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HERMANUS ASTRONOMY CENTRE NEWSLETTER

JANUARY 2015
As the Centre enters its eighth year, we wish all our members a very happy New Year and all the best for 2015.  

	Change in January meeting dates  Unfortunately, logistical issues at SANSA mean that the Cosmology meeting scheduled for 5 January and the monthly meeting scheduled for 8 January will have to be postponed until later in the month.  Once confirmed, the new dates will be circulated to members via e-mail.


	2015 monthly meeting dates  Unless it is a public holiday, meetings will continue to take place on the first Thursday of every month.  The dates for 2015 are:  8 January (see above), 5 February, 5 March, 2 April, 7 May, 4 June, 2 July, 6 August, 3 September, 1 October, 5 November and 3 December. Further details below.


	2015 membership

For those members who have yet to renew their 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?

Another summer triangle   The red stars Betelgeuse (Alpha Orionis) and Aldebaran (Alpha Tauri) not only form part of the well-known southern Summer Triangle (along with Sirius (Alpha Canis Major)), but are also part of another, upside down, triangle.  Aldebaran forms an almost 90 deg angle, with Betelgeuse at the end of the short base, and, downwards towards the northern horizon, Capella (Alpha Aurigae) at the tip of the longer line.  The sixth brightest star in the night sky, Capella, unlike the other two single stars forming the triangle, is a 4-star system consisting of two binary pairs.  Each pair consists of a bright giant star and a small, very cool red dwarf.  Although their low energy levels make them difficult to observe, with none being visible to the naked eye, red dwarfs make up the vast majority of stars in the Milky Way – up to 97%.
LAST MONTH’S ACTIVITIES
Monthly centre meeting  Twenty-eight members and partners attended the Christmas party held at SANSA on 4 December.  The evening began with Chairman Pierre de Villiers welcoming everyone and then formally thanking SANSA for enabling HAC to use their facilities for its meetings. He then presented invited SANSA staff member Elisa Fraser, who acts as co-ordinator, with a bouquet of flowers.  This was followed by new member and previous Head of the Cape Centre, Lia Labuschagne, giving a short, but interesting and informative overview of the astronomy behind the Star of Bethlehem.  Then everyone savoured the range of very tasty finger snacks catered by the staff at Anya’s Mum café while they tested their knowledge of history, geography, books, movies, music and other subjects, in addition to astronomy, while completing the annual team quiz.  The winners were rewarded for their achievement with extra chocolates.  And so ended a very enjoyable evening of good company, good food and some pleasant brain stimulation, testing and teasing.
Interest groups
Cosmology  Ten people (9 members, 1 visitor) attended the meeting on 1 December. They watched the eleventh 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: 21: ‘Which universe is ours?’ and Part 22: ‘Cosmic anti-gravity – inflation and dark energy’.

Astro-photography  There was no meeting in December.
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  Peter Harvey reports on the event which took place on Saturday 13 December.  “Sixteen pilgrims [12 members, 4 visitors] journeyed up the mountain to the wilds of Rotary Way. A chilly, slightly windy evening caught a few people, self included, by surprise who should have dressed a bit warmer for summer in the mountains.
The main object of the exercise was to give pride of place to our new ‘baby’, the 14”. Sadly, the focusing system was playing up and it was decided to pack it away and deal with the problem in daylight. However, we did have 4 other ‘scopes with which to enjoy some stargazing in a good, clear sky. Objects under scrutiny included the Orion Nebula and its surrounds, the Hyades and Pleiades, and Mars. I overheard mention of the Jewel Box and Eta Carinae. A little cloud started gathering just as we were packing up shortly before 10.00 pm.”
Educational outreach   
Youth club  Pierre de Villiers reports: “On Friday 5 December a workshop on sundials was conducted with the Hermanus Youth Astronomy and Space Club at Lukhanyo Primary School.  Johan Retief gave a brief description of how sundials work, explaining the terms sun-casting style (or gnomon), ecliptic, ellipse and tilt (of Earth’s rotation axis) which are fundamental to understanding how sundials work.  The learners were taken outside to the sunshine to demonstrate that their take-home sundials do actually work.
Pierre de Villiers then led the cutting out and assembly of the components of two Armillary sundial components from pre-printed cardboard templates.  The objective of this exercise was to determine which of the 500 mm or 600 mm options “looked better” to finalise the design for the Gearing’s Point sundials.  The workshop in fact showed that:

a.       Both designs were too large, fixing the final design at 400 mm, and

b.      The 2mm pre-printed cardboard templates were way too flexible.

