The Solar Corona:  Arthur B.C. Walker

Prepared by Ruth Howes (ruth.howes@marquette.edu) 

with support from the Wisconsin Space Grant Consortium

The Solar Corona

Astronomers have long known that the Sun is a typical main sequence star.  It burns hydrogen to helium in its core.  However, because we are close to the Sun, we can study its structure in great detail.  There are two reasons for such studies.  First, they provide an opportunity to get to know a star up close and personal.  The details of the Sun’s behavior reflect its internal structure and provide insight into the behavior of stars in general.  Simply because our Sun is such a typical star, it is an ideal laboratory for the study of stars in general.  
Second, the Sun strongly influences climate here on Earth.  It is known that the Sun’s magnetic field fluctuates a few tenths of a percent over time with a cycle of 22 years that is reflected in the number of sunspots appearing on its surface.  The effects of these fluctuations were first detected on Earth in tree ring data collected for dating in archaeology.  The width of tree growth rings corresponded to wet and dry years.  The pattern of wet and dry exactly followed the sunspot cycle.  Recent data suggest that solar activity may follow more complex patterns.  For example, the sunspot cycle turned off completely during a period of about 70 years from 1645 to 1715 plunging the North Atlantic into a period of cold known as the Maunder minimum.  It is not clear exactly how solar activity effects Earth’s climate, but it is very clear that the mechanism involves the great outer layer of the Sun’s atmosphere, the solar corona.

The Sun’s atmosphere is the part of the Sun that stretches above the visible surface of the Sun, the photosphere. The temperature of the surface of the photosphere is 5780 K (Arny 324).  The inner layer of the atmosphere is about 10,000 km thick (Wikipedia) although it fluctuates so does not have a fixed size.  For comparison purposes, the Earth’s radius is about 6400 km and the Sun’s radius is 700,000 km (Arny 15).  Surprisingly, the temperature rises in the chromosphere from about 4500K near the photosphere to 50,000 K near its border with the corona. (Arny 328)

The corona lies above the chromosphere and stretches millions of miles into space in an irregular pattern.  At its outer edges the corona discharges particles that stream away from the Sun as the solar wind.  The U.S. government monitors explosions on the Sun, solar flares, because they increase the intensity of the solar wind enough to pose a danger to astronauts and to disrupt radio communications that depend on the Earth’s ionosphere.  The temperature of the corona is between 1 and 3 million Kelvin, but it contains very little matter   The density of the corona is only 10-12 that of the photosphere.   These two properties mean that the corona emits most of its electromagnetic radiation at short wavelengths in the extreme ultraviolet and soft x-ray region (40-150 Ǻ (Walker et al. 581-582)).  Because it is so diffuse, it also emits much less light than the photosphere.  Next to the bright photosphere, the corona is visible only during a total solar eclipse. (Wikipedia)

The corona is anything but static.  The hot gases are interspersed with cool regions called coronal holes through which solar matter flows into the solar wind.  .  Flares are gigantic explosions on the Sun that disrupt the corona.  Hot arcs of gas follow the Sun’s magnetic field into the corona.  These prominences can easily engulf the Earth.  Smaller loops erupt into the corona.  Because the corona directly influences the solar wind, understanding its behavior and the mechanisms that heat it are important to understanding the Earth’s climate.
Astronomers struggled to measure the properties of the corona   Even Thomas Edison helped with the measurements by developing an experiment to measure the temperature of the corona during a total eclipse visible in Colorado.  Unfortunately, Edison set up his equipment in a hen house.  At the beginning of totality, the chickens flew home to roost and blocked Edison’s view of the corona, at least for the first part of totality.  In 1930, the astronomer Bernard Lyot developed the coronagraph, a device which blocked the photosphere and let astronomers study the corona. (Wikipedia)  However, the Earth’s atmosphere does not transmit short wavelength extreme ultraviolet radiation.  With the advent of satellite born telescopes, it became possible to study the radiation from the corona from above the atmosphere.
Arthur Bertram Cuthbert Walker, Jr.
Arthur B.C. Walker led efforts to develop telescopes capable of being mounted on rockets and in satellites that could record images of the Sun’s corona in the extreme ultraviolet and soft x-ray regions of the electromagnetic spectrum.  Walker’s work involved excellent understanding of the physics of the Sun but also the use of new techniques for focusing ultraviolet radiation.  Finally, he worked with a large multidisciplinary team so he also possessed considerable skill as a project manager and leader.

