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stars orbiting the supermassive black hole at the 

centre of our galaxy was published last year. 

 

Almost twenty years ago, a team led by Swinburne 

University of Technology's Professor Bailes, started 

observing two stars rotating around each other at 

astonishing speeds with the CSIRO Parkes 64-metre 

radio telescope. One is a white dwarf, the size of the 

Earth but 300,000 times its density; the other is a 

neutron star which, while only 20 kilometres in 

diameter, is about 100 billion times the density of the 

Earth. The system, which was discovered at Parkes, is 

a relativistic-wonder system that goes by the name 

'PSR J1141-6545'. 

 

Before the star blew up (becoming a neutron star), a 

million or so years ago, it began to swell up 

discarding its outer core which fell onto the white 

dwarf nearby. This falling debris made the white 

dwarf spin faster and faster, until its day was only 

measured in terms of minutes. 

For An international team of astrophysicists led by 

Australian Professor Matthew Bailes, director of the 

ARC Centre of Excellence of Gravitational Wave 

Discovery (OzGrav), has found exciting new evidence 

for 'frame-dragging' - how the spinning of a celestial 

body twists space and time - after tracking the orbit of 

an exotic stellar pair for almost two decades. The data  

is further evidence for Einstein's Theory of General 

Relativity. 

 

More than a century ago, Albert Einstein published 

his iconic theory of General Relativity – that the force 

of gravity arises from the curvature of space and time 

and that objects, such as the Sun and the Earth, change 

this geometry.  

 

Advances in instrumentation have led to a flood of 

recent (Nobel prize-winning) science from 

phenomena further afield linked to General Relativity. 

The discovery of gravitational waves was announced 

in 2016; the first image of a black hole shadow and 
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In 1918 (three years after Einstein published his Theory), 

Austrian mathematicians Josef Lense and Hans Thirring 

realised that if Einstein was right all rotating bodies 

should 'drag' the very fabric of space time around with 

them. In everyday life, the effect is miniscule and almost 

undetectable.  

 

Earlier this century, the first experimental evidence for 

this effect was seen in gyroscopes orbiting the Earth, 

whose orientation was dragged in the direction of the 

Earth's spin. A rapidly spinning white dwarf, like the one 

in PSR J1141-6545, drags space-time 100 million times as 

strongly!  

 

A pulsar in orbit around such a white dwarf presents a 

unique opportunity to explore Einstein's theory in a new 

ultra-relativistic regime. 

 

Dr Vivek Venkatraman Krishnan (from Max Planck 

Institute for Radio Astronomy) was given the unenviable 

task of untangling all of the competing relativistic effects 

at play in the system as part of his PhD at Swinburne 

University of Technology. He noticed that unless he 

allowed for a gradual change in the orientation of the 

plane of the orbit, General Relativity made no sense. 

 

MPIfR's Dr Paulo Friere realised that frame-dragging of 

the entire orbit could explain their tilting orbit and the 

team presents compelling evidence in support of this, 

showing that General Relativity is alive and well, 

exhibiting yet another of its many predictions. 

 

The result is especially pleasing for team members Bailes, 

Willem van Straten (Auckland University of Tech) and 

Ramesh Bhat (ICRAR-Curtin) who have been trekking 

out to the Parkes 64m telescope since the early 2000s, 

patiently mapping the orbit with the ultimate aim of 

studying Einstein's Universe.  

 

Expert commentary: 

 

Vivek Venkatraman Krishnan:  

"At first, the stellar pair appeared to exhibit many of the 

classic effects that Einstein’s theory predicted. We then 

noticed a gradual change in the orientation of the plane of 

the orbit." 

 

"Pulsars are cosmic clocks. Their high rotational stability 

means that any deviations to the expected arrival time of 

its pulses is probably due to the pulsar's motion or due to 

the electrons and magnetic fields that the pulses 

encounter." 

 

"Pulsar timing is a powerful technique where we use 

atomic clocks at radio telescopes to estimate the arrival 

time of the pulses from the pulsar to very high precision. 

The motion of the pulsar in its orbit modulates the arrival 

time, thereby enabling its measurement." 

Dr Paulo Freire: 

"We postulated that this might be, at least in-part, 

due to the so-called 'frame-dragging' that all 

matter is subject to in the presence of a rotating 

body as predicted by the Austrian mathematicians 

Lense and Thirring in 1918." 

