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HERMANUS ASTRONOMY CENTRE NEWSLETTER

OCTOBER 2014

Welcome to this month’s issue of the newsletter which, we hope, you find both informative and enjoyable.  

	October monthly meeting details  The topic for the presentation on 2 October is ‘Geology of the Western Cape’/ Presenter, Ed Foster is a keen and active amateur astronomer, and previous presenter at the HAC.  More details can be found in the Monthly meeting section of ‘This month’s activities’.



Sidewalk astronomy  The next events are scheduled for Friday 3 October and Saturday 4 October at Gearing’s Point. Weather permitting, they will start at around 7.30 pm. 
	2015 membership
The fees for 2015 are as follows:
      Member:   R140

      Member’s spouse/partner/child, student:   R70

      Six-month membership from July – December 2015:

         Member:   R70     Member’s spouse etc, student:   R40

Payment can be made in cash (at meetings directly to the Treasurer), or via online transfer.  The Standard Bank details, for the latter, 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 ‘membership’, and your name, or it is not possible to attribute the payment to you.  



WHAT’S UP?

Galactic dark horse  Throughout this month, to the west,  Mars moves in a direction which highlights the position of a dark nebula located within the constellation Ophiuchius. Between the more easily identified shapes of adjacent Scorpius and the teapot of Sagittarius is the dark profile of a horse in a head-down position.  Called the Galactic dark horse, Dark horse nebula or the Great dark horse, it is an area where dust blocks the incoming light from the Milky Way stars behind it, creating a dark area in the sky.  Normally found most easily on a dark, clear night (such as towards the end of this month), the pathway of Mars at present provides a helpful pointer to its location.  Part of the dark horse nebula is also designated a nebula in its own right, the rump and leg of the hindquarters being named the Pipe nebula for its eponymous shape.  

LAST MONTH’S ACTIVITIES
Monthly centre meeting  On 4 September, committee member Deon Krige gave a very interesting presentation on ‘‘Astro-photography with a digital single reflex (DSLR) camera.  Many people admire the colourful images they see of celestial objects without much insight into the technical difficulties involved in taking images at night. After outlining the complex way in which data is processed and stored in digital cameras, Deon outlined the numerous technical challenges faced by those photographing very distant, very faint and very small celestial objects.  These include the need for long exposure times, which, apart from often requiring the photographer to sit outside in the cold for long periods of time, creates the challenge of how to accommodate the effects of Earth’s rotation.  Another notable problem, which is largely absent when photographing in bright daylight, is the consequence for image quality of the presence of unintended signals (spots of light present as a result of the way cameras work and the effects of the presence of atmospheric dust). After outlining the technical and logistical methods used to address these issues and optimise image quality, Deon finished with a brief overview of how images can be processed via use of computer programmes.
Interest groups
Cosmology  Twenty-one people (16 members, 5 visitors)  attended the meeting on 1 September. They watched the eighth pair of programmes in the DVD series ‘Black holes, tides and curved spacetime: understanding gravity’ presented by Dr Benjamin Schumacher from the University of Texas at Austin.  The topics were: Part 15: ‘Spacetime in zero gravity’ and Part 16: Spacetime tells matter how to move’.
Astro-photography  Three people attended the meeting on 15 September.  They discussed the processing of images of M101, the Pinwheel galaxy. 
Hermanus Binocular Observation Programme (HBOP)  Members have received the final briefing and been encouraged to undertake practical star-gazing, either in their own time or during scheduled Sidewalk astronomy evenings.
If you are interested in obtaining the materials distributed to group members, please e-mail petermh@hermanus.co.za
Other activities
Sidewalk astronomy  No events were scheduled during September.
Educational outreach 

Youth club  There was no meeting in September.
Hermanus Youth Robotic Telescope Interest Group  Preparatory work continued for future use of the Las Cumbres and Monet telescopes by learners.
For further information on both the MONET and Las Cumbres projects, please contact Deon Krige at deonk@telkomsa.net
THIS MONTH’S ACTIVITIES
Monthly centre meeting  This month’s meeting will take place on 2 October.  
Ed Foster will be talking on ‘Geology of the Western Cape’.  Ed is a keen and active amateur astronomer and member of the Cape Centre.  After retirement as a biochemistry lecturer, he became deeply involved in promoting public knowledge of astronomy.  He leads astronomy tours and also gives public presentations.  HAC members who have been on trips to Sutherland might have attended one of his talks as part of the Kambrokind evenings. He also gave a talk at an HAC meeting in 2010.

