
Ice &  Stone 2020

Presented by The Earthrise Institute

51#

Authored by Alan Hale

WEEK 51: DECEMBER 13-19



This particular comet was undoubtedly one of the brightest comets of the 17th Century, but it is 
also one of the most important comets in history from a scientific perspective, and perhaps even 
from the perspective of overall human history. While there were certainly plenty of superstitions 
attached to the comet’s appearance, the scientific investigations made of it were among the 
beginnings of the era in European history we now call The Enlightenment, and indeed, in a sense 
the Great Comet of 1680 can perhaps be considered as one of the sparks of that era.

The significance began with the comet’s discovery, which was made on the morning of 
November 14, 1680, by a German astronomer residing in Coburg, Gottfried Kirch – the first comet 
ever to be discovered by means of a telescope. It was already around 4th magnitude at that 
time, and located near the star Regulus in the constellation Leo; from that point it traveled 
eastward and brightened rapidly, being closest to Earth (0.42 AU) on November 30. By that time 
it was a conspicuous naked-eye object with a tail 20 to 30 degrees long, and it remained visible 
for another week before disappearing into morning twilight.

COMET OF THE WEEK:  The Great Comet of 1680 
Perihelion: 1680 December 18.49, q = 0.006 AU

The Great Comet of 1680 over Rotterdam in The Netherlands, during late December 1680 as painted by the Dutch artist 
Lieve Verschuier.



Around the time of perihelion passage on December 18 the comet was reported as being visible 
during the daytime by several observers around the world. Within a few days it began to emerge 
into the evening sky, and during the last week of December was reported as being a brilliant 
object with a tail up to 70 degrees long. After being closest to Earth again (0.49 AU) on January 
4, 1681 it faded as it receded from the inner solar system, remaining visible to the unaided eye 
until early February. The final telescopic observation was made on March 19 – by which time its 
heliocentric distance had increased to 2.2 AU – and was made by none other than the eminent 
British physicist Isaac Newton.

It was right around this time that Newton was developing his theory of Universal Gravitation, and 
while he was not the only person to attempt calculating an orbit for the Great Comet of 1680, 
he did so within the context of his ideas concerning gravity. A significant sticking point was that 
he initially believed that the pre-perihelion appearance of the comet in the morning sky, and 
the post-perihelion appearance in the evening sky, were in fact two separate comets, and it 
wasn’t until observations by his contemporary John Flamsteed and by his friend Edmond Halley 
conclusively demonstrated this that he finally, and somewhat begrudgingly, accepted that these 
were in fact one and the same comet. Once he did so he was able to apply his law of Universal 
Gravitation to the comet and determine a reasonable orbit for it. (Among other things, his work 
produced a mathematical foundation for Kepler’s Three Laws of Planetary Motion, which Kepler 
had arrived at empirically.) Newton’s work on the Great Comet of 1680 featured somewhat 
prominently in his Philosophiae Naturalis Principia Mathematica (Mathematical Principles of 
Natural Philosophy), usually known as the Principia, wherein he laid out his ideas on gravitation.

The publishing of the Principia is often considered as being one of the first significant events of 
The Enlightenment. Halley played a major role in funding the publishing of the Principia, and 
encouraged his friend Newton to apply his methods to calculating the orbits of additional 
comets. It would be Halley himself, though, who would end up taking on that task, and in the 
process he would “discover” the comet that now bears his name. This story is told in that object’s 
“Special Topics” presentation.

The Great Comet of 1680’s unusually small perihelion distance is reminiscent of that of the 
Kreutz sungrazers, and while it can accordingly be considered as a sungrazing comet, it is not, 
however, a member of that group. Its orbital inclination (61 degrees) is dramatically different 
from that of the Kreutz sungrazers (in general, 142 to 144 degrees), and while it was well visible 
from the northern hemisphere, as will be demonstrated by next week’s “Comet of the Week” the 
visibility of a Kreutz sungrazer passing through perihelion at this time of the year is pretty much 
restricted to the southern hemisphere.

Isaac Newton’s diagram of his calculated parabolic orbit for the Great Comet of 1680, as shown within the Principia.



