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Chairman’s Chatter 

By Piet Strauss 

Dear members, 

Looking back at the past year, we can be satisfied with all we achieved. Other than viewings and 

our monthly “main speakers” we did particularly well with our outreach events. Our interaction 

and cooperation with the school reached a new high. We remain appreciative of all they do for 

our Society. 

Similarly our interaction with ASSA nation improved to the point That the ASSA AGM was 

hosted by us and attended by a number of Durban members. 

The planning for our trip to Sutherland is in hand. We will leave early on Friday 24 April from 

Durban to Cape Town. In stead of going directly to Sutherland, we will go by bus to Hermanus 

and visit the facilities of the South African National Space Agency (SANSA). We plan to spend 

the night in Hermanus and travel to Sutherland Saturday morning. There will be some free time 

in Sutherland but the highlight will be our tour to SAAO and see SALT and other telescopes. We 

will return to Cape Town on 

Monday morning for another 

site visit, if time permits, or 

our flight is back to Durban 

Monday evening. The trip 

should cost about R7000 per 

person sharing, we may 

need a deposit soon. If you 

have not yet done so, please 

book with Avril . 

If you did not attend our year 

end dinner, you missed out 

on an evening of good food, 

pleasant company, fun and 

prizes. 

Our next meeting is on 8 

January, hope to see you 

there. 

Piet 
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IC 4665, the “HI” Star Cluster 
By Brian Ventrudo 

The open star cluster IC 4665 in the constellation Ophiuchus (credit: Wikipedia)  
 
One of the best targets for a quick stargazing session this time of year is the pretty but 
underappreciated open star cluster IC 4665. It’s a snap to find, beautiful to behold, and like most 
sky sights on Cosmic Pursuits, it’s visible from the northern and southern hemispheres. 
 
IC 4665 is spread out over a full degree, more than twice the diameter of the full Moon, so it looks 
fainter than its integrated magnitude of 4.7. In dark sky, IC4665 is just barely visible to the 
unaided eye roughly 1° NE of the star Celebrai in the constellation Ophiuchus. Celebrai, or β 
(beta) Ophiuchi, is one of the stars in the distinctive asterism called Taurus Poniatowski, the “little 
bull”. If you’re battling light pollution, you’ll need binoculars to spot the cluster. 
 
In binoculars, you’ll see perhaps a dozen stars; a small telescope at 25-35x shows a few dozen 
blue-white stars. At an age of 35 million years, this little cluster is young compared to robust 
grand-dad clusters like the Beehive (M44) which looks similar  but is more than 600 million years 
old.  The youth of IC 4665 means few if any stars have evolved into red giants or 
supergiants.  So the color of its brightest stars is fairly uniform blue, blue-white, and white. 

 

https://cosmicpursuits.com/author/cosmicpursuits/
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… IC 4665 
 
Since the cluster doesn’t need much optics to resolve, you won’t be surprised to know it was 
discovered long ago, in 1745 by Philippe Loys de Cheseaux, a quarter century before Messier 
compiled his famed list.  Caroline Herschel saw it too. 
Location of the star cluster IC 4665 in the constellation Ophiuchus and NE of the asterism called 
Taurus Poniatowski.  
 

If southwest is “up” in your field of 
view when you look at IC 4665, look 
carefully at the inner stars. They form 
the pattern of the word “HI”, like a big 
friendly cosmic greeting.  While not 
obvious at first, it’s a little unnerving 
when the pattern finally jumps out at 
you!   This image (from 
AllTheSky.com) shows the “HI” 
reversed.If you’re observing with 
binoculars or a telescope with a star 
diagonal, the “HI” pattern is 
backwards, but you can still easily 
make it out. 
 
IC 4665 is a little unusual because 
it’s about 15° above the plane of the 
Milky Way.  Most young open star 
clusters are along the plane of our 
galaxy.  The cluster is about 1,100 
light years away and some 20 light-
years across. 

https://www.allthesky.com/clusters/ic4665barnardsstar.html
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At The Eyepiece 
  January 2020 by Ray Field 

 

THE EARTH is nearest the Sun on the 5th. 

 

THE MOON is First Quarter on the 3rd, FULL on the 

10th, Last Quarter on the 17th and NEW on the 24th. 

There will be a PENUMBRAL ECLIPSE of the Moon on 

the 10th,   starting at 19:07 with MID ECLIPSE at 21:10 

and ending at 23:12. A diagram on page 6 of ASSA 

SKY GUIDE 2020 shows the progression of the eclipse 

nicely. 

The Moon is near Aldebaran on the 7th, M44 

(BEEHIVE OPEN CLUSTER) on the 12th (use 

binoculars) and MARS on the 20th. The diagrams on 

page 6 of SKY GUIDE help illustrate the path of the 

Moon through the constellations and past the bright 

planets. 

MERCURY can be seen in the evening twilight from 

late January until the middle of February. 

VENUS is the brilliant evening star this month, setting 

about half an hour after the Sun. 

MARS: At dawn Mars, orange red in colour, is 

prominent in the east, rising about 2:20 at the start of 

the month and rising at 1:40 by the end of the month. Mars will brighten to its maximum in 

October this year, when it will become brighter than Jupiter. 

JUPITER is not suitably placed for observation this month as it is too  close to the Sun. 

SATURN is too close to the Sun for observation this month. 

COMETS: This month there are no bright comets predicted to be visible from South Africa.  

METEOR SHOWERS: THE ALPHA CRUCIDS are active from Jan. 06 to Jan. 28 with a 
predicted maximum on the 19th and a ZHR of less than 5 per hour. The time to watch is from 
midnight to 03:30. The observing prospect is predicted to be good. The radiant of this shower will 
be the bottom of the Southern Cross. 



Page 7 

 

… At The Eyepiece 

The STARRY SKY for 9 p.m. mid-month January 2020. The Pleiades and Aldebaran are over the 

north whilst ORION has already got high up over the north. Sirius, the brightest star in the sky, is 

to Orion's right. 

The Southern Cross is still very low over the south east. Canopus, the second brightest star in 
the sky is above the Southern Cross and the bright star Achernar is now well up over the south 
west to the right of Canopus. The "Southern Birds" including Phoenix and Grus are below 
Achernar. 
 
REFERENCES INCLUDE: ASSA SKY GUIDE, NORTON'S STAR ATLAS and PHILIPS' 
PLANISPHERE for 35 degrees South. 
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The Cover Image - IC 2602 

Image by John Gill, Text from SkyPortal 
 

The prominent open cluster IC 2602 

was discovered by Abbe Lacaille in 

March of 1752, observing from South 

Africa. This cluster in Carina is often 

compared with the Pleiades and is 

commonly known as the "Southern 

Pleiades". It is also known as the 

Theta Carinae cluster. 

IC 2602 has an overall magnitude of 

1.9 and contains about 60 stars. 

Theta Carinae, a third-magnitude 

star, is the brightest star within the 

cluster. The other stars in the cluster 

are of fifth magnitude and fainter. 

Like its northern counterpart in 

Taurus, the Southern Pleiades spans 

a sizeable area of sky, approximately 

50 arc minutes; it is best viewed with 

large binoculars or a telescope with a 

wide-angle eyepiece. 

The distance of IC 2602 has recently 

been adjusted using data from the 

Hipparcos star catalog. The cluster is 

at a distance of 479 light years (the 

older value was 489 light years). The 

cluster is thought to have an age of 

50 million years. 
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Kuiper belt 
From Wikipedia, the free encyclopedia 

 
The Kuiper belt (/ˈkaɪpər/), occasionally called the Edgeworth–Kuiper belt, is a circumstellar 
disc in the outer Solar System, extending from the orbit of Neptune (at 30 AU) to approximately 
50 AU from the Sun. It is similar to the asteroid belt, but is far larger—20 times as wide and 20 to 
200 times as massive. Like the asteroid belt, it consists mainly of small bodies or remnants from 
when the Solar System formed. While many asteroids are composed primarily of rock and metal, 
most Kuiper belt objects are composed largely of frozen volatiles (termed "ices"), such as 
methane, ammonia and water. The Kuiper belt is home to three officially recognized dwarf 
planets: Pluto, Haumea and Makemake. Some of the Solar System's moons, such as Neptune's 
Triton and Saturn's Phoebe, may have originated in the region. 

The Kuiper belt was named after Dutch-American astronomer Gerard Kuiper, though he did not 
predict its existence. In 1992, Albion was discovered, the first Kuiper belt object (KBO) since Pluto 
and Charon. Since its discovery, the number of known KBOs has increased to thousands, and 
more than 100,000 KBOs over 100 km (62 mi) in diameter are thought to exist. The Kuiper belt 
was initially thought to be the main repository for periodic comets, those with orbits lasting less 
than 200 years. Studies since the mid-1990s have shown that the belt is dynamically stable and 
that comets' true place of origin is the scattered disc, a dynamically active zone created by the 
outward motion of Neptune 4.5 billion years ago; scattered disc objects such as Eris have 
extremely eccentric orbits that take them as far as 100 AU from the Sun.  

The Kuiper belt is distinct from the theoretical Oort cloud, which is a thousand times more distant 
and is mostly spherical. The objects within the Kuiper belt, together with the members of the 
scattered disc and any potential Hills cloud or Oort cloud objects, are collectively referred to as 
trans-Neptunian objects (TNOs). Pluto is the largest and most massive member of the Kuiper 
belt, and the largest and the second-most-massive known TNO, surpassed only by Eris in the 
scattered disc. Originally considered a planet, Pluto's status as part of the Kuiper belt caused it to 
be reclassified as a dwarf planet in 2006. It is compositionally similar to many other objects of the 
Kuiper belt and its orbital period is characteristic of a class of KBOs, known as "plutinos", that 
share the same 2:3 resonance with Neptune.  

