
�����������	�
����
���������
����
�����������

 Newsletter of the Sydney City Skywatchers                  Volume 10, Issue 5 Jan/Mar 2019 

 
 
 

The Astronomers' Bulletin 

 

In This Issue 
Jupiter ......................................................................... 1-3 
Solar Observations ..................................................... 3-8 
Crater Maury ............................................................ 9-10 

Voyager 2 ............................................................... 10-11 
 

thermal radiation leaking from the depths of Jupiter's 
persistent storm, the Great Red Spot, they detected the 
chemical signatures of water above the planet's 
deepest clouds. The pressure of the water, combined 
with their measurements of another oxygen-bearing 
gas, carbon monoxide, imply that Jupiter has 2 to 9 
times more oxygen than the Sun. The finding supports 
theoretical and computer-simulation models that have 
predicted abundant water (H2O) on Jupiter made of 
oxygen (O) tied up with molecular hydrogen (H2). 
 
The Great Red Spot is full of dense clouds, which 
makes it hard for electromagnetic energy to escape 
and teach astronomers anything about the chemistry 
within. "It turns out they're not so thick that they block 
our ability to see deeply," said Bjoraker. "That's been 
a pleasant surprise." 

For centuries, scientists have worked to understand 
the makeup of Jupiter. It's no wonder: this mysterious 
planet is the biggest one in our solar system by far, 
and chemically, the closest relative to the Sun. 
Understanding Jupiter is key to learning more about 
how our solar system formed, and even about how 
other solar systems develop. 
 
But one critical question has bedeviled astronomers 
for generations: Is there water deep in Jupiter's 
atmosphere, and if so, how much? 
 
Gordon Bjoraker, an astrophysicist at NASA's 
Goddard Space Flight Center, recently reported that 
he and his team have brought the Jovian research 
community closer to the answer. By looking from 
ground-based telescopes at wavelengths sensitive to 
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New spectroscopic technology gave the team a boost 
in peering deep inside Jupiter, which has an 
atmosphere thousands of miles deep. The data 
Bjoraker's team collected will supplement the 
information NASA's Juno spacecraft is gathering as it 
circles the planet from north to south every 53 days. 
 
Among other things, Juno is looking for water with its 
own infrared spectrometer and with a microwave 
radiometer that can probe deeper than anyone has seen 
- to 100 bars, or 100 times the atmospheric pressure at 
Earth's surface. (Altitude on Jupiter is measured in 
bars, which represent atmospheric pressure, since the 
planet does not have a surface, like Earth, from which 
to measure elevation.) 
 
If Juno returns similar water findings, thereby backing 
Bjoraker's ground-based technique, it could open a 
new window into solving the water problem, said 
Goddard planetary atmospheres expert Amy Simon."If 
it works, then maybe we can apply it elsewhere, like 
Saturn, Uranus or Neptune, where we don't have a 
Juno," she said. 
 
Water is a significant and abundant molecule in our 
solar system. It spawned life on Earth and now 
lubricates many of its most essential processes, 
including weather. It's a critical factor in Jupiter's 
turbulent weather, too, and in determining whether the 
planet has a core made of rock and ice. 
 
Jupiter is thought to be the first planet to have formed 
by siphoning the elements left over from the 
formation of the Sun as our star coalesced from an 
amorphous nebula into the fiery ball of gases we see 
today. A widely accepted theory until several decades 
ago was that Jupiter was identical in composition to 
the Sun; a ball of hydrogen with a hint of helium - all 
gas, no core. 
 
But evidence is mounting that Jupiter has a core, 
possibly 10 times Earth's mass. Spacecraft that 
previously visited the planet found chemical evidence 
that it formed a core of rock and water ice before it 
mixed with gases from the solar nebula to make its 
atmosphere. The way Jupiter's gravity tugs on Juno 
also supports this theory. There's even lightning and 
thunder on the planet, phenomena fueled by moisture. 
 
"The moons that orbit Jupiter are mostly water ice, so 
the whole neighborhood has plenty of water," said 
Bjoraker. "Why wouldn't the planet - which is this 
huge gravity well, where everything falls into it - be 
water rich, too?" 
 
The water question has stumped planetary scientists; 
virtually every time evidence of H2O materializes, 
something happens to put them off the scent. A 

favorite example among Jupiter experts is NASA's 
Galileo spacecraft, which dropped a probe into the 
atmosphere in 1995 that wound up in an unusually 
dry region. "It's like sending a probe to Earth, landing 
in the Mojave Desert, and concluding the Earth is 
dry," pointed out Bjoraker. 
 
