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Description of the Proposed Program

Overview

George Mason University seeks approval of the proposal to offer the Ph.D. in Physics, commencing with the fall 2008 semester. 

Physics and Astronomy, a department of 27 full-time faculty members, has been active in offering graduate programs since the inception of the Master of Science in Applied and Engineering Physics in 1982. The department has in recent years also been active in participating in two doctoral programs – first the Ph.D. in Computational Sciences and Informatics (begun in 1991), and more recently, the Ph.D. in Physical Sciences (PSCI), which it jointly administers with the Department of Chemistry and Biochemistry.  Although the PSCI program was initiated in fall 2004, and has yet had only two graduates as of June 2007, there are many reasons why it is now timely to now offer a Ph.D. in Physics, some of which are summarized below.

(1) Abundant existing resources.   All the courses needed for a Physics Ph.D. are now in place (and being taught on a regular basis), and other resources, including grants to support physics graduate students also exist in reasonable abundance.  As of fall 2007, we have 5 Ph.D. level Graduate Teaching Assistants, and another16 graduate students supported by Graduate Research Assistantships funded by faculty grants, the College of Science, or the Provost’s Office.  The faculty research spans a wide range of the disciplines one expects to find in a Physics Ph.D. program.  Moreover, there are remarkably at least 19 additional Ph.D. physicists and astronomers within other departments that could teach specialized advanced courses in the program – 14 of these are in the department of Computational and Data Sciences, 2 in engineering, 1 in Bioinformatics, and 2 are Robinson Professors.  It is quite unusual to find a physics department of the size, quality, and resources of Physics and Astronomy that does not already have a Ph.D. program in Physics.  

(2) A market-driven approach to interdisciplinarity.  The existing PSCI Ph. D. program curriculum allows students to pursue a very wide range of interdisciplinarity in their studies, ranging from the minimal to the extensive.  However, all 27 students now in the program have opted to take the route of minimal interdisciplinarity (and pursue a concentration in either physics/astronomy or chemistry/biochemisty).  These students tend to regard the courses outside their chosen area as a distraction and a hurdle to be overcome.  Such a perception may be because at advanced levels interdisciplinarity that lacks a specific widely recognized focus, for example, materials science or biophysics, has little appeal to most students.  Thus, mounting a new program in physics (which would also include the interdisciplinary areas of astrophysics, biophysics, and materials science) would be a logical step in conforming to the reality of what most students are actually studying, while allowing us to retain the interdisciplinarity of the original program in a more focused way, so that students could pursue fully interdisciplinary research if they wish.
(3) Student recruitment.  We have found that it is difficult to recruit students interested in studying doctoral work in physics with a program titled “physical science.”  The original motivation of the PSCI program was to foster interdisciplinary physical science education at the doctoral level, but we found that we have been struggling to fight the common perception of the term “physical science” as the title of science classes in elementary undergraduate education.   Thus, most students currently pursuing graduate work in physics in the PSCI program would have much preferred to enroll in a Physics Ph.D. program, and they enrolled in ours only because they perceived it to be a quality program that allowed them to achieve their goal despite the program title.  We expect that the student enrollment in Ph.D.-level physics at the University would increase once the proposed program is in place.

(4) Employment of graduates.  Northern Virginia and the Washington D.C. Metropolitan area provide a large and expanding market for graduates with a Ph.D. in Physics.  The proximity to the federal government and several national research laboratories makes George Mason well-positioned to be a major provider of employees in physics (including astrophysics and biophysics).  Some of these area companies and federal agencies are in fact among the largest employers of Ph.D.-trained physicists in the nation.  

In fact, many of the Ph.D. students in the PSCI Ph.D. program are employees of local area companies and federal labs that encourage them to obtain a terminal degree in physics, and employers will in most circumstances pay for their education. Admittedly, national and Virginia-based employment projections for the coming ten years show that the growth expected in the number of positions for physicists is lower than the average for all professions. However, that for biophysicists (listed as a separate category along with biochemists) is expected to be appreciably greater, making the combined total projected growth about equal to the average for all professions.  
There are of course other universities in Virginia that offer the Ph.D. in Physics, but these do not serve the needs of residents in Northern Virginia, who in many cases wish to remain full-time employed here while pursuing their degree.  Finally, we should note that the traditional academic career for physicists is really a national demand. Our presence (and advancement) should enrich the prestige of all Virginia higher educational institutions, and it should not negatively impact the employment prospects of current graduates from these institutions. 

(5) Increasing Diversity.  Of all the sciences, physics has by far the smallest numbers of females, who comprise 18 percent of all new Ph.D.’s nationally. George Mason University has the highest percentage of female tenured and tenure track physicists and astronomers in the nation, and it also has a very high percentage of female graduate students. The national profile of our program would be enhanced considerably if it also offers a Ph.D. in physics, in additional to physical sciences. With our heightened reputation, our emphasis on diversity and gender equality could become a prototype for other physics departments around the nation seeking to increase their percentages of female physics faculty and students.

