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proved that fast radio bursts are coming from the other 
side of the Universe rather than from our own galactic 
neighbourhood." 
 
Co-author Dr Jean-Pierre Macquart, from the Curtin 
University node of the International Centre for Radio 
Astronomy Research said bursts travel for billions of 
years and occasionally pass through clouds of gas.   
 
"Each time this happens, the different wavelengths 
that make up a burst are slowed by different amounts," 
he said. 
 
"Eventually, the burst reaches Earth with its spread of 
wavelengths arriving at the telescope at slightly 
different times, like swimmers at a finish line. 
 
"Timing the arrival of the different wavelengths tells 
us how much material the burst has travelled through 
on its journey. 
 
"And because we've shown that fast radio bursts come 

Using the Australian researchers using a CSIRO radio 
telescope in Western Australia have nearly doubled 
the known number of 'fast radio bursts' - powerful 
flashes of radio waves from deep space. 
 
The team's discoveries include the closest and 
brightest fast radio bursts ever detected. 
 
Fast radio bursts come from all over the sky and last 
for just milliseconds. 
 
Scientists don't know what causes them but it must 
involve incredible energy - equivalent to the amount 
released by the Sun in 80 years. 
 
"We've found 20 fast radio bursts in a year, almost 
doubling the number detected worldwide since they 
were discovered in 2007," Dr Ryan Shannon, from 
Swinburne University of Technology said. 
 
"Using the new technology of the Australia Square 
Kilometre Array Pathfinder (ASKAP), we've also 
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from far away, we can use them to detect all the 
missing matter located in the space between galaxies 
which is a really exciting discovery." 
 
CSIRO's Dr Keith Bannister, who engineered the 
systems that detected the bursts, said ASKAP's 
phenomenal discovery rate is down to two things. 
"The telescope has a whopping field of view of 30 
square degrees, 100 times larger than the full Moon," 
he said. 
 
"And, by using the telescope's dish antennas in a 
radical way, with each pointing at a different part of 
the sky, we observed 240 square degrees all at once -
about a thousand times the area of the full Moon. 
"ASKAP is astoundingly good for this work." 
 
Dr Shannon said we now know that fast radio bursts 
originate from about halfway across the Universe but 
we still don't know what causes them or which 
galaxies they come from. 
 
The team's next challenge is to pinpoint the locations 
of bursts on the sky. 
 
"We'll be able to localise the bursts to better than a 
thousandth of a degree," Dr Shannon said. 
 
"That's about the width of a human hair seen 10 
metres away, and good enough to tie each burst to a 
particular galaxy." 
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Magnificent Gassendi sits on the edge of Mare 
Humorum: the Sea of "Moisture"? This has always 
struck me as an odd modern translation. Consult a 
Latin scholar and we find that "mood states", not 
moisture, is the correct translation. The name 
Humorum originated with Riccioli (1652) who used 
similar names like Tranquility and Serentity for his 
other 'Seas'. 
 

 
ASKAP is located at CSIRO's Murchison Radio-
astronomy Observatory in Western Australia, and is 
a precursor for the future Square Kilometre Array 
(SKA) telescope. 
 
The SKA could observe large numbers of fast radio 
bursts, giving astronomers a way to study the early 
Universe in detail.  
 
The image on page 1 shows the dishes of CSIRO's 
Australian Square Kilometre Array Pathfinder in 
'fly's-eye mode'. The image on this page is a night 
view of the ASKAP antennas.  
 
CSIRO 
Photo credits: CSIRO, Kim Steel, Alex Cherney 
11 Oct 2018 
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A first sketch in 2001 (Fig RHS) was an attempt to 
capture some of the detail visible in the eyepiece. A 
later effort, in 2002, hoped to capture some of the 
moody lighting of the crater's interior. 
 
Gassendi is an ancient impact crater, of the Lower 
Imbrium or Nectarian Era, like Petavius or vast 
Humboldt, with which it shares similar landforms. It is 
one of Charles Wood's "FFC craters" i.e a 'floor 
fractured crater'. These are craters associated with 
basin sites where uplift from below has caused their 
floors to become convex upward, rather than the more 
usual concave floor. Lava flooding, concentric 
fractures, radial fractures and rilles also result. These 
effects are due it seems to lava inundation of basin-
fractured terrain: something more likely in the distant 
past – but may still be on-going . 
 