The workshop was therefore extremely useful in determining the Gearing’s Point sundial size and how to improve the source material for future repetitions of the workshop.”
Hermanus Youth Robotic Telescope Interest Group  It is anticipated that the robotic telescopes will be available for use by learners early in 2015.
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  The first meeting of the new year will be on ‘Improving ‘naked and aided’ eye astronomical observations using small telescopes and binoculars’.  The presenter is Wolfgang Lange, Iziko Museum Planetarium presenter and Chair of the South Peninsula Astronomy Club (SPArC). As stated above in the introduction, the scheduled meeting date of 8 January has had to be postponed to later in the month.  
Interest group meetings  
The Cosmology group meets meeting on the first Monday of the month at 7 pm at SANSA. This month’s meeting was scheduled to take place on 5 January, but, as identified in the introduction, this date will be changing.  The final 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 23: ‘The force of creation’ and Part 24: ‘The next revolution’.

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 is no meeting in December.  The next meeting is currently scheduled for 19 January. Members will undertake processing of images of another nebula CO29).

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 future events will be circulated to members.
FUTURE ACTIVITIES

Possible trips are under consideration, but nothing has been arranged yet.  
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. 

8 January*
 
‘Improving ‘naked and aided eye’ astronomical observations 




using small telescopes and binoculars’.  Presenter: 




Wolfgang Lange, Iziko Museum Planetarium presenter  

* see information in the introduction on the change of date

5 February

AGM

5 March, 2 April, 7 May, 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

Progress with approval of the revised development proposal for the HOA is currently in abeyance until Overstrand Municipality staff return from the Christmas break.  It is hoped that Council will consider the plans early in the new year.  The Observatory committee continues working to finalise procedural arrangements for managing the project and meeting the administrative and monitoring requirements of the National Lotteries Board and the HAC.

In the meantime, 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  There is no update on progress with this project.
ASTRONOMY NEWS
Star Trek-like invisible shield found thousands of miles above Earth  1 December:  A team led by the University of Colorado (CU) Boulder has discovered an invisible shield some 11,600 km above Earth that blocks so-called ‘killer electrons’, which whip around the planet at near-light-speed and have been known to threaten astronauts, fry satellites, and degrade space systems during intense solar storms.
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Scientists have discovered an invisible shield roughly 7,200 miles (11,600 kilometers) above Earth that blocks so-called “killer electrons,” which can fry satellites and degrade space systems during intense solar storms.

Illustration by Andy Kale, University of Alberta
The barrier to the particle motion was discovered in the Van Allen radiation belts, two doughnut-shaped rings above Earth that are filled with high-energy electrons and protons, said Daniel Baker of CU's Laboratory for Atmospheric and Space Physics (LASP). Held in place by Earth's magnetic field, the Van Allen radiation belts periodically swell and shrink in response to incoming energy disturbances from the Sun.

The first significant discovery of the Space Age, the Van Allen radiation belts were detected in 1958 by Professor James Van Allen and his team at the University of Iowa and were found to comprise an inner and outer belt extending up to 40,200 km above Earth's surface. In 2013, Baker led a team that used the twin Van Allen probes launched by NASA in 2012 to discover a third transient ‘storage ring’ between the inner and outer Van Allen radiation belts that seems to come and go with the intensity of space weather.

The latest mystery revolves around an "extremely sharp" boundary at the inner edge of the outer belt at roughly 11,600 m in altitude that appears to block the ultrafast electrons from breeching the shield and moving deeper toward Earth's atmosphere. "It's almost like theses electrons are running into a glass wall in space," said Baker, "somewhat like the shields created by force fields on Star Trek that were used to repel alien weapons, we are seeing an invisible shield blocking these electrons. It's an extremely puzzling phenomenon."