A detailed examination 
of a catalog of orbital 
elements of comets and/
or asteroids will reveal that 
the orbits therein are not 
entirely random; rather, 
there will appear to be 
various objects that seem 
to share similar orbits. 
While in some instances 
these resemblances 
may be coincidental, 
in many more cases 
the similarities are real, 
and show a familial 
relationship between the 
objects. Analogous to a 
biological “family,” both 
at the species and at the 
individual level, a “small 
bodies” “family” indicates 
a common origin between 
the objects involved.

The most obvious example 
of a “small bodies” 
“family” is the Kreutz 
sungrazing comets, several 
of which are “Ice and 
Stone 2020” “Comets 
of the Week” (including 
next week’s). As was 
discussed in the “Special 
Topics” presentation on 
Kreutz sungrazers seven 
weeks ago, these are all 
clearly fragments of one 
large comet that split up 
several millennia ago, 
with the comets that we see nowadays being at least 
second-generation or third-generation fragments. The 
large Kreutz sungrazers that we have seen during the 
relatively recent past have been seen to fragment 
as well, so our descendants several centuries from 
now should see the next-generation fragments, and 
meanwhile the tiny sungrazers we constantly see 
in space-based coronagraphs (like those aboard 
the SOlar and Heliospheric Observatory (SOHO) 
spacecraft) may well be small debris resulting from the 
splitting of earlier generation members.

During the quarter-century that SOHO has been 
operating other comet “groups,” indicative of a 
common origin, have also been found in images 
taken by its coronagraphs. One of these “groups” was 

first pointed out by a German amateur astronomer, 
Maik Meyer, and is characterized by a perihelion 
distance of 0.04 AU and an orbital inclination near 72 
degrees. As of now over 280 “Meyer Group” comets 
have been detected and while they clearly must all 
have a common origin, thus far there is no information 
about any periodicity.

Meanwhile, a second group was first pointed out by 
former Minor Planet Center Director Brian Marsden, 
characterized by a perihelion distance of 0.05 AU 
and an inclination near 27 degrees, and a third group 
was first pointed out by another German amateur 
astronomer, Rainer Kracht, and characterized by 
a perihelion distance of 0.05 AU and an inclination 
near 15 degrees. Thus far there have been about 
60 “Marsden Group” comets and about 50 “Kracht 

special Topic: “Families” and Groups

The primary component and component B (to its upper right) of Comet 141P/Machholz 2 
during its discovery return, imaged on September 9, 1994 with the Spacewatch telescope 
at Kitt Peak National Observatory in Arizona. Courtesy Jim Scotti.



Group” comets identified. The comets in these groups 
have orbital periods in the vicinity of 5½ to 6 years 
and some of them have now been seen on multiple 
returns; indeed, at least one Marsden Group comet, 
P/1996 V2, has now been seen on four different 
returns, and another one, P/1999 J6, has been seen on 
three different returns. The two groups may be related 
to each other, and may also be associated with other 
inner solar system phenomena, including Comet 
96P/Machholz 1 and some meteor showers like the 
Quadrantids and the daytime Arietid meteor shower 
in June. The Marsden Group orbit, in particular, passes 
quite close to Earth, and in June 1999 Comet P/1999 
J6 would have passed only 0.013 AU from Earth, 
although its existence was not yet known at the time 
and nothing was detected from the ground.

It is perhaps worth 
mentioning that the 
comets in all three 
of these “groups” 
have never been 
observed from the 
ground and have 
essentially appeared 
star-like in the 
SOHO coronagraph 
images. Thus, we 
are not entirely sure 
about their true 
physical nature. 
In any event, they 
must be relatively 
small objects, since 
even when closest 
to the sun they have 
never been brighter 
than about 5th 
magnitude.

As for the more 
conventional comets 
that are observed 
from the ground, 
several of them, 
both long-period 
and short-period, 
have been seen to 
be accompanied 
by companion objects. For the most part, these tend 
to be short-lived, however three short-period comets 
have had accompanying companion comets that 
have themselves been seen on subsequent returns. 
One of these is Comet 3D/Biela, a previous “Comet of 
the Week” that has completely disintegrated. Another 
is 73P/Schwassmann-Wachmann 3, which split into 
several fragments in 1995 which then returned as 
separate objects in 2001 and in 2006 (when all the 
various fragments passed within 0.08 AU of Earth). 
While most of these have since faded away, another 

previously-unseen companion accompanied the 
comet during its most recent return in 2017, and 
we’ll see what happens when the comet returns 
again in 2022. Comet 141P/Machholz 2 had several 
companion comets during its discovery return in 
1994 – the result of an apparent splitting around 
the previous perihelion passage – and one of these 
accompanied the main comet at the next return 
in 1999 but then faded away. Another companion 
object accompanied the main comet at the return 
in 2015. The comet passes through perihelion again 
this week, and just within the past few days at least 
two dim companion comets have been found 
accompanying the primary.