 

Professor Thomas Tauris, Aarhus University:   

"In a stellar pair, the first star to collapse is often 

rapidly rotating due to subsequent mass transfer 

from its companion. Tauris's simulations helped 

quantify the magnitude of the white dwarf's spin. 

In this system the entire orbit is being dragged 

around by the white dwarf's spin, which is 

misaligned with the orbit." 

 

Dr Norbert Wex, Max Planck Institute for Radio 

Astronomy: 

"One of the first confirmations of frame-dragging 

used four gyroscopes in a satellite in orbit around 

the Earth, but in our system the effects are 100 

million times stronger." 

 

Evan Keane (SKA Organisation): 

"Pulsars are super clocks in space. Super clocks in 

strong gravitational fields are Einstein's dream 

laboratories. We have been studying one of the 

most unusual of these in this binary star system. 

Treating the periodic pulses of light from the 

pulsar like the ticks of a clock we can see and 

disentangle many gravitational effects as they 

change the orbital configuration, and the arrival 

time of the clock-tick pulses. In this case we have 

seen Lens-Thirring precession, a prediction of 

General Relativity, for the first time in any stellar 

system." 

 

Willem van Straten: 

"After ruling out a range of potential experimental 

errors, we started to suspect that the interaction 

between the white dwarf and neutron star was not 

as simple as had been assumed to date." 

 

The image on page 1 is an artist's depiction of 

'frame-dragging': two stars twisting space and 

time. A neutron star is orbiting a rapidly-spinning 

white dwarf. The white dwarf's spin drags the very 

fabric of space-time around with it, causing the 

orbit to tumble in space.  

 

 

CSIRO 

January, 2020 

 

Image Credit: Mark Myers, OzGrav ARC 

Centre of Excellence. 
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NGC2017: Multistar?  
 

Well placed for late southern Summer viewers, 

NGC2017 is somewhat ambiguous. An open star 

cluster is a first impression, but the whole group is a 

Herschel J. multiple star with no less than nine 

members! This would be reason enough for taking a 

look, but the 'group' has remarkable star colours too!  

 

"NGC2017 is either a very sparse open cluster or a 

very populous multiple star." say Kepple and Sanner 

("Night Sky Observers Guide"). While it carries an 

NGC number as a star cluster, the group is also a 

multiple star, number h3780 in the John Herschel 

Catalogue, 1876. 

 

This marvel is located 2º east of Alpha Leporis, some 

12º north of the Orion Nebula. At first glance it is a 

triangle of bright stars with some obvious colour 

contrasts (Fig). It looks like an arrowhead pointing 

westward. A closer look shows a reddish star 

following the bright trio, with two or three faint stars 

nearby.  

 

The four brighter members of the group are richly 

coloured. SkyCat2000 tabulates the whole entity with 

letters A through to I.  

 

AB, a rich yellow star (Fig), the brightest, is a very 

close double, with A at mg. 6.4 and B, mg. 8, so close 

at 0.8"arc that no split was had over two nights. 

 

Stars CD, following AB, is another tight double but it 

was split: a close pair of separation 1.5"arc.  As star C 

is mag. 8.5 and D is 9.2 the split was easier, with less 

glare and wider apart. The colour of this pair, it 

seems, is a dull red or plum colour maybe? 

 

Star E, north of AB is mag. 8.4, with a strong orange 

colour, the third brightest member of the multiple. 

 

Star F is the westernmost point of the group and is 

mag. 8.1, the second brightest member. This is a 

single white or blue star, maybe spectral type B. 

 

Other members are fainter with no specific colour. 

Star G is mag 9.5, and star I is about the same (no 

data). Star H, mag. 12.4 could not be held, but was 

glimpsed at times.  

 

This cluster is a feast for those who like colourful 

stars on a black background – and particularly those 

who like a challenging double or two. Take a look! 
 

Clear skies. 
 

Harry Roberts 
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An Exoplanet Where It 
Rains Iron 

 
Researchers using ESO's Very 

Large Telescope (VLT) have 

observed an extreme planet 

where they suspect it rains iron. 

The ultra-hot giant exoplanet has 

a day side where temperatures 

climb above 2400º Celsius, high 

enough to vaporise metals. 

