 SEQ CHAPTER \h \r 1Project Description 
A.  Overview

This proposal seeks REU and RET funds for five years of support for the NRAO summer program. The NRAO summer student program, which celebrated its 50th anniversary in 2009, is a strong and valuable part of the NRAO tradition of community service through the education of students in the key STEM (science, technology, engineering, and mathematics) disciplines. During the past eleven years, the program has been expanded by the addition of teacher participants, funded through a Research Experience for Teachers (RET) supplement to the REU grant.

For each of the five years, we request support for 15 undergraduate students with backgrounds in science, engineering, and/or computer science and with an interest in astronomy, and for 4 teachers involved with science and math education.   Approximately 5 undergraduate student participants per year will be placed at each of the three NRAO sites for a total of 10-12 weeks.   The RET participants will be placed at one or more of the three NRAO sites for a total of up to 8 weeks each year.   During their appointments, the participants will work with NRAO scientific staff advisers on a project in the advisor’s area of expertise: astronomy and astrophysics, research engineering, or computer science.   Students and teachers alike will also take part in a summer lecture series introducing them to the fundamentals of astronomy and to current topics in astronomical research.   Teachers may additionally take part in workshops, and participate in educational sessions to develop classroom activities that make use of their research experience at the NRAO.

In addition to NSF funded undergraduate students and teachers, the NRAO summer program also includes approximately 10 graduating seniors or beginning graduate students, and several pre-doctoral students, supported with NRAO contract funds.   Moreover, there are several engineering co-op students, students supported by the software group, and a number of students sent to the NRAO for the summer by their faculty advisors at colleges and universities.  This mix of graduate and undergraduate students working on research together, with additional interaction with NRAO pre-doctoral students, postdoctoral fellows, and scientific staff advisers, gives both students and teachers a rich introduction to life as an astronomer. As a testament to the ability of the NRAO student program to foster a real and tangible interest in an astronomical career, former students include a significant number of professional astronomers and scientists in the wider community. 

B.  Nature of Participant Activities
B.1.  Approach to Research Training -  The NRAO is a national facility that includes training the next generation of scientists and engineers as a key component of its mission. The NRAO summer program is run entirely for the benefit of the participants.   Our philosophy is that the participants benefit most by maximizing the time spent participating in real research and/or building real instrumentation or software for use by professional astronomers.   While other activities take place during the summer (including a dedicated lecture series, field trips, social events, and on-going Observatory activities), the main thrust of the summer program is the participant’s research project.   These projects are developed by NRAO scientific staff members in their area of expertise, and include all areas of astronomy (cosmology, extragalactic, galactic, stellar, solar system, astrochemistry, pulsars, etc.), as well as astronomical engineering and computing.   Projects are entirely research oriented, including those of an engineering nature (see examples of 2009 project descriptions in Sec.B.3. below).

Participants in the summer program are expected to contribute materially to the research in which they collaborate with their scientific adviser. These contributions are often recognized through co-authorship in subsequent publications (see Sec.6) and/or participation in a professional scientific meeting such as the annual meeting of the American Astronomical Society. We expect that the summer research experience will allow the students to see, in a real way, the practical utility of their academic studies.   RET participants will garner ideas for classroom applications that incorporate issues of science, technology and society.   In particular, the RET experience will provide teachers with a model for inquiry-based learning that they can apply in their own classrooms.
B.2.  Participant Interactions - To promote the professional development of the student participants, and to give the teacher participants supporting background information for understanding the broader aspect of astronomical and engineering research, each site hosts a lecture series designed for the participants.   The lectures cover various aspects of astronomy, including the basics of radio astronomy and its techniques.   Each site also hosts regular weekly science discussion sessions; both formal scientific colloquia and less formal lunch talks.   These lectures are given by visitors or staff about current topics in astronomy, and are especially good for exposing students to the energy and controversy that marks important research.   Participants are also invited to lunch or dinner with visiting speakers.   Almost without exception, participants meet with their staff advisers on a daily basis.   The advisers involve their students in as large a cross-section of research as possible, from literature searches, through observing, data reduction, interpretation, and presentation.   The initial interaction with staff advisers is rather extensive, as the participants must be exposed to the subtleties of radio astronomy and astronomical imaging.   Thanks to specific lectures on these subjects and the presence of many students with extensive experience with these techniques, the learning curve is considerably shortened, and participants are soon capable of working on their own. At the end of their appointment, students will generate their final report mostly on their own.   Those who wish to attend a professional meeting to present their results will work closely with their adviser and co-authors on the presentation.

The summer participants (including the NRAO-supported graduate and undergraduate summer students) share office and computer space, which strongly promotes a sense of community.   In Green Bank, students live together in on-site housing, and at other sites they frequently share housing.   In addition to the joint lecture series and social events mentioned above, participants also go on at least one field trip together (described individually for each site in Sec.5c.2 below) and often arrange joint social trips to local areas of interest.   Because they are all in a similar situation, the level of interaction is quite high.   At all three NRAO sites, all summer students (including REU and non-REU) work together on a joint observing project using discretionary time on NRAO telescopes (the EVLA and/or the VLBA in Socorro and the GBT in Green Bank and Charlottesville).   The students decide on a number of scientifically interesting observational projects, work together to evaluate their feasibility, decide on a project with unique scientific goals, set up the observe file, conduct the observation, reduce the data, and analyze the results.  The highlight of this program over the last eleven years was the discovery of radio emission from the Brown Dwarf LP944-20 by the summer class of 2000, published in Nature (Berger, E.  et al.,  2001, Nature, 410, 338) and reported in the New York Times.  Overall, the summer observing project is incredibly successful at getting students to work together as a team, and is often listed by the participants as the highlight of their summer experience.  