An interesting pair of Halley-type comets, C/2002 
A1 and C/2002 A2, were discovered by the LINEAR 

program in January 
2002. Both comets 
have perihelion 
distances near 4.8 
AU and are traveling 
in almost identical 
orbits with periods 
close to 77 years, 
and they passed 
perihelion about a 
week apart. These 
are clearly the 
fragments of an 
earlier single comet.

In addition to the 
Kreutz sungrazers, 
there have now 
been four confirmed 
examples of related 
long-period comets. 
One of these 
involves a comet 
discovered by David 
Levy in March 1988 
and another one 
discovered by the 
Shoemaker team 
(with Henry Holt) two 
months later; the two 
comets were found 
to be traveling in 

almost identical orbits with a difference of 76 days in 
their respective perihelion passages. Calculations by 
Brian Marsden suggest that these probably split from 
each other at the previous return some 13,000 years 
ago, although the different gravitational perturbations 
they experienced during this passage through the 
inner solar system will cause their next returns to be 
some 400 years apart. Incidentally, the discovery story 
of the Shoemakers’ comet, which involves an attempt 
to photograph Levy’s comet but which included some 
misinterpreted telescope pointing instructions which 

A typical Meyer Group comet. This is the southwestern quadrant of 
a LASCO C2 image from SOHO, taken on November 5, 2019. Many 
of the other objects in the field are cosmic rays striking the detector, 
although the object to the comet’s upper right is a star. The comet 
has not received a designation at this time. Courtesy NASA/ESA.



caused them to photograph an entirely different 
region of the sky, within which they nevertheless 
discovered a comet – and all of this taking place on 
a Friday the 13th – is, in my opinion, one of the “best” 
comet discovery stories.

In January 1988 a retired Harvard astronomer 
residing in Chile, William Liller, discovered a comet 
which later became a dim naked-eye object of 5th 
to 6th magnitude. Then, 8½ years later, in August 
1996 an Australian amateur astronomer, Vello Tabur, 
discovered a comet that was found to be traveling 
in an orbit almost identical to that of Liller’s comet, 
and Marsden calculated that the two comets would 
have split from each other at the previous return 
some 2900 years ago. Almost two decades later, in 
March 2015 another, fainter member of this “family” 
was discovered in images taken by the Solar Wind 
ANisotropies (SWAN) ultraviolet telescope aboard 
SOHO; this object faded away fairly quickly and 
was never brighter than 10th magnitude. Then, just 
a year ago this week the ATLAS program in Hawaii 
discovered what turned out to be the fourth member 
of this “family,” C/2019 Y1, which reached 8th 
magnitude after it passed through perihelion this past 
March. Whether or not any additional members of this 
“family” will pass through the inner solar system during 
the years to come remains to be seen.

A faint comet found by amateur astronomer 
Gennady Borisov in Ukraine in September 2016 was 
found to be traveling in an orbit essentially identical to 
that of a comet discovered almost exactly a century 
earlier – in September 1915 – by American amateur 
astronomer John Mellish. Both comets coincidentally 
passed through perihelion at almost the exact time 
of year, under poor viewing geometry, and nothing 
too definitive can be said about their history, although 
they are clearly two separate comets sharing a 
common origin (as opposed to two returns of the 
same comet). More recently, Comet ATLAS C/2019 
Y4 was found to be traveling in the same orbit as the 

Great Comet of 1844 (old style designation 1844 III, 
new style C/1844 Y1) but was clearly smaller than the 
earlier comet and disintegrated as it approached 
perihelion. It was a previous “Comet of the Week” and 
its story is told more fully in that presentation.