The Kuiper Belt and Neptune are noted as one of the ways to define the extent of the Solar 
System, along with the heliopause and the radius at which the Sun's gravitational influence is 
matched by other stars, estimated to be between 50000 AU to about 2 light-years. 

History 
 
After the discovery of Pluto in 1930, many speculated that it might not be alone. The region now 
called the Kuiper belt was 
hypothesized in various forms 
for decades. It was only in 1992 
that the first direct evidence for 
its existence was found. The 
number and variety of prior 
speculations on the nature of the 
Kuiper belt have led to continued 
uncertainty as to who deserves 
credit for first proposing it.  
      
      
 

 
 

  Charon and Pluto 
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… Kuiper belt 
 
There is another comet population, known as short-period or periodic comets, consisting of those 
comets that, like Halley's Comet, have orbital periods of less than 200 years. By the 1970s, the 
rate at which short-period comets were being discovered was becoming increasingly inconsistent 
with their having emerged solely from the Oort cloud. For an Oort cloud object to become a short-
period comet, it would first have to be captured by the giant planets. In a paper published in 
Monthly Notices of the Royal Astronomical Society in 1980, Uruguayan astronomer Julio 
Fernández stated that for every short-period comet to be sent into the inner Solar System from 
the Oort cloud, 600 would have to be ejected into interstellar space. He speculated that a comet 
belt from between 35 and 50 AU would be required to account for the observed number of 
comets. Following up on Fernández's work, in 1988 the Canadian team of Martin Duncan, Tom 
Quinn and Scott Tremaine ran a number of computer simulations to determine if all observed 
comets could have arrived from the Oort cloud. They found that the Oort cloud could not account 
for all short-period comets, particularly as short-period comets are clustered near the plane of the 
Solar System, whereas Oort-cloud comets tend to arrive from any point in the sky. With a "belt", 
as Fernández described it, added to the formulations, the simulations matched observations. 
Reportedly because the words "Kuiper" and "comet belt" appeared in the opening sentence of 
Fernández's paper, Tremaine named this hypothetical region the "Kuiper belt".  

Left: The array of telescopes 
atop Mauna Kea, with which 
the Kuiper belt was 
discovered. 
 
Discovery 
 
In 1987, astronomer David 
Jewitt, then at MIT, became 
increasingly puzzled by "the 
apparent emptiness of the 
outer Solar System". He 
encouraged then-graduate 
student Jane Luu to aid him 

in his endeavour to locate another object beyond Pluto's orbit, because, as he told her, "If we 
don't, nobody will." Using telescopes at the Kitt Peak National Observatory in Arizona and the 
Cerro Tololo Inter-American Observatory in Chile, Jewitt and Luu conducted their search in much 
the same way as Clyde Tombaugh and Charles Kowal had, with a blink comparator. Initially, 
examination of each pair of plates took about eight hours, but the process was sped up with the 
arrival of electronic charge-coupled devices or CCDs, which, though their field of view was 
narrower, were not only more efficient at collecting light (they retained 90% of the light that hit 
them, rather than the 10% achieved by photographs) but allowed the blinking process to be done 
virtually, on a computer screen. Today, CCDs form the basis for most astronomical detectors. In 
1988, Jewitt moved to the Institute of Astronomy at the University of Hawaii. Luu later joined him 
to work at the University of Hawaii's 2.24 m telescope at Mauna Kea. Eventually, the field of view 
for CCDs had increased to 1024 by 1024 pixels, which allowed searches to be conducted far 
more rapidly. Finally, after five years of searching, Jewitt and Luu announced on August 30, 1992 
the "Discovery of the candidate Kuiper belt object 1992 QB1". Six months later, they discovered a 
second object in the region, (181708) 1993 FW. By 2018, over 2000 Kuiper belts objects had 
been discovered.  

Over one thousand bodies were found in a belt in the twenty years (1992-2012), after finding 
1992 QB1 (named in 2018, 15760 Albion), showing a vast belt of bodies more than just Pluto and 
Albion. By the 2010s the full extent and nature of Kuiper belt bodies is largely unknown. Finally, in 
the late 2010s, to KBO's were closely flown-by an unmanned spacecraft, providing much closer 
observations of the Plutonian system and another KBO.  
 Imaged by John Gill 
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… Kuiper belt 
 
Hypotheses 
The first astronomer to suggest the existence of a trans-Neptunian population was Frederick C. 
Leonard. Soon after Pluto's discovery by Clyde Tombaugh in 1930, Leonard pondered whether it 
was "not likely that in Pluto there has come to light the first of a series of ultra-Neptunian bodies, 
the remaining members of which still await discovery but which are destined eventually to be 
detected". That same year, astronomer Armin O. Leuschner suggested that Pluto "may be one of 
many long-period planetary objects yet to be discovered."  

Left: Astronomer Gerard Kuiper, after whom the Kuiper belt is named 

In 1943, in the Journal of the British Astronomical Association, Kenneth 
Edgeworth hypothesized that, in the region beyond Neptune, the 
material within the primordial solar nebula was too widely spaced to 
condense into planets, and so rather condensed into a myriad of smaller 
bodies. From this he concluded that "the outer region of the solar 
system, beyond the orbits of the planets, is occupied by a very large 
number of comparatively small bodies" and that, from time to time, one 
of their number "wanders from its own sphere and appears as an 
occasional visitor to the inner solar system", becoming a comet.  

In 1951, in a paper in Astrophysics: A Topical Symposium, Gerard 
Kuiper speculated on a similar disc having formed early in the Solar 
System's evolution, but he did not think that such a belt still existed 
today. Kuiper was operating on the assumption, common in his time, 
that Pluto was the size of Earth and had therefore scattered these 

bodies out toward the Oort cloud or out of the Solar System. Were Kuiper's hypothesis correct, 
there would not be a Kuiper belt today.  

The hypothesis took many other forms in the following decades. In 1962, physicist Al G.W. 
Cameron postulated the existence of "a tremendous mass of small material on the outskirts of the 
solar system". In 1964, Fred Whipple, who popularised the famous "dirty snowball" hypothesis for 
cometary structure, thought that a "comet belt" might be massive enough to cause the purported 
discrepancies in the orbit of Uranus that had sparked the search for Planet X, or, at the very least, 
massive enough to affect the orbits of known comets. Observation ruled out this hypothesis.  

In 1977, Charles Kowal discovered 2060 Chiron, an icy planetoid with an orbit between Saturn 
and Uranus. He used a blink comparator, the same device that had allowed Clyde Tombaugh to 
discover Pluto nearly 50 years before. In 1992, another object, 5145 Pholus, was discovered in a 
similar orbit. Today, an entire population of comet-like bodies, called the centaurs, is known to 
exist in the region between Jupiter and Neptune. The centaurs' orbits are unstable and have 
dynamical lifetimes of a few million years. From the time of Chiron's discovery in 1977, 
astronomers have speculated that the centaurs therefore must be frequently replenished by some 
outer reservoir.  

Further evidence for the existence of the Kuiper belt later emerged from the study of comets. That 
comets have finite lifespans has been known for some time. As they approach the Sun, its heat 
causes their volatile surfaces to sublimate into space, gradually dispersing them. In order for 
comets to continue to be visible over the age of the Solar System, they must be replenished 
frequently. One such area of replenishment is the Oort cloud, a spherical swarm of comets 
extending beyond 50,000 AU from the Sun first hypothesised by Dutch astronomer Jan Oort in 
1950. The Oort cloud is thought to be the point of origin of long-periodcomets, which are those, 
like Hale–Bopp, with orbits lasting thousands of years.  

 
Imaged by John Gill 
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… Kuiper belt 
 

Studies conducted since the trans-Neptunian region was first charted have shown that the region 
now called the Kuiper belt is not the point of origin of short-period comets, but that they instead 
derive from a linked population called the scattered disc. The scattered disc was created when 
Neptune migrated outward into the proto-Kuiper belt, which at the time was much closer to the 
Sun, and left in its wake a population of dynamically stable objects that could never be affected 
by its orbit (the Kuiper belt proper), and a population whose perihelia are close enough that 
Neptune can still disturb them as it travels around the Sun (the scattered disc). Because the 
scattered disc is dynamically active and the Kuiper belt relatively dynamically stable, the 
scattered disc is now seen as the most likely point of origin for periodic comets. 
 

Name 
 

Astronomers sometimes use the alternative name Edgeworth–Kuiper belt to credit Edgeworth, 
and KBOs are occasionally referred to as EKOs. Brian G. Marsden claims that neither deserves 
true credit: "Neither Edgeworth nor Kuiper wrote about anything remotely like what we are now 
seeing, but Fred Whipple did". David Jewitt comments: "If anything... Fernández most nearly 
deserves the credit for predicting the Kuiper Belt."  

KBOs are sometimes called "kuiperoids", a name suggested by Clyde Tombaugh. The term 
"trans-Neptunian object" (TNO) is recommended for objects in the belt by several scientific 
groups because the term is less controversial than all others—it is not an exact synonym though, 
as TNOs include all objects orbiting the Sun past the orbit of Neptune, not just those in the Kuiper 
belt. 