Besides the undergraduate, graduate, and teacher summer participants, there is a large number of other visitors at various stages in their careers at each of the NRAO sites during the summer.  Those most closely involved with the summer participants are the co-op students and NRAO pre-doctoral students.  Since these students have extended appointments, they are quite familiar with the NRAO site and surrounding area, and help the summer participants in many ways.  Professionally, these students usually have a deeper understanding of the tools and techniques used for the research projects, and are a significant source of information for the participants in this way.  The Jansky and NRAO postdoctoral fellows are encouraged to participate in the summer program to help develop their teaching credentials.  We believe that this mix of graduate and undergraduate student interns working on research together, with additional help from NRAO pre-doctoral students, and oversight by staff advisers, gives both students and teachers full exposure to life as an astronomer.

Finally, we must also point to the broader impact that the Atacama Large Millimeter/submillimeter Array (ALMA) and Expanded Very Large Array (EVLA) projects have had on the REU and RET experience.  The expanded research activities, including the larger number of visiting scientists and engineers, at the Charlottesville and Socorro sites associated with these new projects has broadened the scope of the science, engineering, and computing projects to which the REU and RET participants are exposed over the past several years.  We expect this broadening of the available science to which the REU and RET participants are exposed to increase in the coming decade.

B.3.  Examples of Specific Research Projects (Summer 2009) - The best way to describe the nature of participant activities is to provide specific examples of past research projects.  In the following subsection, we present brief descriptions of research projects for both undergraduate (REU), graduate (GRP), and teachers (RET) that were concluded during the summer 2009 program.  Descriptions of NRAO summer student projects for the past 20 years may be found on the web at http://www.nrao.edu/php/students/archive/archive.php .

Jennifer Shitanishi (REU):  Jennifer was a rising-senior at California State University at Los Angeles.  She worked with Dana Balser in Charlottesville on the “Magnetic Fields in Photo-Dissociation Regions.”  Jennifer studied the processes that lead to the formation of stars in molecular clouds, including the impact of thermal pressure, turbulent flows, magnetic pressure, and angular momentum. In the last few decades the most accepted theory of star formation predicts that magnetic fields are the dominant competing force against gravity. More recently, there has been growing observational evidence that suggests that star formation is controlled by supersonic turbulence and that molecular clouds are transient phenomena that sometimes have sufficient mass to collapse and form stars. Measurements of the magnetic field are therefore important in understanding star formation. Recent models of the influence of magnetic fields on the star formation process suggest that the non-thermal line widths observed in carbon recombination lines from photo-dissociation regions near ultra-compact HII regions are dominated by hydromagnetic waves.  Furthermore, it is postulated that these carbon recombination line measurements can be used to determine the Alfven speed and also the magnetic field strength. Jennifer used carbon recombination line measurements made with the GBT, along with Zeeman observations from the literature, toward several HII regions to test this hypothesis. Confirmation that the carbon non-thermal line widths have a magnetic origin leads to the availability of another tool to measure the magnetic field strength in star formation regions.  Jennifer presented her results at the 215th meeting of the American Astronomical Society.
Kelley Liebst (REU): Kelly was a rising-senior from the University of Kansas.  She worked with Aeree Chung in Socorro, New Mexico, on a study entitled “The Potential Effectiveness of the HI Stripping in Virgo”. In a recent VLA HI imaging study of 53 selected Virgo galaxies (VIVA: VLA Imaging of Virgo in Atomic gas), a number of galaxies have been found on the fringes of the cluster showing some evidence for recent ISM stripping. In those locations, the intergalactic medium density is expected to be low and the ICM pressure alone is not high enough to strip the ISM from most galaxies. Alternatively, it has been suggested that the tidal field due to neighboring galaxies can weaken the galactic potential and hence galaxies become vulnerable even to the lower ICM pressure. Kelley analyzed the effectiveness of the tidal perturbation in Virgo and quantified the effect of the potential field on the ISM stripping in the VIVA galaxies.  Kelley presented her results at the 215th meeting of the American Astronomical Society.
Katherine Wyman (REU):  Katherine (Katy) was a rising-senior at Sonoma State University.  She worked with Rachel Rosen in Green Bank on “Non-Radial Oscillations in Radio Pulsars.” 
One of the greatest mysteries in astrophysics is the nature of neutron stars, with our understanding of the structure and composition of neutron stars being driven wholly by theory. Katy studied the subpulse phase and multiple periodicities from GBT and Arecibo observations of a sample of pulsars and coupled these observations to an asteroseismological pulsational model to qualitatively describe the morphology of pulsars.  Katy presented her results at the 215th meeting of the American Astronomical Society.

