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HERMANUS ASTRONOMY CENTRE NEWSLETTER

MARCH 2015

We welcome new member John Verster to the Centre.

	Important notice  At this month’s meeting on Thursday 5 March, the presenter will be the leading nuclear physicist Prof Shaun Wyngaardt, who heads the Nuclear Physics Research Group in the Department of Physics at Stellenbosch University. His topic will be ‘Neutrinos: little spies in our Universe’.  He explains: “Our journey starts with Wolfgang Pauli’s introduction of the neutrino to understand the observed spectrum of radioactive beta decay. You will be introduced to the unusual properties of this weakly interacting subatomic particle and how it could help scientists to understand some of the unanswered mysteries of our universe. This presentation will also highlight past and future studies in South Africa into neutrino physics”. 


	Important notice  2015 membership renewal window closed  
If you have not already renewed your membership, from this month, your details will be removed from the Centre’s membership list.  The implications of this are that you will no longer receive the monthly sky maps or Southern Cross newsletter, no longer be eligible to join Centre trips, and, if you wish to attend monthly or interest group meetings, on each occasion, you will have to pay the R20 visitor’s fee.  All is not lost, however.  You are welcome to rejoin the Centre at any time by contacting Laura Norris, the Treasurer, at meetings, on 028 3164453 or at dunorris@whalemail.co.za


	New youth club launched  Learners at Hawston Secondary School now also have their own astronomy club.  Details can be found below in the Educational outreach part of the ‘Last month’s activities’ section


WHAT’S UP?

Heavenly twins The two brightest stars in Gemini can be seen low towards the northwest to the right of Orion this month.  The one closer to the horizon is Castor (Alpha Geminorum).  Higher in the sky, its neighbour Pollux (Beta Geminorum) forms the second of the twins born to Zeus and Leda in Greek mythology.  They are, respectively, 51 and 34 light years away from Earth. Castor is actually a complex triple system, consisting of two large blue-white stars in binary orbits and a small, pale red dwarf.  Pollux is a single yellow-orange star, but is particularly interesting as it is one of the few stars visible to the naked eye known to have an orbiting planet.  Discovered in 2006, exoplanet Pollux b is about 2.3 times the mass of Jupiter.

LAST MONTH’S ACTIVITIES
Monthly centre meeting  The Centre’s AGM was held on 5 February.  Chairman Pierre de Villiers summarised the range of regular activates which took place during 2014 as well as the resources available to members.  He also highlighted four events which marked the year:  the visit to Sutherland, National Science Week and, most importantly for the future, the substantial grant awarded by the National Lotteries Board for construction of the Hermanus Observatory and Amphitheatre (HOA), and the donation of a 14” Celestron telescope to the Centre by staff at the Dept of Astronomy at UCT.  
He then thanked all those who have contributed to the ongoing success of the Centre, and confirmed the make-up of the committee in 2015.  This was followed by an overview of the revised plans for the HOA, the current process being undergone as part of Overstrand Municipality’s planning procedures, and the anticipated timeline for formal approval of the project.

The final item at the meeting was an open discussion on the future of the Centre.  Members at the meeting and those who had sent e-mail responses to a questionnaire identified a number of positive and exciting possibilities which will be considered by the committee.

Interest groups
Cosmology  Seventeen people (16 members, 1 visitor) attended the meeting on 2 February. Gert Claassen gave an interesting and informative introduction to the nature of entropy which led to lively discussion on the nature of this phenomenon in the Universe.
Astro-photography  Three people attended the meeting postponed to 23 February.  They discussed the processing of an image of the M27 nebula.
Hermanus Binocular Observation Programme (HBOP)  If you are interested in obtaining the materials distributed to group members, please e-mail petermh@hermanus.co.za
Other activities
Sidewalk astronomy  Unfortunately, cloudy skies meant that the events scheduled for both 20 and 21 February could not take place.
Educational outreach   
Lukhanyo Youth club  No meeting took place in February.
Hawston Secondary School Astronomy Club Johan Retief reports on the inaugural meetings of this group: “The club commenced on 17 February with 15 members, all volunteers from Grade 10, attending. The second session was held on 24 February. So far we have discussed the methods of astronomers, the measurements taken by Aristarchus, and the flow of time since the Big Bang ‘till today.  The programme is sponsored by two teachers in the school, Mr and Mrs Philander.”
THIS MONTH’S ACTIVITIES
Monthly centre meeting  The topic for the meeting on 5 March is ‘‘Neutrinos: little spies in our Universe’.  The presenter is Prof Shaun Wyngaardt a nuclear physicist at the Department of Physics, Stellenbosch University. See more details, above, in the introduction.
Interest group meetings  
The Cosmology group meets meeting on the first Monday of the month at 7 pm at SANSA. This month’s meeting will take place on 2 March. In the first of three meetings around gravity, members will participate in a discussion on electro-magnetics, energy and background radiation.
An entrance fee of R20 will be charged per person for non-members and R10 for children, students and U3A members.  For further information on these meetings, or any of the group’s activities, please contact Pierre Hugo at pierre@hermanus.co.za
Astro-photography  This group meets on the third Monday of each month. The next meeting is scheduled for 16 March.  Members will continue processing a downloaded image.