Strong winds carry iron vapour 

to the cooler night side where it 

condenses into iron droplets. 

 

"One could say that this planet 

gets rainy in the evening, except 

it rains iron," says David 

Ehrenreich, a professor at the 

University of Geneva in 

Switzerland. He led a study, 

published in January in the 

journal Nature, of this exotic 

exoplanet. Known as WASP-

76b, it is located some 640 light-

years away in the constellation 

of Pisces. 

 

This strange phenomenon 

happens because the 'iron rain' 

planet only ever shows one face, 

its day side, to its parent star, its 

cooler night side remaining in 

perpetual darkness. Like the 

Moon on its orbit around the 

Earth, WASP-76b is 'tidally 

locked': it takes as long to rotate 

around its axis as it does to go 

around the star. 

 

On its day side, it receives 

thousands of times more 

radiation from its parent star than 

the Earth does from the Sun. It's 

so hot that molecules separate 

into atoms, and metals like iron 

evaporate into the atmosphere. 

The extreme temperature 

difference between the day and 

night sides results in vigorous 

winds that bring the iron vapour 

from the ultra-hot day side to the 

cooler night side, where 

temperatures decrease to around 

1500º Celsius. 

 

Not only does WASP-76b have 

different day-night temperatures, it also has distinct day-night chemistry, 

according to the new study. Using the new ESPRESSO instrument on 

ESO's VLT in the Chilean Atacama Desert, the astronomers identified for 

the first time chemical variations on an ultra-hot gas giant planet. They 

detected a strong signature of iron vapour at the evening border that 

separates the planet's day side from its night side.  

 

"Surprisingly, however, we do not see the iron vapour in the morning," says 

Ehrenreich. The reason, he says, is that "it is raining iron on the night side 

of this extreme exoplanet." 

 

"The observations show that iron vapour is abundant in the atmosphere of 

the hot day side of WASP-76b," adds María Rosa Zapatero Osorio, an 

astrophysicist at the Centre for Astrobiology in Madrid, Spain, and the 

chair of the ESPRESSO science team.  

 

"A fraction of this iron is injected into the night side owing to the planet's 

rotation and atmospheric winds. There, the iron encounters much cooler 

environments, condenses and rains down." 
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From the 13th to the 24th the sola disc was clear of all 

Sunspot and the only significant column type 

Prominence was seen on the 21st reaching an 

approximate height of 74,000km. 

 

On the 25th January a new Dsi group or spots were 

seen in AR12757. This was the old cycle 24 spot No 

observation was made on the 26th due to cloud cover 

and by the 27th the group had reduced in size to a 

single Hsx spot. It remained on the solar disc until the 

31st and at that time was reduced again in size to a 

single Axx spot. 

 

For the month of January a total of only 12 

observations were made with the remaining 19 days 

either cloud covered, or smoke haze. 

  

The total average classification value was 5 and the 

relevant total Sunspot number was 6. 

 

 

 

Solar Observations 
by Monty Leventhal OAM 
 

April 2020 Solar Report 

 

Sunspot activity for the month of April remained 

extremely low however, on the 27th April a single Axx 

spot was observed of the old solar cycle 24 in Active 

Region 12761 and again on the 30th a single Axx spot 

was again seen in AR12760 also of the old cycle. I 

wish to point out here that other international 

observers have observed small and short lived groups 

of Sunspots which are part of the new cycle 25. 

 

On the 11th April a mound type Prominence was 

observed on the NW limb reaching a height of 

56,000km. Below it by about 20° a low single arch 

Prominence. This might have been a Surge as parts of 

it disappeared quickly. 

 

A large double arched Prominence was seen on the 

14th on the SE limb reaching a height of about 

56,000km and across the limb approximately 

121,000km 

 

No observations were made until the 10 April due to 

medical treatment. 

 

For the month of April a total of only 17 observations 

were made with the remaining 3 days being cloud 

covered or rain.  

 

The total average classification value was 0.1 and the 

relevant total Sunspot number was 0. 

 

Solar Observations 
by Monty Leventhal OAM 
 

January 2020 Solar Report 
 

Sunspot activity for the month of January remained 

extremely low however, on the 3rd  January a single 

Axx spot was observed of the new solar cycle 25 in 

Active Region 12755. 