Program goals. The goal of this program is to prepare students to perform independent and original research in their area of interest. While the course requirements provide necessary tools for performing research, the emphasis of the program is on high quality research. Students are required to demonstrate the ability to perform original research deemed publishable in refereed journals or in selective refereed conference proceedings. 

The primary program goals are:

· Educate new research physicists, including astrophysicists and biophysicists
· Produce new research results through the joint work of faculty and doctoral students

Related program goals and potential impacts are:

· Enhance the overall research environment in physics and astronomy at George Mason University through doctoral seminars, research workshops, discussions, and collaborations

· Attract talented graduate students to the physics and astronomy programs 

· Increase external research funding

· Enhance the reputation of Mason as a research university

· Generate potentially marketable intellectual property

· Generate studies and products that assist in solving societal problems

· Use physics as a vehicle to promote international collaboration
Curriculum
All doctoral students accepted into the Physics Ph.D. program take a common core of four courses. By working with the Dissertation Committee, a student may choose to specialize into a concentration such as astrophysics, biophysics, nonlinear physics, planetary sciences, material physics, space weather physics, or others according to his or her particular interests. By the end of their first year, all students will pair with a faculty advisor who will guide them toward candidacy.

1.
Summary of Requirements

All students in the Physics Ph.D. program must earn a minimum of 72 graduate credits. Of these, 48 are required course work and preliminary research credits, and 24 are doctoral dissertation proposal (PHYS/ASTR 998) and doctoral dissertation research (PHYS/ASTR 999) credits.  For students entering the doctoral program with previous graduate work, the 48 credits of course work may be reduced by a maximum of 30 credits. 
2.
Required Courses

The required 48 credit hours of course work are divided among core courses, physics and astronomy elective courses, general elective courses, and a seminar requirement.
a.
Core Courses (12 credits)

All students must successfully complete the following four core courses. 

· PHYS 684 Quantum Mechanics I

· PHYS 685 Electromagnetic Theory I

· PHYS 705 Classical Mechanics

· PHYS 711 Statistical Mechanics 

Doctoral candidacy (qualifying) examinations will be given on the topics covered in these core courses (see the section on qualifying examinations for details). This requirement ensures basic competency in the fundamentals of physics for all students and forms the foundation for later studies.

b.
Physics and Astronomy Elective Courses (6 credits)

To prepare students for research in different fields, a student is required to complete at least two physics and astronomy electives.

c.
General Elective Courses (27 credits)

A student may choose general elective courses (up to 27 credits) from physics and astronomy or other related disciplines. These elective courses may include research credits (PHYS/ASTR 796, PHYS/ASTR 798) in preparation for the Doctoral Dissertation. These research courses may be repeated with the approval of the student’s advisor or Dissertation Committee in order to be applied towards the degree requirements.

d. 
Seminar Requirement (3 credits)

PHYS 703 Seminar in Physics (1:1:0).  This is a general seminar course which combines invited seminars from faculty (both internal and external) with graduate student seminars.  Students must complete three (3) credits of PHYS 703.  

e.
Possible Concentrations and Sample Courses

(intended only as examples)

Concentration in Physics

· PHYS 784 Quantum Mechanics II (3 credits)
· PHYS 785 Electromagnetic Theory II (3 credits)
· PHYS 701 Theoretical/Mathematical Physics (3 credits)
· PHYS 780 Topics in Computational Physics (3 credits)

Concentration in Astronomy

· ASTR 530/CSI 661 Astrophysics

· ASTR 701 Planetary Sciences

· ASTR 767 Galactic Astronomy

· ASTR 680 Physics of the Interstellar Medium

Concentration in Biophysics

· PHYS 630 Biophysics I

· BINF Protein Structure Analysis

· BINF 741 Intro Computer Simulation of  Biomolecules

· NEUR 751 Applied Dynamics in Neuroscience

Concentration in Materials Physics
· PHYS 784 Quantum Mechanics II

· PHYS 785 Electromagnetic Theory II

· PHYS 512/CSI 687 Solid State Physics and Applications

· PHYS 614 Thermodynamics and Kinetics of Materials
Qualifying examinations, All students must successfully pass the qualifying examinations for the four core courses (PHYS 684, PHYS 685, PHYS 705, and PHYS 711).  The qualifying exam is offered two times a year, and is divided into four sections corresponding to the four topics in the core courses (Quantum Mechanics, Electromagnetic Theory, Classical Mechanics, and Statistical Mechanics).  Grades of “Pass” or “Unsatisfactory” will be given individually for the four separate sections of the exam.  If a student receives a grade of “Unsatisfactory” in a given section of the exam, he is allowed to retake that section a maximum of two times.  Students can choose to take a particular section or a combination of sections at one sitting, but they must successfully pass all sections by the end of their third year.  Students entering the program with equivalent courses taken at another institution can satisfy the core requirement by taking the qualifying exam directly.

There is a written and an oral component for each section of the qualifying exam.  A student must satisfactorily pass both components of the exam.  The oral component may be waived by unanimous consent of the Qualifying Examination Committee for exceptional performance on the written component.  