To find out more about the group’s activities and the venue for particular meetings, please contact Deon Krige at astronomy.hermanus@gmail.com
Sidewalk astronomy  Details of any planned events during March will be circulated to members in due course.

Hermanus Youth Robotic Telescope Interest Group  Planning continues to enable earners to access the telescopes.
For further information on both the MONET and Las Cumbres projects, please contact Deon Krige at deonk@telkomsa.net
FUTURE ACTIVITIES

Possible trips are under consideration.  Details will be circulated to members when they become available.

2015 MONTHLY MEETINGS
Unless affected by public holidays, these meetings will take place on the first Thursday of each month at SANSA, beginning at 7 pm. Details are listed below. 

5 March
‘Neutrinos: little spies in our Universe.  Presenter: Prof Shaun 



Wyngaardt, Nuclear physicist, Dept. of Physics, Stellenbosch 


University
2 April
‘Systems developed to do astro-photography in a home 



observatory’.  Presenter: Johan Retief, Centre member.

7 May

‘Radio astronomy and high performance computing: a marriage 



made in the heavens’. Presenter: Francois Kapp, Engineer, SKA, CT

4 June, 2 July, 6 August, 3 September, 1 October, 5 November  Details to follow.

3 December

Xmas party
HERMANUS OBSERVATORY AND AMPHITHEATRE (HOA) PROJECT

A decision on the revised plans by the Overstrand Municipality Council is still awaited, but will, hopefully, be announced soon.
The Friends of the Observatory campaign was launched several years ago when preliminary work began on plans to construct an astronomical observatory in Hermanus. Over the years, members have been very generous, for which we are deeply grateful.  It may seem logical to assume that, now money has been awarded by the National Lotteries Board, pledge monies are no longer needed.  Unfortunately, that is not the case.  NLB funds can only be used once the plans have been formally approved by the Municipality, something which is still awaited.  In the meantime, ongoing planning and other preparatory costs are being incurred. These have virtually depleted the existing pledges fund.
We would, therefore, be very grateful if members could either continue to contribute to the campaign or start becoming a contributor.  Both single donations and small, regular monthly donations, of any amount, are welcome. 
Contributions can take the form of cash (paid at meetings), or online transfer, The Standard Bank details are as follows:  
Account name – Hermanus Astronomy Centre    

Account number – 185 562 531  

Branch code – 051001
If you make an online donation, please include the word ‘pledge’, and your name, unless you wish to remain anonymous.  
Science Centre  There is no update on this development.
ASTRONOMY NEWS

Gravitational waves remain elusive, according to Planck  30 January:  Despite earlier reports of a possible detection, a joint analysis of data from the European Space Agency's (ESA) Planck satellite and the ground-based BICEP2 and Keck Array experiments has found no conclusive evidence of primordial gravitational waves.
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This visualisation of Planck data portrays the interaction between interstellar dust in the Milky Way and the structure of our Galaxy’s magnetic field. The colour scale represents the total intensity of dust emission, revealing the structure of interstellar clouds in the Milky Way. The texture is based on measurements of the direction of the polarized light emitted by the dust, which in turn indicates the orientation of the magnetic field.                        ESA/Planck Collaboration
The Universe began about 13.8 billion years ago and evolved from an extremely hot, dense, and uniform state to the rich and complex cosmos of galaxies, stars, and planets we see today. An extraordinary source of information about the Universe’s history is the cosmic microwave background (CMB), the legacy of light emitted only 380,000 years after the Big Bang. ESA’s Planck satellite observed this background across the whole sky with unprecedented accuracy, and a broad variety of new findings about the early Universe has already been revealed over the past two years.