There has been one recent similar case involving 
apparent asteroids. Last year 2019 PR2 and 2019 
QR6, both traveling in Jupiter-family comet orbits with 
eccentricities of 0.80 and orbital periods of 13.9 years, 
passed through perihelion (at a heliocentric distance 
of 1.17 AU) 4.7 hours apart. Although they appeared 
as separate objects, they are clearly fragments of an 
earlier single object and – in keeping with a previous 
“Special Topics” presentation – despite appearing 
asteroidal they are likely the components of an 
“extinct” comet. (They bring to mind the “contact 
binary” appearance of Comet 67P/Churyumov-
Gerasimenko – a previous “Comet of the Week” that 
was visited by ESA’s Rosetta mission – and suggest 
a similar parent body that perhaps split into its 
component pieces.)

Within the main asteroid belt, a “family” refers 
to asteroids that share similar orbits that in turn 
point towards a common origin. Over time various 
gravitational perturbations by the planets – primarily 
Jupiter – will modify the asteroids’ orbits to an extent, 
but certain basic orbital parameters, called “proper 
elements,” tend to remain unchanged, and it is these 
upon which classifications into “families” are based. 
The general consensus is that the various members 
of a “family” are fragments of a larger parent body – 
which may or may not still exist as a complete entity 
today – that resulted from an impact event, and these 
in turn may have ejected fragments of their own due 
to additional impact events.

The existence of asteroid “families” was first pointed 
out by Japanese astronomer Kiyotsugu Hirayama – 
then at Yale University – in 1918, who argued that the 
relative similarities between various asteroids’ orbits 

A comet “family.” Left to right: a) Comet Liller 1988a on April 17, 1988. This is the approximate naked-eye view. Courtesy 
Jim Skinner in North Carolina. b) Comet Tabur C/1996 Q1 on October 12, 1996. This is the approximate view in binoculars or 
a small telescope. The spiral galaxy M108 is to the comet’s upper right, and the “Owl Nebula” M97 is to the comet’s lower 
right. Courtesy Gerald Rhemann and Franz Kersche in Austria. c) Comet SWAN C/2015 F3 on March 26, 2015. Courtesy 
Francois Kugel in France. d) Comet ATLAS C/2019 Y1 on April 17, 2020. Courtesy Michael Jaeger in Austria.



are greater than would be expected by chance. 
In his original paper Hirayama identified three such 
“families,” these being associated with the asteroids 
(158) Koronis, (221) Eos, and (24) Themis (which, as 
discussed in last week’s “Special Topics” presentation, 
has a surface covered with ice). Among the asteroids 
known at the time, Hirayama identified 13 as being 
within the Koronis “family,” 19 in the Eos “family,” and 
22 within the Themis “family;” today the number of 
known members in these “families” are over 5900, over 
9700, and over 4700, respectively.

Today over 120 asteroid “families” have been 
identified. The largest of these is the Nysa “family” 
with over 19,000 known members, the largest of these 
being (44) Nysa, (135) Hertha, (142) Polana and 
(495) Eulalia. At least two other “families” have over 
10,000 members, and over two dozen other “families” 
including the three originally identified by Hirayama 
have over a thousand known members.

In terms of numbers, 
the second-largest 
“family” is the one 
associated with 
the large main-belt 
asteroid (4) Vesta, 
with over 15,000 
known members, 
the largest of these 
(outside of Vesta 
itself) being (1929) 
Kollaa and (2045) 
Peking, both of which 
are perhaps 7 to 8 
km in diameter. It is 
probable that most, 
if not almost all, of 
the asteroids in the 
Vesta “family” came 
about as a result 
of the impact that 
produced the large 
craters Rheasilvia 
and Veneneia near 
Vesta’s south pole 
that were prominent 
in images taken by 
NASA’s Dawn mission. Rheasilvia is believed to be 
approximately one billion years old, and thus many 
of the Vesta “family” asteroids would be of similar 
age, although during the intervening time some of 
these would also have been impacted producing 
yet even more asteroids in the “family.” Over time 
some of these third- and fourth-generation objects 
might be perturbed into Earth-crossing orbits, and 
eventually might impact Earth. Several hundred 
meteorites, including well over half of the achondrite 
meteorites (discussed in a previous “Special Topics” 
presentation) have compositions consistent with the 

spectral features in (4) Vesta and are believed to 
have originally come from that object.