In their search for water, Bjoraker and his team used 
radiation data collected from the summit of 
Maunakea in Hawaii in 2017. They relied on the most 
sensitive infrared telescope on Earth at the W.M. 
Keck Observatory, and also on a new instrument that 
can detect a wider range of gases at the NASA 
Infrared Telescope Facility. 
 
The idea was to analyze the light energy emitted 
through Jupiter's clouds in order to identify the 
altitudes of its cloud layers. This would help the 
scientists determine temperature and other conditions 
that influence the types of gases that can survive in 
those regions. 
 
Planetary atmosphere experts expect that there are 
three cloud layers on Jupiter: a lower layer made of 
water ice and liquid water, a middle one made of 
ammonia and sulfur, and an upper layer made of 
ammonia. 
 
To confirm this through ground-based observations, 
Bjoraker's team looked at wavelengths in the infrared 
range of light where most gases don't absorb heat, 
allowing chemical signatures to leak out. 
Specifically, they analyzed the absorption patterns of 
a form of methane gas. Because Jupiter is too warm 
for methane to freeze, its abundance should not 
change from one place to another on the planet. 
 
"If you see that the strength of methane lines vary 
from inside to outside of the Great Red Spot, it's not 
because there's more methane here than there," said 
Bjoraker, "it's because there are thicker, deep clouds 
that are blocking the radiation in the Great Red Spot." 
 
Bjoraker's team found evidence for the three cloud 
layers in the Great Red Spot, supporting earlier 
models. The deepest cloud layer is at 5 bars, the team 
concluded, right where the temperature reaches the 
freezing point for water, said Bjoraker, "so I say that 
we very likely found a water cloud." The location of 
the water cloud, plus the amount of carbon monoxide 
that the researchers identified on Jupiter, confirms 
that Jupiter is rich in oxygen and, thus, water. 
 
Bjoraker's technique now needs to be tested on other 
parts of Jupiter to get a full picture of global water 
abundance, and his data squared with Juno's findings. 
 
"Jupiter's water abundance will tell us a lot about how 
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Solar Observations 
by Monty Leventhal OAM & SCS President 
 

November 2018 Solar Report 
 

For the month of November 2018 all Sunspot activity 
once again on the Sun remained extremely low. 
 
A total of 20 Observations were made for the month 
with the remaining days being cloud covered or rain. 
This consisted of 15 days when the Sun was clear of 
Sunspot activity and 5 days with minor activity. 
 
On the 8th November UT a single Axx Sunspot were 
observed in AR 12725. The following day it had gone. 
 
No further Sunspots were seen until the 11th when a 
small Csi group was seen in AR12726 containing two 
penumbral spots and a single spot, they too had gone 
by the following day. 
 
A further single Axx spot was observed on the 16th in 
AR 12727 and by the following day it had grown to a 
Csi group containing 2 spots, one with a penumbra 
and one without. This group was seen very close to 
the equator indicating to me that a new solar cycle 
could possibly start within the next year. 
 
No further Sunspots could be seen for the rest of the 
month. 
 
The total average classification value for the month 
was 1.9. The total Relevant Sunspot Number was 3. 
 
PROMINENCES. Prominence activity remained 
constant on most days, though mostly faint. On the 
11th an active Arch type Prominence on the SW limb 
reached an approximate height of 65,000 km. and 
another Double column Prominence on the NE limb 
on the 23rd reached a height of 84,000km. 
 
Most Prominences observed once again were quiet 
faint and small. 
 
FLARES. No Flares or CMEs were seen for the 
whole month of observations. 

Solar Observations 
by Monty Leventhal OAM & SCS President 
 

October 2018 Solar Report 
 

For the month of October 2018 all Sunspot activity 
once again on the Sun remained extremely low. 
 
A total of 16 Observations were made for the month 
with the remaining days being cloud covered or rain. 
This consisted of 14 days when the Sun was clear of 
Sunspot activity and 2 days with minor activity also 1 
day when no observation was made. 
 
Most Prominences observed once again were quiet 
faint and small. 
 
No CMEs or Flares were seen. 
 
The total average classification value was 0.6. The 
total Relevant Sunspot Number was 2. 
 
On the 1st October UT a Small Cai group of Sunspots 
were observed in AR 12723, being the same group 
seen at the end of last month. 
 
Due to bad weather no further observations were 
made until the 12th when a single Axx spot was 
observed in AR 12724. 
 
Once again bad weather prevented solar observations 
until the 15th when no further Sunspot activity was 
seen for the rest of the month and all other activity 
remained very low. 
 