An entrance fee of R20 will be charged per person for non-members and R10 for children, students and U3A members.  

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 6 October.  NB. Start time will be 7.30 this month.  The ninth pair of programmes in the  24 part DVD series ‘Black holes, tides and curved spacetime: understanding gravity’, presented by Dr Benjamin Schumacher from the University of Texas at Austin will be shown and discussed.  The topics are: Part 17: ‘Matter tells spacetime how to curve’ and Part 18: ‘Light incurved spacetime’.
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. There will not be a meeting in October. The next meeting will be on 3 November.
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  The next events are scheduled for Friday 3 October and Saturday 4 October at Gearing’s Point. Weather permitting, they will start at around 7.30 pm. 
FUTURE ACTIVITIES

Possible trips are under consideration, but nothing has been arranged yet.  
2014 MONTHLY MEETING DATES
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. 

2 October

‘Geology of the Western Cape’.  Presenter: Ed Foster, biochemist 




and amateur astronomer
6 November

‘Milestones in radio astronomy: from the Merry-go-round to 




the SKA’. Presenter: Jenny Morris, Vice-chairperson, HAC

5 December

Xmas party.
OBSERVATORY PROJECT

The revised plans for the observatory and associated supporting documentation have been submitted to Overstrand Municipality (OM).  They will now go through the various stages of the planning process.  In the meantime, communication continues with the National Lotteries Board around the procedures involved in receiving and managing the agreed funding.  

The ‘Friends of the Observatory’ campaign continues.  We are very grateful to members who have already contributed to this, and hope that the generosity of the Centre’s membership continues.  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  Committee members from SANSA, OM and HAC continue to work on confirming the site for the building, and on involving relevant organisations in planning the content,  exhibits and activities.
ASTRONOMY NEWS
Icy aquifers on Titan transform methane rainfall  4 September: The NASA and European Space Agency (ESA) Cassini mission has revealed hundreds of lakes and seas spread across the north polar region of Saturn’s moon Titan. These lakes are filled not with water but with hydrocarbons, a form of organic compound that is also found naturally on Earth and includes methane. The vast majority of liquid in Titan’s lakes is thought to be replenished by rainfall from clouds in the moon’s atmosphere. However, how liquids move and cycle through Titan’s crust and atmosphere is still relatively unknown.
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Hundreds of lakes and seas are spread across the surface of Saturn's moon Titan — its northern polar region in particular.

ESA/ATG medialab

A recent study led by Olivier Mousis from the University of Franche-Comté in France examined how Titan’s methane rainfall would interact with icy materials within underground reservoirs. They found that the formation of materials called clathrates changes the chemical composition of the rainfall runoff that charges these hydrocarbon ‘aquifers’. This process leads to the formation of reservoirs of propane and ethane that may feed into some rivers and lakes. “We knew that a significant fraction of the lakes on Titan’s surface might possibly be connected with hidden bodies of liquid beneath Titan’s crust, but we just didn’t know how they would interact,” said Mousis. “Now, we have a better idea of what these hidden lakes or oceans could be like.”

Mousis and colleagues at Cornell University in Ithaca, New York, and NASA’s Jet Propulsion Laboratory (JPL) in Pasadena, California, modelled how a subsurface reservoir of liquid hydrocarbons would diffuse, or spread, through Titan’s porous icy crust. They found that at the bottom of the original reservoir, which contains methane from rainfall, a second reservoir would slowly form. This secondary reservoir would be composed of clathrates. These are compounds in which water forms a crystal structure with small cages that trap other substances like methane and ethane. Clathrates that contain methane are found on Earth in some polar and ocean sediments. On Titan, the surface pressure and temperature should allow clathrates to form when liquid hydrocarbons come into contact with water ice, which is a major component of the moon’s crust. These clathrate layers could remain stable as far down as several miles below Titan’s surface.