 

Due to very consistent smoke haze from bush fires 

and cloud cover no observations were made until the 

12th when a very faint Prominence was seen on the 

NW limb reaching a height of about 37,000km. 

This result was obtained from the very first science 

observations done with ESPRESSO, in September 

2018, by the scientific consortium who built the 

instrument: a team from Portugal, Italy, Switzerland, 

Spain and ESO. 

 

ESPRESSO - the Echelle SPectrograph for Rocky 

Exoplanets and Stable Spectroscopic Observations - 

was originally designed to hunt for Earth-like planets 

around Sun-like stars. However, it has proven to be 

much more versatile.  

 

"We soon realised that the remarkable collecting 

power of the VLT and the extreme stability of 

ESPRESSO made it a prime machine to study 

exoplanet atmospheres," says Pedro Figueira, 

ESPRESSO instrument scientist at ESO in Chile. 

 

“What we have now is a whole new way to trace the 

climate of the most extreme exoplanets,” concludes 

Ehrenreich. 

 

This comic-book-style illustration by Swiss graphic 

novelist Frederik Peeters shows a close-up view of the 

evening border of the exoplanet WASP-76b. The ultra

-hot giant exoplanet has a day side where 

temperatures climb above 2400º Celsius, high enough 

to vaporise metals. Strong winds carry iron vapour to 

the cooler night side where it condenses into iron 

droplets. 

 

Theoretical studies show that a planet, like WASP-

76b, with an extremely hot day side and colder night 

side would have a gigantic condensation front in the 

form of a cloud cascade at its evening border, the 

transition from day to night, as depicted here.  
 

European Southern Observatory 

March, 2020 
 

Image Credit: Frederik Peeters  
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Rümker Sunrise 
 

Karl Ludwig Christian Rümker was 

perhaps unique among 19th Century 

German astronomers, in that he spent 

nine years at Parramatta Observatory. He 

was, according to bios  "headstrong" and 

"somewhat violent", and his career was 

marred by clashes with others – a trait 

perhaps enhanced by his time as a mid-

shipman in the East India fleet, and then 

"pressed" into the Royal Navy, where 

colourful terms were commonplace! 

 

What drew him to Australia? Rümker 

learnt astronomy during his time at sea 

and was introduced to Thomas Brisbane 

by one of his officers. Brisbane needed 

an astronomer for Parramatta Observa-

tory, and Rümker suited the job. 

Amazingly, he was granted 1000 acres 

on the Nepean, where he built a farm 

named "Stargard" (after his birthplace). 

While working at Parramatta he redis-

covered Comet Encke (1822) and it's 

there perhaps that he begun his catalogue 

of 12,000 southern stars. He was placed 

in charge of the observatory in May 

1826, becoming the first to hold the title 

"Government Astronomer" in Australia. 

 

Can we dub Rümker an honorary Aussie?  

Nine years is a fair while to spend here – 

but unlike his assistant James Dunlop, he 

did not make Australia his home– so 

perhaps we can't count him amongst the 

few Aussies memorialised on the Moon. 

The lunar feature named for him is, 

nonetheless, quite unique: Mons Rümker. 

 

Mons Rümker is found in the Moon's 

NW corner, in Oceanus Procellarum (the 

Stormy Ocean) at a point where it 

branches to become Sinus Roris (Bay of 

Dew). In these vast lava tracts we find 

what looks like a desert island, complete 

with lagoon; this is Mons Rümker. 

Modern authors agree that Rümker is 

interpreted as a cluster of volcanic 

domes. Chuck Wood in his commentary 

to the new "Kaguya Lunar Atlas" tells us 

that “Like a lumpy pancake…a broad 

volcanic dome, Rümker is 65km wide…of 

a flattened hemispherical shape. A 

couple of small volcanic domes occur 

near the top of Rümker.”(There are 

actually at least four). 

May 15 was clear and still, and the view of the Moon was stunning; 

at Rümker the sun's altitude was only 5º above the horizon, lighting 

the scene and throwing shadows 30km westwards. The mounded 

shape was obvious, with bright scarps surrounding it (arrows xx in 

Fig) that rise to 1km high at the south side (Fig LHS). Behind these 

scarps is a shallow depression that some believe is a collapse 

caldera, sometimes called the Lagoon. 