Astronomers are still digging ever deeper in the hope of exploring even further back in time, searching for a particular signature of cosmic ‘inflation’, a very brief accelerated expansion that, according to current theory, the Universe experienced when it was only the tiniest fraction of a second old. This signature would be seeded by gravitational waves, tiny perturbations in the fabric of space-time, that astronomers believe would have been generated during the inflationary phase.

These perturbations should leave an imprint on another feature of the cosmic background: its polarisation. When light waves vibrate preferentially in a certain direction, we say the light is polarised. The CMB is polarised, exhibiting a complex arrangement across the sky. This arises from the combination of two basic patterns: circular and radial (known as E-modes), and curly (B-modes). Different phenomena in the Universe produce either E- or B-modes on different angular scales, and identifying the various contributions requires extremely precise measurements. It is the B-modes that could hold the prize of probing the Universe’s early inflation. “Searching for this unique record of the very early Universe is as difficult as it is exciting, since this subtle signal is hidden in the polarization of the CMB, which itself only represents only a feeble few percent of the total light,” says Jan Tauber, ESA’s project scientist for Planck.
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The highlighted region of this area of Planck data shows the position of a small patch of the sky that was observed with two ground-based experiments at the South Pole, BICEP2 and the Keck Array, and yielded a possible detection of curly B-modes in the polarisation of the cosmic microwave background (CMB), the most ancient light in the history of the Universe. However, a joint analysis of data from BICEP2, the Keck Array, and Planck has later shown that this signal is likely not cosmological in nature, but caused by dust in our galaxy.
ESA/Planck Collaboration

Planck is not alone in this search. In early 2014, another team of astronomers presented results based on observations of the polarised CMB on a small patch of the sky performed 2010-12 with BICEP2, an experiment located at the South Pole. The team also used preliminary data from another South Pole experiment, the Keck Array. They found something new: curly B-modes in the polarisation observed over stretches of the sky a few times larger than the size of the Full Moon. The BICEP2 team presented evidence favouring the interpretation that this signal originated in primordial gravitational waves, sparking an enormous response in the academic community and general public. However, there is another contender in this game that can produce a similar effect: interstellar dust in our galaxy, the Milky Way.

The Milky Way is pervaded by a mixture of gas and dust shining at similar frequencies to those of the CMB, and this foreground emission affects the observation of the most ancient cosmic light. Very careful analysis is needed to separate the foreground emission from the cosmic background. Critically, interstellar dust also emits polarised light, thus affecting the CMB polarization as well. “When we first detected this signal in our data, we relied on models for galactic dust emission that were available at the time,” says John Kovac, a principal investigator of BICEP2 at Harvard University in Massachusetts. “These seemed to indicate that the region of the sky chosen for our observations had dust polarization much lower than the detected signal.”

The two ground-based experiments collected data at a single microwave frequency, making it difficult to separate the emissions coming from the Milky Way and the background. On the other hand, Planck observed the sky in nine microwave and sub-millimetre frequency channels, seven of which were also equipped with polarisation-sensitive detectors. By careful analysis, these multi-frequency data can be used to separate the various contributions.
The BICEP2 team had chosen a field where they believed dust emission would be low, and thus interpreted the signal as likely to be cosmological.  However, as soon as Planck’s maps of the polarised emission from galactic dust were released, it was clear that this foreground contribution could be much higher than previously expected. In fact, in September 2014, Planck revealed for the first time that the polarized emission from dust is significant over the entire sky and comparable to the signal detected by BICEP2 even in the cleanest regions.
So, the Planck and BICEP2 teams joined forces, combining the satellite’s ability to make observations at several frequencies, including those where dust emission is strongest, with the greater sensitivity of the ground-based experiments over limited areas of the sky, with their more recent, improved technology. The full Keck Array data from 2012 and 2013 had also become available. “This joint work has shown that the detection of primordial B-modes is no longer robust once the emission from galactic dust is removed,” says Jean-Loup Puget, principal investigator of the HFI instrument on Planck at the Institut d’Astrophysique Spatiale in France. “So, unfortunately, we have not been able to confirm that the signal is an imprint of cosmic inflation.”
Another source of B-mode polarisation, dating back to the early Universe, was detected in this study, but on much smaller scales on the sky. This signal, first discovered in 2013, is not a direct probe of the inflationary phase but is induced by the cosmic web of massive structures that populate the Universe and change the path of the CMB photons on their way to us. This effect is called ‘gravitational lensing’ because it is caused by massive objects bending the surrounding space and thus deflecting the trajectory of light much like a magnifying glass does. The detection of this signal using Planck, BICEP2, and the Keck Array together is the strongest yet.

