanet Survey Satellite (TESS)
TGO (Trace Gas Orbiter), image of InSight lander, 7:15
Thirty Meter Telescope
cleared for construction, 3:11
commencement of construction, 11:9
tholins, 8:13
Titan (moon of Saturn)
chemical compounds in rainfall of, 9:44—45
cloudless methane rainfall, 5:9
Dragonfly mission, 11:14
dust storms on, 1:11
hydrocarbon-rich atmosphere, 2:11
images tracking movement of, 3:71
interior structure of, 9:13
missions to, 9:44-49
percentage of liquid water by volume, 4:10
possibilities of life on, 9:44—49
slot canyons on, 7:9
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Titania (moon of Uranus), 10:52, 10:55
titanium, on Moon, 3:72
Trace Gas Orbiter (TGO), image of InSight lander, 7:15
Transiting Exoplanet Survey Satellite (TESS)
completion of first scan of southern sky, 12:11
first batch of data from, 1:10
handoff from Kepler to, 1:24
smallest exoplanet yet discovered, 11:11
transits
from different vantage points, 7:93
of Mercury, 11:50-51, 11:64
Triangulum Galaxy (Pinwheel galaxy; M33)
future collision with Milky Way-Andromeda, 5:68
images of, 4:19, 5:74
Triton (moon of Neptune)
interior structure of, 9:13
observing, 10:54
possibilities of life on, 9:56-61
water on, 9:56-61
Trojan asteroids, Jupiter’s migration and, 7:18
Trumpler 37 (Misty Clover Cluster), 10:46
Trumpler catalog, 2:57
216 Kleopatra (asteroid), 6:15
2014 MUzgo. See Ultima Thule (Kuiper Belt object 2014 MUseo)
2015 TGss7 (The Goblin) (dwarf planet), 2:17
2018 VGis (“Farout”) (dwarf planet), 4:13
2019 LFs (asteroid), 11:11
2MASS J18082002-5104378 B (red dwarf), 3:14

U
Ultima Thule (Kuiper Belt object 2014 MUgo)
color of, 6:33-34
first image from New Horizons, 1:11
formation of, 6:32
more detailed images of, 5:18
overview of New Horizons mission, 6:28-35, 8:20-29
reflectivity variation, 6:33
shape of, 6:13
surface of, 6:33-34
tholins, 8:13
Umbriel (moon of Uranus), 10:52
universe
apparent paradox between age of universe and distance, 1:66
formation of first chemical elements, 1:66
low-mass stars, outnumbering all others, 2:20-27
rate of expansion of, 6:20-27, 9:10-11
University of Hawai’i telescope, bendable secondary mirror, 12:9
Uranus
See also names of moons orbiting
average temperature, 6:17
observing, 10:52-55
speed of rotation at equator, 5:18
storms on, 6:10
why called ice giant, 7:92
Ursa Major (constellation), observations of galaxies within, 5:52-57
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Ursa Minor (constellation), observations within, 5:64

\Y
V838 Monocerotis (star), 1:11
V883 Orionis (protostar), 6:18
van den Bergh 1 (reflection nebula), 10:46
variable stars, study of on far side of Milky Way, 12:9. See also names of specific variable stars
Veil Nebula (Cygnus Loop), 2:71
Vela (pulsar), 12:11
Vela Supernova Remnant, 12:70-71
Venus
average temperature, 6:17
image of, 1:70-71
jet stream-like streaks in clouds of, 5:18
position during 2019/2020, 12:12
speed of rotation at equator, 5:18
Vesta (asteroid), binocular observations of, 6:14
Vikram lander, crash of, 12:10
Virgil Fossae (feature on Pluto), 10:9
Virgin Galactic, second space flight of SpaceShipTwo, 6:18
Virgo (constellation), binocular observations within, 5:66
Virgo Supercluster, overview of, 3:32-35
volcanoes
atmospheric effects and influence on art, 4:48-53
on Ceres, 1:11
Voyager 1 spaceprobe
dark matter question, 5:9
escape velocity and departure from solar system, 2:68
Voyager 2 spaceprobe
approaching interstellar space, 2:9
escape velocity and departure from solar system, 2:68
VSS Unity (SpaceShipTwo), second space flight, 6:18
VW Draconis (star), 10:45