Walker was born in Cleveland in 1936.  His father was a lawyer working for the Erie Railroad who married the daughter of the successful publisher of an African American newspaper.   His father moved the family to New York City in 1941 so that he could establish his own law practice.  After his mother organized parents to monitor teachers’ absence from class, Walker was asked to find a new school.  Fortunately, the new school provided an environment where he discovered science and the joy of reading.  He attended the Bronx High School of Science.  Even there, a chemistry teacher tried to persuade him to study something applied rather than pure science.  His mother intervened, and not surprisingly, Walker earned a bachelors degree in physics from Case Institute of Technology in Cleveland and a masters and Ph.D. in physics from the University of Illinois.  His 1962 dissertation was “Photomeson Production from Neutrons Bound in Helium and Deuterium,” a hot topic in nuclear physics that had little to do with astronomy.  (“Arthur,” “Memorial Resolution,” and Levy)
With his new Ph. D. in hand, Walker joined the Air Force to fulfill his military obligation in this era of the draft.  He became a first lieutenant and was assigned to the Air Force Weapons Laboratory where he developed a lifelong interest in satellite borne instruments when he was assigned to a project developing instruments to study the Van Allen radiation belts.  He left the Air Force in 1965 and joined the Space Physics Laboratory of the Aerospace Corporation.  There he continued work on instruments to study the upper atmosphere of the Earth and the Sun. (Levy)

Nine years later, Stanford recruited Walker to its Department of Applied Physics telling him, “We think we have here at Stanford the most distinguished African American faculty of any major research university, and we hope you’ll come and join us.”   Not surprisingly he turned down an offer from another distinguished research university where he was told, “You’ll be the first African American faculty member on our campus.”  (Levy)  Walker moved to Stanford in 1974 as a Professor of Applied Physics and in 1991 received a similar appointment from the Department of Physics.  He served as Associate Dean of Graduate Studies from 1976-1980 and as chair of the Astronomy Program from 1977-1980.  He was a member of numerous NASA committees, most notably of the committee that investigated the Challenger explosion in 1986.  

Imaging in the Extreme Ultraviolet Region

Conventional mirrors absorb extreme ultraviolet radiation so they only reflect it if the radiation strikes the mirror at a very large angle of incidence.  Lenses do not transmit this radiation so the only way to focus an image at these wavelengths was by using complex arrays of mirrors where the radiation was reflected at a series of large grazing angles.  This kind of optics is both complex and heavy compared to the conventional mirrors and lenses used to build telescopes in the visible and infrared regions.  Both satellite space and launch weight are at a premium so grazing optics was a very expensive way to make ultraviolet observations.  In the 1980s, Walker learned of work being done by a senior research associate at Stanford’s Center for Materials Science, Troy Barbee.   Walker immediately recognized the potential of Barbee’s work for constructing telescopes that could form images of the Sun and its corona in the extreme ultraviolet.
Barbee was developing techniques to grow layered films of different materials where the layering was so precise that the layers of the films acted like the layers of atoms in a crystal.  Just as atoms reflected x-rays to produce Bragg reflection at precise angles, Barbee’s carefully designed layers could be used to reflect particular wavelengths of electromagnetic radiation.  By varying the spacing of the layers and the materials of which they are made, it was possible to tune the films to reflect one particular frequency of electromagnetic radiation.