Amy McCarty (RET Amy taught  Algebra and Physics to high-school students at the Altavista Combined School (ACS) in Altavista, Virginia.  ACS is a rural school, with 800 students in grades 6 through 12.  Ms. McCarty collaborated with NRAO scientist D.J.  Pisano in Green Bank on an RET research project titled “Comparison of VLA and GBT observations of HI in Galaxies.” This project involved the observation and analysis of neutral hydrogen in nearby isolated galaxies.  The observational data for this research were acquired at the NRAO Robert C.  Byrd Green Bank Telescope (GBT) and at the Very Large Array (VLA).  The objective of this research was to search for signatures of diffuse, extended gas associated with these galaxies.  These data permitted a more accurate measure of the total mass of these galaxies and provided insight into the total extent of galaxies.  Ms. McCarty developed a pipeline which will allow astronomers to compare single-dish and interferometer data for large numbers of galaxies, and determine how a galaxy’s environment affects its properties.  
Bin Chen (GRP):  Bin is a graduate student in astronomy at the University of Virginia.  He worked with Tim Bastian in Charlottesville, Virginia, on “Studies of Solar and Interplanetary Radio Bursts.” 
Bin’s work was divided into two parts. The first part was to study a sample of so-called type II-S radio bursts that have been identified in the WIND/WAVES data archive. These are rare, diffuse, slow-drift decameter-hectometer (DH) interplanetary radio bursts that appear in association with fast coronal mass ejections. The working assumption is that this class of bursts is due to synchrotron radiation (as opposed to plasma radiation, the mechanism typically attributed to type II radio bursts).  The second part of Bin’s project involved studying coherent solar radio bursts in the decimeter-microwave band detected by the FASR Subsystem Testbed (FST) at OVRO. The FST is a three-element interferometer with a 4 GHz digital spectrometer that is tunable across the 1-9 GHz RF band. The rich spectroscopic records obtained for coherent radio bursts detected in 2005-6 were used with the unique spatial information provided by the interferometer to analyze the underlying plasma processes responsible for the bursts. Bin’s work was presented at the 215th meeting of the American Astronomical Society. 
B.4.  RET-specific Activities - The NRAO Research Experience for Teachers (RET) program will provide each participating teacher with a broad experience in scientific research and radio astronomy.  The RET experience at the NRAO will include daily collaboration with a member of the Observatory’s scientific staff who is actively involved in front-line research; exposure to modern astronomical observing techniques, hardware, and software; and deep involvement in the interpretation and analysis of scientific data.  During their residency at the NRAO, each RET participant will interact with many members of the Observatory’s science, engineering, and technical staff, as well as education and public outreach personnel, obtaining a global view of astronomy, its impact on society, and society’s impact on radio astronomy (e.g., Radio Frequency Interference).  RET participants at different NRAO sites will meet at least monthly via videoconference.

Both Socorro and Green Bank sites offer a range of teacher workshops each summer.    Three-day, intensive residential Chautauqua programs, for example, are annual events in Green Bank and Socorro, continuing a more than 20-year NRAO tradition of serving undergraduate science faculty.  This year, 2010 marks the 24th consecutive year of K-12 teacher professional development workshops at the NRAO.  RET participants are welcomed to not only participate in these workshops, but to share their experiences as an RET with other teachers as well
Each RET participant will complete their summer research experience during an eight-week period.  The EPO Division will hold periodic education work sessions to develop teachers’ ideas for classroom activities.  These sessions will discuss the participants’ NRAO research projects and brainstorm the most effective means to connect RET research to the content and process standards of the National Science Education Centers.  As the summer progresses, each participant will develop specific classroom implementation plans.  During the last three weeks of their RET experience, teachers will meet with EPO staff to begin the transfer of their research experience to the classroom.

Prior to leaving the NRAO at the end of the summer, each RET participant will present the results of their research in a colloquium that includes the REU students.  The RET participants will also present their classroom implementation plans for review and discussion in an EPO Education videoconference.  Each RET participant will be offered the opportunity to present their research at a meeting of the American Astronomical Society or the National Science Teachers Association.
C.  The Research Environment
C.1.  Experience and Record of the NRAO - The record of the NRAO in involving students in research is nearly without parallel.  Over its 51-year history, more than 700 students have participated in the NRAO summer program. A partial listing of some of our “graduates” who have remained in the field of astronomy can be found on our NRAO summer student program web page at http://science.nrao.edu/opportunities/students/FormerStudents.pdf.  As a testament to the ability of the student programs to foster a real and tangible interest in an astronomical career, we note among the graduates of the student programs a number of astronomers, scientists in other disciplines, and engineers, including several members of the NRAO scientific staff.

The NRAO has an excellent record of involving students in meaningful ways in front-line research projects.  In Section F, we provide a list of publications resulting from NRAO summer student projects during the previous NSF funded REU program period of 2007-2010.  

The NRAO science and engineering staff have more than two decades of experience derived from working with the hundreds of science teachers who have attended and benefited from education programs held in Green Bank and Socorro.  The NRAO staff members who participate in the RET program as teacher mentors are deeply committed to the program, to the teachers it serves, and to science education.  Each mentor commits to working with an RET teacher throughout their summer-long residency, guaranteeing that each teacher will significantly improve their understanding of and capacity for scientific research.  The NRAO RET experience enriches the content that program participants bring to future courses that they teach.

The REU and RET programs are organized under the auspices of the NRAO’s Office of Science and Academic Affairs. The Asst. Director of OSAA is Timothy Bastian. Bastian is a senior member of the scientific staff whose research interests include solar/stellar radiophysics and heliophysics. OSAA oversees and supports the research activities of the NRAO staff, proposal evaluation and time allocation for all NRAO telescopes, and all NRAO student, teacher, and visitor programs. 

The REU Program Director, Jeffrey G. Mangum, is a Scientist at the NRAO headquarters in Charlottesville, Virginia.  Mangum’s primary responsibilities are to the construction and operation of the ALMA project.  Mangum has been an active participant in the REU program since 1995, serving roles at all levels, including site coordination in Tucson and Charlottesville and overall REU program coordination since 2006.  Mangum has also mentored twelve REU students and one graduate student, the majority of which ultimately pursue careers in a variety of STEM research endeavors.