W
W40 (nebula), 8:9
water
on asteroids, 4:9
on Ceres, 6:11
on Enceladus, 9:50-55
on Europa, 9:30-35
formation of on Earth, 1:11, 3:11, 5:22-31
on Jupiter, 1:11
on Mars, 1:28, 9:24-29
on Mars in ancient rivers, 8:9
on Mars in form of buried ice, 9:12
on Mars in form of temporary lakes, 3:11
on Moon, 7:11
percentage of liquid water on various bodies, 4:10
on Phoebe, 4:11, 12:68
radioactive aluminum and, 6:15
in rings and on moons of Saturn, 4:11
steam-powered spacecraft, 5:10
on Triton, 9:56-61
Whale Galaxy (NGC 4631), 4:55
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Whirlpool Galaxy (M51)
black holes in, 6:9
image of, 6:9
images of in different wavelengths, 11:12
neutron star in, 6:9
observing, 4:55
white dwarfs
See also names of specific white dwarfs
crystallization into solids, 5:11
inwardly-spiraling planets, 1:67
metallic core remnant orbiting, 8:11
nearby, 12:16
regularly erupting nova in Andromeda, 6:11
surrounded by multiple dusty rings, 6:9
ultra-hot metals around, 3:14
Widow’s Web Cluster (NGC 7790), 10:47
Witch’s Broom (NGC 6960), 2:71
Wizard Nebula (NGC 7380), 10:46
Wolf-Rayet stars, as part of triple star system, 3:18
World Is Not Enough spacecraft project, 5:10

X
Xi Ursae Majoris (Xi UMa) (binary star system), 3:62
X-ray astronomy
See also Chandra X-ray Observatory
image of central regions of Milky Way, 11:9
Japanese funding for space telescope, 1:18

Y

Yutu-2 rover
imaged from Lunar Reconnaissance Orbiter, 6:17
reactivation of, 5:11

Z
Zijinshan Xuyi Observatory, 5:70
zodiacal light, 7:94
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Above Jupiter’s thick atmosphere, 6:13

Al detects 72 new fast radio bursts, 1:13

All about our local supercluster, 3:32-35

ALMA takes Europa’s temperature, 2:17

ALMA turns high-frequency receivers on Cat’s Paw, 3:18
America’s observatory enters a new age, 1:44-47
Ancient star found in Milky Way, 3:14

Apollo 12: 50 years later, 11:18-27

Apollo 12 in 3D, 11:28-35

Apollo in pop culture, 7:74-79

Apollo-era quakes hint the Moon is still active, 9:12

Are we alone in the solar system?, 9:22-23

Asteroids are tougher than we thought, 7:12

Astronomers clock a spinning black hole, 5:13
Astronomers map a black hole with ‘echoes’ of light, 5:10
Astronomers pinpoint single fast radio bursts, 11:10-11
Astronomers uncover a fountain of stellar youth, 3:16
Astronomy groups concerned about Starlink satellites, 10:14
Astronomy Readers Choice 2019 Awards, 9:16-20
Astronomy’s 2019 Guide to the Night Sky, 1:supplement
At the edge of the universe, 3:49-53

B

The Bat flies at night, 7:16

Bat wings reveal a forming solar system, 3:18
Become a binocular Olympian, 8:64
BepiColombo launches for Mercury, 2:13
The Big Bad Bang, 1:16

Binary systems: part 1, 1:18

Binary system primer: part 2, 2:14

The binary that got away, 3:62

Birth of a black hole?, 5:21

Black hole blows bubbles, 7:19

Black hole doughnuts resemble fountains, 4:21
Building Apollo, 7:44-47

C

Cassini Division details, 10:11

Cat’s Paw Nebula leaves its infrared print, 2:14
Chandra Observatory serves up six colorful wonders, 4:19
Chandra sees a black hole playing galactic pinball, 5:21
Chang’e-4 craft lands on Moon’s farside, 5:11