Walker learned of Barbee’s work and realized that if the film could be coated on a parabolic surface, the system could act as a mirror and focus one wavelength to form an image.  That meant that an ultraviolet telescope could be designed like a reflecting telescope in the visible.  The design would be far easier to point, more compact and much lighter than telescopes based on grazing incidence optics. (Walker et al.)   Walker and Barbee experimented with telescopes in the extreme ultraviolet and flew them on sounding rockets to get them above the atmosphere.  There success was spectacular, and their extreme ultraviolet image of the Sun made the cover of Science magazine on September 30, 1988, a signal that their work had reached paramount importance.  

Walker, Barbee and a number of other collaborators then worked to design a major satellite mounted system, the Multi-Spectral Solar Telescope Array, MSSTA.  Because the mirror coatings were tailored for particular wavelengths of electromagnetic radiation, Walker designed a system that would use multiple telescopes tuned to wavelengths that spanned the wavelengths from 30 Ǻ to 400 Ǻ .  Images from individual telescopes could then be combined to form composite images.  The first MSSTA was launched in 1991 with fourteen telescopes.  It was followed in 1994 by a second satellite that carried 19 telescopes.   The MSSTA missions were launched on rockets and remained aloft for only a few minutes.  The technique that Walker developed is being used in the x-ray telescope, Chandra, one of NASA’s four great orbiting observatories.  (Levy)
In addition to developing instruments to make ultraviolet and x-ray images of the Sun, Walker focused on analyzing the mechanisms that produced the phenomena that appeared in them.  He and his students and collaborators studied the how the flow of energy into the solar corona is affected by the behavior of the plasma that makes up the corona, and they determined the mechanisms by which coronal holes heat the underlying chromosphere.  They determined how energy flows within the corona and looked at the detailed thermodynamics of the upper part of the solar atmosphere.  They developed more sophisticated models of the solar corona.  Eventually their models became sophisticated enough to predict structures in the corona which were eventually observed to exist.  In 2001, Walker was working to develop a spectroheliograph that would use multi-layer optics to construct a grating and with Blas Cabrera, a physics professor at Stanford, to fabricate a new kind of ultraviolet imaging detector, an x-ray microcalorimeter.  (Oluseyi)
The Future of the Study of the Sun

Walker and his collaborators made enormous progress in understanding the behavior of the solar atmosphere.  However, there are many unanswered questions that continue to interest astronomers.  Marshall Space Flight Center lists three big unanswered questions:  How does the Corona get heated and maintained?  How can we predict when and where solar flares and the coronal mass ejections that accompany them will occur?  How can we predict the behavior of the Sunspot cycle?  (The Big Questions)   The multilayer techniques for focusing short wavelength electromagnetic radiation that Walker pioneered are keys to designing the next generation of both space-based and ground-based telescopes that will try to answer these questions.
In August of 2006, NASA will launch two twin satellites, STEREO A and STEREO B.  STEREO is an acronym for Solar TErrestrial RElations Observatory.  The two satellites will observe the Sun from two angles so that astronomers can construct a three dimensional image of the solar corona.  They will use the Moon’s gravity to throw the satellites into orbits so that they will move with Earth around the Sun.  It will take two years for them to move into position.  One will travel about 45o ahead of the Earth and the other will follow at close to 45o.  The positioning of the satellites is in itself a challenge.