PROMINENCES. Prominence activity remained 
constant, though mostly faint. On the 10th an active 
Arch type Prominence on the SW limb reached an 
approximate height of 74,000 km. and another on the 
25th reached a similar height on the SE limb. 
 
On the 18th & 26th the Solar disc was completely clear 
of all activity. 
 
FLARES. No Flares were seen for the whole month 
of observations. 

the giant planet formed, but only if we can figure out 
how much water there is in the entire planet," said 
Steven Levin, a Juno project scientist at NASA's Jet 
Propulsion Laboratory. 
 
The image on page 1 of Jupiter's iconic Great Red 
Spot and surrounding turbulent zones was captured by 
NASA's Juno spacecraft. The color-enhanced image is 
a combination of three separate images taken on April 

1 as Juno performed its 12th close flyby of Jupiter. At 
the time the images were taken, the spacecraft was 
24,749-49,299 kms from the tops of the clouds of the 
planet at a southern latitude spanning 43.2 to 62.1º. 
 
 
NASA; Goddard Space Flight Center 
August, 2018 
Image credit: Gerald Eichstädt and Seán Doran  
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In recent decades the IAU set out to correct an old 
injustice; it began to name lunar craters after women 
of science. As the process of crater naming has been 
going on for 350 years there were, sadly, few 
unnamed craters of a decent size available – and the 
twenty or so commemorating women are rather 
inconspicuous. Perhaps the IAU considered renaming 
craters with legendary male names to commemorate 
"real" women - Atlas and Hercules say: clearly neither 
were men of science! If they did, they rejected this 
option. 
 
However, in the case of crater Maury they accepted a 
compromise: for the crater was firstly named for male 
oceanographer Matthew F Maury – and subsequently 
shared with Antonia Maury of stellar spectra fame.  
This crater then memorialises two people of science 
with the same surname, who were in fact cousins. 
 
And crater Maury is one of the more conspicuous 
"female" craters, being well placed for viewing at first 
quarter moon, not far south of the two Greeks 
mentioned above. And appropriately Maury is a fresh 
bright crater imprinted on very ancient terrain: 
resulting in landforms with both "something old" and 
"something new" (Fig). 
 
Maury is sited on the NE shore of Lacus Somniorum, 
the Lake of Dreams, (one of Riccioli's moody names) 
a basalt flooded patch joined to the larger Sea of 

Serenity to the SW. Somniorum may have resulted 
when lava, flooding the Serenity impact basin, spread 
to nearby low areas, forming the dreamy lake that is 
not, itself, an impact basin. These lavas are old, 3.5By 
at least, and shallow. Here and there rims of partly 
submerged craters are seen, smoothed and degraded 
by basin ejecta-storms and nearby cratering. 
 
Such lunar weathering had, it seems, left a plateau 
between the ancient hexagonal crater Maury C and 
two unnamed and older craters labelled (N) and (S) on 
the sketch – and for eons the plateau remained until, a 
mere billion years ago, the Maury impactor scored a 
bullseye on it. An oblique impact perhaps, as I 
recorded some out-of-roundness in Maury's shape 
(slippage of the north rim maybe). 
 
Maury is bright, fresh, and almost 18 km in diameter. 
Surprisingly, the Maury impact did not demolish the 
eastern rim of the older crater Maury C – its rim still 
stands as if nothing had happened! The south rim of 
crater (N) however seems to have collapsed into 
various slippage forms like toes. And crater (S) has 
been partly covered by Maury's impact. This site's 
history makes for an interesting mix of lunar 
landforms – well worth a telescopic visit. 
 
Antonia Maury was one of Pickering's "Harvard 
Computers", the group of women who compiled the 
Draper Catalogue of stellar spectra. It was crucial 
work -underpinning all modern astronomy. Antonia 
was educated at Vassar College, graduating in 1887, 
when she joined the Harvard team - classifying stellar 
spectra and developing a more comprehensive system. 
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At the age of 77 she was awarded the Cannon Medal, 
named for her colleague Annie Cannon. 
 
Antonia Maury's dates are 1866 to 1952; a life 
spanning almost unimaginable changes – from horse 
and buggy to rocket propulsion! 
 
As one biography says, she “was a women ahead of 
her time – her system was the stepping stone to 

Voyager 2 Goes Interstellar 
 
Australia's national science agency, CSIRO, is 
supporting NASA's Voyager 2 spacecraft as it enters 
interstellar space – becoming only the second 
spacecraft, after its twin Voyager 1, to reach this 
milestone. 
 
Voyager 2 is approximately 18 billion kilometres 
from Earth. Voyager mission scientists have been 
closely monitoring the spacecraft for signs that it has 
exited the 'heliosphere', a protective bubble created by 
our Sun as we move through our galaxy. 
 