One of the peculiar properties of clathrates is that they trap and split molecules into a mix of liquid and solid phases in a process called fractionation. Titan’s subsurface clathrate reservoirs would interact with and fractionate the liquid methane from the original underground hydrocarbon lake, slowly changing its composition. Eventually the original methane aquifer would be turned into a propane or ethane aquifer. “Our study shows that the composition of Titan’s underground liquid reservoirs can change significantly through their interaction with the icy subsurface, provided the reservoirs are cut off from the atmosphere for some period of time,” said Mathieu Choukroun of JPL.

Importantly, the chemical transformations taking place underground would affect Titan’s surface. Lakes and rivers fed by springs from propane or ethane subsurface reservoirs would show the same kind of composition, whereas those fed by rainfall would be different and contain a significant fraction of methane. This means researchers could examine the composition of Titan’s surface lakes to learn something about what is happening deep underground, said Mousis.
By: Jet Propulsion Laboratory, Pasadena, California
Half of all exoplanet host stars are binaries  8 September:  Imagine living on an exoplanet with two suns. One you orbit, and the other is a very bright, nearby neighbour looming large in your sky. With this ‘second sun’ in the sky, nightfall might be a rare event, perhaps only coming seasonally to your planet. A new study suggests that this could be far more common than astronomers realised.
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The Kepler field of view, located between two bright stars in the summer triangle, rising over the WIYN telescope in southern Arizona.

NOAO
The NASA Kepler space telescope has confirmed about 1,000 exoplanets, as well as thousands of more stars considered ‘Kepler objects of interest’, dubbed KOIs - stars that could possibly host planets. Until now, there has been an unanswered question about exoplanet host stars: How many host stars are binaries? Binary stars have long been known to be commonplace - about half the stars in the sky are believed to consist of two stars orbiting each other. So, are stars with planets equally likely to have a companion star, or do companion stars affect the formation of planets? A team of astronomers, led by Elliott Horch of Southern Connecticut State University, has shown that stars with exoplanets are just as likely to have a binary companion - that is, 40-50% of the host stars are actually binary stars. “It’s interesting and exciting that exoplanet systems with stellar companions turn out to be much more common than was believed even just a few years ago,” said Horch.

Their study makes use of high spatial resolution observations that were carried out on the WIYN Telescope located on Kitt Peak in southern Arizona and the Gemini North Telescope located on Mauna Kea in Hawaii. The technique used by the team is called speckle imaging and consists of obtaining digital images of a small portion of the sky surrounding a star of interest, 15 to 25 times a second. The images are then combined in software using a complex set of algorithms, yielding a final picture of the star with a resolution better than that of the Hubble Space Telescope. By using this technique, the team can detect companion stars that are up to 125 times fainter than the target but only 0.05 arcsecond away. For the majority of the Kepler stars, this means companion stars with a true separation of a few to about 100 times the Sun-Earth distance. By noting the occurrence rate of these true binary companion stars, the discoveries can be extended to show that half of the stars that host exoplanets are probably binaries. “An interesting consequence of this finding is that in the half of the exoplanet host stars that are binary we cannot, in general, say which star in the system the planet actually orbits,” said co-author Steve B. Howell from NASA Ames Research Centre in Mountain View, California.

Kepler has discovered a number of circumbinary planets - a planet that orbits both stars in very close binary systems. There also exist exoplanets that are known to orbit one of the stars in very wide binary systems. If the two stars are very close to each other and the planet far away, a circumbinary planet will be reminiscent of Tatooine in Star Wars. If, instead, the exoplanet orbits one of the stars in a very wide pair, the companion star might appear simply as a bright star among others in the night sky. “Somewhere there will be a transition between these two scenarios,” Howell said, “but we are far from knowing where.”