The goal of STEREO is to understand and predict solar flares and coronal mass ejections, events spreading over as much as an eighth of the solar surface that hurl large quantities of coronal material into space.  CMEs increase as the Sun moves towards sunspot maximum.  They clearly play an important role in the Sun’s atmosphere, but it is not clear what causes them or the great solar explosions known as flares.  Because flares and CMEs impact the amount of radiation in space, they can affect the electronics in spacecraft and endanger astronauts on long missions in space.  Accurately predicting space weather is an important precondition for long term manned space flight.
Each STEREO satellite will carry four major instruments.   Walker’s films are used in the five telescopes that make up the Sun Earth Connection Coronal and Heliospheric Investigation. (SECCHI)  They will image the solar atmosphere and its structures in three dimensions.  The In-situ Measurements of Particles and CME Transients (IMPACT) will examine the behavior the electrons and ions emitted during flares and CMEs.  It has telescopes that can form images based on ions, protons and electrons as well as examine their energies and interactions with material that fills the solar system.  The Plasma and SupraThermal Ion Composition Investigation (PLASTIC) will looks at the distribution of different types of ions from H to Fe in the solar wind and how this changes during flares and CMEs.  Finally, STEREO/WAVES will monitor the interaction of the shock waves of CMEs and flares with the interplanetary medium by imaging them in the radio region.   Among them, these instruments can develop a three dimensional picture of the Sun’s atmosphere and its magnetic field and study their changes over time as the Sun itself goes through the sunspot cycle.
A.B.C. Walker, Gentleman and Mentor Extraordinaire

Walker’s astronomy was important and distinguished.  However, he was also an outstanding advocate for opening astronomy to women and members of underrepresented groups.  At Stanford, he served on the graduate admissions committees in Physics and Applied Physics.  He forged alliances with colleagues so that between 1978 and 1988, the departments graduated more than 30 African American Ph.D.s in these fields.  With retirements of interested faculty members, the numbers dropped dramatically so that between 1998 and 2001 only eight African American students entered these graduate programs and only five received the Ph.D.  (Oluseyi)  He served as dissertation advisor to 13 students, many of them women or members of underrepresented groups.  The most famous of these is the first U.S. woman in space, Sally Ride, herself an active advocate for increasing the numbers of women and minorities in science.  (“Memorial Resolution”)
Walker served on the advisory committee of the African and Afro-American Studies program   and founded the Banneker Group, an informal organization of African American faculty members named for the first black astronomer in the U.S.  Benjamin Banneker.  The group provided support to one another and was particularly important to young faculty members, among whom was political science professor, Condoleezza Rice .  Such service earns no points towards salary, promotion or tenure, but Walker gave generously throughout his career.  He is remembered for his calm good sense and quiet humor under pressure. (Levy)

References
Arny, Thomas T., Explorations: An Introduction to Astronomy, 4th edition.  New York: McGraw- Hill Higher Education (2006).

“Arthur Bertram Cuthbert Walker, Jr.,” from Physicists of the African Diaspora downloaded June 27, 2006 from http://www.math.buffalo.edu/mad/physics/walker_arthurbc.html
Levy, Dawn.  “Art Walker: ‘favorite sun’ of solar physics,” Stanford Report, October 4, 2000.  Downloaded June 27, 2006 from 

http://news-service.stanford.edu/news/2000/october4/walkerprofile-104.html
“Memorial Resolution: Arthur B.C. Walker, Jr. (1936-2001),” Stanford Report, May 18, 2005.  Downloaded June 27, 2006 from

http://news-service.stanford.edu/news/2005/may18/memlwalk-051805.html
Oluseyi, Hakeem, “Arthur Walker, Scholar, Warrior, Citizen,” downloaded June 27, 2006 from http://www.math.buffalo.edu/mad/physics/walker_arthurbc.html
“Solar Physics:  The Big Questions”  downloaded July 26, 2006 from

http://solarscience.msfc.nasa.gov/quests.shtml
STEREO:  Spacecraft and Instruments” and links to home pages of groups on that page.  Downloaded July 27, 2006 from

http://www.nasa.gov/mission_pages/stereo/spacecraft/index.html
Walker, Arthur B.C. Jr., Joakim F. Kubdbkin, Ray H. O’Neal, Maxwell J. Allen, Troy W. Barbee, Jr., and Richard B. Hoover, “Multi-Spectral Solar Telescope Array,” Optical Engineering 29 (June, 1990) 581-591.

Wikipedia articles on the solar corona and the solar chromosphere, downloaded July 23, 2006 from http://en.wikipedia.org/wiki/Corona and http://en.wikipedia.org/wiki/Chromosphere and http://en.wikipedia.org/wiki/Coronagraph