Gassendi is tilted downward toward the centre of 
Humorum and basin lava flows have partly inundated 
the crater floor as far as the chain of mountains and 
rilles that are concentric with the crater's southern wall. 
This is an unusual barrier:  high-resolution images 
show most of Gassendi's floor is strewn with what may 
be pyroclastic debris; likely from the Orientale impact 
some 1400km away to the NW. So Humorum lavas 
covered only a little of Gassendi's floor; the gap in its 
wall is arrowed in both Figs. 
 
In fact, Gassendi's crater walls seem also to have been 
breached near secondary crater A by Orientale Basin 
debris or some kind of rifting with a NW to SE trend. 

The uplifted central peaks of the original Gassendi 
impact remain shining brightly – as the locus for a 
network of radial and concentric rilles, some appear 
in the sketches. As well, three or maybe 4 tiny bright 
craters can be seen against the debris strewn floor of 
the great crater: all of recent origin. 
 
Gassendi is 110km in diameter and it walls rise 
almost 2km. When again sketched a year later (Fig 
LHS) a much more moody impression resulted: the 
central peaks now cast long shadows across 50km to 
paint triangular marks on the lower terrace of its 
western wall. The crater's NE rim also casts a very 
long shadow westward; the rim is highest there. Yet 
note how the shadows cast by its eastern wall shorten 
in length towards the south – until the rim near the 
arrow (Fig LHS) disappears below the Mare 
Humorum lava flows – and where, in fact, mare lava 
entered the crater floor. 
 
Mare ridges, or Dorsa, abound in Mare Humorum – 
mainly on the eastern side (not shown) – while one 
can be seen in Fig (RHS) arising at the narrow gap in 
Gassendi's  southern wall (Fig LHS). A little of the 
complex western shore of Humorum is seen in the 
2001 sketch. It is here that mare lava flows came up 
against the Leibig Scarp (triangle arrows) and froze 
in place; some most unusual lunar terrain! 
 
Enjoy Gassendi and the 'Moody  Sea'! 
 
Harry Roberts 
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Solar Observations 
by Monty Leventhal OAM & SCS President 
 

September 2018 Solar Report 
 

Summing up for the month of September 2018 all activity once 
again on the Sun remained extremely low. 
 
A total of 18 Observations were made for the month with the 
remaining 12 days being cloud covered and/or rain. 
 
A total of only 2 groups were observed. This included one group 
in the north and one in the south, comprising of 2 spots in the 
north and 3 spots in the south giving a total of 5 Sunspots. 
 
This is the lowest Sunspot count since 2011 with the exception 
of January 2018 when there was only 4 Sunspots in 2 groups. 
 
The average 
R e l e v a n t 
Sunspot number 
for the month 
was 3 and the 
average CV was 
1.3 
 
Most Promi-
nence's observed 
once again were 
quiet faint. 
 
No CME's or 
F lares  were 
observed. 

Solar Observations 
by Monty Leventhal OAM & SCS 
President 
 

July 2018 Solar Report 
 

Due to bad weather the first observation of 
the month was made on the 2nd July UT. On 
that day no Sunspots could be seen. A 
Hedgerow type Prominence was observed 
on the NW limb reaching a height of about 
56,000km and stretched across the limb for 
about 205,000km. 
 
From then until the 10th no significant 
Prominences could be seen. All were small 
and quite faint. However on the 10th a faint 
Column type Prominence was observed on 
the SW limb reaching an approximate height 
of 102,000km. 
 
On the 16th a double Arch Prominence was 
seen on the NE limb a type Fork Prominence 
was seen on the SE both seemed to be 
stronger. 
 
A Filament was observed on the 20th and 
continued to be seen until the 28th as it 
rotated with the Sun from the east to the 
west. On the 29th it appeared as a 
Prominence on the NW limb. On that day 5 
Prominences were observed, the highest on 
the SE reaching 65,000km. 
 
The following day those same prominences 
were observed much fainter with a Column 
type Prominence in the SW reaching a 
height of 93,000. 
 
For the month of July 2018 all Sunspot 
activity once again on the Sun remained 
extremely low. A total of 26 Observations 
were made for the month with the remaining 
days being cloud covered. 
 
This is the first time I did not see any 
Sunspots for the whole month though 2 very 
faint separate groups was observed by the 
150ft Solar telescope at Mount Wilson. 
 