The team originally thought the highly charged electrons, which are looping around Earth at more than 160,900 km/sec., would slowly drift downward into the upper atmosphere and gradually be wiped out by interactions with air molecules. However, the impenetrable barrier seen by the twin Van Allen belt spacecraft stops the electrons before they get that far, said Baker. The group looked at a number of scenarios that could create and maintain such a barrier. They wondered if it might have to do with Earth's magnetic field lines, which trap and control protons and electrons, bouncing them between Earth's poles like beads on a string. They also looked at whether radio signals from human transmitters on Earth could be scattering the charged electrons at the barrier, preventing their downward motion. Neither explanation held scientific water, Baker said. "Nature abhors strong gradients and generally finds ways to smooth them out, so we would expect some of the relativistic electrons to move inward and some outward," said Baker. "It's not obvious how the slow, gradual processes that should be involved in motion of these particles can conspire to create such a sharp, persistent boundary at this location in space."

Another scenario is that the giant cloud of cold, electrically charged gas called the plasmasphere, which begins about 965 km above Earth and stretches thousands of kms into the outer Van Allen belt, is scattering the electrons at the boundary with low-frequency electromagnetic waves that create a plasmaspheric ‘hiss’, said Baker. The hiss sounds like white noise when played over a speaker, he said. While Baker said plasmaspheric hiss may play a role in the puzzling space barrier, he believes there is more to the story. "I think the key here is to keep observing the region in exquisite detail, which we can do because of the powerful instruments on the Van Allen probes. If the Sun really blasts Earth's magnetosphere with a coronal mass ejection (CME), I suspect it will breach the shield for a period of time," said Baker.

By: University of Colorado, Boulder
NASA’s new Orion spacecraft completes first spaceflight test  5 December:  NASA marked a major milestone today on its journey to Mars as the Orion spacecraft completed its first voyage to space, travelling farther than any spacecraft designed for astronauts has been in more than 40 years. The successful 4.5-hour mission tested many of the riskiest events Orion will see when it sends astronauts to an asteroid and onward toward Mars in the future.
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The Orion space capsule completed a successful test flight on 5 December, lifting off from Cape Canaveral (left), completing two Earth orbits and reaching an altitude of 5,800 km, and splashing town in the Pacific Ocean 4.5 hours later (right).              NASA                                                    
“Today’s flight test of Orion is a huge step for NASA and a really critical part of our work to pioneer deep space on our journey to Mars,” said NASA Administrator Charles Bolden. “The teams did a tremendous job putting Orion through its paces in the real environment it will endure as we push the boundary of human exploration in the coming years.”

Orion blazed into the morning sky at 7:05 a.m. EST, lifting off from Space Launch Complex 37 at Cape Canaveral Air Force Station in Florida on a United Launch Alliance Delta IV Heavy rocket. The Orion crew module splashed down approximately 4.5 hours later in the Pacific Ocean, 1,000 km southwest of San Diego. During the uncrewed test, Orion travelled twice through the Van Allen belt where it experienced high periods of radiation, and reached an altitude of 5,800 km above Earth. Orion also hit speeds of 32,000 km/h and weathered temperatures approaching 2,200°C as it entered Earth’s atmosphere.
Orion will open the space between Earth and Mars for exploration by astronauts. This proving ground will be invaluable for testing capabilities future human Mars missions will need. The spacecraft was tested in space to allow engineers to collect critical data to evaluate its performance and improve its design. The flight tested Orion’s heat shield, avionics, parachutes, computers, and key spacecraft separation events, exercising many of the systems critical to the safety of astronauts who will travel in Orion. On future missions, Orion will launch on NASA’s Space Launch System (SLS) heavy-lift rocket currently being developed at the agency’s Marshall Space Flight Centre in Huntsville, Alabama. A 70 metric-ton SLS will send Orion to a distant retrograde orbit around the Moon on Exploration Mission-1 in the first test of the fully integrated Orion and SLS system. “We really pushed Orion as much as we could to give us real data that we can use to improve Orion’s design going forward,” said Mark Geyer, Orion Program manager. “In the coming weeks and months, we’ll be taking a look at that invaluable information and applying lessons learned to the next Orion spacecraft already in production for the first mission atop the Space Launch System rocket.”