By: NOAO, Tucson, Arizona
Interactive dark matter could explain Milky Way’s missing satellite galaxies  9 September:  Scientists believe they have found a way to explain why there are not as many galaxies orbiting the Milky Way as expected. Computer simulations of the formation of our galaxy suggest that there should be many more small galaxies around the Milky Way than are observed through telescopes. This has thrown doubt on the generally accepted theory of cold dark matter, an invisible and mysterious substance that scientists predict should allow for more galaxy formation around the Milky Way than is seen.
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The simulated distribution of dark matter in a Milky Way-like galaxy for standard, non-interacting dark matter (top left), warm dark matter (top right) and the new dark matter model that interacts with the photon background (bottom). Smaller structures are erased up to the point where, in the most extreme model (bottom right), the galaxy is completely sterilized.

Durham University

Now cosmologists and particle physicists at the Institute for Computational Cosmology and the Institute for Particle Physics Phenomenology at Durham University in the United Kingdom, working with colleagues at LAPTh College & University in France, think they have found a potential solution to the problem. The scientists suggest that dark matter particles as well as feeling the force of gravity could have interacted with photons and neutrinos in the young universe, causing the dark matter to scatter.

Scientists think clumps of dark matter, or halos, which emerged from the early universe trapped the intergalactic gas needed to form stars and galaxies. Scattering the dark matter particles wipes out the structures that can trap gas, stopping more galaxies from forming around the Milky Way and reducing the number that should exist. “We don’t know how strong these interactions should be, so this is where our simulations come in,” said Celine Boehm from Durham University. “By tuning the strength of the scattering of particles, we change the number of small galaxies, which lets us learn more about the physics of dark matter and how it might interact with other particles in the universe. This is an example of how a cosmological measurement, in this case the number of galaxies orbiting the Milky Way, is affected by the microscopic scales of particle physics.”

There are several theories about why there are not more galaxies orbiting the Milky Way, which include the idea that heat from the universe’s first stars sterilised the gas needed to form stars. The researchers say their current findings offer an alternative theory and could provide a novel technique to probe interactions between other particles and cold dark matter. “Astronomers have long since reached the conclusion that most of the matter in the universe consists of elementary particles known as dark matter,” said Carlton Baugh from Durham University. “This model can explain how most of the universe looks, except in our own backyard where it fails miserably. The model predicts that there should be many more small satellite galaxies around our Milky Way than we can observe. However, by using computer simulations to allow the dark matter to become a little more interactive with the rest of the material in the universe, such as photons, we can give our cosmic neighbourhood a makeover, and we see a remarkable reduction in the number of galaxies around us compared with what we originally thought.”
By: Royal Astronomical Society, United Kingdom
‘J’ marks the spot for Rosetta's lander 15 September:  Rosetta’s lander Philae will target Site J, an intriguing region on Comet 67P/Churyumov–Gerasimenko that offers unique scientific potential with hints of activity nearby and minimum risk to the lander compared to the other candidate sites. Site J is on the ‘head’ of the comet, an irregular-shaped world that is just over 4 km across at its widest point. The decision to select Site J as the primary site was unanimous. The backup, Site C, is located on the ‘body’ of the comet.  The 100 kg lander is planned to reach the surface on 11 November, where it will perform in-depth measurements to characterise the nucleus in situ in a totally unprecedented way.
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Philae’s primary landing site will target Site J, the center of which is indicated by the cross in this OSIRIS narrow-angle image.