The RET Program Director, Sue Ann Heatherly, is the NRAO Senior Education Officer and is based in Green Bank, WV. With the NRAO for over twenty years, Sue Ann has led the development of the unique, powerful, scientist-involvement-rich, hands-on-with-real-gear education programs that have become an NRAO hallmark
. Over 1500 K-16 teachers have participated in professional development workshops at the NRAO, the latest being the NSF funded Pulsar Search Collaboratory, or PSC.  The PSC involves teachers and high school students from predominantly rural areas in authentic research—analyzing data collected by the Robert C. Byrd Green Bank Telescope (GBT) data for the purpose of discovering new pulsars.
C.2.  Site Specific Activities - While the philosophy and general organizational structure is the same among the three sites, the REU and RET programs at each of the NRAO sites has its own, unique flavor. 
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C.2.i.  Green Bank, WV - The NRAO Green Bank site is located in Deer Creek Valley in the Appalachian mountains of West Virginia.  The site, which resides on 2700 acres, runs radio telescopes ranging in size from 12-m to the 100-m GBT, the world’s largest, fully-steerable radio telescope.  Observatory resources include extensive engineering labs and an extensive machine-shop.  The Observatory operates a science/visitor center that attracts approximately 45,000 visitors each year.  The informal surroundings provide the ideal environment for student-staff and student-student interactions at all levels.  The students are immersed in a scientific atmosphere, and their research experience is total.  Observations on the Green Bank Telescope go on 24 hours each day, and the summer participants become aware of most aspects of the Observatory operation by the time they finish their internships.

We request funds each year to support 5 undergraduate students annually at the Green Bank site.  In addition, Green Bank usually hosts several graduate summer interns and NRAO co-op students, several international students, and several students supported by the programming division.  Participants are housed in “The Hannah House,” an NRAO house on-site for modest rent.  The housing facilities, cafeteria, Jansky Laboratory (staff offices, library, and electronics lab), machine shop, telescopes, and recreational facilities (swimming pool, tennis courts, etc.), are all located within easy walking or bicycling distance of one another.

The Green Bank site provides several unique experiences to its summer participants.  The students have the opportunity to participate in the NSF-funded Teaching Institutes that take place in Green Bank throughout the summer.  During the programs, many of the NRAO Green Bank and Charlottesville staff and members of the faculty of the University of West Virginia present a global view of modern astronomy.  As mentioned above (Section B.2.), the summer participants are granted time each summer on the GBT, the world’s largest fully-steerable radio telescope, for a joint observational project.  Every two years the NAIC/NRAO Summer School for Single-Dish Radio Astronomy, which brings together students interested in radio astronomy from around the world for intensive training, is held.  The site of the school alternates between the NAIC Arecibo Observatory in Puerto Rico and Green Bank.  This training can be directly applied to the student’s own projects.  In this proposal we request modest funds so that the summer students and teachers can participate fully in the school.  These funds would cover a reduced registration fee and provide each student with a copy of the proceedings.
At least once during the summer, the Green Bank summer participants travel to Charlottesville, Virginia, at which time they attend a day-long seminar, which includes a brief introduction to the NRAO scientific staff’s research interests, presentations by the summer participants on their summer projects to the NRAO staff, tours of the NRAO Technology Center (NTC), an afternoon with the University of Virginia Department of Astronomy, and an Observatory picnic.  NRAO is currently strengthening its ties with West Virginia University (WVU) by supporting a joint position for two professors who will spend their summers in Green Bank.  We anticipate adding a group visit to WVU for the Green Bank summer participants.
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C.2.ii.  Socorro, NM - The Socorro site is a self-contained facility.  Research activity, computing, electronics work, and the operation of both the Very Large Array (VLA) and the Very Long Baseline Array (VLBA) are conducted at the NRAO Array Operations Center (AOC) on the campus of New Mexico Tech.  There are opportunities for the students to meet and learn from the many visitors that pass through to use the instruments (about five visiting scientists in any given week).  Participants are exposed to a large variety of observing programs, and they work intimately with the staff.  Because the AOC is one of the world’s leading centers for astronomy, summer participants observe and participate in all phases of data acquisition, analysis, and presentation.  Visitors from all parts of the world give formal colloquia and informal lunch talks each week.

We request funds each year to support 5 undergraduate students annually at the Socorro site.  In addition, Socorro usually hosts a number of graduate summer interns (two in 2007), NRAO pre-docs (four in 2007), co-op students (two in 2007), and summer students supported by the programming division (one in 2007).  It is also not unusual for a student or two to be sent to Socorro for the summer by their faculty advisors.  Participants find housing (with NRAO assistance) either on the campus of New Mexico Tech or in the Socorro community.  Because Socorro is the home of New Mexico Tech, there is a large student population and summer subleases at modest cost are plentiful.  Most students choose to stay in the New Mexico Tech student apartments, which are a short walk from the AOC.  However, if a student wishes to stay off campus, NRAO staff maintains contact with a number of local landlords, and will personally review the properties and sends this information to the students prior to their arrival.

Summer students get an “insiders” tour of the Very Large Array (VLA) site, about 55 miles west of Socorro, at the beginning of the summer.  They then give public tours on the weekends during the summer.  This is an important community outreach program as it one of the few times of year guided tours are available (self-guided tours are available year round) at the VLA.  The students also go on a field trip each summer to the National Solar Observatory (NSO) at Sunspot and the nearby Apache Point Observatory (APO), where they see the Sloan Survey telescope and the APO 3.5m optical telescope.  Both observatories are located in the Sacramento mountains of southern New Mexico, about three hours drive from Socorro.  Participants will often continue on to visit Carlsbad Caverns and White Sands National Park, which are in the area.  Also during the summer there are usually visits to Socorro by REU students from the National Solar Observatory, National Optical Astronomy Observatory/Kitt Peak National Observatory and McDonald Observatory.  The students are also taken on tours of unique scientific facilities located at New Mexico Tech, such as Magdalena Ridge Observatory (an optical interferometer that is being built on a nearby mountain), the Energetic Materials Research and Testing Center, Langmuir Laboratory for Atmospheric Research and the Incorporated Research Institutions for Seismology.