NASA has announced that on 5 November 2018, 
Voyager 2 crossed the outer edge of the heliosphere to 
reach the space between the stars. 
 
On 8 November 2018, CSIRO's Parkes radio 
telescope joined NASA's Canberra Deep Space 
Communication Complex (CDSCC), part of NASA's 
Deep Space Network, to receive unique and historic 
data from Voyager 2. 
 
This provides a clearer picture of the environment 
through which Voyager 2 is travelling. The Parkes 
telescope will continue to receive downlink data into 
early 2019. 
 
NASA has engaged the Parkes telescope to support 
receiving this historic data from Voyager 2 while 
CDSCC is busy with communications for other deep 
space missions that are making their own important 
encounters during this period, such as New Horizons' 
flyby of the most distant object yet to be explored by a 
spacecraft, that occurred on New Year's Day. 
 
Because of Voyager 2's location and distance from 
Earth, CDSCC and the Parkes telescope are the only 
facilities in the world that are capable of having 
contact with the spacecraft. 
 
Voyager 2 isn't able to record its data on board – it 
transmits it directly from the instruments back to 
Earth – making it essential to receive as much of this 
vital data as possible. 

CSIRO Chief Executive Dr Larry Marshall said 
CSIRO was here to solve the greatest challenges with 
science. 
 
"So we're proud to help NASA solve the scientific 
challenge of capturing this once in a lifetime 
opportunity as Voyager 2 ventures into interstellar 
space," Dr Marshall said. 
 
"Our team at Parkes has partnered with NASA on 
some of humanity's most momentous steps in space, 
including the landing of the Mars Rover Curiosity 
and, almost fifty years ago, the Apollo 11 Moon 
landing. 
 
"Our long-standing relationship with NASA stretches 
back more than 50 years, creating breakthrough 
solutions from science, and fuelled by our shared 
ambition to push the boundaries of exploration to 
benefit life back on Earth." 
 
CSIRO Director of Astronomy and Space Science Dr 
Douglas Bock explained how the additional support 
from Parkes would track Voyager 2. 
 
"The Canberra Deep Space Communication Complex, 
which CSIRO operates on behalf of NASA, has been 
providing command, telemetry and control for the 
twin Voyager spacecraft since their launch in 1977," 
Dr Bock said. 
 
"NASA has engaged our 64-metre Parkes radio 
telescope to 'combine forces' with CDSCC's 70-metre 
antenna, Deep Space Station 43 (DSS43), to capture 
as much scientifically valuable data as possible during 
this critical period. 
 
"The Parkes telescope will be tracking Voyager 2 for 
11 hours a day while the spacecraft is observable from 
Parkes. CDSCC's DSS43 will also track Voyager 2 for 
a number of hours both before and after Parkes, 
expanding the available observation time. 
 
"This is a highlight of CSIRO's decades' worth of 
experience operating large, complex spacecraft 
tracking and radio astronomy infrastructure." 

discoveries that constitute the very foundation of 
modern stellar astrophysics”. 
 
Search out crater Maury - you will find it's worth the 
trip! 
 
Harry Roberts 
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Voyager 1 crossed into interstellar space in 2012, 
while Voyager 2 has been on a different trajectory 
through our solar system. 
 
On its journey, Voyager 2 has famously flown past 
Jupiter (in 1979), Saturn (in 1981), Uranus (in 1986) 
and Neptune (in 1989), returning valuable images and 
data. 
 

For NASA's latest mission updates on the progress of 
Voyager 2 visit voyager.jpl.nasa.gov 
 
Below is an artist's image of the Voyager 2 spacecraft.  
 
CSIRO 
December, 2018 
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Sydney City Skywatchers 
Club Meetings 

 

Ordinary Meeting: 6:30 pm, 1st Monday of 
each month, Sydney Observatory. 
 
Committee Meeting: 6:00 pm, 3rd Wednesday 
of each month, Sydney Observatory 

Everyone is invited to submit articles, reports and 
photos of astronomical interest.  
 
Items should be about 500 to 1000 words (plain 
text format if on CD/email).  
 
Diagrams must be in black ink.  
 
Contributors wishing their work returned must 
supply a S.A.S.E. for hardcopy submissions. 
 
Your feedback about The Astronomers' Bulletin is 
needed and appreciated.  
 
Members may submit advertisements (For sale, 
Wanted, etc approx 5 lines) free of charge, which 
will be published for 3 issues unless withdrawn or 
renewed. 

Sydney City Skywatchers  
 

www.sydneycityskywatchers.asn.au 
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