Structure 
 

At its fullest extent (but 
excluding the scattered disc), 
including its outlying regions, 
the Kuiper belt stretches from 
roughly 30 to 55 AU. The main 
body of the belt is generally 
accepted to extend from the 
2:3 mean-motion resonance 
(see below) at 39.5 AU to the 
1:2 resonance at roughly 48 
AU. The Kuiper belt is quite 
thick, with the main 
concentration extending as 
much as ten degrees outside 
the ecliptic plane and a more 
diffuse distribution of objects 
extending several times farther. 
Overall it more resembles a 
torus or doughnut than a belt. Its mean position is inclined to the ecliptic by 1.86 degrees.  

The presence of Neptune has a profound effect on the Kuiper belt's structure due to orbital 
resonances. Over a timescale comparable to the age of the Solar System, Neptune's gravity 
destabilises the orbits of any objects that happen to lie in certain regions, and either sends them 
into the inner Solar System or out into the scattered disc or interstellar space. This causes the 
Kuiper belt to have pronounced gaps in its current layout, similar to the Kirkwood gaps in the 
asteroid belt. In the region between 40 and 42 AU, for instance, no objects can retain a stable 
orbit over such times, and any observed in that region must have migrated there relatively 
recently.  
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Classical belt 
Between the 2:3 and 1:2 resonances with Neptune, at approximately 42–48 AU, the gravitational 
interactions with Neptune occur over an extended timescale, and objects can exist with their 
orbits essentially unaltered. This region is known as the classical Kuiper belt, and its members 
comprise roughly two thirds of KBOs observed to date. Because the first modern KBO discovered 
(Albion, but long called (15760) 1992 QB1), is considered the prototype of this group, classical 
KBOs are often referred to as cubewanos ("Q-B-1-os"). The guidelines established by the IAU 
demand that classical KBOs be given names of mythological beings associated with creation.  

The classical Kuiper belt appears to be a composite of two separate populations. The first, known 
as the "dynamically cold" population, has orbits much like the planets; nearly circular, with an 
orbital eccentricity of less than 0.1, and with relatively low inclinations up to about 10° (they lie 
close to the plane of the Solar System rather than at an angle). The cold population also contain 
a concentration of objects, referred to as the kernel, with semi-major axes at 44–44.5 AU. The 
second, the "dynamically hot" population, has orbits much more inclined to the ecliptic, by up to 
30°. The two populations have been named this way not because of any major difference in 
temperature, but from analogy to particles in a gas, which increase their relative velocity as they 
become heated up. Not only are the two populations in different orbits, the cold population also 
differs in color and albedo, being redder and brighter, has a larger fraction of binary objects, has a 
different size distribution, and lacks very large objects. The mass of the dynamically cold 
population is roughly 30 times less than the mass of the hot. The difference in colors may be a 
reflection of different compositions, which suggests they formed in different regions. The hot 
population is proposed to have formed near Neptune's original orbit and to have been scattered 
out during the migration of the giant planets. The cold population, on the other hand, has been 
proposed to have formed more or less in its current position because the loose binaries would be 
unlikely to survive encounters with Neptune. Although the Nice model appears to be able to at 
least partially explain a compositional difference, it has also been suggested the color difference 
may reflect differences in surface evolution. 

Resonances 
Distribution of cubewanos (blue), 
Resonant trans-Neptunian objects (red), 
Sednoids (yellow) and scattered objects 
(grey) 

Orbit classification (schematic of semi-
major axes) 
 
When an object's orbital period is an exact 
ratio of Neptune's (a situation called a 
mean-motion resonance), then it can 
become locked in a synchronised motion 
with Neptune and avoid being perturbed 
away if their relative alignments are 
appropriate. If, for instance, an object 
orbits the Sun twice for every three 
Neptune orbits, and if it reaches perihelion 
with Neptune a quarter of an orbit away 
from it, then whenever it returns to 

perihelion, Neptune will always be in about the same relative position as it began, because it will 
have completed 1 

1
⁄2 orbits in the same time. This is known as the 2:3 (or 3:2) resonance, and it 

corresponds to a characteristic semi-major axis of about 39.4 AU. This 2:3 resonance is 
populated by about 200 known objects, including Pluto together with its moons.  
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In recognition of this, the members of this family are known as plutinos. Many plutinos, including 
Pluto, have orbits that cross that of Neptune, though their resonance means they can never 
collide. Plutinos have high orbital eccentricities, suggesting that they are not native to their current 
positions but were instead thrown haphazardly into their orbits by the migrating Neptune. IAU 
guidelines dictate that all plutinos must, like Pluto, be named for underworld deities. The 1:2 
resonance (whose objects complete half an orbit for each of Neptune's) corresponds to semi-
major axes of ~47.7AU, and is sparsely populated. Its residents are sometimes referred to as 
twotinos. Other resonances also exist at 3:4, 3:5, 4:7 and 2:5. Neptune has a number of trojan 
objects, which occupy its Lagrangian points,  gravitationally stable regions leading and trailing it in 
its orbit. Neptune trojans are in a 1:1 mean-motion resonance with Neptune and often have very 
stable orbits.  
 
Additionally, there is a relative absence of objects with semi-major axes below 39 AU that cannot 
apparently be explained by the present resonances. The currently accepted hypothesis for the 
cause of this is that as Neptune migrated outward, unstable orbital resonances moved gradually 
through this region, and thus any objects within it were swept up, or gravitationally ejected from it.  

 
Kuiper cliff 
 
Histogram of the semi-major axes of Kuiper belt objects with inclinations above and below 

5 degrees. Spikes from the 
plutinos and the 'kernel' are 
visible at 39–40 AU and 44 AU. 
The 1:2 resonance at 47.8 AU 
appears to be an edge beyond 
which few objects are known.  
 
It is not clear whether it is 
actually the outer edge of the 
classical belt or just the 
beginning of a broad gap. 
Objects have been detected at 
the 2:5 resonance at roughly 
55 AU, well outside the 
classical belt; predictions of a 
large number of bodies in 
classical orbits between these 
resonances have not been 

verified through observation.  
 
Based on estimations of the primordial mass required to form Uranus and Neptune, as well as 
bodies as large as Pluto (see § Mass and size distribution), earlier models of the Kuiper belt had 
suggested that the number of large objects would increase by a factor of two beyond 50 AU, so 
this sudden drastic falloff, known as the Kuiper cliff, was unexpected, and to date its cause is 
unknown. In 2003, Bernstein, Trilling, et al. found evidence that the rapid decline in objects of 
100 km or more in radius beyond 50 AU is real, and not due to observational bias. Possible 
explanations include that material at that distance was too scarce or too scattered to accrete into 
large objects, or that subsequent processes removed or destroyed those that did. Patryk Lykawka 
of Kobe University claimed that the gravitational attraction of an unseen large planetary object, 
perhaps the size of Earth or Mars, might be responsible.  

 
 
 

Imaged by John Gill 
 

https://en.wikipedia.org/wiki/Plutino
https://en.wikipedia.org/wiki/Twotino
https://en.wikipedia.org/wiki/Neptune_trojan
https://en.wikipedia.org/wiki/Neptune_trojan
https://en.wikipedia.org/wiki/Lagrangian_point
https://en.wikipedia.org/wiki/Twotino
https://en.wikipedia.org/wiki/Uranus
https://en.wikipedia.org/wiki/Kuiper_belt#Mass_and_size_distribution
https://en.wikipedia.org/wiki/Observational_bias
https://en.wikipedia.org/wiki/Kobe_University
https://en.wikipedia.org/wiki/Planets_beyond_Neptune
https://en.wikipedia.org/wiki/Mars
https://www.space.com/author/charles-q-choi


Page 15 

 

… Kuiper belt 

 

Origin 

The precise origins of the Kuiper belt and its complex structure are still unclear, and astronomers 
are awaiting the completion of several wide-field survey telescopes such as Pan-STARRS and 
the future LSST, which should reveal many currently unknown KBOs. These surveys will provide 
data that will help determine answers to these questions.  
 
The Kuiper belt is thought to consist of planetesimals, fragments from the original protoplanetary 
disc around the Sun that failed to fully coalesce into planets and instead formed into smaller 
bodies, the largest less than 3,000 kilometres (1,900 mi) in diameter. Studies of the crater counts 
on Pluto and Charon revealed a scarcity of small craters suggesting that such objects formed 
directly as sizeable objects in the range of tens of kilometers in diameter rather than being 
accreted from much smaller, roughly kilometer scale bodies. Hypothetical mechanisms for the 
formation of these larger bodies include the gravitational collapse of clouds of pebbles 
concentrated between eddies in a turbulent protoplanetary disk or in streaming instabilities. 
These collapsing clouds may fragment, forming binaries.  