The Socorro site provides several unique experiences to its summer participants.  As mentioned above (Section B.2.), the summer students are granted time each summer on the VLA and the VLBA, two of the world’s premier astronomical instruments, for a joint observational project.  In groups they are encouraged to write abbreviated proposals which are then evaluated by the entire group before projects are chosen.  At the end of the summer they write a short report on the projects.  Every other year in mid June NRAO and New Mexico Tech host the Synthesis Imaging Summer Workshop which brings students of radio astronomy from around the world to Socorro for eight days of intensive training.  This training can be directly applied to the student’s own projects.  In this proposal we have requested modest funds so that the summer students and teachers can continue to participate fully in the school, as they have in the past.  These funds would cover a reduced registration fee and provide each student with a copy of the Synthesis Imaging in Radio Astronomy book.  Summer students will also be able to witness the construction of the Expanded VLA and the testing of ALMA prototype systems at the ALMA Test Facility.
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C.2.iii.  Charlottesville, VA - The NRAO facilities in Charlottesville are composed of two separate sites about one mile apart.  Students working primarily on electronics projects spend most of their research time at the NRAO Technology Center (NTC) campus, where there are about seventy-five staff members working on electronics and systems research for current and future astronomical projects.  Most notably, the Atacama Large Millimeter/submillimeter Array (ALMA) correlator and many of its receivers are being built at the NTC.  The activities associated with the ALMA, EVLA, PAPER, PASR, and LUNAR projects have resulted in a buildup of the current NTC staff and an exciting working environment.  Students working with staff advisers on astronomical research or computing projects spend most of their time at the NRAO Edgemont Road headquarters building, which houses the central library, advanced image processing system facilities, and the scientific staff and postdoctoral fellows.  The Edgemont Road Facility is also home to the North American ALMA Science Center (NAASC).  The NAASC is responsible for supporting the science use of ALMA by the North American astronomical community.  The NAASC is also responsible for providing core functional support of ALMA operations in Chile and the research and development activities in support of future upgrades to ALMA.

The Edgemont Road facility is literally down the hill from the McCormick Observatory at the University of Virginia, and around the corner from the UVA Department of Astronomy.  There is excellent interaction with UVA Astronomy faculty and students, including a joint colloquium and lunch talk series and a joint weekly Pizza Lunch.

We request funds each year to support 5 undergraduate students at the Charlottesville site.  In addition, Charlottesville usually hosts a number of graduate summer interns, NRAO pre-docs, co-op students, students, and students supported by other divisions.  Participants find housing (with NRAO assistance) in the Charlottesville community.  Because Charlottesville is the home of the University of Virginia, with a large student population, summer subleases at modest cost are plentiful.  We have collected a large number of on-line resources, and UVA maintains a sublet bulletin board at the Student Activities center that has proven to be very useful.  On a few occasions in the past, when students have expressed anxiety over finding adequate housing, NRAO staff members have secured sublets on their behalf.

Charlottesville is only 2.5 hours from the NRAO Green Bank site, and at least once during the summer, the Charlottesville summer students travel to Green Bank where they take part in the Green Bank summer picnic, get a special tour of the Green Bank facilities, including the Green Bank Telescope and Visitors Center, and interact with the Green Bank summer students and teachers.  Also during the summer, the Green Bank summer participants visit Charlottesville, at which time we hold a day-long seminar, which includes a brief introduction of the NRAO scientific staff’s research interests, presentations by the summer participants on their summer projects to the NRAO staff, and a tour of the NTC.  

Every two years the NAIC/NRAO Summer School for Single-Dish Radio Astronomy, which brings together students interested in radio astronomy from around the world for intensive training, is held.  The site of the school alternates between NAIC’s Arecibo Observatory in Puerto Rico (2009 and 2013) and Green Bank (2011).  This training can be directly applied to the student’s own projects.  As was the case for the summer student program in Green Bank, we request modest funds so that the Charlottesville summer students can participate fully in the school.  These funds would cover a reduced registration fee and provide each student with a copy of the proceedings.
D.  Participant Recruitment and Selection
D.1.  Undergraduate Students - The NRAO student programs reach students with various interests due to the multi-disciplinary nature of the NRAO.  We recruit students with an interest in pure astronomical research, in the engineering aspects of astronomical instrumentation and antenna design, and in astronomical software.  There are often projects so broad that no single disciplinary label applies.  It is important to realize that all of our projects, including those with staff advisers who are engineers or computer scientists, are focused on problems in astronomy and/or astronomical applications.  Ultimately, of course, radio astronomy is the driving force behind the Observatory operation, and all summer participants experience that environment.

The NRAO student program is advertised nationally.  Posters are sent each fall to approximately 500 college and university departments, including 126 colleges and universities with a minority-majority population or with a good record for graduating minorities in physics and engineering as part of the effort to recruit minority applicants to the student program.  In addition, numerous academic institutions contact us regularly for updates to their institutional resource lists of student internships.  We receive approximately 100-150 (163 in 2010) student applications per year.  Our NRAO Summer Student Program online application consists of employment and academic records, personal history, letters of recommendation, and a letter of scientific interest from each applicant.  All of the applications are read by a small committee and reviewed for general ability level and appropriateness.  We receive very few applications from academically inferior students.