At the beginning of each academic year, the Program Director will appoint members to the Qualifying Examination Committee (typically from faculty who most recently taught the core courses).  The Qualifying Examination Committee is responsible for the creation and grading of the qualifying exam to be offered in that year.

Advancement to candidacy.  After the successful completion of the Qualifying Examination, a Dissertation Committee should be formed as soon as possible.   This committee consists of a graduate faculty member (see the "Graduate Faculty" section in the catalog) from the Department of Physics and Astronomy and at least two other members of the graduate faculty, one of whom must be from outside the student's department or degree program. The composition of the committee must be approved by the program director.  Qualified individuals who are not members of the graduate faculty (i.e., faculty at another university) may serve on a dissertation committee with the approval of the program director and the associate dean for graduate programs.

The Dissertation Committee is responsible for directing the student in his/her chosen field of research. The Dissertation Committee should work with the student to select specialty courses and electives to form a cohesive program of study.  Preliminary research credits (PHYS/ASTR 796 – Directed Reading and Research and PHYS/ASTR 798 – Research Project) can be taken as a part of the electives to prepare for the student’s dissertation.  

Advancement to candidacy implies that a doctoral student has demonstrated both breadth and depth of knowledge in the field of study and is capable of conducting research on the boundaries of knowledge. Before a doctoral student may be advanced to candidacy by the Dean, he/she should have completed all required course work, have passed the qualifying examinations, and have been recommended by the Dissertation Committee.  A doctoral student has six years from the time of first enrollment as a degree-seeking student to advance to candidacy. 

Doctoral dissertation.  After advancing to candidacy, a doctoral candidate will work with the Dissertation Committee to formalize his/her preliminary research into a doctoral dissertation. The dissertation research should represent a significant contribution to its scientific field and should be deemed publishable in refereed scientific journals. 

a. A total of 24 credit hours in the following two courses must be taken:

· PHYS 999 or ASTR 998: Dissertation Proposal (0 to 12 credit hours)

· PHYS 999 or ASTR 999: Doctoral Dissertation (12 to 24 credit hours; advancement to candidacy required)

b. Before the student may enroll in PHYS/ASTR 999 (Doctoral Dissertation), the dissertation proposal must be approved by the Dissertation Committee and evidence of its approval sent to the dean for approval. Before that time, the student may enroll in PHYS/ASTR 998 (Dissertation Proposal).

c. A student working on his/her Doctoral Dissertation (999) must register for a minimum of three credit hours of 999 per semester (excluding summers) until they have completed the 12-credit-hour minimum requirement for 999, after which they must register for one credit hour of 999 until the dissertation is completed and accepted.

The dissertation must be defended in a public forum before the Dissertation Committee and other interested faculty. After the candidate successfully defends the dissertation, the Dissertation Committee recommends to the Graduate Faculty of George Mason University the awarding to the candidate the degree of Doctor of Philosophy in Physics.  Students have five years from the time of advancement to candidacy to graduate. Appendix A presents a sample schedule of a full-time student in the proposed program.
Faculty

The Department has 27 full-time faculty in physics and astronomy, 8 of who are on “term” (non-tenure-track) appointments, and whose primary job is teaching.  The tenured and tenure-track faculty are almost without exception active in research, although without funding in a few cases.  There are remarkably an additional 19 Ph.D. physicists and astronomers within other departments that could teach specialized advanced courses – 14 of these are in the Department of Computational and Data Sciences, 2 in engineering, 1 in Bioinformatics, and 2 Robinson Professors.    

The faculty’s research spans a wide range of the disciplines one expects to find in a Physics Ph.D. program, and it currently includes a group of faculty doing NIH-funded work in biophysics and neural dynamics in association with the Krasnow Institute, a number of NASA funded astrophysicists doing cutting edge research in planetary sciences, space weather, and galactic formation, and material scientists doing DOE and NSF funded research in atomic and molecular physics and nuclear magnetic resonance. Appendix B provides an abbreviated biography of the faculty who will teach in the program. Research strengths of faculty in the Department are presented in Appendix C.
Assessment
Student learning outcomes. The key learning outcome for a Ph.D. student is the ability to do original scientific research.   This ability has several components, including the ability to: 

· demonstrate an in-depth understanding of  the current state of knowledge in physics and in one’s specialty field 

· identify important unsolved scientific problems 

· solve scientific problems with existing tools and in a realistic time frame 

· see beyond one’s own solution to understand its broader implications. 

In addition, a successful Ph.D. in physics must demonstrate a high degree of competence in the following skills: 

· technical writing in English 

· verbal presentation skills 

· technical skills, such as computational, theoretical, and experimental techniques

· the ability to work in research teams 

· the ability to evaluate the scientific work of peers 

· the ability to write well-designed proposals for research funding
Finally, it is also highly desirable that graduates demonstrate:

· an understanding of ethical issues in science

· the ability to work with people from other cultures – often gained as a byproduct of a physics Ph.D.-level education, through interaction with other graduate students and scholars from abroad, and also through research performed in international collaborations.  (Nationally, slightly less than half of first year physics Ph.D. students are from other countries, according to statistics from the American Institute of Physics.)  
Assessment of student learning.  When developing the program, we have defined certain outcomes that measure student performance during their progression through their studies. However, much in the Ph.D. studies is learned not in a formally structured way but from personal example provided by faculty advisors and their peers. Nevertheless, here is a synopsis of basic measurable outcomes expected of Ph.D. students: 

· GPA of 3.0 or more average in all graduate courses 

· Ph.D. qualifier exam. Students must pass its parts in at most three attempts. The exam tests basic knowledge in four core subjects. 