Chasing a Chilean eclipse, 12:44-51

Chasing Luna’s shadow in South America, 2:52-55

A Chile afternoon in the Moon’s shadow, 8:58-63

A citadel of wonder, 8:18

Cleared for landing, 1:10

The coalsacks of Cygnus, 9:70

Cold quasars are a new stage of galaxy evolution, 10:14
The color of a meteor, 1:10

A colorful cluster, 8:14
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Cosmic catalogs you can use, 2:56—59

A cosmic clock glitches, 12:11

Cosmic collision, 7:14

Could a supernova explain an ancient mass extinction?, 4:11

D

Dangers from the sky, 9:14

The dark side, 7:88

Deep-sky bonanza, 7:16

A deep-sky winter wonderland, 1:48-53
Digging deep into Mars, 10:18-27

A distant galaxy speeds closer, 9:11

Dive into the galactic center, 11:9

Do galaxies know about their supermassive black holes?, 3:14
A dog’s tail, 3:64

Dragonfly will hunt for life on Titan, 11:14
Dust grains reveal asteroid Itokawa’s age, 1:19
Dust in the wind, 3:9

A dying star’s last breath, 5:17

E

Earth: The not-so-watery world, 4:10

Earth’s extended atmosphere, 6:15

The enigma of Enceladus, 9:50-55

Eta Carinae puts on fireworks, 11:15

Experience the Orion Nebula, 2:62

Explore Ceres’ icy secrets, 10:28-35

Extragalactic stars zip through the Milky Way, 2:11

F

The first astrogeologists, 7:70-73

First evidence of exoplanet collision, 6:13

First-ever black hole image, 8:10—11

Flirting with futility, 6:12

Four new black hole mergers are detected, 4:16

Fresh ice, 5:9

From hot to cold, 6:17

A frozen planet orbiting Barnard’s star is discovered, 3:11

G

A galactic gem, 1:13

A galaxy hides its secrets, 12:14

Galaxy percentages, 4:16

Georges Seurat’s sky, 4:48-53

The giant dwarf galaxy next door, 3:13

Glimpsing the hearts of galaxies, 3:58-61

Glowing galaxies, 6:9

‘The Goblin’ bolsters case for Planet X, 2:17
Groundbreaking Kepler and Dawn missions go dark, 3:16

H

Hawaii’s new astronomical Mecca, 5:44-51
Hello there, Chang’e-4, 6:17

Hidden treats in the Golden Triangle, 10:44—47
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Highly qualified obsolescence, 4:18

How big is asteroid Bennu?, 4:13

How big is the Sun?, 6:11

How Copernicus moved the Sun, 8:44-51
How CubeSats stack up, 10:13

How does Chandra work?, 7:15

How far away is the Big Dipper?, 3:13

How far away is the Moon?, 2:10

How small is that constellation?, 11:12
How to build aliens in the lab, 2:28-35
How to collimate your scope, 5:58-61

How to make tholins, 8:13

How to observe galaxies, 3:44—48

How to photograph aurorae, 4:56-59

How we might find life on Europa, 9:30-35
Hubble confirms universe’s fast expansion rate, 9:10-11
Hubble homes in on orphaned stars, 4:11
Hubble hunts exomoon, 2:19

Hubble peers into the past, 1:19

Hubble spies self-destructing asteroid, 8:13
Huge, rare jet bursts from a young star, 6:18
Hunt the deep sky in the Hunting Dogs, 4:54-55

I

Impact on the Moon, 4:9

In Andromeda, a star explodes like clockwork, 6:11
In memoriam: Leon Lederman, 2:10
India’s first lunar lander crashes, 12:10
Infant stars host planets early on, 4:13
Inner planet delight, 2:13