A team of NASA, US Navy, and Lockheed Martin personnel aboard the USS Anchorage are in the process of recovering Orion and will return it to US Naval Base San Diego in the coming days. Orion will then be delivered to NASA’s Kennedy Space Centre in Florida, where it will be processed. The crew module will be refurbished for use in Ascent Abort-2 in 2018, a test of Orion’s launch abort system. Lockheed Martin, NASA’s prime contractor for Orion, began manufacturing the Orion crew module in 2011 and delivered it in July 2012 to the Neil Armstrong Operations & Checkout Facility at Kennedy where final assembly, integration, and testing were completed. More than 1,000 companies across the country manufactured or contributed elements to Orion.
By: NASA Headquarters, Washington, D.C.
Venus Express goes gently into the night  17 December: The European Space Agency’s (ESA) Venus Express has ended its 8 year mission after far exceeding its planned life. The spacecraft exhausted its propellant during a series of thruster burns to raise its orbit following the low-altitude aerobraking earlier this year. During its mission, the spacecraft provided a comprehensive study of the planet’s ionosphere and atmosphere and enabled scientists to draw important conclusions about its surface.
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Visualisation of the Venus Express aerobraking maneuver.

ESA–C. Carreau
Since its arrival at Venus in 2006, Venus Express had been on an elliptical 24-hour orbit, travelling 66,000 km above the south pole at its furthest point and to within 200 km over the north pole on its closest approach, conducting a detailed study of the planet and its atmosphere. However, after eight years in orbit and with propellant for its propulsion system running low, Venus Express was tasked in mid-2014 with a daring aerobraking campaign, during which it dipped progressively lower into the atmosphere on its closest approaches to the planet. Normally, the spacecraft would perform routine thruster burns to ensure that it did not come too close to Venus and risk being lost in the atmosphere. However, this unique adventure was aimed at achieving the opposite, namely reducing the altitude and allowing an exploration of previously uncharted regions of the atmosphere. 

Full contact with Venus Express was lost on 28 November. Since then, the telemetry and telecommand links had been partially re-established, but they were very unstable and only limited information could be retrieved. “The available information provides evidence of the spacecraft losing attitude control most likely due to thrust problems during raising manoeuvres,” said Patrick Martin from ESA.

“The end could not be predicted but was not completely unexpected either. Without propellant, it is no longer possible to control the attitude and orient Venus Express toward Earth to maintain communications. It is also impossible to raise the altitude further, meaning that the spacecraft will naturally sink deeper into the atmosphere over the coming weeks. “After over eight years in orbit around Venus, we knew that our spacecraft was running on fumes,” said Adam Williams from ESA. “It was to be expected that the remaining propellant would be exhausted during this period, but we are pleased to have been pushing the boundaries right down to the last drop.”

“During its mission at Venus, the spacecraft provided a comprehensive study of the planet’s ionosphere and atmosphere and has enabled us to draw important conclusions about its surface,” said Håkan Svedhem from ESA. Venus has a surface temperature of over 450°C, far hotter than a normal kitchen oven, and its atmosphere is an extremely dense choking mixture of noxious gases. 
One highlight from the mission is the tantalising hint that the planet may well be still geologically active today. One study found numerous lava flows that must have been created no more than 2.5 million years ago - just yesterday on geological timescales - and possibly even much less than that. Indeed, measurements of sulphur dioxide in the upper atmosphere have shown large variations over the course of the mission. Although peculiarities in the atmospheric circulation may produce a similar result, it is the most convincing argument to date of active volcanism.

Even though the conditions on the surface of Venus are extremely inhospitable today, a survey of the amount of hydrogen and deuterium in the atmosphere suggests that Venus once had a lot of water in the atmosphere, which is now mostly gone, and possibly even oceans of water like Earth’s. Also just like Earth, the planet continues losing parts of its upper atmosphere to space: Venus Express measured twice as many hydrogen atoms escaping out of the atmosphere as oxygen atoms. Because water is made of two hydrogen atoms and one oxygen atom, the observed escape indicates that water is being broken up in the atmosphere.