· Dissertation proposal presentation. Students must write and present a proposal for their research, and get it approved by their Ph.D. committee. 

· Committee approval of dissertation for public defense

· Successful public Ph D dissertation defense 

A three-person faculty committee will assess the student’s qualifying exam results and Ph.D. dissertation to determine the extent to which they meet these outcomes.  
In addition to assessment of individual students, the Department will also participate in formal academic program review. Program review takes place on a seven-year cycle at George Mason University under the guidance of the Office of Institutional Assessment. The process requires three semesters to complete. The outcomes of academic program review are a series of deliverables—a self-assessment report and academic plan written by program faculty and a report by a review team external to the program—and changes made to enhance the program. The Department of Physics and Astronomy is undergoing academic program review in 2007; the proposed Ph.D. in Physics will be reviewed in 2014. Preliminary review by the Board of Visitors will occur in 2012.

Benchmarks of Success

The program will be expected to meet the following benchmarks:

· Assuming the program produces its first graduates in year X, the average annual number of graduates between year X+1 and X+4 shall exceed the minimum mandated by SCHEV for physical science doctorates, which is currently 2.
· In subsequent years after year X+4, the average annual number of graduates shall continue to exceed the minimum mandated by SCHEV for physical science doctorates.

· During periodic mandated University assessments of the program it will receive positive reviews by an external review committee
· At least 75% of graduates from the program will report their satisfaction with it when surveyed.

· The percentage of graduates who are unemployed involuntarily six months after receiving their degree shall not significantly exceed the national average for the profession, within the fluctuations expected of small numbers.

If more than one of these benchmarks is not met, the institution will attempt to restructure the program so that they are met within a period of two years.  If there is no measurable progress towards meeting these benchmarks at that time, the institution (barring mitigating factors) will terminate the program.

Expansion of an Existing Program?
The proposed program builds on the physics and astronomy emphases of the Physical Sciences Ph.D., and therefore it does not require new courses or faculty to initiate. The initiation of the program will not result in the immediate closure of any other program. Students currently pursuing physics or astronomy emphases in the Ph.D. in Physical Sciences will be given the option of transitioning to the Ph.D. in Physics or completing their current program. No new students intending to pursue Ph.D. work in physics or astronomy will be accepted into the PSCI program. 
It should be noted that the Department of Chemistry and Biochemistry has found similar impediments to attracting students who are interested in doctoral-level training in chemistry to the existing Ph.D. in Physical Sciences. That is, we have evidence of interest by students in the subject matter contained within the degree, but we have found that the current title of Ph.D. in Physical Sciences has proved an impediment to recruiting them. The memo from the chair of the Department of Chemistry and Biochemistry in Appendix D indicates that it is considering the development of a discipline-based Ph.D. in Chemistry to remedy the problem. Should Mason be successful in gaining approval for these two programs, it will phase out the existing Ph.D. in Physical Sciences.
Collaborative or Standalone Program?
The proposed Ph.D. in Physics is a standalone program to be administered by the Department of Physics and Astronomy. No other organization will be involved in its operation.

Justification for the Proposed Program

Response to Current Needs

There are many ways we can document that another Ph.D. in physics in Virginia is warranted, and that George Mason University is the most logical location for it. Graduates with doctoral-level training in physics stand to contribute to solutions to problems that affect Virginia and the rest of the world. Given the job market for Ph.D.-trained physicists in the Northern Virginia-Washington, DC area, the case can be made that Virginia now produces too few Ph.D.’s in physics. Many of the potential students for this program live in this area and have employment or family ties that make difficult attending another Virginia institution. Finally, George Mason has a wealth of resources in place to operate a Ph.D. in Physics. 
Response to current and future needs. The current and future welfare of the Commonwealth, the nation, and indeed the world is enhanced by having an adequate number of people with advanced training in physics.  Physics and physicists have been the basis for many technological advances from the laser to the microwave oven to the World Wide Web.  Professional physicists have made pioneering discoveries that often lead to great advances in the fields of medicine, computers, the environment, and national defense.  Physics also is intimately connected to such subdisciplines, including materials science (and nanoscience), and biological physics (or biophysics), which are an important part of the proposed PhD program, and which are essential to the future of the Commonwealth.   The relevance of these two areas is briefly discussed in the section below, so as to better illustrate why these areas involve the solution of scientific problems that should be of concern to all citizens.  The section has been adapted from: http://www.seas.ucla.edu/ms/Brochure.pdf  and http://www.careercornerstone.org/physics/physspec1.htm
Materials science is concerned with the structure and properties of materials used in modern technology. This means that materials science is at the forefront of high technology for the simple reason that advancements in technology are the direct result of advances in materials.  The field of materials science is directed towards understanding why materials behave the way they do, how materials are made, and how new materials with unique properties can be created. The study of materials science and engineering encompasses specific materials such as metals, ceramics, polymers, and semiconductors, and understanding how their structure, from the atomic level to that  of common objects, influences mechanical, electrical, optical, chemical, biological and magnetic properties. What this means is that materials science impacts a wide range of modern technologies; from producing high-strength, lightweight aluminum alloys for new generations of aircraft to the addition of a layer of atoms on the surface of materials used in optical communications.  