 

Rising above the lagoon westwards, hummocky ground is topped 

by four or more bright conical domes that cast small shadows and 

are aligned roughly N-S. Further west the ground descends into 

shadow – where a bright-lit ridge cuts the gloom EW, towards 

crater yy. This crater is an illusion – the only real crater within 

Mons Rümker is labelled C. A tiny crater was also seen amongst 

the domes. At its highest Rümker reaches 1100 meters. 

 

Nearby, dramatic wrinkle ridges transect the maria – they seem 

huge, but none can be higher than a few hundred meters. The same 

is true of the ridge that runs from zz to yy and on, out of view to the 

NE – it's barely seen on Orbiter shots – but was stark at the time. 

This feature, which arises at a distance, cuts clean through the 

Rümker formation. Is it perhaps the source of the lavas that 

constructed the Moon's largest volcanic feature? 

 

Rümker is said to be badly placed for viewing, so near the limb, but 

I had great astronaut's-eye views of a very complex, in fact unique, 

lunar landform – one that has a strong Australian connection. 

Enjoy! 

 

Harry Roberts 
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NGC 6193 and 6188  
 

Southern skies offer a cornucopia of 

extraordinary sights, many without 

common names –some are little known. 

One such is the cluster and nebula named 

above. First viewed by the writer with a 

C8 at Mt Banks in 1985, the notes read: 

"lovely double with bright cirrus 

background, dark lanes...superb, must 

photograph!" A sixty minute image in 

July 1986 was marred by field rotation. 

  

During lock-down a sketch of 6139/88 

was proposed (thanks EO'C): an ideal 

project! The ten inch scope gave good 

views of the region over three nights and 

that 'dud' photo helped to position the 

myriad stars seen (Fig).  

 

Cluster 6193 was first noted by Dunlop 

at Parramatta (from his house) in 1826, 

and is Dunlop 413 "...a remarkable and 

brilliant aggregation (says Burnham)." 

 

In 1954 Australian astronomer Colin 

Gum, when pioneering image-

superimposition techniques on negatives 

made with a 4-inch F1 Schmidt camera at 

Stromlo, discovered the full extent of 

nebula NGC6188, at the centre of which 

is the large star cluster 6193. 

 

Finding it? The site of 6188/93 is not 

marked by any major stars, and can be 

hard to find against the dense central 

MWG. Yet it is worth the search! The 

Cluster and nebulae are correctly known 

as the ARA OBI Association. (Yes fans! 

OBI exists!) 

 

What do we see in a mid-size 'scope? 

First impressions are of immensely rich 

chains of bright stars, like sprays from 

Hartungs sprinkler and at the centre we 

find a complex multiple-star with a 

surrounding bluish (reflection?) nebula 

similar maybe to that of the Pleiades. 

 

HD150136 is the central multi-star in the 

Fig. Star A, brightest in the field at mag 

5.6, has five components, B to F. B is one 

arcsec from bright A and was not seen. C 

is the very bright mag 7 star 10 arcsec 

west of A (and is HD150135). D and E 

are visible companions but need higher 

powers. F was unseen, at mag 12.5, 

against the bright nebular background. 

Cluster 6193 is 15arcmin diameter and, centred on star A, takes in 

the second brightest star in the field, some ~6 arcmin SE of A). It 

also takes in the 20 or so bright stars north above A. The central 

brightest stars of 6193 are reminiscent of Orion's Trapezium. 

 

Nebula 6188. Running NE to SW across our FOV is a band of 

dark nebula that obscures most of the lower (southern) field. This 

is NGC6188. The dark nebula is, in some areas, less dense and 

clusters of stars can be seen faintly shining through it. The edges 

of this dense dark nebula are rather irregular and in places are 

edge-lit by the illuminating cluster stars we have been discussing.  

 

While the junction of bright and dark nebula is fairly easy to see, 

the edge-lit parts of it are not so easy; as Burnham (p241) puts it: 

"the whole unearthly picture is strongly reminiscent of the famous 

Horse-head in Orion" -or the edge-lit parts of the central Eta 

Carina nebula perhaps. H-beta filters are effective here. But to 

quote Hartung "A clear dark night and good aperture are needed 

for this object". Remember, lock-down skies are darker! 

 

And clear dark skies to all! 
 

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 Monday 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.org 
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