Studies of the planet’s ‘super-rotating’ atmosphere - it whips around the planet in only four Earth days, much faster than the 243 days the planet takes to complete one rotation about its axis - also turned up some intriguing surprises. When studying the winds by tracking clouds in images, average wind speeds were found to have increased from roughly 300 to 400 km/h over a period of six Earth years.  At the same time, a separate study found that the rotation of the planet had slowed by 6.5 minutes since NASA’s Magellan measured it before completing its five-year mission at Venus 20 years ago. However, it remains unknown if there is a direct relationship between the increasing wind speeds and the slowing rotation.

By: ESA, Noordwijk, Netherlands
Kepler proves it can still find planets  19 December: To paraphrase Mark Twain, the report of the Kepler spacecraft’s death was greatly exaggerated. Despite a malfunction that ended its primary mission in May 2013, Kepler is still alive and working. The evidence comes from the discovery of a new super-Earth using data collected during Kepler’s ‘second life’. “Like a phoenix rising from the ashes, Kepler has been reborn and is continuing to make discoveries. Even better, the planet it found is ripe for follow-up studies,” said Andrew Vanderburg of the Harvard-Smithsonian Center for Astrophysics in Cambridge, Massachusetts (CfA).
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This artist's conception portrays the first planet discovered by the Kepler spacecraft during its K2 mission. A transit of the planet was teased out of K2's noisier data using ingenious computer algorithms developed by a CfA researcher. The newfound planet, HIP 116454b, has a diameter of 20,000 miles (two and a half times the size of Earth) and weighs 12 times as much. It orbits its star once every 9.1 days.                  David A. Aguilar (CfA)

NASA’s Kepler spacecraft detects planets by looking for transits - when a star dims slightly as a planet crosses in front of it. The smaller the planet, the weaker the dimming, so brightness measurements must be exquisitely precise. To enable that precision, the spacecraft must maintain a steady pointing. Kepler’s primary mission came to an end when the second of four reaction wheels used to stabilise the spacecraft failed. Without at least three functioning reaction wheels, Kepler couldn’t be pointed accurately. Rather than giving up on the plucky spacecraft, a team of scientists and engineers developed an ingenious strategy to use pressure from sunlight as a virtual reaction wheel to help control the spacecraft. The resulting second mission, K2, promises to not only continue Kepler’s search for other worlds, but also introduce new opportunities to observe star clusters, active galaxies, and supernovae. Due to Kepler’s reduced pointing capabilities, extracting useful data requires sophisticated computer analysis. Vanderburg and his colleagues developed specialised software to correct for spacecraft movements, achieving about half the photometric precision of the original Kepler mission.
Kepler’s new life began with a nine-day test in February 2014. When Vanderburg and his colleagues analysed that data, they found that Kepler had detected a single planetary transit. They confirmed the discovery with radial velocity measurements from the HARPS-North spectrograph on the Telescopio Nazionale Galileo in the Canary Islands. The Microvariability and Oscillations of STars (MOST) satellite weakly detected additional transits.

The newfound planet, HIP 116454b, has a diameter of 32,000 km, two and a half times the size of Earth. HARPS-N showed that it weighs almost 12 times as much as Earth. This makes HIP 116454b a super-Earth, a class of planets that doesn’t exist in our solar system. The average density suggests that this planet is either a water world (composed of about three-fourths water and one-fourth rock) or a mini-Neptune with an extended gaseous atmosphere. This close-in planet circles its star once every 9.1 days at a distance of 13.5 million km. Its host star is a type K orange dwarf, which is slightly smaller and cooler than our Sun. The system is 180 light-years from Earth in the constellation Pisces. Since the host star is relatively bright and nearby, follow-up studies will be easier to conduct than for many Kepler planets orbiting fainter, more distant stars. “HIP 116454b will be a top target for telescopes on the ground and in space,” said John Johnson of the CfA.