One “family” that has been in the news within the 
fairly recent past is the one associated with (298) 
Baptistina, which has approximately 2500 currently-
known members. According to a study published 
in 2007 it appeared that a member of this “family” 
struck Earth 65 million years ago, resulting in the 
Cretaceous-Tertiary (K-T) extinction event and the 
Chicxulub impact crater off the Yucatan peninsula 
in southern Mexico (these being the subject of a 
previous “Special Topics” presentation). However, 
a detailed examination of the asteroids within the 
Baptistina “family” based upon data taken by the 
Wide-field Infrared Survey Explorer (WISE) spacecraft 
in 2010-11 indicates that the impact event that 
produced this “family” occurred close to 80 million 
years ago, as opposed to the 160 million years ago 
that was previously believed. Since it would normally 
take several tens of millions of years for asteroids in 

the main belt to 
get perturbed into 
Earth-crossing orbits, 
this is not enough 
time for one of the 
asteroids resulting 
from that impact 
to make its way to 
Earth, and thus the 
object that caused 
the K-T extinction 
must have come from 
somewhere else.

In addition to the 
asteroid “families,” 
there are various 
“groups” of asteroids 
that share basic 
orbital characteristics 
but that do not 
necessarily share 
a common origin. 
The Atira, Aten, 
Apollo, and Amor 
populations of 
near-Earth asteroids 

– all discussed within the Week 2 “Special Topics” 
presentation – can each be considered a “group” in 
this context, as can the various populations of “Trojan” 
asteroids (the subject of another previous “Special 
Topics” presentation).

Another “group” is the Hungaria asteroids – after (434) 
Hungaria – that orbit within the inner main belt with 
average distances of 1.8 to 2.0 AU (corresponding to 
orbital periods of 2.4 to 2.8 years), low eccentricities, 
and moderate orbital inclinations. While there is also 
a Hungaria “family” within this “group,” not all of 

Graphical representation of the location of some of the more 
prominent asteroid “families” with respect to their “proper 
elements” of semi-major axis (x-axis, in AU) and inclination (y-axis, 
in degrees). Courtesy Dreg743, licensed via Creative Commons.



the asteroids within the “group” are members of the 
“family.” Another notable group is the Hilda asteroids 
– after (153) Hilda – in the outer part of the main belt; 
these have average heliocentric distances close to 
4 AU (corresponding to an orbital period of 8 years), 
moderate eccentricities, and moderate inclinations. 
There are two “families” within the Hilda asteroids, 
the Hilda “family” and the 
Schubart “family” (after (1911) 
Schubart) but, again, not all 
asteroids within the “group” 
are members of either of these 
two “families.” Other “groups” 
include the Griqua asteroids 
– after (1362) Griqua – with 
average heliocentric distances 
of 3.27 AU (corresponding 
to an orbital period of 5.9 
years) and the Cybele 
asteroids – after (65) Cybele 
– with average heliocentric 
distances between 3.3 and 3.7 
AU (corresponding to orbital 
periods between 5.9 and 7 
years).

Several of these groups are 
defined in reference to what are called the “Kirkwood 
gaps,” so named after Daniel Kirkwood, from Jefferson 
College in Pennsylvania, who discovered them as far 
back as 1866. As the term “gaps” implies, these are 
regions of average orbital distances (or, equivalently, 
semi-major axes) where there are few if any asteroids, 
and Kirkwood correctly identified these as being 

distances that correspond to orbital resonances 
with Jupiter. Most of these regions are gravitationally 
unstable in the long term, and any asteroids orbiting 
within them would be ejected into another orbit within 
an (astronomically) short period of time.

For example, the Hungaria asteroids orbit just within 
the 4:1 resonance orbit of Jupiter (semi-major axis 2.06 
AU, corresponding to an orbital period of just under 
3.0 years). The Cybele asteroids orbit between the 2:1 
and 3:2 resonant orbits of Jupiter, and in fact are close 
to the 7:4 resonant orbit of that planet. The Griqua 
asteroids actually do orbit within the 2:1 resonant orbit 
with Jupiter – in what is called the “Hecuba gap” – 
and are marginally unstable; some of these, including 
Griqua itself, are carbonaceous and dark and travel 
in moderately eccentric orbits reminiscent of Jupiter-
family comets, and may in fact be extinct cometary 
nuclei. The Hilda asteroids orbit in the 3:2 resonant 
orbit with Jupiter, however their orbital configurations 
are such that when at aphelion they are near the L3, 
L4, or L5 Lagrangian points – discussed in the “Special 
Topics” presentation on “Trojan” asteroids – at times 
when Jupiter is far away, and thus their orbits are 
stable.