Structural materials, including metals, alloys, ceramics and composite materials, are among the most important materials in our daily lives and are therefore the easiest to take for granted. However, the field of Materials Science actually evolved from detailed investigations, over the past century and a half, of the inter-relationships among the processing, "microstructure" and properties of structural materials.  The alloys used in modern aircraft are marvels of modern physical metallurgy, yet if we could develop aluminum alloys capable of retaining high strength at relatively modest temperatures of 200 to 300 °C it would be possible to use them in supersonic aircraft flying at speeds exceeding mach 2. Similarly, if we could develop alloys or tough ceramics which remained strong at temperatures between 1000 and 1200 °C, we could then construct jet engines which were far more efficient and faster than those available today. These are among the objectives of research on structural materials.

 We already use optical communications in daily life. What you may not realize is that this technology is based on the field of photonic materials. Some of these materials efficiently transmit light, others generate light and still others detect light. In the near future we can expect new semiconductor materials, both hard and soft, that efficiently and inexpensively produce light in the green and blue parts of the spectrum to complement what we have today in the red. This means a range of new products for lighting homes and businesses, low power displays for lap top computers and cell phones, and even a new generation of “smart” traffic lights that use light-emitting diodes. Still further in the future is the promise of developing optical computing based on photonic materials.

The computer industry is critically dependent on materials science. From the microprocessors to the semiconductor memories, to optical and magnetic data storage, the ability to be smaller and faster is directly tied to developing new materials and creating the methods for reliable manufacturing at small dimensions. The future is an exciting one. We expect molecular electronics to revolutionize the sizes of individual logic elements and quantum computing to bring operations to the atomic level. Once again materials science will play a key role in creating the materials and processes that form the backbone of the technology.

 Materials science is already contributing to many areas of biotechnology. Some of these materials are hard, as needed for bone replacement, while others are soft, as needed for soft tissue repair. Still other materials are being developed for biomedical sensors and drug delivery. The field is very young and one of the most exciting directions is that of combining man-made engineering materials with naturally occurring materials.  
Biophysics (also called biological physics) is the application of physical concepts and techniques to the study of the principles that underlie the structures and functions of living systems; it is the study of the physical laws that create or affect biological molecules and processes. Biophysics encompasses several levels of biological organization, including the molecular level, the subcellular and cellular level, and the organ level. Molecular biophysics considers the structure of biological molecules such as enzymes, muscle proteins, and nucleic acids and how these molecules interact with various forms of energy. Study of biophysics at the subcellular and cellular level is concerned with how molecules are organized into special cell structures and how these structures perform their specialized functions. Biophysicists also study the physical principles that underlie the functioning of the ear, eye, and other body systems (e.g., the ear's response to variations in air pressure that cause sound and the transformation of energy received by nerve impulses from the eye into visual sensations such as color, sharpness, brightness, and shape). Biophysics research also has applications to medicine. For example, it provides explanation of the functional relationship of body parts and has potential impact on disease prevention through the study of the body's defense mechanisms involving proteins at the cell-membrane level.   Even the human brain itself can be increasingly understood using the tools of biopysics. Three biophysicists at George Mason University study brain function using nonlinear dynamics and neural modelling in the analysis of experiments.  Their work holds the promise that the disease of epilepsy will become better understood, and perhaps even controlled or cured.
“Deficit” in Virginia of graduates with this training.  The combined output of 24 physics Ph.D.’s granted annually by Virginia universities on average during the 5 years 2001-2005 represent 1.98% of the national output.  However, during that time period the population of Virginia represented 2.55% of the nation’s population, indicating that Virginia produces fewer than its share of physics Ph.D.’s.  With a job market for physicists that is significantly better then the national average (see next section), it would be desirable to remedy that “deficit” in Virginia physics Ph.D.’s by adding a new program.
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	2000-1
	5
	1
	4
	9
	5
	24
	1157
	2.07
	2.53
	81.83
	
	18.17

	2001-2
	3
	3
	5
	7
	4
	22
	1095
	2.01
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	20.99

	2002-3
	2
	6
	7
	12
	8
	35
	1106
	3.16
	2.55
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	-24.04
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	0
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	5
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	22
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	2.57
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Part-time students (and faculty). George Mason University, by virtue of its location, has access to a large pool of students who wish to pursue graduate education but who must attend school on a part-time basis. Many work full-time or have other responsibilities that keep them in this area. Our survey of students in the existing Ph.D. in Physical Sciences program bears this out. The survey (found in Appendix E) was completed by 16 of the 27 PSCI students. Of the respondents, 12 are employed at area companies or government labs (all but 2 full-time). Of those who are employed, 2/3 reported that the employer provided tuition support for their graduate education.  Most students who are employed full-time in the Northern Virginia or Washington D.C. Metropolitan Area are not in a position to attend school and pursue a physics Ph.D. at one of the five existing programs at other locations in Virginia.  Finally, the same rich environment for students working at physics-related jobs causing them to seek Ph.D.’s also means that we have a unique source of highly qualified part-time faculty in the area, who often teach highly specialized courses.