Modern computer simulations show the Kuiper belt to have been strongly influenced by Jupiter 
and Neptune, and also suggest that neither Uranus nor Neptune could have formed in their 
present positions, because too little primordial matter existed at that range to produce objects of 
such high mass. Instead, these planets are estimated to have formed closer to Jupiter. Scattering 
of planetesimals early in the Solar System's history would have led to migration of the orbits of 
the giant planets: Saturn, Uranus, and Neptune drifted outwards, whereas Jupiter drifted inwards. 
Eventually, the orbits shifted to the point where Jupiter and Saturn reached an exact 1:2 
resonance; Jupiter orbited the Sun twice for every one Saturn orbit. The gravitational 
repercussions of such a resonance ultimately destabilized the orbits of Uranus and Neptune, 
causing them to be scattered outward onto high-eccentricity orbits that crossed the primordial 
planetesimal disc. While Neptune's orbit was highly eccentric, its mean-motion resonances 
overlapped and the orbits of the planetesimals evolved chaotically, allowing planetesimals to 
wander outward as far as Neptune's 1:2 resonance to form a dynamically cold belt of low-
inclination objects. Later, after its eccentricity decreased, Neptune's orbit expanded outward 
toward its current position. Many planetesimals were captured into and remain in resonances 
during this migration, others evolved onto higher-inclination and lower-eccentricity orbits and 
escaped from the resonances onto stable orbits. Many more planetesimals were scattered 
inward, with small fractions being captured as Jupiter trojans, as irregular satellites orbiting the 
giant planets, and as outer belt asteroids. The remainder were scattered outward again by Jupiter 
and in most cases ejected from the Solar System reducing the primordial Kuiper belt population 
by 99% or more.  
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The original version of the currently most popular model, the "Nice model", reproduces many 
characteristics of the Kuiper belt such as the "cold" and "hot" populations, resonant objects, and a 
scattered disc, but it still fails to account for some of the characteristics of their distributions. The 
model predicts a higher average eccentricity in classical KBO orbits than is observed (0.10–0.13 
versus 0.07) and its predicted inclination distribution contains too few high inclination objects. In 
addition, the frequency of binary objects in the cold belt, many of which are far apart and loosely 
bound, also poses a problem for the model. These are predicted to have been separated during 
encounters with Neptune, leading some to propose that the cold disc formed at its current 
location, representing the only truly local population of small bodies in the solar system.  
 
A recent modification of the Nice model has the Solar System begin with five giant planets, 
including an additional ice giant, in a chain of mean-motion resonances. About 400 million years 
after the formation of the Solar System the resonance chain is broken. Instead of being scattered 
into the disc, the ice giants first migrate outward several AU. This divergent migration eventually 
leads to a resonance crossing, destabilizing the orbits of the planets. The extra ice giant 
encounters Saturn and is scattered inward onto a Jupiter-crossing orbit and after a series of 
encounters is ejected from the Solar System. The remaining planets then continue their migration 
until the planetesimal disc is nearly depleted with small fractions remaining in various locations.  
 

As in the original Nice model, objects are captured into 
resonances with Neptune during its outward migration. 
Some remain in the resonances, others evolve onto 
higher-inclination, lower-eccentricity orbits, and are 
released onto stable orbits forming the dynamically hot 
classical belt. The hot belt's inclination distribution can 
be reproduced if Neptune migrated from 24 AU to 30 AU 
on a 30 Myr timescale. When Neptune migrates to 28 
AU, it has a gravitational encounter with the extra ice 
giant. Objects captured from the cold belt into the 1:2 
mean-motion resonance with Neptune are left behind as 
a local concentration at 44 AU when this encounter 
causes Neptune's semi-major axis to jump outward. The 
objects deposited in the cold belt include some loosely 
bound 'blue' binaries originating from closer than the 
cold belt's current location. If Neptune's eccentricity 
remains small during this encounter, the chaotic 
evolution of orbits of the original Nice model is avoided 
and a primordial cold belt is preserved. In the later 

phases of Neptune's migration, a slow sweeping of mean-motion resonances removes the higher-
eccentricity objects from the cold belt, truncating its eccentricity distribution.  
 

Composition 

 
The infrared spectra of both Eris and Pluto, highlighting their common methane absorption lines 
Being distant from the Sun and major planets, Kuiper belt objects are thought to be relatively 
unaffected by the processes that have shaped and altered other Solar System objects; thus, 
determining their composition would provide substantial information on the makeup of the earliest 
Solar System. Due to their small size and extreme distance from Earth, the chemical makeup of 
KBOs is very difficult to determine. The principal method by which astronomers determine the 
composition of a celestial object is spectroscopy. When an object's light is broken into its 
component colors, an image akin to a rainbow is formed. This image is called a spectrum.  
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Different substances absorb light at different wavelengths, and when the spectrum for a specific 
object is unravelled, dark lines (called absorption lines) appear where the substances within it 
have absorbed that particular wavelength of light. Every element or compound has its own unique 
spectroscopic signature, and by reading an object's full spectral "fingerprint", astronomers can 
determine its composition.  

Analysis indicates that Kuiper belt objects are composed of a mixture of rock and a variety of ices 
such as water, methane, and ammonia. The temperature of the belt is only about 50 K, so many 
compounds that would be gaseous closer to the Sun remain solid. The densities and rock–ice 
fractions are known for only a small number of objects for which the diameters and the masses 
have been determined. The diameter can be determined by imaging with a high-resolution 
telescope such as the Hubble Space Telescope, by the timing of an occultation when an object 
passes in front of a star or, most commonly, by using the albedo of an object calculated from its 
infrared emissions. 
 
The masses are determined using the semi-major axes and periods of satellites, which are 
therefore known only for a few binary objects. The densities range from less than 0.4 to 2.6 g/
cm

3
. The least dense objects are thought to be largely composed of ice and have significant 

porosity. The densest objects are likely composed of rock with a thin crust of ice. There is a trend 
of low densities for small objects and high densities for the largest objects. One possible 
explanation for this trend is that ice was lost from the surface layers when differentiated objects 
collided to form the largest objects.  
 

Left: Artist's impression of plutino and possible former C
-type asteroid (120216) 2004 EW95 
 
Initially, detailed analysis of KBOs was impossible, and 
so astronomers were only able to determine the most 
basic facts about their makeup, primarily their color. 
These first data showed a broad range of colors among 
KBOs, ranging from neutral grey to deep red.  

This suggested that their surfaces were composed of a 
wide range of compounds, from dirty ices to 
hydrocarbons. This diversity was startling, as 
astronomers had expected KBOs to be uniformly dark, 

having lost most of the volatile ices from their surfaces to the effects of cosmic rays. Various 
solutions were suggested for this discrepancy, including resurfacing by impacts or outgassing. 
Jewitt and Luu's spectral analysis of the known Kuiper belt objects in 2001 found that the 
variation in color was too extreme to be easily explained by random impacts. The radiation from 
the Sun is thought to have chemically altered methane on the surface of KBOs, producing 
products such as tholins. Makemake has been shown to possess a number of hydrocarbons 
derived from the radiation-processing of methane, including ethane, ethylene and acetylene.  

Although to date most KBOs still appear spectrally featureless due to their faintness, there have 
been a number of successes in determining their composition. In 1996, Robert H. Brown et al. 
acquired spectroscopic data on the KBO 1993 SC, which revealed that its surface composition is 
markedly similar to that of Pluto, as well as Neptune's moon Triton, with large amounts of 
methane ice. For the smaller objects, only colors and in some cases the albedos have been 
determined. These objects largely fall into two classes: gray with low albedos, or very red with 
higher albedos. The difference in colors and albedos is hypothesized to be due to the retention or 
the loss of hydrogen sulfide (H2S) on the surface of these objects, with the surfaces of those that 
formed far enough from the Sun to retain H2S being reddened due to irradiation.  
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The largest KBOs, such as Pluto and Quaoar, have surfaces rich in volatile compounds such as 
methane, nitrogen and carbon monoxide; the presence of these molecules is likely due to their 
moderate vapor pressure in the 30–50 K temperature range of the Kuiper belt. This allows them 
to occasionally boil off their surfaces and then fall again as snow, whereas compounds with 
higher boiling points would remain solid. The relative abundances of these three compounds in 
the largest KBOs is directly related to their surface gravity and ambient temperature, which 
determines which they can retain. Water ice has been detected in several KBOs, including 
members of the Haumea family such as 1996 TO66, mid-sized objects such as 38628 Huya and 
20000 Varuna, and also on some small objects. The presence of crystalline ice on large and mid-
sized objects, including 50000 Quaoar where ammonia hydrate has also been detected, may 
indicate past tectonic activity aided by melting point lowering due to the presence of ammonia . 
 
 

Mass and size distribution 

 
Despite its vast extent, the collective mass of the Kuiper belt is relatively low. The total mass of 
the dynamically hot population is estimated to be 1% the mass of the Earth. The dynamically cold 
population is estimated to be much smaller with only 0.03% the mass of the Earth. While the 
dynamically hot population is thought to the remnant of a much larger population that formed 
closer to the Sun and was scattered outward during the migration of the giant planets. In contrast, 
the dynamically cold population is thought to have formed at its current location.  
The small total mass of the dynamically cold population presents some problems for models of 
the Solar System's formation because a sizable mass is required for accretion of KBOs larger 
than 100 km (62 mi) in diameter. If the cold classical Kuiper belt had always had its current low 
density, these large objects simply could not have formed by the collision and mergers of smaller 
planetesimals. Moreover, the eccentricity and inclination of current orbits makes the encounters 
quite "violent" resulting in destruction rather than accretion. The removal of a large fraction of the 
mass of the dynamically cold populution is thought to be unlikely Neptune's current influence is 
too weak to explain such a massive "vacuuming", and the extent of mass loss by collisional 
grinding is limited by the presence of loosely bound binaries in the cold disk, which are likely to be 
disrupted in collisions. Instead of forming from the collisions of smaller planetesimals the larger 
object may have formed directly from the collapse of clouds of pebbles. 
 
Early estimates that were based on measurements of the apparent magnitude distribution found a 
value of q = 4 ±0.5. Which implied that there are 8 (=2

3
) times more objects in the 100–200 km 

range than in the 200–400 km range.  
 