InSight sets up shop on Mars, 4:10
Insight uncovers the mole, 10:13

Into the Lion’s den, 4:64

The invisible Carina Nebula, 1:9

Is there life on Mars?, 9:24-29

Israeli lander crashes into the Moon, 8:15
It’s what’s on the inside that counts, 9:13

J

Jim McDivitt: 10 days in orbit, 4:32-35
Jupiter’s fuzzy core hints at past collision, 12:14
Jupiter’s new portrait, 12:13

L

The largest asteroids, 2:19

Let’s dissect the Scorpion, 8:66

Let’s go asteroiding!, 6:14

The life and death of stars in Scorpius, 5:32-35
Life’s prospects on Pluto, 9:62—-67

LightSail 2 sets sail, 11:13

Linking GRBs and big stars, 5:21

The Little Bear hides a ring, 5:64

Little-known Taurus treats, 1:64

Lunar craters honor Apollo 8, 2:13
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M

Make a mask for double stars, 6:16

Mars lander digs in, then grinds to a halt, 6:10
Martian meetup, 7:15

Massive impact crater discovered beneath Greenland ice, 3:10
Massive star births its own companion, 4:21

The media’s universe, 10:16

Meet some contact binaries, 6:15

Meet the brightest quasar in the early universe, 5:17
Meet the nebulae, 7:19

Meet the researchers at Lowell, 1:46

Meteor Crater inside and out, 1:32-35

Michael Collins remembers Apollo 11, 7:24-33
The Milky Way has a galactic twist, 6:17

Milky Way still bears scars, 10:12

Mission complete for Opportunity rover, 6:56-58
The Moon’s violent origin, 11:44—49

More evidence for galactic supermassive black hole, 3:13
More sand or stars?, 2:12

The most distant dwarf planet yet, 4:13

The mystery of Mars’ methane, 8:14

N

Naked-eye Mars in daylight, 2:18

NASA releases final Twins Study results, 8:12

NASA tests Europa Clipper’s antenna, 8:15

Neptune blazes a trail, 3:11

New Horizons swings past Ultima Thule, 6:28-35

New Horizons takes its first picture of Ultima Thule, 1:11
A night dedicated to the Moon, 10:66

No red nova in 2022, 1:11

O

Observe the deep southern sky, 10:48-51
Observe the ice giants, 10:52-55
Observe the transit of Mercury, 11:50-51
Observing stellar blowouts, 2:44—47

The oddities of Isaac Newton, 12:28-35
One giant leap for mankind, 7:56-69
One small step, 7:34-43

Opportunity peeks out after dust storm, 2:17
‘Orion’s Dragon’ captured in 3D, 5:13
OSIRIS-REX, meet Bennu, 4:19
‘Oumuamua: Still a mystery, 5:12

Our ninth annual Star Products, 10:56-63
Out for a spin, 5:18

The Outer Limits universe, 6:44—49

P

A pair of royal subjects, 11:62

The paper trail of astronomy, 6:50-55

Partial eclipse oddities, 6:64

Passing stellar duo prevents exoplanet from escaping, 7:14
Petavius’ little pip, 3:66
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Pirate of the skies, 2:9

Planetary embryo spotted, 11:14

PlaneWave’s 17-inch scope, 1:58-59
Ploonets: When moons go rogue, 11:13
Pluto’s strange odyssey, 11:15

Polar ice offers a peek at Mars’ past, 9:12
Powerful stars clash in our own backyard, 3:18
Powerful winds prevent galactic burnout, 1:13
Predator and prey, 5:17

The propeller’s mysterious move, 10:64—65

Q

The Queen’s court, 12:62

R

A radiant, distant universe, 2:11

Radioactivity may dry out water worlds, 6:15
Ranking exoplanets, 5:13

A rare solar halo display, 4:20

Red wings, 8:9

Remembering Opportunity, 6:58-59

Return to Pluto!, 12:20-27

Rover completes mission on asteroid Ryugu, 2:10
Rusty Schweickart remembers Apollo 9, 4:22-31