Abundant resources. Although physics Ph.D. programs are quite expensive to create de novo, all the courses needed for a Physics Ph.D. are now in place at the University and are being taught on a regular basis.  Additionally, other resources, including grants to support physics graduate students, also exist in reasonable abundance.  Here is a summary of the existing resources to support a physics Ph.D. program:
Faculty. The Department has 27 full-time faculty in physics and astronomy, 19 of whom are tenured or tenure track. The tenured and tenure-track faculty are almost without exception active in research, and externally-funded in a majority of cases.  There are remarkably an additional 19 Ph.D. physicists and astronomers within other departments that could teach specialized advanced. It is quite unusual to find anywhere in the nation a physics department of the size, quality, and resources now in Physics & Astronomy that does not already have a Ph.D. program in Physics. Of the 98 U.S. physics departments in the nation that have 27 or more faculty, only four percent (not counting the service academies) lack a Ph.D. in physics, according to an e-mail from Arnell Ephraim of the American Institute of Physics Statistics Division – see appendix K. 
Moreover, faculty research spans a wide range of disciplines that one expects to find in a Physics Ph.D. program at a nationally recognized institution. It currently includes a group of faculty doing NIH-funded work in biophysics and neural dynamics in association with the Krasnow Institute, a number of NASA-funded astrophysicists doing cutting-edge research in planetary sciences, space weather, and galactic and extragalactic astronomy.  We also have material scientists doing DOE and NSF-funded research in atomic and molecular physics and nuclear magnetic resonance.  
Graduate support. As of spring 2007, Physics has 5 Ph.D. level graduate teaching assistants, and 7 Ph.D. students supported by graduate research assistantships funded by either faculty grants or by the College of Science. These Departmental research groups are actively providing GRA support to a large portion of our current PSCI students.  As noted earlier, however, many graduate students have no need for funding, since their employer pays for their program, while they are employed full-time – which is true of about half of Ph.D. students in all programs at George Mason University.

Collaboration with area employers.  We are fortunate to extend the facilities available to the university through our collaborations between our faculty and several area employers. These include the Naval Research Lab, NASA, and NIST. Our Ph.D. students have been able to pursue their research at these facilities – often under the guidance of a scientist employed there.  According to Dr. Frank Bucholtz, NRL Section Head for “Advanced Photonics,” in the Optical Sciences Division

“There are a few dozen graduate students from area universities pursuing their dissertation research at NRL at any given time – some of them from GMU.” [private communication]

In fact, the very first (Spring 2007) graduate from the physics concentration within the PSCI program, Dr. Vincent Urick, pursued his dissertation research in precisely this manner.  A faculty member at the University (Ceperley) was Urick’s dissertation advisor, but in effect, Urick’s dissertation work was also his full-time job at NRL, where he is a regular full-time employee.
Spin-off Proposal?
Although this program was developed from and informed by the Ph.D. in Physical Sciences, we used this opportunity to examine closely the curriculum to be offered. The curriculum differs sufficiently from the Ph.D. in Physical Sciences that we consider this a new program. 
Employment Demand 

We provide several sources of evidence of employment demand, including a large market for graduates in proximity to Mason, a sampling of position announcements for which the Ph.D. in Physics is either required or preferred, and a discussion of employment projections in the Commonwealth and the nation as a whole.
Major area employers of physicists.  Northern Virginia and the Washington metropolitan area provide a large and expanding market for graduates with a Ph.D. in Physics.  The proximity to the federal government and many national research laboratories makes George Mason well-positioned to be a major provider of employees in physics.  Furthermore, companies such as Science Applications International (SAIC), Computer Sciences Corporation, Lockheed Martin, and Northrop Grumman proliferate in the Northern Virginia and the Washington metropolitan areas, and many hire Ph.D.-level physicists on a regular basis.  It is a remarkable fact that the Washington-area branches of these companies happen to be the second, third, and fourth largest private employers of physicists in the entire nation, according to the list of physicists employed at various places in the 2006 American Institute of Physics (AIP) Directory – see table below.
	Numbers of physicists employed at Washington DC area private, government

	and academic institutions.  "Physicists" are those belonging to the APS.  