Recent research has revealed that the size distributions of the hot classical and cold classical 
objects have differing slopes. The slope for the hot objects is q = 5.3 at large diameters and q = 
2.0 at small diameters with the change in slope at 110 km. The slope for the cold objects is q = 
8.2 at large diameters and q = 2.9 at small diameters with a change in slope at 140 km. The size 
distributions of the scattering objects, the plutinos, and the Neptune trojans have slopes similar to 
the other dynamically hot populations, but may instead have a divot, a sharp decrease in the 
number of objects below a specific size. This divot is hypothesized to be due to either the 
collisional evolution of the population, or to be due to the population having formed with no 
objects below this size, with the smaller objects being fragments of the original objects.  
As of December 2009, the smallest Kuiper belt object detected is 980 m across. It is too dim 
(magnitude 35) to be seen by Hubble directly, but it was detected by Hubble's star tracking 
system when it occulted a star.  
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Scattered objects 

 
Comparison of the orbits of scattered disc objects 
(black), classical KBOs (blue), and 2:5 resonant 
objects (green). Orbits of other KBOs are gray. 
(Orbital axes have been aligned for comparison.) 
 
The scattered disc is a sparsely populated 
region, overlapping with the Kuiper belt but 
extending to beyond 100 AU. Scattered disc 
objects (SDOs) have very elliptical orbits, often 
also very inclined to the ecliptic. Most models of 
Solar System formation show both KBOs and 
SDOs first forming in a primordial belt, with later 
gravitational interactions, particularly with 
Neptune, sending the objects outward, some into 
stable orbits (the KBOs) and some into unstable 
orbits, the scattered disc. Due to its unstable 
nature, the scattered disc is suspected to be the 
point of origin of many of the Solar System's 
short-period comets. Their dynamic orbits 
occasionally force them into the inner Solar 
System, first becoming centaurs, and then short-
period comets.  
 
According to the Minor Planet Center, which officially catalogues all trans-Neptunian objects, a 
KBO, strictly speaking, is any object that orbits exclusively within the defined Kuiper belt region 
regardless of origin or composition. Objects found outside the belt are classed as scattered 
objects. In some scientific circles the term "Kuiper belt object" has become synonymous with any 
icy minor planet native to the outer Solar System assumed to have been part of that initial class, 
even if its orbit during the bulk of Solar System history has been beyond the Kuiper belt (e.g. in 
the scattered-disc region). They often describe scattered disc objects as "scattered Kuiper belt 
objects". Eris, which is known to be more massive than Pluto, is often referred to as a KBO, but is 
technically an SDO. A consensus among astronomers as to the precise definition of the Kuiper 
belt has yet to be reached, and this issue remains unresolved.  
 
The centaurs, which are not normally considered part of the Kuiper belt, are also thought to be 
scattered objects, the only difference being that they were scattered inward, rather than outward. 
The Minor Planet Center groups the centaurs and the SDOs together as scattered objects.  
 
Triton 

 
Left: Neptune's moon Triton 

During its period of migration, Neptune is thought to have 
captured a large KBO, Triton, which is the only large moon in 
the Solar System with a retrograde orbit (it orbits opposite to 
Neptune's rotation). This suggests that, unlike the large moons 
of Jupiter, Saturn and Uranus, which are thought to have 
coalesced from rotating discs of material around their young 
parent planets, Triton was a fully formed body that was 
captured from surrounding space.  
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Gravitational capture of an object is not easy: it requires some mechanism to slow down the 
object enough to be caught by the larger object's gravity. A possible explanation is that Triton was 
part of a binary when it encountered Neptune. (Many KBOs are members of binaries. See below.) 
Ejection of the other member of the binary by Neptune could then explain Triton's capture. Triton 
is only 14% larger than Pluto, and spectral analysis of both worlds shows that their surfaces are 
largely composed of similar materials, such as methane and carbon monoxide. All this points to 
the conclusion that Triton was once a KBO that was captured by Neptune during its outward 
migration.  

Largest KBOs 
 
Right: Artistic comparison of 
Pluto, Eris, Haumea, Makemake, 
2007 OR10, Quaoar, Sedna, 2002 
MS4, Orcus, Salacia, and Earth 
along with the Moon  
 
Since 2000, a number of KBOs 
with diameters of between 500 
and 1,500 km (932 mi), more than 
half that of Pluto (diameter 
2370 km), have been discovered. 
50000 Quaoar, a classical KBO 
discovered in 2002, is over 
1,200 km across. Makemake and 
Haumea, both announced on July 
29, 2005, are larger still. Other 
objects, such as 28978 Ixion 
(discovered in 2001) and 20000 
Varuna (discovered in 2000), 
measure roughly 500 km (311 mi) 
across.  

Pluto 
 
The discovery of these large KBOs in orbits similar to Pluto's led many to conclude that, aside 
from its relative size, Pluto was not particularly different from other members of the Kuiper belt. 
Not only are these objects similar to Pluto in size, but many also have satellites, and are of similar 
composition (methane and carbon monoxide have been found both on Pluto and on the largest 
KBOs). Thus, just as Ceres was considered a planet before the discovery of its fellow asteroids, 
some began to suggest that Pluto might also be reclassified.  

 
 

 
 
 

Left: The KBO 486958 
Arrokoth (green circles), 
the selected target for 
the New Horizons Kuiper 
belt object mission 
 
 
Right: Diagram showing 
the location of 486958 
Arrokoth and trajectory 
for rendezvous 
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The issue was brought to a head by the discovery of Eris, an object in the scattered disc far 
beyond the Kuiper belt, that is now known to be 27% more massive than Pluto. (Eris was 
originally thought to be larger than Pluto by volume, but the New Horizons mission found this not 
to be the case.) In response, the International Astronomical Union (IAU) was forced to define 
what a planet is for the first time, and in so doing included in their definition that a planet must 
have "cleared the neighbourhood around its orbit". As Pluto shares its orbit with many other 
sizable objects, it was deemed not to have cleared its orbit, and was thus reclassified from a 
planet to a dwarf planet, making it a member of the Kuiper belt.  

Although Pluto is currently the largest known KBO, there is at least one known larger object 
currently outside the Kuiper belt that probably originated in it: Neptune's moon Triton (which, as 
explained above, is probably a captured KBO).  
As of 2008, only five objects in the Solar System (Ceres, Eris, and the KBOs Pluto, Makemake 
and Haumea) are listed as dwarf planets by the IAU. 90482 Orcus, 28978 Ixion and many other 
Kuiper-belt objects are large enough to be in hydrostatic equilibrium; most of them will probably 
qualify when more is known about them.  

Satellites 
 
The six largest TNOs (Eris, Pluto, 2007 OR10, Makemake, Haumea and Quaoar) are all known to 
have satellites, and two have more than one. A higher percentage of the larger KBOs have 
satellites than the smaller objects in the Kuiper belt, suggesting that a different formation 
mechanism was responsible. There are also a high number of binaries (two objects close enough 
in mass to be orbiting "each other") in the Kuiper belt. The most notable example is the Pluto–
Charon binary, but it is estimated that around 11% of KBOs exist in binaries.  
 

Exploration 
 
New Horizons color composite image of Arrokoth showing its red 
color, suggesting organic compounds. So far, it is the only KBO 
besides Pluto and its satellites to be visited by a spacecraft. 
 
On January 19, 2006, the first spacecraft to explore the Kuiper belt, 
New Horizons, was launched, which flew by Pluto on July 14, 
2015. Beyond the Pluto flyby, the mission's goal was to locate and 
investigate other, farther objects in the Kuiper belt.  
 
On October 15, 2014, it was revealed that Hubble had uncovered 
three potential targets, provisionally designated PT1 ("potential 
target 1"), PT2 and PT3 by the New Horizons team. The objects' 
diameters were estimated to be in the 30–55 km range; too small 
to be seen by ground telescopes, at distances from the Sun of 43–
44 AU, which would put the encounters in the 2018–2019 period. 
The initial estimated probabilities that these objects were reachable 
within New Horizons' fuel budget were 100%, 7%, and 97%, 
respectively. All were members of the "cold" (low-inclination, low-
eccentricity) classical Kuiper belt, and thus very different from 
Pluto. PT1 (given the temporary designation "1110113Y" on the HST web site), the most 
favorably situated object, was magnitude 26.8, 30–45 km in diameter, and was encountered in 
January 2019. Once sufficient orbital information was provided, the Minor Planet Center gave 
official designations to the three target KBOs: 2014 MU69 (PT1), 2014 OS393 (PT2), and 2014 
PN70 (PT3). By the fall of 2014, a possible fourth target, 2014 MT69, had been eliminated by 
follow-up observations. PT2 was out of the running before the Pluto flyby.  
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On August 26, 2015, the first target, 2014 MU69 (nicknamed "Ultima Thule" and later named 
486958 Arrokoth), was chosen. Course adjustment took place in late October and early 
November 2015, leading to a flyby in January 2019. On July 1, 2016, NASA approved additional 
funding for New Horizons to visit the object.  
 
On December 2, 2015, New Horizons detected what was then called 1994 JR1 (later named 
15810 Arawn) from 270 million kilometres (170×10

6
 mi) away, and the photographs show the 

shape of the object and one or two details.  
 
On January 1, 2019, New Horizons successfully flew by Arrokoth, returning data showing 
Arrokoth to be a contact binary 32 km long by 16 km wide. The Ralph instrument aboard New 
Horizons confirmed Arrokoth's red color. Data from the fly by will continue to be downloaded over 
the next 20 months.  