While applications are arriving, the local site summer student coordinators (one at each of the three NRAO sites; listed as Senior Personnel for this proposal) collect brief descriptions of proposed research topics from all staff members at their site who have expressed an interest in mentoring a student.  Using project suitability as the main criterion for selection, student positions are allocated proportionally to each NRAO site.  Each staff adviser has access to the application material for all students, and to the recommendations of the selection committee.  They choose a number of students from those identified, and submit a rank order list to the selection committee.  The committee resolves any duplicates and feeds the list back to the advisers, who will then contact students on their list by email until a match is made.

While the staff advisers may choose students using any criteria they deem appropriate, the selection committee can influence the statistics of these choices when collecting the lists from all advisers in order to produce the master list of students to whom offers will be made.  In this way, we can make sure that minority students, female students, and students from institutions with limited research opportunities are represented.

The involvement of both women and under-represented minorities in the program reflects the fraction that apply.  Our involvement for women is higher than the national average (53% of participants over the last five years, 51% over the last 10 years, vs.  40% graduating with Bachelors degree in physics; see statistics in Sec.F).  Due in part to a focused effort to attract more underrepresented minorities to our REU program, our proficiency at attracting such applicants has improved significantly.  Underrepresented minorities make up 8% of our participant group during the past 10 year period, which compares favorably to the national average for physical sciences (10% minority population graduating with Bachelors degrees in physics).  
D.2.  Teacher Recruitment and Selection - In a manner similar to the REU program, the RET program will seek applications from teachers based on their interests and expertise.  Teacher recruitment will begin in the early fall, when the RET program head will canvas the scientific staff in Green Bank, Socorro, and Charlottesville to determine which staff members have a research project that would be appropriate for the RET program the following summer.  It is anticipated that 2 teachers will be supported each year across all NRAO sites. 

Teachers will be recruited to the RET program through national professional organizations such as the National Science Teachers Association and the American Association of Physics Teachers.  Teachers will also be recruited through the Masters of Science Teaching program and the Office of Educational Outreach programs at New Mexico Tech, the West Virginia Science Teachers’ Journal, and through on-line education forums.  
RET participants will be carefully selected in late winter from the available applicant pool by staff in Green Bank and Socorro, with input from scientific staff members who have volunteered to serve as RET mentors for the coming summer.  Offers will be made to prospective RET participants as soon as practical and typically in March.
E.  Project Evaluation and Reporting
E.1.  Undergraduates - At the conclusion of their work experience, each of the REU students gives a presentation of their summer work to the local staff and submits a written report (about four pages in length).  Each year, copies of these reports are sent to the NSF, along with a summary of the summer’s activities.  Before leaving the NRAO, students are asked to complete a questionnaire which requests their input on their research experience, including suggestions for improving the program.  The responses to these questionnaires are given serious consideration by the organizers.  For many of the students, the REU exposure represents their first pre-professional experience.  Invariably, the students describe the discipline learned as a result of the REU experience as being a lesson from which they expect to benefit greatly in the future both academically and professionally.  A high percentage of them report that the experience has had a large influence on whether they will pursue a career in astronomy, and helped them decide the research area in which they would like to concentrate.  The value of this REU experience in general has in fact been recently quantified (see The Pipeline: Benefits of Undergraduate Research Experiences by Susan H. Russell, Mary P. Hancock, and James McCullough, 2007, Science, 316, 548).  Many students maintain contact with their staff advisers throughout their professional careers, for letters of recommendation and professional advice.

E.2.  Teachers - Teacher participants, in addition to the research they do, will be required to develop and implement a unit in their classroom that incorporates astronomy and scientific research, document that unit so that NRAO can disseminate the materials to other teachers, and attend professional meetings.  The success of the program will be evaluated for each RET teacher on the basis of three goals: 1) how their research activities changed their views on the nature of science and/or science teaching; 2) how their activities prepared them to include science research in their classroom teaching; and 3) to what extent there was meaningful transfer of research activity to the classroom.  Evaluation methods will include pre and post research self assessment surveys, a written evaluation by the participant of their experience, and review of the teacher’s classroom project. 
E.3. Future Directions for the RET Program- Through this proposal we seek to maintain the RET program at a modest level while we  formulate plans to improve and expand the program.  Over the program’s 10-year history, it should be noted that the program has been undersubscribed. It has been difficult at times to fill all of the available RET positions. 
In an effort to learn more about obstacles to mentoring teachers in an RET program, we conducted a survey of NRAO scientific staff.  Twenty scientists responded in full to the survey. Some common themes emerged:   Most scientists felt that teachers lacked the skills needed in computational math and physics This, coupled with the shorter length of the program (8 weeks) made it difficult to complete a research  project with teachers.  
In addition, of scientists who have never mentored an RET (n=10), two major obstacles were frequently cited: 

· Time: scientists felt they did not have enough time to mentor an RET (8/10 agreed with this statement);

· Information: scientists indicated they did not know enough about the program (6/10 agreed).
We have generated some ideas for restructuring the program that could eliminate or reduce these obstacles, while also making the program more useful to the teachers who participate: 

· Select research projects that are more relevant to the teachers’ curricula. 

· Allow teachers to come back a second summer to help the new teachers.

· Develop projects that allow teachers to work together in teams.