	List excludes employers of fewer than 9 physicists
	

	
	

	Private
	

	Lockheed Martin, HQ
	124

	Computer Sciences Corp
	95

	Science Applications International Corp
	92

	ITT Industries, Inc.
	25

	Computational Physics, Inc
	23

	Essex Corp
	11

	SUBTOTAL
	370

	
	

	Government
	

	US Naval Research Lab
	275

	National Institute of Standard & Technology
	221

	NASA/Goddard Space Flight Center
	201

	Institute for Defense Analyses
	93

	The C N A Corp
	80

	National Science Foundation
	46

	US Department of Energy
	32

	US Army Research Lab
	18

	Center for Devices & Radiological Health, FDA
	16

	Air Force Office of Scientific Research
	9

	SUBTOTAL
	91

	
	

	Research Centers
	

	JHU- Applied Physics Laboratory
	67

	Space Telescope Science Institute
	57

	Johns Hopkins University
	47

	University of Maryland- College Park
	5

	Carnegie Institute of Washington
	33

	SUBTOTAL
	249

	
	

	TOTAL
	1585


The first three of the labs listed above are among the top 13 government employers of physicists in the nation.  The Washington Metropolitan Area employs close to 1600 physicists outside of academic institutions, or approximately 1800 if university physicists are included in the total, based on the 2006 AIP Directory.  If we assume that among the 1800 physicists employed in the region, 6% will retire or take other jobs in any given year, this amounts to about 100 annual openings in the Greater Washington DC Metropolitan Area, even if there is no expansion in the field. Given the total number of names in the AIP directory (36,000), and the share of the U.S. population in the Greater Washington Metropolitan Area (2.8%), one would expect only 990 physicists in this region. Hence, the actual market need, and the number of employed physicists (generally meaning those with a Ph.D. degree) in this region is roughly twice what would be indicated on the basis of demographics.  As further evidence of employment demand, Appendix F provides letters of support from area employers.
Job postings.  Still another way to gauge area physics employment prospects compared to the national average is to look at job postings on the AIP web site, available from http://www.physicstoday.org/jobs/.  As of July 17, 2007 there were 169 postings nationally, and 37 are in the Washington DC Metropolitan area – which represents 22% of the national total.  However, since this region’s population (5.3 million) constitutes only 1.8% of that of the U.S total, this comparison implies that it has over ten times the number of job openings as would be expected, just based on its population.  Almost certainly, however, this amazingly favorable comparison is biased, because the time of year the comparison was made emphasizes non-academic openings, which is this region’s main advantage.  Thus, based on the previous comparison, area prospects for physics Ph.D.’s are probably “only” twice the national average. Appendix G provides a sample of postings for jobs for which the PhD in Physics is either the preferred credential or a requirement.  (Note that the job postings on the web site www. physicstoday.org, while they may be advertised to physicists, include positions in many other fields.)
Employment projections.  Admittedly, national and Virginia-based employment projections (shown below) for the coming ten years show that the growth expected in the number of positions for physicists is lower than the average for all professions.  However, employment projections for biophysicists (listed as a separate category along with biochemists) is expected to be appreciably greater than average, making the combined total projected growth for physicists and biophysicists about equal to the average for all professions.  Moreover, many of our present Ph.D. students in the PSCI program already have full-time professional jobs, and are pursuing a degree to qualify for more responsible positions.  This observation suggests that finding employment is likely to be a non-issue for most physics Ph.D. graduates of our program.  Finally, we note that as pointed out by the Bureau of Labor Statistics – see final highlighted comment in Appendix H – many Ph.D. physicists have job titles other than physicist and they “continue to be in demand in the areas of information technology, semiconductor technology, and other applied sciences.” Thus, the general demand for people with graduate and undergraduate degrees in physics in fact considerably exceeds the demand for physicists per se.

Source: http://velma.virtuallmi.com
Occupational Employment Projections in Virginia Statewide 2004 -- 2014 

	Code
	Occupational Title
	2004 Estimated Employment
	2014 Projected Employment
	Total 2004-2014 Employment Change
	AnnualAvg Percent Change
	Total Percent Change