ESA/Rosetta/MPS for OSIRIS Team MPS/UPD/LAM/IAA/SSO/INTA/UPM/DASP/IDA

However, choosing a suitable landing site has not been an easy task.  “As we have seen from recent close-up images, the comet is a beautiful but dramatic world.  It is scientifically exciting, but its shape makes it operationally challenging,” said Stephan Ulamec from the DLR German Aerospace Center in Munich. “None of the candidate landing sites met all of the operational criteria at the 100 percent level, but Site J is clearly the best solution.”  “We will make the first ever in-situ analysis of a comet at this site, giving us an unparalleled insight into the composition, structure, and evolution of a comet,” said Jean-Pierre Bibring from the IAS in Orsay, France.  “Site J in particular offers us the chance to analyze pristine material, characterize the properties of the nucleus, and study the processes that drive its activity.” 
The race to find the landing site could only begin once Rosetta arrived at the comet August 6 when the comet was seen close up for the first time. By August 24, using data collected when Rosetta was still about 100 km from the comet, five candidate regions had been identified for further analysis. Since then, the spacecraft has moved to within 30 km of the comet, affording more detailed scientific measurements of the candidate sites. In parallel, the operations and flight dynamics teams have been exploring options for delivering the lander to all five candidate landing sites. 
A number of critical aspects had to be considered when scientists met to consider the available data and choose the primary and backup sites, not least that it had to be possible to identify a safe trajectory for deploying Philae to the surface and that the density of visible hazards in the landing zone should be minimal. Once on the surface, other factors come into play, including the balance of daylight and night time hours and the frequency of communications passes with the orbiter. 
The descent to the comet is passive, and it is only possible to predict that the landing point will place within a ‘landing ellipse’ typically a few hundred meters in size.  A one square kilometre area was assessed for each candidate site. At Site J, the majority of slopes are less than 30º relative to the local vertical, reducing the chances of Philae toppling over during touchdown. Site J also appears to have relatively few boulders and receives sufficient daily illumination to recharge Philae to continue science operations on the surface beyond the initial battery-powered phase. Provisional assessment of the trajectory to Site J found that the descent time of Philae to the surface would be about seven hours, a length that does not compromise the on-comet observations by using up too much of the battery during the descent. Both Sites B and C were considered as the backup, but C was preferred because of a higher illumination profile and fewer boulders. Sites A and I had seemed attractive during first rounds of discussion, but were dismissed at the second round because they did not satisfy a number of the key criteria. 
A detailed operational timeline will now be prepared to determine the precise approach trajectory of Rosetta in order to deliver Philae to Site J. The landing must take place before mid-November as the comet is predicted to grow more active as it moves closer to the Sun.  “There’s no time to lose, but now that we’re closer to the comet, continued science and mapping operations will help us improve the analysis of the primary and backup landing sites,” said Andrea Accomazzo from ESA.  “Of course, we cannot predict the activity of the comet between now and landing and on landing day itself. A sudden increase in activity could affect the position of Rosetta in its orbit at the moment of deployment and in turn the exact location where Philae will land, and that’s what makes this a risky operation.” 
Once deployed from Rosetta, Philae’s descent will be autonomous, with commands having been prepared by the Lander Control Centre at DLR and uploaded via Rosetta mission control before separation.  During the descent, images will be taken and other observations of the comet’s environment will be made.  Once the lander touches down, at the equivalent of walking pace, it will use harpoons and ice screws to fix it onto the surface. It will then make a 360° panoramic image of the landing site to help determine where and in what orientation it has landed. 
The initial science phase will then begin with other instruments analyzing the plasma and magnetic environment and the surface and subsurface temperature. The lander will also drill and collect samples from beneath the surface, delivering them to the onboard laboratory for analysis. The interior structure of the comet will also be explored by sending radio waves through the surface toward Rosetta.  “No one has ever attempted to land on a comet before, so it is a real challenge,” said Fred Jansen from ESA. “The complicated ‘double’ structure of the comet has had a considerable impact on the overall risks related to landing, but they are risks worth taking to have the chance of making the first ever soft landing on a comet.” 