By: Harvard-Smithsonian Centre for Astrophysics, Cambridge, Massachusetts  

Origin of high-latitude aurorae revealed  22 December: Aurorae are the most visible manifestation of the Sun’s effect on Earth, but many aspects of these spectacular displays are still poorly understood. Thanks to the European Space Agency’s (ESA) Cluster and NASA’s Image satellites working together, a particular type of high-latitude aurora has now been explained.
The night side of the terrestrial magnetosphere forms a structured magnetotail, consisting of a plasma sheet at low latitudes that is sandwiched between two regions called the magnetotail lobes. The lobes consist of the regions in which Earth’s magnetic field lines are directly connected to the magnetic field carried by the solar wind. Different plasma populations are observed in these regions — plasma in the lobes is very cool whereas the plasma sheet is more energetic. The diagram labels by two red dots is the location of an ESA Cluster satellite and NASA’s Image satellite on  September 15, 2005, when particular conditions of the magnetic field configuration gave rise to a phenomenon known as "theta aurora".
ESA/NASA/SOHO/LASCO/EIT

Although separated by some 150 million km, the Sun and Earth are connected by the solar wind. This stream of plasma - electrically charged atomic particles - is launched by the Sun and travels across the solar system, carrying its own magnetic field with it. Depending on how this ’interplanetary magnetic field’ is aligned with Earth’s magnetic field when it arrives, there can be various results. At the point where the two fields meet, Earth’s magnetic field points north. If the interplanetary field is pointing south, then ‘magnetic reconnection’ can occur - magnetic field lines pointing in opposite directions spontaneously break and reconnect with other nearby field lines. This opens the door to solar wind plasma entering the magnetosphere - Earth’s magnetic ‘bubble’.

The ultimate result can be colourful displays in the night sky known as the northern or southern lights, produced when the particles are channelled along Earth’s magnetic field lines and strike atoms high in the atmosphere. The interaction with oxygen atoms results in a green or, more rarely, red glow in the night sky while nitrogen atoms yield blue and purple colours. Normally, the main region for this impressive display is the ‘auroral oval’, which lies at around 65–70° north or south of the equator, encircling the polar caps. However, when the interplanetary magnetic field points northward, aurorae can occur at even higher latitudes. One type is known as a ‘theta aurora’ because seen from above it looks like the Greek letter theta - an oval with a line crossing through the centre. 

While the genesis of the auroral oval emissions is reasonably well understood, the origin of the theta aurora was unclear until now. A clue comes from the particles observed in the two ‘lobe’ regions of the magnetosphere. The plasma in the lobes is normally cold, but previous observations suggested that theta aurorae are linked with unusually hot lobe plasma, though quite how was unclear. “The possibilities have been debated since the first satellite observations of the phenomenon were made in the 1980s,” said Robert Fear of the University of Southampton in the United Kingdom. “Previously, it was unclear whether this hot plasma was a result of direct solar wind entry through the lobes of the magnetosphere or if the plasma is somehow related to the plasma sheet on the night side of Earth. One idea is that the process of magnetic reconnection on the night side of Earth causes a buildup of ‘trapped’ hot plasma in the higher latitude lobes.”

The mystery was finally solved by studying data collected simultaneously by the Cluster and Image satellites on 15 September, 2005. While the four Cluster satellites were located in the Southern Hemisphere magnetic lobe, Image had a wide-field view of the Southern Hemisphere aurora. As one Cluster satellite observed uncharacteristically energetic plasma in the lobe, Image saw the ‘arc’ of the theta aurora cross the magnetic footprint of Cluster. “We found that the energetic plasma signatures occur on high-latitude magnetic field lines that have been closed by the process of magnetic reconnection, which then causes the plasma to become relatively hot,” said Fear. “Because the field lines are closed, the observations are incompatible with direct entry from the solar wind. By testing this and other predictions about the behaviour of the theta aurora, our observations provide strong evidence that the plasma-trapping mechanism is responsible for the theta aurora.”

“The study highlights the intriguing process that can occur in the magnetosphere when the interplanetary magnetic field of the solar wind points northwards,” said Philippe Escoubet from ESA. This is the first time that the origin of the theta aurora phenomenon has been revealed, and it is thanks to localized measurements from Cluster combined with the wide-field view of Image that we can better understand another aspect of the Sun-Earth connection.”
By: ESA, Noordwijk, Netherlands
Source of these and further astronomy news items: www.astronomy.com/news
DID YOU KNOW?