Most Prominences observed once again 
were quiet faint and small.  
No CMEs or Flares were seen. 
 
The total average classification value was 
zero. The total Relevant Sunspot Number 
was also 0.  
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Observations made with ESO's Very Large 
Telescope have for the first time revealed the 
effects predicted by Einstein's general 
relativity on the motion of a star passing 
through the extreme gravitational field near 
the supermassive black hole in the centre of 
the Milky Way. This long-sought result 
represents the climax of a 26-year-long 
observation campaign using ESO's telescopes 
in Chile. 
 
Obscured by thick clouds of absorbing dust, 
the closest supermassive black hole to the 
Earth lies 26,000 light-years away at the 
centre of the Milky Way. This gravitational 
monster, which has a mass four million times 
that of the Sun, is surrounded by a small 
group of stars orbiting around it at high 
speed. This extreme environment - the 
strongest gravitational field in our galaxy - 
makes it the perfect place to explore 
gravitational physics, and particularly to test 
Einstein's general theory of relativity. 
 
New infrared observations from the 
exquisitely sensitive GRAVITY, SINFONI 
and NACO instruments on ESO's VLT have 
now allowed astronomers to follow one of 
these stars, called S2, as it passed very close 
to the black hole during May 2018. At the 
closest point this star was at a distance of less 
than 20 billion kms from the black hole and 
moving at a speed in excess of 25 million 
kms per hour - almost three percent of the 
speed of light [1]. 
 
The team compared the position and velocity 
measurements from GRAVITY and 
SINFONI respectively, along with previous 
observations of S2 using other instruments, 
with the predictions of Newtonian gravity, 
general relativity and other theories of 
gravity. The new results are inconsistent with 
Newtonian predictions and in excellent 
agreement with the predictions of general 
relativity. 
 
These extremely precise measurements were 
made by an international team led by 
Reinhard Genzel of the Max Planck Institute 
for Extraterrestrial Physics in conjunction 
with collaborators around the world. The 

observations are the culmination of a 26-year series of ever-
more-precise observations of the centre of the Milky Way using 
ESO instruments. 
 
"This is the second time that we have observed the close 
passage of S2 around the black hole in our galactic centre. But 
this time, because of much improved instrumentation, we were 
able to observe the star with unprecedented resolution," 
explains Genzel. "We have been preparing intensely for this 
event over several years, as we wanted to make the most of this 
unique opportunity to observe general relativistic effects." 
 
The new measurements clearly reveal an effect called 
gravitational redshift. Light from the star is stretched to longer 
wavelengths by the very strong gravitational field of the black 
hole. And the change in the wavelength of light from S2 agrees 
precisely with that predicted by Einstein's theory of general 
relativity. This is the first time that this deviation from the 
predictions of the simpler Newtonian theory of gravity has been 
observed in the motion of a star around a supermassive black 
hole. 
 
The team used SINFONI to measure the velocity of S2 towards 
and away from Earth and the GRAVITY instrument in the VLT 
Interferometer to make extraordinarily precise measurements of 
the changing position of S2 in order to define the shape of its 
orbit. GRAVITY creates such sharp images that it can reveal 
the motion of the star from night to night as it passes close to 
the black hole - 26,000 light-years from Earth. 
 
"Our first observations of S2 with GRAVITY, about two years 
ago, already showed that we would have the ideal black hole 
laboratory," adds Frank Eisenhauer (MPE), Principal 
Investigator of GRAVITY and the SINFONI spectrograph. 
"During the close passage, we could even detect the faint glow 
around the black hole on most of the images, which allowed us 
to precisely follow the star on its orbit, ultimately leading to the 
detection of the gravitational redshift in the spectrum of S2." 
 
More than one hundred years after he published his paper 
setting out the equations of general relativity, Einstein has been 
proved right once more - in a much more extreme laboratory 
than he could have possibly imagined! 
 
Françoise Delplancke, head of the System Engineering 
Department at ESO, explains the significance of the 
observations: "Here in the Solar System we can only test the 
laws of physics now and under certain circumstances. So it's 
very important in astronomy to also check that those laws are 
still valid where the gravitational fields are very much 
stronger." 
 