As for signs of the inflationary period, the question remains open. “While we haven’t found strong evidence of a signal from primordial gravitational waves in the best observations of CMB polarization that are currently available, this by no means rules out inflation,” says Reno Mandolesi, principal investigator of the LFI instrument on Planck at the University of Ferrara, Italy. In fact, the joint study sets an upper limit on the amount of gravitational waves from inflation, which might have been generated at the time but at a level too low to be confirmed by the present analysis.

By: ESA, Noordwijk, Netherlands
Meteorite may represent ‘bulk background’ of Mars’ battered crust  3 February: NWA 7034, a meteorite found a few years ago in the Moroccan desert, is like no other rock ever found on Earth. It is a 4.4-billion-year-old chunk of the Martian crust, and according to a new analysis, rocks just like it may cover vast swathes of Mars.
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A chip from “Black Beauty,” a meteorite from Mars, contains different rock types welded together. It helps explain the Martian “dark plains,” large areas of the planet’s surface that have only a thin layer of red dust.

Brown University

Scientists report that spectroscopic measurements of the meteorite are a spot-on match with orbital measurements of the Martian dark plains, areas where the planet’s coating of red dust is thin and the rocks beneath are exposed. The findings suggest that the meteorite, nicknamed Black Beauty, is representative of the ‘bulk background’ of rocks on the Martian surface, said Kevin Cannon from Brown University in Providence, Rhode Island.

When scientists started analysing Black Beauty in 2011, they knew they had something special. Its chemical makeup confirmed that it was a castaway from Mars, but it was unlike any Martian meteorite ever found. Before Black Beauty, all the Martian rocks found on Earth were classified as SNC meteorites (shergottites, nakhlites, or chassignites). They’re mainly igneous rocks made of cooled volcanic material. However, Black Beauty is a breccia, a mashup of different rock types welded together in a basaltic matrix. It contains sedimentary components that match the chemical makeup of rocks analyzed by the Mars rovers. Scientists concluded that it is a piece of Martian crust - the first such sample to make it to Earth.

Cannon and Jack Mustard Brown thought Black Beauty might help clear up a longstanding enigma: The spectral signal from SNC meteorites never quite match with remotely sensed spectra from the Martian surface. “Most samples from Mars are somewhat similar to spacecraft measurements,” Mustard said, “but annoyingly different.” So, after acquiring a chip of Black Beauty from Carl Agee from the University of New Mexico, Cannon and Mustard used a variety of spectroscopic techniques to analyse it. The work included use of a hyper-spectral imaging system developed by Headwall photonics, a Massachusetts-based company. The device enabled detailed spectral imaging of the entire sample. “Other techniques give us measurements of a dime-sized spot,” Cannon said. “What we wanted to do was get an average for the entire sample. That overall measurement was what ended up matching the orbital data.”

The researchers say the spectral match helps put a face on the dark plains, suggesting that the regions are dominated by brecciated rocks similar to Black Beauty. Because the dark plains are dust-poor regions, they’re thought to be representative of what hides beneath the red dust on much of the rest of the planet.” This is showing that if you went to Mars and picked up a chunk of crust, you’d expect it to be heavily beat up, battered, broken apart, and put back together,” Cannon said.