It should be remembered that the Kirkwood gaps 
refer to the average orbital distances of the 
asteroids, and not to the physical locations of the 
asteroids themselves; at any given time any number 
of asteroids can be passing through the various 
“gaps.” It is clear, certainly, that the distribution of 
asteroids within the main belt is far from random, 

and that the gravitational influences of the planets, 
Jupiter in particular, have imposed a distinct amount 
of structure within that distribution. Nothing stays 
constant, of course, and over the lifetime of the solar 
system, both past and future, the planets of the solar 
system undergo distinct changes, and the “small 
bodies” must accordingly do so as well.

A meteorite that likely came originally from the asteroid (4) Vesta. This is meteorite 
QUE94200, which was found in the Queen Alexandra Range in Antarctica in 1994. 
Courtesy NASA.

The large main-belt asteroid (4) Vesta as imaged by 
NASA’s Dawn spacecraft on July 24, 2011. The large crater 
Rheasilvia is at Vesta’s south pole (bottom). Courtesy NASA.



DECEMBER 13, 2012: China’s Chang’e 2 mission encounters the Apollo-type asteroid (4179) Toutatis, coming to 
within 3.2 km of the asteroid. Chang’e 2 and other missions to the solar system’s “small bodies” are discussed in 
a previous “Special Topics” presentation.

DECEMBER 14, 1807: A meteorite falls to the ground near Weston, Connecticut. An ordinary chondrite, the 
Weston meteorite is the first documented meteorite fall in the U.S.

DECEMBER 14, 2009: NASA’s Wide-field Infrared Survey Explorer (WISE) spacecraft is launched from Vandenberg 
Air Force Base, California. WISE has surveyed the entire sky in infrared wavelengths and discovered numerous 
comets and asteroids, including the first (and only) known “Earth Trojan” asteroid, 2010 TK7, and the recent 
borderline-“Great” comet, Comet NEOWISE C/2020 F3. Trojan asteroids are the subject of a previous “Special 
Topics” presentation.

DECEMBER 14, 2020: The Geminid meteor shower, one of the strongest of the annual meteor showers with peak 
rates often exceeding 100 meteors per hour, will be at its peak. The peak display in 2020 coincides with new 
moon and thus the viewing conditions should be excellent.

DECEMBER 14, 2020: The path of a total solar eclipse will cross parts of the southern Pacific Ocean, south 
central Chile and Argentina, and the southern Atlantic Ocean. The longest duration of totality, slightly over 
two minutes, takes place in Argentina. This eclipse offers the possibility of detecting comets near the sun during 
totality including, potentially, the recent-discovered Comet Erasmus C/2020 S3, which will be eleven degrees 
from the sun. “Eclipse comets” are the subject of a previous “Special Topics” presentation.

DECEMBER 14, 2093: The Apollo-type asteroid (3200) Phaethon, the parent object of the Geminid meteors 
and an “active asteroid,” will pass 0.020 AU from Earth. Phaethon is discussed in last week’s “Special Topics” 
presentation.

This week in history
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Schematic map of the 
path of the total solar 
eclipse across South 
America on December 
14, 2020. Credit: NASA



DECEMBER 15, 1984: The Soviet Union’s Vega 1 mission is launched from the Baikonur Cosmodrome in present-
day Kazakhstan. Vega 1 passed by Venus in June 1985 – deploying a lander and an atmospheric balloon 
as it did so – and then encountered Comet 1P/Halley in March 1986, returning the first images ever taken of 
a cometary nucleus. The return of Comet Halley in 1986 is a previous “Comet of the Week,” and the various 
spacecraft missions to it are discussed in that presentation.

DECEMBER 16, 1927: Carl Lampland at the Lowell Observatory in Arizona observes Comet Skjellerup-Maristany 
1927k during daylight with an infrared thermocouple. This was the first infrared observation ever made of a 
comet.