· Create opportunities for teachers to continue their research off-site, and with their students

· Create a community of practice among the teachers by:
· Selecting a larger group each summer ( N=10)

· Beginning and ending the RET experience as a group

· Providing time for teachers to collaborate on curriculum development. 
Further discussions with NRAO scientists and technical staff are needed to determine the right steps to take. As these ideas are fully developed into a cohesive project, we plan to submit a request for a supplement to the REU program.
F.  Results from Prior NSF Support
F.1.  REU Program (1993-1997, 1998-2002, 2003-2007, 2008-2010) - The four most recent NSF REU awards were for the periods Jan 1, 2008 – Sep 31, 2010 (an average of $149,000 per year), Jan 1, 2003 – Sep 31, 2007 (an average of $142,000 per year), Jan 1, 1997 - Sep 31, 2002 ($116,000 per year), Jan 1, 1993 - Dec 31 1997 ($185,000 per year).  During those periods, the NRAO had a combined undergraduate (i.e., REU) and graduate student program, but we have not maintained separate statistics for the students.  The participant statistics reported here are for the combined summer student population, which was about 70% undergraduate versus 30% graduate or graduating senior.

Over the most recent 10-year period (2001-2010), there were 1196 applicants and 257 participants (over-subscription rate of 5:1) in the NRAO summer student program.  Figure 1 shows the distribution of applicants and program participants over this period (we voluntarily capture information about student racial background from applicants).  Over sixty percent of the applicants came from institutions with limited research opportunities.  Excepting the most recent participants (from summer 2010), 125 (49%) of the participants have jobs or are still pursuing careers in astronomy or physics; 25 (9%) are in closely related fields (aerospace or engineering), 4 (2%) have left the field, and the whereabouts of the remaining 29% are unknown.  Considering the high attrition rate for astronomy between undergraduate and post-graduate stages, the 49% retainment rate seems quite good.
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All of our participant statistics for the 10-year period from 2001 through 2010 represent a significant improvement over the previous 10-year period (1991-2000).  Over the 10-year period from 1991-2001, 213 students participated in the program, 73 (34%) of them female, and 9 (4%) of them were minorities.  Again, over 60% of the applicants came from institutions with limited research opportunities.  Over this time period, 23% have jobs or are still pursuing careers in astronomy or physics; 7% are in closely related fields (aerospace or engineering), 14% have left the field, and the whereabouts of the remaining 54% are unknown and presumed to have left.  A partial list of all of our former NRAO summer students who have remained in the field of astronomy can be found at http://science.nrao.edu/opportunities/students/FormerStudents.pdf.  The list includes 294 scientists.
To assess the record of the NRAO in involving students in publishable work, we have collected publications involving summer students over the period 1991-2010.  A sample listing of these publications is shown below.  The NRAO summer student publication record is as follows:

Over the 20-year period 1991-2010, the 470 student participants appeared on 323 publications, including 83 journal papers.  69% of the participants were a co-author on at least one publication, and 18% were co-authors on at least one journal publication.

The following lists the journal publications produced by NRAO summer student program participants over the period 2007-2010:

Journal Publications (from 2007 to 2010):



1. "High-Frequency VLBI Imaging of the Jet Base of M87 ", Chun Ly, R. Craig Walker, and William Junor 2007, Ap. J. 660, 200

2. "VLBA Distance Determinations to Nearby Star-Forming Regions II. Hubble 4 and HDE 283472 in Taurus ", Torres, R. M., Loinard, L., Mioduszewski, A. J., Rodruguez, L. F. 2007, submitted to Ap.J.

3. "VLBA Distance Determinations to Nearby Star-Forming Regions I. The Distance to T Tauri with 0.4% Precision ", Loinard, L., Torres, R. M., Mioduszewski, A. J., Rodruguez, L. F., Gonzalez-Lopezlira, R. A., Lachaume, R. 2007, submitted to Ap.J.

4. " J0316+4328: a Probable 'Asymmetric Double' Lens ", Boyce, E.R., Myers, S.T., Browne, I.W.A., Stroman, W.J., and Jackson, N.J. 2007, MNRAS, 381, L55

5. "3He in the Milky Way Interstellar Medium: Ionization Structure", Bania, T. M., Balser, D. S., Rood, R. T., Wilson, T. L., & LaRocque, J. M. 2007, ApJ, 664, 915

6. "GASS: The Parkes Galactic All-Sky Survey. I. Survey Description, Goals, and Initial Data Release ", McClure-Griffiths, N. M.; Pisano, D. J.; Calabretta, M. R., Ford, H. Alyson, Lockman, Felix J., Staveley-Smith, L., Kalberla, P. M. W., Bailin, J., Dedes, L., Janowiecki, S., Gibson, B. K., Murphy, T.; Nakanishi, H., Newton-McGee, K. 2009, ApJS, 181, 398

7. "Proper Motions of PSRs B1757-24 and B1951+32: Implications for Ages and Associations ", Zeiger, B. R., Brisken, W. F., Chatterjee, S., Goss, W. M. 2008, ApJ, 674, 271

8. "Midcourse Space Experiment versus IRAS Two-color Diagrams and the Circumstellar Envelope-sequence of Oxygen-rich Late-type Stars ", Sjouwerman, L. O., Capen, S. M., Claussen, M. J. 2009, ApJ, 705, 1554

9. "Excited-State OH Masers and Supernova Remnants", Pihlstrom, Y. M., Fish, V. L., Sjouwerman, L. O., Zschaechner, L. K., Lockett, P. B., Elitzur, M. 2008, ApJ, 676, 371

10. "Excited-State OH Main-Line Masers in AU Geminorum and NML Cygni", Sjouwerman, L. O., Fish, V. L., Claussen, M. J., Pihlström, Y. M., and Zschaechner, L. K. 2007, ApJ, 666, 101

11. "Radio Imaging of the Very-High-Energy Gamma-Ray Emission Region in the Central Engine of a Radio Galaxy ", Beilicke, M., Davies, F., Hardee, P. E., Krawczynski, H., Lenain, J.-P., Mazin, D., Raue, M., Rieger, F., Vincent, S., Wagner,, R., Walker, R. C., etal. 2009, Science, 325, 444