That the surface of Mars would be rich in Black Beauty-like breccias makes a lot of sense, given what we know about Mars, the researchers said. “Mars is punctured by over 400,000 impact craters greater than 1 kilometre in diameter,” they wrote. “Because brecciation is a natural consequence of impacts, it is expected that material similar to NWA 7034 has accumulated on Mars over time.” In other words, Mustard said, the bulk of rocks on the surface of Mars probably look a lot like Black Beauty: “dark, messy, and beautiful.”
By: Brown University, Providence, Rhode Island  

The Lunar Reconnaissance Orbiter discovers lunar hydrogen more abundant on Moon’s pole-facing slopes  5 February:  Space travel is difficult and expensive - it would cost thousands of dollars to launch a bottle of water to the Moon. The recent discovery of hydrogen-bearing molecules, possibly including water, on the Moon has explorers excited because these deposits could be mined if they are sufficiently abundant, sparing the considerable expense of bringing water from Earth. Lunar water could be used for drinking, or its components - hydrogen and oxygen - could be used to manufacture important products on the surface that future visitors to the Moon will need, like rocket fuel and breathable air.
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LRO image of the Moon's Hayn Crater, located just northeast of Mare Humboldtianum, dramatically illuminated by the low Sun casting long shadows across the crater floor.
NASA/GSFC/Arizona State University
Recent observations by NASA's Lunar Reconnaissance Orbiter (LRO) 
spacecraft indicate that these deposits may be slightly more abundant on crater slopes in the southern hemisphere that face the lunar south pole. "There's an average of about 23 parts-per-million-by-weight (ppmw) more hydrogen on pole-facing slopes (PFS) than on equator-facing slopes (EFS)," said Timothy McClanahan of NASA's Goddard Space Flight Centre in Greenbelt, Maryland.  This is the first time a widespread geochemical difference in hydrogen abundance between PFS and EFS on the Moon has been detected. It is equal to a 1 percent difference in the neutron signal detected by LRO's Lunar Exploration Neutron Detector (LEND) instrument.

The hydrogen-bearing material is volatile (easily vaporised) and may be in the form of water molecules (two hydrogen atoms bound to an oxygen atom) or hydroxyl molecules (an oxygen bound to a hydrogen) which are loosely bound to the lunar surface. The cause of the discrepancy between PFS and EFS may be similar to how the Sun mobilises or redistributes frozen water from warmer to colder places on Earth’s surface, said McClanahan. "Here in the Northern Hemisphere, if you go outside on a sunny day after a snowfall, you'll notice that there's more snow on north-facing slopes because they lose water at slower rates than the more sunlit south-facing slopes" said McClanahan. "We think a similar phenomenon is happening with the volatiles on the Moon. PFS doesn't get as much sunlight as EFS, so this easily vaporised material stays longer and possibly accumulates to a greater extent on PFS."

The team observed the greater hydrogen abundance on PFS in the topography of the Moon's southern hemisphere, beginning at between 50° and 60° south latitude. Slopes closer to the south pole show a larger hydrogen concentration difference. Also, hydrogen was detected in greater concentrations on the larger PFS, about 45 ppmw near the poles. Spatially broader slopes provide more detectable signals than smaller slopes. The result indicates that PFS have greater hydrogen concentrations than their surrounding regions. Also, the LEND measurements over the larger EFS do not contrast with their surrounding regions, which indicates EFS have hydrogen concentrations that are equal to their surroundings, according to McClanahan. The team thinks more hydrogen may be found on PFS in northern hemisphere craters as well, but they are still gathering and analyzing LEND data for this region.

There are different possible sources for the hydrogen on the Moon. Comets and some asteroids contain large amounts of water, and impacts by these objects may bring hydrogen to the Moon. Hydrogen-bearing molecules also could be created on the lunar surface by interaction with the solar wind - a thin stream of gas that's constantly blown off the Sun. Most of the solar wind is hydrogen, and this hydrogen may interact with oxygen in silicate rock and dust on the Moon to form hydroxyl and possibly water molecules. After these molecules arrive at the Moon, astronomers think they get energised by Sunlight and then bounce across the lunar surface - they get stuck, at least temporarily, in colder and more shadowy areas.

Since the 1960s, scientists thought that only in permanently shadowed areas in craters near the lunar poles was it cold enough to accumulate this volatile material, but recent observations by a number of spacecraft, including LRO, suggest that hydrogen on the Moon is more widespread. It is uncertain if the hydrogen is abundant enough to economically mine. "The amounts we are detecting are still drier than the driest desert on Earth," said McClanahan. However, the resolution of the LEND instrument is greater than the size of most PFS, so smaller PFS slopes, perhaps approaching yards in size, may have significantly higher abundances, and indications are that the greatest hydrogen concentrations are within the permanently shaded regions.