DECEMBER 16, 2011: Comet Lovejoy C/2011 W3 passes through perihelion at a heliocentric distance of 0.006 AU. 
Comet Lovejoy was the first ground-discovered Kreutz sungrazer to appear during the 21st Century, and is next 
week’s “Comet of the Week.”

DECEMBER 16, 2017: The Apollo-type asteroid (3200) Phaethon, the parent object of the Geminid meteors, 
passes 0.069 AU from Earth, the closest approach it has made since its discovery in 1983 and the closest 
approach it will make until 2093. Phaethon is discussed in last week’s “Special Topics” presentation.

DECEMBER 16, 2018: Comet 46P/Wirtanen passes 0.077 AU from Earth, the sixth-closest cometary approach 
to Earth thus far during the 21st Century; during the approach it reached 4th magnitude. Close cometary 
approaches to Earth are the subject of a previous “Special Topics” presentation.

DECEMBER 16, 2019: The ATLAS survey in Hawaii discovers Comet ATLAS C/2019 Y1, the fourth (and most recent) 
discovered member of the Comet Liller “family,” which is among those discussed in this week’s “Special Topics” 
presentation. After passing through perihelion this past March Comet ATLAS reached a peak brightness of 8th 
magnitude.

DECEMBER 16, 2020: Comet 141P/Machholz 2 will pass through perihelion at a heliocentric distance of 0.808 
AU. This comet has been accompanied by “companion” comets at several previous returns, being somewhat 
reminiscent of the disintegrated Comet 3D/Biela (a previous “Comet of the Week”). Comet 141P was 
recovered this past August as a very faint, stellar-appearing object and remained very faint for several months 
thereafter, only recently having become active. It is now bright enough for visual observations and, moreover, 
is accompanied by at least two “companion” comets. The viewing geometry of this return is favorable and 
the comet will pass 0.52 AU from Earth in mid-January 2021; additional information is available at the Comet 
Resource Center.
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DECEMBER 18, 1680: The Great Comet of 1680 passes through perihelion at a heliocentric distance of 0.006 
AU. This was one of the brightest comets of the 17th Century and from a scientific perspective one of the most 
important comets ever seen; it was also the first comet to be discovered by means of a telescope. It is this 
week’s “Comet of the Week.”

DECEMBER 18, 2004: Gordon Garradd with the Siding Spring Survey in New South Wales discovers an asteroid, 
which is soon found to be a re-discovery of an asteroid discovered the previous June but only observed for two 
nights and then “lost.” That asteroid, now known as (99942) Apophis, will be passing extremely close to Earth – 
within the orbital distances of geosynchronous satellites – in April 2029, and its story is told in a previous “Special 
Topics” presentation.

DECEMBER 18, 2018: A tiny asteroid, 10 to 14 meters in diameter, enters Earth’s atmosphere and explodes over 
the southwestern Bering Sea near the Kamchatka Peninsula in eastern Russia. This is the second-largest object 
to impact Earth during the 21st Century (behind only the Chelyabinsk meteor of February 15, 2013); these 
events are discussed in a previous “Special Topics” presentation.

DECEMBER 19, 1865: The French astronomer Wilhelm Tempel discovers a comet near the “bowl” of the Little 
Dipper, which is independently discovered in early January 1866 by Horace Tuttle in the U.S. Comet 55P/Tempel-
Tuttle is the parent comet of the Leonid meteor shower, which has produced the strongest meteor showers in 
recorded history. This comet and the Leonids are discussed in a previous “Special Topics” presentation.

DECEMBER 19, 2022: Comet PANSTARRS C/2017 K2 will pass through perihelion at a heliocentric distance of 1.797 
AU. This comet has the potential to become a conspicuous naked-eye object, possibly even a “Great Comet” 
(although that is unlikely), and is a previous “Comet of the Week.”
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COVER IMAGE CREDIT: 
Front and back cover: Astronaut Ron Garan, Expedition 28 flight engineer, tweeted this image from the International 
Space Station on Aug. 14 with the following caption: “What a ‘Shooting Star’ looks like from space, taken yesterday 
during Perseid Meteor Shower.” The image was photographed from the orbiting complex on Aug. 13 when it was over an 
area of China approximately 400 kilometers to the northwest of Beijing. The rare photo opportunity came as no surprise 
since the Perseid Meteor Shower occurs every year in August. 

Courtesy NASA/Ron Garan
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