S

Sagittarius A*’s radio jets may point at Earth, 5:18
Saturn’s hexagon could be an enormous tower, 1:18
The savior that wasn’t, 5:16

School dreams in space, 4:12

Scientists read the Sun’s history from Moon rocks, 10:10-11
Searching for life on Saturn’s big moon, 9:44—49
The season’s best and brightest, 4:16

Second-ever repeating fast radio burst found, 5:14
Secrets of interacting galaxies, 3:54-57

See the constellation?, 1:13

Shiny details in the Deep Field, 5:11

Sizing up the Super Moon, 1:62

Small galaxy, big black hole, 10:12

The Small Magellanic Cloud is running out of gas, 3:17
Solar eclipse percentages, 3:16

Specters of past constellations, 2:48—51

Speeding pulsar, 7:7

Speedy meteors, sluggish thoughts, 8:16

Stargate to the Sombrero, 5:66

Starmus V rocks in Zurich, 12:52-59

A star’s death gasps, 12:9

The stars of Lyra, 9:68

Stories to watch for in 2019, 1:31

The story behind Stellarvue, 6:60—63

Stunning spiral, 9:9

Summer storms on Uranus and Neptune, 6:10

The Sun gets squirrelly, 7:20

Superflares plague young red dwarfs, 2:19
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T

Tackle a globular cluster showdown, 8:52-57

Target the Apollo landing sites, 7:80—83

Telescopic targets in Scorpius, 9:72

A telescopic trip to the Moon, 7:84

Tension at the heart of cosmology, 6:20-27

TESS releases first round of exoplanet candidates, 1:10
Test your telescope under the stars, 1:54-57

Testing great big binos, 5:62—63

Thoughts on a partial lunar eclipse, 12:18—-19

Three Earth-sized exoplanets discovered nearby, 12:12
Three leaps of the gazelle, 5:52-57

A tiny eclipse of the Sun, 11:64

Top 10 space stories of 2018, 1:22-31

Tormented by open clusters, 3:12

Tough tests for the naked eye, 7:86

Treats in Taurus, 2:64

Tree through a window, 7:22

Trojan asteroids reveal Jupiter’s great migration, 7:18
Two ghostly galaxies lack dark matter, 7:10-11
Two-dog night, 12:16

U

Ultima Thule Revealed, 8:20-29

Ultima Thule reveals its flatter shape, 6:13
Ultima Thule shown in more detail, 5:18
A universe of galaxies, 3:20-27

\%

Venus at its best, 12:12

Vibrant solar flare simulation, 5:14

Virgin Galactic’s SpaceShipTwo reaches space for second time, 6:18
Visions of the 2019 eclipse, 11:52-59

A visit to Chilescope Observatory, 8:20-29

\\

Watch for orbiting debris, 12:15

Watching Rome burn, 12:64

We test Coronado’s latest solar scope, 2:60-61

We test: Nikon’s new astro camera, 11:60-61

We test: Sky-Watcher USA’s EvoStar 150, 4:60—61
Welcome to the neighborhood, 3:28-31

‘What causes meteor showers?, 5:10

‘What lies beneath Triton’s ice?, 9:56-61

What scares astronomers?, 11:16

What’s hiding in Hydra?, 4:62

What’s that odd meteor?, 5:20

When black holes collide, 3:14

Where did Earth’s water come from?, 5:22-31

The Whirlpool Galaxy’s changing light, 11:12
Why does the universe make so many tiny stars?, 2:20-27
Wigner’s anachronism, 2:16

Will there be blood?, 1:12

The windswept craters of Mars, 12:11
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A wispy treasure, 10:9
The women in the Moon, 4:44-47
Wonders of lunar totality, 1:20
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The youngest pulsar in the Milky Way, 2:14






Astronomy Magazine 2019 Index

AUTHOR

B
Bakich, Michael E.
Cassini Division details, 10:11
Chasing Luna’s shadow in South America, 2:52-55
Galaxy percentages, 4:16
How big is the Sun?, 6:11
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