By: NASA's Goddard Space Flight Center, Greenbelt, Maryland
Dawn captures sharper images of Ceres  18 February:  Craters and mysterious bright spots are beginning to pop out in the latest images of Ceres from NASA's Dawn spacecraft. These images, taken on 12 February at a distance of 83,000 km from the dwarf planet, pose intriguing questions for the science team to explore as the spacecraft nears its destination.  "As we slowly approach the stage, our eyes transfixed on Ceres and her planetary dance, we find she has beguiled us but left us none the wiser," said Chris Russell, from the University of California, Los Angeles. "We expected to be surprised; we did not expect to be this puzzled."
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These two views of Ceres were acquired by NASA's Dawn spacecraft on February 12, 2015, from a distance of about 52,000 miles (83,000 kilometers) as the dwarf planet rotated. The images have been magnified from their original size.             NASA/JPL-
       Caltech/UCLA/MPS/DLR/IDA
Dawn will be gently captured into orbit around Ceres on 6 March. As the spacecraft delivers better images and other data, the science team will be investigating the nature and composition of the dwarf planet, including the nature of the craters and bright spots that are coming into focus. The latest images, which have a resolution of 7.8 km per pixel, represent the sharpest views of Ceres to date.

The spacecraft explored the giant asteroid Vesta for 14 months during 2011 and 2012. Scientists gained numerous insights about the geological history of this body and saw its cratered surface in fine detail. By comparing Vesta and Ceres, they will develop a better understanding of the formation of the solar system.
By: Jet Propulsion Laboratory, Pasadena, California
Does dark matter cause mass extinctions and geologic upheavals?  23 February:  Research by New York University Biology Professor Michael Rampino concludes that Earth's infrequent but predictable path around and through our galaxy's disk may have a direct and significant effect on geological and biological phenomena occurring on Earth. In a new paper, he concludes that movement through dark matter may perturb the orbits of comets and lead to additional heating in the Earth's core, both of which could be connected with mass extinction events.

NGC 4565 is an edge-on spiral galaxy. The stars, dust, and gas are concentrated into a thin disk, much like the one in our Milky Way Galaxy.

Jschulman555

The galactic disk is the region of the Milky Way Galaxy where our solar system resides. It is crowded with stars and clouds of gas and dust and also a concentration of elusive dark matter - small subatomic particles that can be detected only by their gravitational effects. Previous studies have shown that Earth rotates around the disk-shaped galaxy once every 250 million years. However, Earth's path around the galaxy is wavy, with the Sun and planets weaving through the crowded disk approximately every 30 million years. Analysing the pattern of Earth's passes through the galactic disk, Rampino notes that these disk passages seem to correlate with times of comet impacts and mass extinctions of life. The famous comet strike 66 million years ago that led to the extinction of the dinosaurs is just one example.

What causes this correlation between Earth's passes through the galactic disk and the impacts and extinctions that seem to follow? While travelling through the disk, the dark matter concentrated there disturbs the pathways of comets typically orbiting far from Earth in the outer solar system, Rampino observes. This means that comets that would normally travel at great distances from Earth instead take unusual paths, causing some of them to collide with the planet. 

Even more remarkably, with each dip through the disk, the dark matter can apparently accumulate within Earth's core. Eventually, the dark matter particles annihilate each other, producing considerable heat. The heat created by the annihilation of dark matter in Earth's core could trigger events such as volcanic eruptions, mountain building, magnetic field reversals, and changes in sea level, which also show peaks every 30 million years. Rampino suggests that astrophysical phenomena derived from Earth's winding path through the galactic disk and the consequent accumulation of dark matter in the planet's interior can result in dramatic changes in Earth's geological and biological activity.

His model of dark matter interactions with Earth as it cycles through the galaxy could have a broad impact on our understanding of the geological and biological development of Earth, as well as other planets within the galaxy. Rampino said: "We are fortunate enough to live on a planet that is ideal for the development of complex life. But the history of the Earth is punctuated by large-scale extinction events, some of which we struggle to explain. It may be that dark matter, the nature of which is still unclear but which makes up around a quarter of the Universe, holds the answer. As well as being important on the largest scales, dark matter may have a direct influence on life on Earth."

By: Royal Astronomical Society, United Kingdom
Source of these and further astronomy news items: www.astronomy.com/news
DID YOU KNOW?