12. "Detection of Signals from Cosmic Reionization Using Radio Interferometric Signal Processing", Datta, A., Bhatnagar, S., and Carilli, C. 2009, ApJ, 703, 1851

13. "A Catalog of Extended Green Objects in the GLIMPSE Survey: A New Sample of Massive Young Stellar Object Outflow Candidates ", Cyganowski, C. J., Whitney, B. A., Holden, E., Braden, E., Brogan, C. L., Churchwell, E., Indebetouw, R., Watson, D. F., Babler, B. L., Benjamin, R., Gomez, M., Meade, M. R., Povich, M. S., Robitaille, T. P., and Watson, C. 2008, AJ, 136, 2391

14. " A Class I and Class II CH3OH Maser Survey of EGOs from the GLIMPSE Survey ", Cyganowski, C. J., Brogan, C. L., Hunter, T. R., and Churchwell, E. 2009, ApJ, 702, 1615

15. "An Expanded Very Large Array Search for Water Megamaser Emission in the Submm Galaxy SMM J16359+6612 at z = 2.5 ", Edmonds, R., Wagg, J., Momjian, E., Carilli, C. L., Wilner, D. J., Humphreys, E. M. L., Menten, K. M., and Hughes, D. H. 2009, AJ, 137, 3293

16. "Probing the Behaviour of the X-ray Binary Cygnus X-3 with Very Long Baseline Radio Interferometry ", Tudose, V., Miller-Jones, J. C. A., Fender, R. P.; Paragi, Z., Sakari, C., Szostek, A., Garrett, M. A., Dhawan, V., Rushton, A., Spencer, R. E., and van der Klis, M. 2010, MNRAS, 401, 890

17. "Neutral HI Clouds In The M81/M82 Group ", Chynoweth, K. M., Langston, Glen I., Yun, Min S., Lockman, Felix J., Rubin, K. H. R., and Scoles, Sarah A. 2008, AJ, 135, 1983

18. "Phased Array Feed Calibration, Beamforming, and Imaging", Landon, J., Elmer, M., Waldron, J., Jones, D., Stemmons, A., Jeffs, B. D., Warnick, K. F., Fisher, J. R., and Norrod, R. D. 2010, AJ, 139, 1154

19. "GOODS 850-5 - A z>4; Galaxy Discovered In The Submillimeter? ", Wang, W.-H., Cowie, L. L., van Saders, J., Barger, A. J., and Williams, J. P. 2007, ApJ, 670, L89

20. "Polarimetry of Compact Symmetric Objects ", Gugliucci, N. E., Taylor, G. B., Peck, A. B. and Giroletti, M. 2007, ApJ, 661, 78

F.2.  RET Program (2000 – 2010) - In the ten-year period from 2000 through 2010, 32 teachers, including 23 males and 9 females, participated in the RET program at the NRAO facilities in Green Bank and Socorro.  
The NRAO facilities in Green Bank have hosted twenty-five of our RET participants; the NRAO facilities in Socorro have hosted seven RET participants.  The majority of these teachers have taught at the high-school level, though four have been middle-school teachers, and one taught college undergraduates.  Almost every NRAO RET participant has presented his/her research results at an American Astronomical Society meeting, rounding out their research experience, extending their knowledge of the field, and offering an opportunity to meet and engage with a large cross section of the professional astronomical community.

The benefits of the NRAO RET Program experience for the teachers who participate are important, practical, and enduring.By developing classroom exercises modeled on their research experiences, teachers raise students’ knowledge and understanding of astronomy, the work of radio astronomers, and the nature of scientific research.

Amy McCarty, for example, utilized her 2007 RET experience in her Physics classroom at Altavista Combined School, a rural Virginia school with 800 students in grades 6-12.  Ms. McCarty’s physics students worked with radio and optical data to characterize a set of 40 isolated nearby galaxies both visually and mathematically, calculating their mass, size, inclination and distance from Earth.  Similar to Ms. McCarty’s RET work, her students compared radio spectral data from the VLA and GBT to identify areas of extended neutral hydrogen gas in these galaxies.  
Since his tenure as a NRAO RET program participant in New Mexico in the summer 2005, Kurt Voss has built an astronomy program from the ground up at the Zuni High School, a Native American school in Zuni, New Mexico.  Having been exposed to the NRAO and radio astronomy through his RET experience, Voss now brings his students to the NRAO Very Large Array and to the Etscorn Observatory in Socorro every semester.  The demand for Voss’s astronomy course has become so great that next school year he will be teaching three sections of astronomy.
Matt Williams, a mathematics teacher at New Mexico’s Belen High School was a 2003 RET program participant in Socorro.  Following his tenure at NRAO, Matt designed and implemented an activity for his calculus students that led them to design and construct parabolic dishes from cement, deploy them in the school parking lot, and demonstrate the “whisper dishes” concept.

Perry High School in Massilion, Ohio, received significant publicity from Nate Van Wey’s participation in the 2001 RET program in Green Bank, working with GB staff member Frank Ghigo.  This publicity enabled Van Wey to convince the high school administration to offer an Astronomy course beginning in spring 2003, and he was encouraged to attend regional and national science teacher meetings. He continues to teach astronomy at the high school and also teaches astronomy at Kent State. 

Diana Soehl, a 2008 graduate of the program engaged her middle school students in an exploration of radio spectral lines using the same tools and databases she used as an RETparticipant. This work has been recognized and has advanced her career. She now mentors other teachers in learning how to conduct inquiry-based lessons.
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�Stolen from a Newsletter item. Need to expand on Sue Ann’s qualifications here. 
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