No follow up missions for New Horizons are planned, though at least two concepts for missions 
that would return to orbit or land on Pluto have been studied. Beyond Pluto, there exist many 
large KBOs that cannot be visited with New Horizons, such as the dwarf planets Makemake and 
Haumea. New missions would be tasked to explore and study these objects in detail. Thales 
Alenia Space has studied the logistics of an orbiter mission to Haumea, a high priority scientific 
target due to its status as the parent body of a collisional family that includes several other TNOs, 
as well as Haumea's ring and two moons. The lead author, Joel Poncy, has advocated for new 
technology that would allow spacecraft to reach and orbit KBOs in 10–20 years or less. New 
Horizons Principal Investigator Alan Stern has informally suggested missions that would flyby the 
planets Uranus or Neptune before visiting new KBO targets, thus furthering the exploration of the 
Kuiper belt while also visiting these ice giant planets for the first time since the Voyager 2 flybys in 
the 1980s.  

Design studies and concept missions 
 
Left: Design for an advanced probe concept from 1999 

 
Quaoar has been considered as a flyby target for a 
probe tasked with exploring the interstellar medium, as 
it currently lies near the heliospheric nose; Pontus 
Brandt at Johns Hopkins Applied Physics Laboratory 
and his colleagues have studied a probe that would 
flyby Quaoar in the 2030s before continuing to the 
interstellar medium through the heliospheric nose. 
Among their interests in Quaoar include its likely 
disappearing methane atmosphere and cryovolcanism. 
The mission studied by Brandt and his colleagues 

would launch using SLS and achieve 30 km/s using a Jupiter flyby. Alternatively, for an orbiter 
mission, a study published in 2012 concluded that Ixion and Huya are among the most feasible 
targets. For instance, the authors calculated that an orbiter mission could reach Ixion after 17 
years cruise time if launched in 2039.  

In the late 2010s, one design study discussed orbital capture and multi-target scenarios for 
Kuiper belt objects. Some Kuiper belt objects studied in that particular paper included 2002 UX25, 
1998 WW31, and 47171 Lempo.  

In 2011, a design study explored a spacecraft survey of Quaoar, Sedna, Makemake, Haumea, 
and Eris.  Interstellar missions have evaluated including a flyby of Kuiper Belt objects as part of 
their mission.  
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Above: Debris discs around the stars HD 139664 and HD 53143 – black circle from camera hid-
ing stars to display discs. 
 

Extrasolar Kuiper belts 
 
The left image is a "top view" of a wide belt, and the right image is an "edge view" of a narrow 
belt. Computer simulations of dust in the Kuiper belt suggest that when it was younger, it may 
have resembled the narrow rings seen around younger stars.  

By 2006, astronomers had resolved dust discs thought to be Kuiper belt-like structures around 
nine stars other than the Sun. They appear to fall into two categories: wide belts, with radii of 
over 50 AU, and narrow belts (tentatively like that of the Solar System) with radii of between 20 
and 30 AU and relatively sharp boundaries. Beyond this, 15–20% of solar-type stars have an ob-
served infrared excess that is suggestive of massive Kuiper-belt-like structures. Most known de-
bris discs around other stars are fairly young, but the two images on the right, taken by the Hub-
ble Space Telescope in January 2006, are old enough (roughly 300 million years) to have settled 
into stable configurations.  
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Born 
May 10, 1900 
Wendover, Buckinghamshire, 
England 

Died 
December 7, 1979 (aged 79) 
Cambridge, Massachusetts, 
U.S. 

Residence Lexington, Massachusetts 

Citizenship British, American (from 1931) 

Education St Paul's Girls' School 

Alma mater 
Newnham College, Cambridge 
Harvard University 

Known for 

Explanation of stellar spectra 
and composition of the Sun, 
more than 3,000,000 
observations of variable stars 

Awards 

Annie Jump Cannon Award in 
Astronomy (1934), Rittenhouse 
Medal (1961), Award of Merit 
from Radcliffe College (1952), 
Henry Norris Russell Prize 
(1976) 

Scientific career 

Fields Astronomy, astrophysics 

Institutions 
Harvard College Observatory, 
Harvard University 

Doctoral 
students 

Helen Sawyer Hogg, Joseph 
Ashbrook, Frank Kameny, 
Frank Drake, Paul W. Hodge 

Signature 

 

Cecilia Payne-Gaposchkin 

 
Cecilia Helena Payne-Gaposchkin (née Payne; May 10, 1900 – December 7, 1979) was a 
British-born American astronomer and astrophysicist who proposed in her 1925 doctoral thesis 
that stars were composed primarily of hydrogen and helium. Her groundbreaking conclusion was 
initially rejected because it contradicted the scientific wisdom of the time, which held that there 
were no significant elemental differences between the Sun and Earth. Independent observations 
eventually proved she was correct.  
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Early life 

 
Cecilia Helena Payne was one of three children born in Wendover, England, to Emma Leonora 
Helena (née Pertz) and Edward John Payne, a London barrister, historian and musician who had 
been an Oxford fellow. Her mother came from a Prussian family and had two distinguished 
uncles, historian Georg Heinrich Pertz and the Swedenborgian writer James John Garth 
Wilkinson; her sister Florence was a pianist. Cecilia Payne's father died when she was four years 
old, forcing her mother to raise the family on her own.  
 
Cecilia Payne began school in Wendover at a private school run by Elizabeth Edwards. When 
she was twelve her mother moved to London for the sake of the education of Cecilia's brother 
Humfry, who later became an archaeologist. Cecilia attended St Mary's College, Paddington, 
where she was unable to study much mathematics or science, but in 1918 changed schools for St 
Paul's Girls' School. There she was urged by Gustav Holst, who taught music at the school, to 
pursue a career in music, but preferred to focus on science and the following year won a 
scholarship that paid all her expenses at Newnham College, Cambridge University, where she 
initially read botany, physics, and chemistry but dropped botany after her first year.  
 
Her interest in astronomy began after she attended a lecture by Arthur Eddington on his 1919 
expedition to the island of Principe in the Gulf of Guinea off the west coast of Africa to observe 
and photograph the stars near a solar eclipse as a test of Einstein's general theory of relativity 
She said of the lecture: 'The result was a complete transformation of my world picture. [...] My 
world had been so shaken that I experienced something very like a nervous breakdown. She 
completed her studies, but was not awarded a degree because of her sex; Cambridge did not 
grant degrees to women until 1948. 
 
Payne realized that her only career option in the U.K. was to become a teacher, so she looked for 
grants that would enable her to move to the United States. After being introduced to Harlow 
Shapley, the Director of the Harvard College Observatory, where he had just established a 
graduate program in astronomy, she left England in 1923. This was made possible by a 
fellowship to encourage women to study at the observatory. Adelaide Ames had become the first 
student on the fellowship in 1922; the second was Payne.  
 

Doctoral thesis 
 
Shapley persuaded Payne to write a doctoral dissertation, and so in 1925 she became the first 
person to earn a PhD in astronomy from Radcliffe College of Harvard University. Her thesis was 
"Stellar Atmospheres; a Contribution to the Observational Study of High Temperature in the 
Reversing Layers of Stars." 
 
Payne was able to accurately relate the spectral classes of stars to their actual temperatures by 
applying the ionization theory developed by Indian physicist Meghnad Saha. She showed that the 
great variation in stellar absorption lines was due to differing amounts of ionization at different 
temperatures, not to different amounts of elements. She found that silicon, carbon, and other 
common metals seen in the Sun's spectrum were present in about the same relative amounts as 
on Earth, in agreement with the accepted belief of the time, which held that the stars had 
approximately the same elemental composition as the Earth. However, she found that helium and 
particularly hydrogen were vastly more abundant (for hydrogen, by a factor of about one million). 
Her thesis concluded that hydrogen was the overwhelming constituent of stars (see Metallicity), 
making it the most abundant element in the Universe. 
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However, when Payne's dissertation was reviewed, astronomer Henry Norris Russell, who stood 
by the theories of American physicist Henry Rowland, dissuaded her from concluding that the 
composition of the Sun was predominantly hydrogen because it would contradict the current 
scientific consensus that the elemental composition of the Sun and the Earth were similar.  
 
In 1914, he had written in an academic article: The agreement of the solar and terrestrial lists is 
such as to confirm very strongly Rowland’s opinion that, if the Earth’s crust should be raised to 
the temperature of the Sun’s atmosphere, it would give a very similar absorption spectrum. The 
spectra of the Sun and other stars were similar, so it appeared that the relative abundance of 
elements in the universe was like that in Earth’s crust. 
 
Payne consequently described her results as "spurious." A few years later, astronomer Otto 
Struve described her work as "the most brilliant PhD thesis ever written in astronomy." Russell 
also realized she was correct when he derived the same results by different means. In 1929, he 
published his findings in a paper that admiringly acknowledged Payne's earlier work and 
discovery; nevertheless, he is often credited for the conclusions she reached.  
 

Career 
 
After her doctorate, Payne studied stars of high luminosity in order to understand the structure of 
the Milky Way. Later she surveyed all stars brighter than the tenth magnitude. She then studied 
variable stars, making over 1,250,000 observations with her assistants. This work later was 
extended to the Magellanic Clouds, adding a further 2,000,000 observations of variable stars. 
These data were used to determine the paths of stellar evolution. She published her conclusions 
in her second book, Stars of High Luminosity (1930). Her observations and analysis of variable 
stars, carried out with her husband, Sergei Gaposchkin, laid the basis for all subsequent work on 
such objects.  
 