By: ESA, Noordwijk, Netherlands
NASA's newest Mars mission spacecraft enters orbit around the Red Planet  22 September:  NASA’s Mars Atmosphere and Volatile Evolution (MAVEN) spacecraft successfully entered Mars’ orbit at 10:24 p.m. EDT Sunday, 21 September, where it now will prepare to study the Red Planet’s upper atmosphere as never done before. MAVEN is the first spacecraft dedicated to exploring the tenuous upper atmosphere of Mars “As the first orbiter dedicated to studying Mars’ upper atmosphere, MAVEN will greatly improve our understanding of the history of the Martian atmosphere, how the climate has changed over time, and how that has influenced the evolution of the surface and the potential habitability of the planet,” said NASA Administrator Charles Bolden. “It also will better inform a future mission to send humans to the Red Planet in the 2030s.”


On 21 September 2014, NASA's MAVEN spacecraft entered orbit around Mars, completing an interplanetary journey of 10 months and 711 million km.

NASA's Goddard Space Flight Centre

After a 10-month journey, confirmation of successful orbit insertion was received from MAVEN data observed at the Lockheed Martin operations centre in Littleton, Colorado, as well as from tracking data monitored at NASA’s Jet Propulsion Laboratory (JPL) navigation facility in Pasadena, California. The telemetry and tracking data were received by NASA’s Deep Space Network antenna station in Canberra, Australia. “NASA has a long history of scientific discovery at Mars and the safe arrival of MAVEN opens another chapter,” said John Grunsfeld, astronaut and associate administrator of the NASA Science Mission Directorate at the agency’s Headquarters in Washington, D.C. “Maven will complement NASA’s other Martian robotic explorers, and those of our partners around the globe, to answer some fundamental questions about Mars and life beyond Earth.”

Following orbit insertion, MAVEN will begin a six-week commissioning phase that includes manoeuvring into its final science orbit and testing the instruments and science-mapping commands. MAVEN then will begin its one-Earth-year primary mission, taking measurements of the composition, structure, and escape of gases in Mars’ upper atmosphere and its interaction with the Sun and solar wind. "It's taken 11 years from the original concept for MAVEN to now having a spacecraft in orbit at Mars,” said Bruce Jakosky, MAVEN principal investigator with the Laboratory for Atmospheric and Space Physics at the University of Colorado, Boulder (CU/LASP). “I'm delighted to be here safely and successfully, and looking forward to starting our science mission."

The primary mission includes five ‘deep-dip’ campaigns, in which MAVEN’s periapsis, or lowest orbit altitude, will be lowered from 150 km to about 125 km. These measurements will provide information down to where the upper and lower atmospheres meet, giving scientists a full profile of the upper tier. “This was a very big day for MAVEN,” said David Mitchell, MAVEN project manager from NASA’s Goddard Space Flight Center in Greenbelt, Maryland.  “We’re very excited to join the constellation of spacecraft in orbit at Mars and on the surface of the Red Planet. The commissioning phase will keep the operations team busy for the next six weeks, and then we’ll begin, at last, the science phase of the mission. Congratulations to the team for a job well done today.”

MAVEN launched on 18 November 2013, from Cape Canaveral Air Force Station in Florida, carrying three instrument packages. The Particles and Fields Package, built by the University of California, Berkeley, with support from CU/LASP and Goddard, contains six instruments that will characterize the solar wind and the ionosphere of the planet. The Remote Sensing Package, built by CU/LASP, will identify characteristics present throughout the upper atmosphere and ionosphere. And the Neutral Gas and Ion Mass Spectrometer, provided by Goddard, will measure the composition and isotopes of atomic particles.
By: NASA Headquarters, Washington, D.C.
Source of these and further astronomy news items: www.astronomy.com/news
DID YOU KNOW?

Some important female astronomers  Part 4: Antonia Maury
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Harvard computers: Antonia Maury (seated)
Antonia was another of the computers employed at Harvard College Observatory who advanced astronomy in her own right.  She was born in New York in 1866 into a family of distinguished scientists. She was granddaughter of John Draper and niece of Henry Draper, both pioneering astronomers in the field of stellar and spectral photography.  Her lineage meant that she and her siblings were exposed to science as children.  She attended Vassar women’s college, graduating in 1887 with an honours degree in physics, astronomy and philosophy.  