Some important female astronomers  Part 9: Vera Cooper Rubin 
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This American astronomer pioneered work on galaxy rotation and confirmed the existence of dark matter. Born in 1928, as a child, she was fascinated by the stars. She was the only astronomy major when she graduated from the female college Vassar in 1948 and she encountered gender bias when wanting to undertake post-graduate studies in astronomy. However, her perseverance eventually paid off and she obtained her master’s degree in physics in 1951.  As a student, she had already started investigating galaxy rotation, finding anomalies between predicted and observed motion.  In contrast to the existing understanding of the Big Bang theory, which argued that galaxies, like the Universe, were simply expanding outwards, she proposed that galaxies may be static in size and rotating around an unknown centre.  Her doctoral studies under supervisor at George Gamov also had controversial outcomes when her thesis concluded that, rather than being randomly distributed, galaxies clumped together. Neither of these proposals was accepted by the astronomy community until decades later.

After obtaining her PhD in 1954, Vera held several teaching and research assistant posts, eventually, in 1962, being appointed an assistant professor at Georgetown University in Washington DC.  In 1965, she became the first woman ever allowed to use the instruments at the Palomar Observatory in California. That year, she also started working at the Carnegie Institution in Washington and has worked there as an astronomer ever since, her lifelong interest being galactic and extra-galactic dynamics.  

One of the outcomes of work she did was the Rubin-Ford effect. She and astronomy instrument maker Kent Ford investigated the motion of galaxies. Their findings enabled them to describe the way in which the rotational curves and motion of spiral galaxies in relation to each other differs from the theoretical expectations based on the assumption of Hubble flow ie that the Universe is homogenous and that all galaxies move outwards away from each other in a predictable way.  Instead, Rubin and Kent identified that, at more local levels, the gravitational effect of nearby galaxies interferes with this flow and that some galaxies are actually moving towards each other.  Galaxy collisions are now a well-known phenomenon, but the notion of approaching rather than receding galaxies took many years to be accepted. 

Her continued study of the rotation curves of galaxies in the 1970s also continued to be controversial, despite Vera’s wish to avoid controversy.  After extensive observations and measurements of the Doppler shifts of stars in several galaxies whose spectra had been recorded on the very sensitive spectrometer developed by Ford, she was able to calculate the orbital speeds of stars in different parts of those galaxies.  The general assumption at the time was that, because the core of a spiral galaxy contains the largest concentration of stars, the galactic mass would also be greatest towards the centre and that the orbital speeds of more distant stars would be slower.  However, Rubin found that stars in the less populated outer parts of galaxies moved as quickly as those at the centre.  The logical conclusion was that there had to be huge amounts of invisible matter in the outer regions of galaxies.  This conclusion was reinforced by the earlier finding made in the 1930s by Fritz Zwicky that galaxies rotate so quickly that they would fly apart if the gravitational attraction of their constituent stars was all that was holding them together.  Rubin had discovered what became known as the galaxy rotation problem, the issue compounded when her calculations showed that galaxies must contain at least ten times more of this invisible mass than they do of visible matter. Her work confirmed the existence of what Zwicky had named dark matter, her findings resurrecting Zwicky’s much earlier, but largely ignored conclusions.  However, acceptance that dark matter must exist in some form has not proved easy for scientists, who, despite several suggestions and expensive investigations, still know little about it apart from its existence.

Over the years, Vera has been awarded several prestigious honours including, in 1996, becoming the first woman since Caroline Herschel in 1828 to be awarded the Gold Medal of the Royal Astronomical Society. However, all this widespread recognition of her contribution to astronomy and cosmology has not masked the struggles she faced as a woman seeking to be accepted and treated as an equal in her discipline. She values the ongoing support given her by her father, then by her scientist husband, to fight for the career she wanted, and continues to encourage girls and women with an interest in science to follow their dreams, and to gain the support of scientific institutions and professional bodies to recognise the value of women be ensuring balanced representation on committees, review panels and in academic leadership. 

Sources: Ridpath, I (Ed) 2007  Oxford dictionary of astronomy, Greene, B 2004  The fabric of the cosmos  London, Penguin  www.en.wikipedia.org , www.amnh.org
For more information on the Hermanus Astronomy Centre and its activities, visit our website at www.hermanusastronomy.co.za 
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