Some important female astronomers  Part 7: Cecelia Payne–Gaposchkin
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The Sun – mostly hydrogen
Cecilia Payne was a British-American astronomer and astrophysicist who was born in England in 1900. Following her father’s early death, there were only sufficient funds to pay for her brothers’ education, but she won a scholarship in 1919 to study at Cambridge. While reading botany, physics and chemistry, she attended a lecture by Arthur Eddington on his 1919 expedition to test Einstein’s general theory of relativity during a solar eclipse and was inspired to study astronomy.  Although she completed her studies, as a woman, she was not awarded a degree.

She realised that the only future in Britain for her was as a teacher, so she applied for and was awarded a fellowship in 1923 to join the new postgraduate programme in astronomy at Harvard College Observatory. Howard Shapley, the Observatory’s director persuaded her to start working towards a doctorate and, in 1925, she became the first person to earn a PhD in astronomy from the women’s Radcliffe College.  By then she had also published six papers on stellar atmospheres.  

She developed a temperature scale for the various types of stars based on the strengths of their spectral lines which enabled her to accurately relate spectral classes to their actual temperatures. She showed that the great variation in stellar absorption lines was a consequence of differing amounts of ionisation at different temperatures, not to differing amounts of elements, as was currently assumed.  Her findings allowed her to correctly conclude that silicon, carbon and common metals seen in the Sun’s spectrum existed an about the same amounts as on Earth, but that hydrogen and helium were vastly more abundant in stars.  Her research established that hydrogen is by far the largest constituent of stars. Although some colleagues discouraged her from formally concluding that the composition of stars like the Sun differs from that of rocky planets, a few years later, findings by other researchers confirmed her own.

In 1931, Cecilia became an American citizen.  Whilst touring in Europe in 1933 she met Russian astronomer Sergei Gaposchkin and assisted him to obtain a visa to the United States. They married in 1934 and later had three children.  

The family lived in Massachusetts and Cecelia spent her whole career at Harvard.  After completing her doctorate, she studied stars with high luminosity (brightness) in order to understand the structure of the Milky Way and also surveyed all the stars brighter than magnitude 10. She and Sergei then began a challenging programme of measuring the magnitudes of variable stars from photographic plates, Cecelia making over 1¼ million observations with her husband and their assistants. The huge effort culminated in the publication, in 1938, of a catalogue of variable stars in.  Later, this work was extended to variable stars in the Magellanic Clouds, the catalogue from over 2 million new observations being published in 1971.

Cecelia remained scientifically active throughout her life.  At first, she had no official position at Harvard, working as a technical assistant to Shapley from 1927–1938. At one time her low status and poor salary made her consider leaving Harvard, but Shapley worked to improve her position and, in 1938, she was given the title of astronomer, although it was only in 1945 that all the courses she had taught were officially recognised by the university.  In 1954, the new director of the Harvard Observatory also worked to improve her position, succeeding in 1956 when she was promoted to a full professor within the Faculty of Arts and Sciences. Later, she was appointed Chair of the Department of Astronomy, the first woman ever to head a department at Harvard.  

Her career mirrored a time of change at Harvard College Observatory.  During his time as director, Shapley had recognised the abilities of women, particularly as ‘computers’ who studied the detail of the many thousands of photographic plates held at the Observatory. He had started a programme offering women the opportunity to work in astronomy, something little done in other institutions.  This approach bore much fruit and the Observatory was the source of several achievements by women including Cecilia Payne-Gaposchkin.  However, she was not merely a passive recipient of this attitude. Her doctorate was clear evidence of the academic ability of women, not just their technical skills, and opened the doors for women to enter mainstream astronomy. She became the role model for others who wanted to follow careers in science, the work she published and presented convincing other women that not only men were able to understand scientific concepts.  During her career, a number of honours and awards were conferred on her in recognition of her achievements which included over 150 scientific papers and monographs and some books.

Cecilia retired from Harvard in 1967 although she continued to give lectures for various astronomical organisations.  She died in 1979.  

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