Payne-Gaposchkin remained scientifically active throughout her life, spending her entire 
academic career at Harvard. When she began, women were barred from becoming professors at 
Harvard, so she spent years doing less prestigious, low-paid research jobs. Nevertheless, her 
work resulted in several published books, including The Stars of High Luminosity (1930), Variable 
Stars (1938) and Variable Stars and Galactic Structure (1954). Shapley had made efforts to 
improve her position, and in 1938 she was given the title of "Astronomer." On Payne's request, 
her title was later changed to Phillips Astronomer. She was elected a Fellow of the American 
Academy of Arts and Sciences in 1943. Her courses were not recorded in the Harvard University 
catalogue until 1945.  
 
When Donald Menzel became Director of the Harvard College Observatory in 1954, he tried to 
improve her appointment, and in 1956 she became the first woman to be promoted to full 
professor from within the faculty at Harvard's Faculty of Arts and Sciences. Later, with her 
appointment to the Chair of the Department of Astronomy, she also became the first woman to 
head a department at Harvard.  
 
Her students included Helen Sawyer Hogg, Joseph Ashbrook, Frank Drake, Harlan Smith and 
Paul W. Hodge, all of whom made important contributions to astronomy. She also supervised 
Frank Kameny, who became a prominent advocate of gay rights.  
 
Payne-Gaposchkin retired from active teaching in 1966 and was subsequently appointed 
Emeritus Professor of Harvard. She continued her research as a member of staff at the 
Smithsonian Astrophysical Observatory, as well as editing the journals and books published by 
Harvard Observatory for twenty years.  
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Legacy 

 
Payne's career marked a turning point at Harvard College Observatory. Under the direction of 
Harlow Shapley and Dr E. J. Sheridan (whom Payne-Gaposchkin described as a mentor), the 
observatory had already offered more opportunities in astronomy to women than did other 
institutions, and notable achievements had been made earlier in the century by Williamina  
Fleming, Antonia Maury, Annie Jump Cannon, and Henrietta Swan Leavitt. However, with 
Payne's PhD, women entered the mainstream. 
 
The trail she blazed into the largely male-dominated scientific community was an inspiration to 
many. For example, she became a role model for astrophysicist Joan Feynman. Feynman's 
mother and grandmother had dissuaded her from pursuing science, since they believed women 
were not physically capable of understanding scientific concepts. Feynman was later inspired by 
Payne-Gaposchkin when she came across some of her work in an astronomy textbook. Seeing 
Payne-Gaposchkin's research published in this way convinced Feynman that she could, in fact, 
follow her scientific passions.  
 
While accepting the Henry Norris Russell Prize from the American Astronomical Society, Payne 
spoke of her lifelong passion for research: "The reward of the young scientist is the emotional 
thrill of being the first person in the history of the world to see something or understand 
something. Nothing can compare with that experience [...] The reward of the old scientist is the 
sense of having seen a vague sketch grow into a masterly landscape."  
 

Personal life 
 
In her autobiography, Payne tells that while in school she created an experiment on the efficacy 
of prayer by dividing her exams in two groups, praying for success only on one, the other one 
being a control group. She achieved the higher marks in the latter group. Later on, she became 
an agnostic. 
 
In 1931, Payne became an American citizen. On a 
tour through Europe in 1933, she met Russian-
born astrophysicist Sergei I. Gaposchkin in 
Germany. She helped him get a visa to the United 
States, and they married in March 1934, settling in 
the historic town of Lexington, Massachusetts, a 
short commute from Harvard. Payne added her 
husband's name to her own, and the Payne-
Gaposchkins had three children: Edward, 
Katherine and Peter. Payne's daughter remembers 
her as "an inspired seamstress, an inventive 
knitter, and a voracious reader." Payne and her 
family were members of the First Unitarian Church 
in Lexington, where Cecilia taught Sunday school. 
She was also active with the Quakers. She died at 
her home in Cambridge, Massachusetts, on 
December 7, 1979. Shortly before her death, 
Payne had her autobiography privately printed as 
The Dyer's Hand. It was later reprinted as Cecilia 
Payne-Gaposchkin: an autobiography and other recollections.  
 
Payne's younger brother, Humfry Payne (1902–1936), who married author and film critic Dilys 
Powell, became director of the British School of Archaeology at Athens. Payne's granddaughter 
Cecilia Gaposchkin is a professor of French history at Dartmouth College.  
 

https://en.m.wikipedia.org/wiki/Williamina_Fleming
https://en.m.wikipedia.org/wiki/Williamina_Fleming
https://en.m.wikipedia.org/wiki/Antonia_Maury
https://en.m.wikipedia.org/wiki/Annie_Jump_Cannon
https://en.m.wikipedia.org/wiki/Henrietta_Swan_Leavitt
https://en.m.wikipedia.org/wiki/Joan_Feynman
https://en.m.wikipedia.org/wiki/Henry_Norris_Russell_Lectureship
https://en.m.wikipedia.org/wiki/American_Astronomical_Society
https://en.m.wikipedia.org/wiki/Efficacy_of_prayer
https://en.m.wikipedia.org/wiki/Efficacy_of_prayer
https://en.m.wikipedia.org/wiki/Agnosticism
https://en.m.wikipedia.org/wiki/American_citizen
https://en.m.wikipedia.org/w/index.php?title=Sergei_I._Gaposchkin&action=edit&redlink=1
https://en.m.wikipedia.org/wiki/Lexington,_Massachusetts
https://en.m.wikipedia.org/wiki/Unitarian_Universalism
https://en.m.wikipedia.org/wiki/Society_of_Friends
https://en.m.wikipedia.org/wiki/Humfry_Payne
https://en.m.wikipedia.org/wiki/Dilys_Powell
https://en.m.wikipedia.org/wiki/Dilys_Powell
https://en.m.wikipedia.org/wiki/British_School_at_Athens


 

Page  28 

Procyon 

From Wikipedia, the free encyclopedia 
 

Procyon /ˈproʊsiɒn/ is the brightest object in the constellation of Canis Minor and usually the 
eighth-brightest star in the night sky with a visual apparent magnitude of 0.34. It has the Bayer 
designation α Canis Minoris, which is Latinised to Alpha Canis Minoris, and abbreviated α 
CMi or Alpha CMi, respectively. As determined by the European Space Agency Hipparcos 
astrometry satellite, this system lies at a distance of just 11.46 light-years (3.51 parsecs), and is 
therefore one of Earth's nearest stellar neighbours.  
 
A binary star system, Procyon consists of a white-hued main-sequence star of spectral type F5 IV
–V, designated component A, in orbit with a faint white dwarf companion of spectral type DQZ,

 

named Procyon B. The pair orbit each other with a period of 40.8 years and an eccentricity of 0.4. 
  

Observation 

 
Procyon (bottom right star),  
Betelgeuse (bottom left star), and Sirius 
(top star) form the Winter Triangle. Orion is 
to the left. 
 
Procyon is usually the eighth-brightest star 
in the night sky, culminating at midnight on 
January 14. It forms one of the three 
vertices of the Winter Triangle asterism, in 
combination with Sirius and Betelgeuse. 
The prime period for evening viewing of 
Procyon is in late winter in the northern 
hemisphere.  
 
It has a color index of 0.42, and its hue has 

been described as having a faint yellow tinge to it.  
 

Stellar system  

 
Procyon is a binary star system with a bright primary component, Procyon A, having an apparent 
magnitude of 0.34, and a faint companion, Procyon B, at magnitude 10.7. The pair orbit each 
other with a period of 40.82 years along an elliptical orbit with an eccentricity of 0.407, more 
eccentric than Mercury's. The plane of their orbit is inclined at an angle of 31.1° to the line of sight 
with the Earth.  
 
The average separation of the two components is 15.0 AU, a little less than the distance between 
Uranus and the Sun, though the eccentric orbit carries them as close as 8.9 AU and as far as 
21.0 AU.  
 
Procyon A 
The primary has a stellar classification of F5IV–V, indicating that it is a late-stage F-type main-
sequence star. Procyon A is bright for its spectral class, suggesting that it is evolving into a 
subgiant that has nearly fused its hydrogen core into helium, after which it will expand as the 
nuclear reactions move outside the core. As it continues to expand, the star will eventually swell 
to about 80 to 150 times its current diameter and become a red or orange color. This will 
probably happen within 10 to 100 million years.  
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… Procyon 
 
The effective temperature of the 
stellar atmosphere is an estimated 
6,530 K, giving Procyon A a white 
hue. It is 1.5 times the solar mass 

(M☉), twice the solar radius (R☉), 
and has 7 times the Sun's 

luminosity (L☉). Both the core and 
the envelope of this star are 
convective; the two regions being 
separated by a wide radiation zone.  
 
Oscillations 
 
In late June 2004, Canada's orbital 
MOST satellite telescope carried 
out a 32-day survey of Procyon A. 
The continuous optical monitoring 
was intended to confirm solar-like 
oscillations in its brightness 
observed from Earth and to permit 
asteroseismology. No oscillations 

were detected and the authors concluded that the theory of stellar oscillations may need to be 
reconsidered. However, others argued that the non-detection was consistent with published 
ground-based radial velocity observations of solar-like oscillations.  
 
Photometric measurements from the NASA Wide Field Infrared Explorer (WIRE) satellite from 
1999 and 2000 showed evidence of granulation (convection near the surface of the star) and 
solar-like oscillations. Unlike the MOST result, the variation  seen in the WIRE photometry was in 
agreement with radial velocity measurements from the ground.  
 
Procyon B 
 
Like Sirius B, Procyon B is a white dwarf that was inferred from astrometric data long before it 
was observed. Its existence had been postulated by German astronomer Friedrich Bessel as 
early as 1844, and, although its orbital elements had been calculated by his countryman Arthur 
Auwers in 1862 as part of his thesis, Procyon B was not visually confirmed until 1896 when John 
Martin Schaeberle observed it at the predicted position using the 36-inch refractor at Lick 
Observatory. It is more difficult to observe from Earth than Sirius B, due to a greater apparent 
magnitude difference and smaller angular separation from its primary.  
 