Despite her obvious intellectual ability, it is possible that her appointment to work at Harvard Observatory was assisted by her aunt’s donation of money to fund the work necessary to publish the Henry Draper catalogue. Whatever the motivation, in 1889, Antonia began work as one of the highly skilled women computers employed to process astronomical data, particularly photographic spectral images.  Her early tasks included determining the orbital periods of a number of binary stars. Like some others undertaking the tedious, but challenging analytical work, she also followed her own interest in theoretical work including developing her own stellar classification. This brought her into conflict with E C Pickering, the director of the observatory, who wanted her to classify stars, not interpret her observations.  

This friction affected the security of her employment, but Antonia persevered in enhancing the nature of her work.  At the same time as Annie Jump Canon was refining Williamina Fleming’s earlier spectral classification system, Antonia proposed an additional modification.  She had noticed that, in the existing system, stars with the same spectral pattern of lines sometimes demonstrated differences in the nature of the lines, particularly their sharpness and width.  She argued that it was not just the presence or absence of a spectral line which was important, but also its characteristics, and proposed three sub-divisions.  Stars with wide and well-defined lines would have the added letter ‘a’, those with hazy, but relatively wide lines a ‘b’ and those with narrow, sharp lines a ‘c’. Intermediate cases would be labelled ‘ab’ or ‘ac’.  Antonia stood by her classification, arguing, in particular that the c-type stars displayed an especially important characteristic.  

However, Pickering and others did not support implementation of Antonia’s spectral classification of differing absorption and emission line widths, finding them too cumbersome. The ongoing conflict resulted in her leaving the observatory in 1892.  Despite this, Pickering, surprisingly, urged her to complete her work.  Antonia did so, but demanded to be acknowledged as the author of her work, recognition normally denied to women.  Eventually, however, she was successful and, in 1897, she published an important early catalogue of over 600 stars.

From 1899 to 1908, Antonia, lectured at a number of colleges in the eastern United States while continuing to follow her interest in spectroscopic binaries.  During this time, the work she had done on developing her classification system was shown to be important.  Although Pickering had not liked her work, at Leiden University in Holland, the Danish astronomer Ejnar Hertzsprung realised the value of her classification using spectral linewidths.  Antonia’s work was the first step in the use of spectroscopic criteria to identify the luminosity (brightness) of stars. It facilitated his work on demonstrating a link between the width of as star’s spectral lines and its luminosity, an association which eventually resulted in the well-known Hertzsprung-Russell diagram.   In 1905, he published his work on stellar luminosity, recognising that c-type and ac-type stars were brighter than a-type or b-type stars. Further, Antonia’s classification enabled him to distinguish between red giant and dwarf stars which have the same spectra, but different linewidths. He identified that the former were those which belonged to the c-type category.

In 1908, Antonia returned to the observatory at Harvard, where she remained for many years.  Her greatest reward and legacy was the 1922 decision by the International Astronomical Union to modify its official classification system, based on Annie Jump Cannon’s system, to include the prefix ‘c’ for a certain spectral type defined by narrow, sharp lines.  Her most famous work was the spectroscopic analysis of the binary star Beta Lyrae, which was published in 1933.  This was the culmination of years of study of over 300 spectra of the complex binary system.

After her retirement in 1935, she pursued her interest in nature and conservation.  For three years, she also acted as curator at the house, now a museum, where her grandfather and uncle had built observatories and where the first photographs of the Moon as seen through a telescope were taken. In 1943, now a widely recognised and respected astronomer in her own right, she was awarded the Annie Jump Cannon Award from the American Astronomical Society. She died in 1952, aged 86.

Sources: Ridpath, I (Ed) 2007  Oxford dictionary of astronomy, www.en.wikipedia.org , www.womanastronomer.com, www.sheisanastronomer.org
For more information on the Hermanus Astronomy Centre and its activities, visit our website at www.hermanusastronomy.co.za 
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