Continuing observations are expected to reveal another 
relativistic effect very soon - a small rotation of the star's orbit, 
known as Schwarzschild precession - as S2 moves away from 
the black hole. 
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Xavier Barcons, ESO's Director General, concludes: 
"ESO has worked with Reinhard Genzel and his team 
and collaborators in the ESO Member States for over 
a quarter of a century. It was a huge challenge to 
develop the uniquely powerful instruments needed to 
make these very delicate measurements and to deploy 
them at the VLT in Paranal. The discovery announced 
today is the very exciting result of a remarkable 
partnership." 
 
Notes 
[1] S2 orbits the black hole every 16 years in a highly 
eccentric orbit that brings it within twenty billion kms 
- 120 times the distance from Earth to the Sun, or 
about four times the distance from the Sun to Neptune 
- at its closest approach to the black hole. This 

distance corresponds to about 1500 times the 
Schwarzschild radius of the black hole itself. 
 
The image above is an artist's impression showing the 
path of the star S2 as it passes very close to the 
supermassive black hole at the centre of the Milky 
Way. As it gets close to the black hole the very strong 
gravitational field causes the colour of the star to shift 
slightly to the red, an effect of Einstein's general 
theory of relativity. 
 
In this graphic the colour effect and size of the objects 
have been exaggerated for clarity. 
 

ESO July, 2018 
Image credit: ESO/M. Kornmesser 

A New Torricelli: An 
Amazing Ray!    

 
Just north of the huge Theophilus/Cyrillus complex, in 
Sinus Asperitatis (southern Tranquillitatis), sits the 
enigmatic crater Torricelli. Torricelli is pear-shaped, 
and apparently resulted when a larger crater 
overlapped an earlier, smaller one.  Or did it?  
 
I have glanced at Torricelli many times, but on the 
night of August 10 2005 I saw an incredible sight 
when the crater was close to the terminator. The 
elevation and azimuth of the Sun (at the site) caused a 
pair of diverging shadows to be cast by the northern 

and southern walls of the crater, westwards, towards 
the terminator. This produced the illusion that, I think, 
is called "Torricelli's Ray", a bright ray of light 
shining SW and flanked by narrow shadows.  
 
Remarkably the Ray appeared to intersect with 
shadows from low mare ridges near the terminator, 
giving the impression that the Ray turned southwards 
as it reached the terminator, where several dim lit 
ridges tattooed the landscape.  
 
 At the top or NE end of the crater, a dark cleft cut the 
rim and glacis. The strange Ray shining SW meant 
that the rim of Torricelli must have a gap at the pointy 
SE end, where the crater is narrowest, through which 
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early morning light 
illuminated the terrain 
beyond. The effect must 
depend on a favourable 
libration resulting in the 
Sun shining along 
Torricelli's long axis; 
p r e s u m a b l y  a n 
u n c o m m o n  e v e n t . 
Libration was a large 7º 
eastwards. 
 
Two ridges on the SE 
side of the crater cast 
dramatic shadows across 
the mare lava field. 
Further SW, in dim 
light, lay a curved 
fragment of the rim of 
Torricelli R, an ancient 
crater buried 3km deep 
in Asperitatus lavas.  
 
A low mound labelled T 
is actually a small 
Torricelli secondary 
crater.  The dark patch 
in the Ray just SW of 
Torricelli's rim is a small 
un-named secondary 
too.  
 
C o n s p i c u o u s 
secondaries A and F lie 
at the top of my 
drawing, atop some 
concentric ridges that 
may be part of buried 
Torricelli R. 
 
Inspired by the view and 
the unusual Ray, a 
follow-up observation 
was made the next 
evening and will be 
presented in a future 
article. 
 
Torricelli is named after 
Italian physicist and 
m a t h e m a t i c i a n 
Evangelista Torricelli 
who was born in 1608, 
and died in fabulous 
Florence only 39 years 
later. A student of 

Galileo, in his short life he discovered atmospheric pressure and invented the 
mercury barometer. 
 
Crater Torricelli is said to be of the Imbrium era, i.e. more than 3.2 billion years 
old. Yet Orbiter images show sharp, steep walls and very few small craters on its 
floor, and in a future article it will be suggested that it is linked with another 
famous and very young crater pair 20ºE of the site. 
 
Add Torricelli to your program. Happy Moonwatching! 
 
North, G. Observing the Moon –the Modern Astronomer’s Guide.  Cambridge Uni. 
Press. 2000. P 337. 
 
Wood, C. The Modern Moon – a Personal View. Sky Pub. 2003. P 114. 
 
Harry Roberts 
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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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