At 0.6 M☉, Procyon B is considerably less massive than Sirius B; however, the peculiarities of 
degenerate matter ensure that it is larger than its more famous neighbor, with an estimated 
radius of 8,600 km, versus 5,800 km for Sirius B. The radius agrees with white dwarf models that 
assume a carbon core. It has a stellar classification of DQZ, having a helium-dominated 
atmosphere with traces of heavy elements. For reasons that remain unclear, the mass of 
Procyon B is unusually low for a white dwarf star of its type. With a surface temperature of 
7,740 K, it is also much cooler than Sirius B; this is a testament to its lesser mass and greater 

age. The mass of the progenitor star for Procyon B was about 2.59+0.22 −0.18 M☉ and it came to 
the end of its life some 1.19±0.11 billion years ago, after a main-sequence lifetime of 
680±170 million years.  
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… Procyon 

 

X-ray Emission 
 
Attempts to detect X-ray emission from Procyon with nonimaging, soft X-ray–sensitive detectors 
prior to 1975 failed. Extensive observations of Procyon were carried out with the Copernicus and 
TD-1A satellites in the late 1970s. The X-ray source associated with Procyon AB was observed 
on April 1, 1979, with the Einstein Observatory high-resolution imager (HRI). The HRI X-ray point 
like source location is ~4" south of Procyon A, on the edge of the 90% confidence error circle, 
indicating identification with Procyon A rather than Procyon B which was located about 5" north of 
Procyon A (about 9" from the X-ray source location).  
 

Etymology and cultural significance 

 
α Canis Minoris (Latinised to Alpha Canis Minoris) is the star's Bayer designation.  
The name Procyon comes from the Ancient Greek Προκύων (Prokyon), meaning "before the 
dog", since it precedes the "Dog Star" Sirius as it travels across the sky due to Earth's rotation. 
(Although Procyon has a greater right ascension, it also has a more northerly declination, which 
means it will rise above the horizon earlier than Sirius from most northerly latitudes.) In Greek 
mythology, Procyon is associated with Maera, a hound belonging to Erigone, daughter of Icarius 
of Athens. In 2016, the International Astronomical Union organized a Working Group on Star 
Names (WGSN) to catalog and standardize proper names for stars. The WGSN's first  bulletin of 
July 2016 included a table of the first two batches of names approved by the WGSN; which 
included Procyon for the star α Canis Minoris A.  
 
The two dog stars are referred to in the most ancient literature and were venerated by the 
Babylonians and the Egyptians, In Babylonian mythology, Procyon was known as Nangar (the 
Carpenter), an aspect of Marduk, involved in constructing and organising the celestial sky.  
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… Procyon 
The constellations in Macedonian folklore represented agricultural items and animals, reflecting 
their village way of life. To them, Procyon and Sirius were Volci "the wolves", circling hungrily 
around Orion which depicted a plough with oxen.  
 
Rarer names are the Latin translation of Procyon, Antecanis, and the Arabic-derived names 
Al Shira and Elgomaisa. Medieval astrolabes of England and Western Europe used a variant of 
this, Algomeiza/Algomeyza. Al Shira derives from  الشعرى الشاميةaš-ši‘ra aš-šamiyah, "the Syrian 
sign" (the other sign being Sirius; "Syria" is supposedly a reference to its northern location 
relative to Sirius); Elgomaisa derives from  الغميصاءal-ghumaisa’ "the bleary-eyed (woman)", in 
contrast to " العبورthe teary-eyed (woman)", which is Sirius. (See Gomeisa.) At the same time this 
name is synonymous with the Turkish name "Rumeysa", and it is a commonly used name in 
Turkey.  
 

In Chinese, 南河 (Nán Hé), meaning South River, refers to an asterism consisting of Procyon, ε 

Canis Minoris and β Canis Minoris. Consequently, Procyon itself is known as 南河三 (Nán Hé 

sān, English: the Third Star of South River). It is part of the Vermilion Bird.  
 
The Hawaiians saw Procyon as part of an asterism Ke ka o Makali'i ("the canoe bailer of 
Makali'i") that helped them navigate at sea. Called Puana ("blossom"), it formed this asterism with 
Capella, Sirius, Castor, and Pollux. In Tahitian lore, Procyon was one of the pillars propping up 
the sky, known as Anâ-tahu'a-vahine-o-toa-te-manava ("star-the-priestess-of-brave-heart"), the 
pillar for elocution. The Maori knew the star as Puangahori.  
 
Procyon appears on the flag of Brazil, symbolising the state of Amazonas. The Kalapalo people 
of Mato Grosso state in Brazil called Procyon and Canopus Kofongo ("Duck"), with Castor and 
Pollux representing his hands. The asterism's appearance signified the coming of the rainy 
season and increase in food staple manioc, used at feasts to feed guests.  
 
Known as Sikuliarsiujuittuq to the Inuit, Procyon was quite significant in their astronomy and 
mythology. Its eponymous name means "the one who never goes onto the newly formed sea-
ice", and refers to a man who stole food from his village's hunters because he was too obese to 
hunt on ice. He was killed by the other hunters who convinced him to go on the sea ice. Procyon 
received this designation because it typically appears red (though sometimes slightly greenish) 
as it rises during the Arctic winter; this red color was associated with Sikuliarsiujuittuq's bloody 
end.  
 

View from this system 
 
Were the Sun to be observed from this star system, it would appear to be a magnitude 2.55 star 
in the constellation Aquila with the exact opposite 
coordinates at right ascension 19

h
 39

m
 18.11950

s
, 

declination −05° 13′ 29.9552″. It would be as bright 
as β Scorpii is in our sky. Canis Minor would 
obviously be missing its brightest star.  
 
Procyon's closest neighboring star is Luyten's Star, 
about 1.12 ly (0.34 pc) away, and the latter would 
appear as a visual magnitude 2.7 star in the night 
sky of a hypothetical planet orbiting Procyon.  
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130 minutes, 3 Planets and 1 Star 

By John Gill 

On 15 January 2020 at 18:28 Saturn will be setting in the West. Eight minutes later the Sun 
follows. Mercury is just above the Sun, but will be lost in the glare of the Sun. Remember to wear 
the correct eye protection when looking at the Sun.  Mercury sets at 18:58. Higher up, directly 
West is Venus (now the “Evening star”). Venus has phases, much like our Moon. Venus is at 3/4 
and will set at 20:39 

Public Viewing Roster 

ASSA Durban 

 

Kindly Note: Public Viewing has been cancelled for a month or two, for the installation, setup, and 

configuration of ASSA’s new 11” Celestron SCT telescope. The new  telescope will on an equatorial mount 

with “GoTo”. There will be some top quality eyepieces which will deliver outstanding viewing.  Follow us on 

ASSA Durban’s Facebook page and website, www.astronomydurban.co.za for further updates. 
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The Month Ahead 

MEETINGS:  

 The next meeting will be held on Wednesday 8 January 2020 @ 19:30. 

 The speaker is unknown, but rest assured it will be interesting. 

 

MNASSA: 

 Monthly Notes of the Astronomical Society of Southern Africa.   

 Available at www.mnassa.org.za to download your free monthly copy. 

 

NIGHTFALL: 

 Fantastic astronomy magazine, go check it out.  

 Available from the ASSA website assa.saao.ac.za/sections/deep-sky/nightfall/  
 

MEMBERSHIP FEES & BANKING: 

 Members : R 170   

 Family Membership: R 200   

 Cheques: Please note no cheques will be accepted - pay by an EFT 

 EFT:  The Astronomical Society of Southern Africa - Natal Centre. 

 Bank:  Nedbank  

 Account No.  1352 027 674  

 Branch:  Durban North  

 Code  135 226  

 Reference: Please include your initials and surname  

 

RESIGNATIONS from ASSA - Please send an email immediately notifying the Secretary.  

 

POSTAL ADDRESS: 

 P.O. Box 20578, Durban North, 4016 or hand over to the treasurer. 
 

CONTACTS: 

 Chairman                                     Piet Strauss   (+27) 83 703 1626 

 Vice Chair             Debbie Abel   (+27) 83 326 4084 

 Secretary                                     Avril Soobramoney   (+27) 82 266 2600 

 Treasurer      Brian Finch  (+27) 82 924 1222 

 Observatory & Equipment      Mike Hadlow   (+27) 83 326 4085 

 Publicity & Librarian                            Clair Odhav   (+27) 83 395 5160 

 Out-Reach - Public    Sheryl Venter   (+27) 82 202 2874 

 Out-Reach - Schools                   Sihle Kunene   (+27) 83 278 8485 

 Special Projects                           Corinne Gill   (+27) 84 777 0208 

 St. Henry’s Marist College Liaison  Moya O`Donoghue  (+27) 82 678 1103 

 ‘nDaba Editor, Website & Facebook  John Gill    (+27) 83 378 8797  

 

ELECTRONIC DETAILS: 

 Website:  www.astronomydurban.co.za      

 Emails : AstronomyDurban@gmail.com 

 Instagram:  astronomydurban 

 Facebook:  Astronomical Society of Southern Africa, Durban Centre 

http://www.mnassa.org.za
assa.saao.ac.za/sections/deep-sky/nightfall/
http://www.astronomydurban.co.za/
mailto:astronomydurban@gmail.com
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2019 Year-end Party 
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