	192012

191021

 
	Physicists 

Biochem/phys

All Fields


	636

121

3,871,342 
	704

173

      4,531,580 
	68

52

660,238  
	1.0

3.6

1.6 
	10.7

43.0

17.1 


Student Demand

We offer three methods to demonstrate student demand for the proposed Ph.D. in Physics: 1) the student survey previously referenced; 2) national data on productivity in physics programs; and 3) assessment of research capacity of faculty in the program. 
Method 1. Based on student survey.  All but one out of 12 PSCI students in the physics/astronomy concentrations responding to our survey indicated they preferred the title “physics” over “PSCI” for their degree.  These 12 survey respondents represent 60% of the 20 PSCI students in the physics/astronomy concentrations in PSCI.  Should 80% of this group of 20 actually transfer to the physics Ph.D. once it began, the program would have an initial enrollment of 16, independent of new entrants to the university.  To the extent that a program with the title “physics” is more attractive to prospective Ph.D. students, we would expect new admissions to the program to be more numerous than occurred under the PSCI program, where it may not have been clear to some prospective students that the program did not require extensive interdisciplinary courses and research.  A reasonable steady state enrollment in the physics Ph.D. program might be double that now in the physics/astronomy concentrations of the PSCI program, or 40 students.  The average enrollment in the other 5 Ph.D. programs in Virginia is roughly ten times the number of their annual graduates, or 58.  Should that same ratio hold for us as well, a realistic estimate of the annual number of graduates from the physics Ph.D. program based on an enrollment of 40 would be 4.  Below we offer two additional ways of estimating student demand which rely on national data.  The source for these data is AIP pub. No R-394.12  “Roster of Physics Departments with Enrollment and Degree Data, 2005” (August 2006). 
Method 2 based on national data.  The 183 responding physics departments that offer a physics Ph.D. granted 1244 Ph.D.’s, 589 master’s degrees, and 2608 bachelor’s degrees in 2004-5.  The number of degrees per school on average is: 14.2 BS, 3.2 MS, and 6.8 Ph.D. degrees in 2004-05.  To obtain an estimate for George Mason, we note that the current Mason output is 7 MS degrees per year and 6 BS degrees (both showing rising trends), shown below. If we assume the same ratio of Ph.D. to BS graduates as the national average, we project 3.4 Ph.D.’s per year.  However, this number of projected Ph.D.’s is almost certainly too low, because the presence of a Ph.D. program at George Mason is bound to raise our physics profile and attract more undergraduates into the BS program.  Were our BS output to double over time to 14 (the national average for Ph.D. departments), we might expect to produce 7 Ph.D.’s per year based on the national ratio of Ph.D.’s to BS grads.

Data in the table below are supplied by the Registrar’s Office.  Numbers differ slightly from those on the “Intuitional Research and Reporting” web site owing to different reporting periods.  Note that the official title of the Mason degree is “Master’s in Applied and Engineering Physics.”
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Method 3. Based on faculty research capacity. Current physics faculty now supervise 24 Ph.D. students in the PSCI and Computational Sciences and Informatics Ph.D. programs.  Several new faculty who are active researchers have just joined the department in Fall 2007, and four faculty who currently supervise no students are likely to retire within the next 6 years. These staff changes, together with more aggressive efforts to obtain external funding are likely to increase the capacity of faculty to work with graduate students in research by around 50%.  If half of the students in the Ph.D. program are involved in research at any given time (with the rest taking course work), this gives a realistic estimate of perhaps 72 Ph.D. students that the program could accommodate without any increase in the size of the faculty.  If we again assume a ratio of enrolled students to graduates of 10, our annual Ph.D. output would be 7 students, almost exactly the national average, and the same as estimated by the previous method.

Summary. We note that both methods 2 and 3 involve some optimistic assumptions, so that a realistic estimate of the number of steady state numbers of Ph.D. graduates might be between 4 and 7.  Thus, in order to err on the conservative side, we shall assume the number 4 graduates annually, in making enrollment projections.  The program headcount might be expected to be ten times these figures, and the FTE perhaps 2/3 as great.  Letters of support for the program from students and alumni shown in Appendix I also document the student demand for the program, and a number of them indicate the writer’s interest in enrolling in the program.

____________________________________________________________________________

State Council of Higher Education for Virginia

Summary of Projected Enrollments in Proposed Program

Projected enrollment:

	Year 1
	Year 2
	Year 3
	Year 4
	Target Year

	2008 - 2009


	2009 - 2010
	2010 - 2011
	2011- 2012
	2012 - 2013

	HDCT

10
	FTES

6
	HDCT

14
	FTES

8
	HDCT

20
	FTES

11
	HDCT

21
	FTES

12
	HDCT

23
	FTES

13
	GRAD

7


Assumptions:


90% retention


30% full-time students, 70% part-time students


Full-time students take 9 credit hours per semester


Part-time students take 6 credit hours per semester


Full-time students graduate in four years

Duplication

There currently exist five Ph.D. programs in physics in the Commonwealth.  The table below, generated from data available on SCHEV’s web site (http://research.schev.edu/enrollment/programmaticenrollment.asp) presents information on headcount and graduates for the most recent five years available. 
	Institution
	Year
	Headcount
	Graduates

	College of William and Mary
	2000-2001
	22
	7

	
	2001-2002
	35
	6

	
	2002-2003
	34
	4

	
	2003-2004
	31
	7

	
	2004-2005
	53
	5

	Hampton University
	2000-2001
	18
	6

	
	2001-2002
	13
	5

	
	2002-2003
	12
	3

	
	2003-2004
	16
	0

	
	2004-2005
	21
	1

	Old Dominion University
	2000-2001
	30
	5

	
	2001-2002
	24
	4

	
	2002-2003
	24
	6

	
	2003-2004
	29
	6

	
	2004-2005
	34
	0

	University of Virginia
	2000-2001
	44
	12

	
	2001-2002
	42
	6

	
	2002-2003
	51
	12

	
	2003-2004
	58
	3

	
	2004-2005
	60
	8

	Virginia Tech
	2000-2001
	22
	4

	
	2001-2002
	28
	4

	
	2002-2003
	23
	7

	
	2003-2004
	20
	2

	
	2004-2005
	17
	5


We do not believe that bringing the proposed PhD program online constitutes an unreasonable duplication of effort between Mason and other institutions in the Commonwealth. There are distinctions in the program and its target audience that suggest that Mason will add to the total productivity in Virginia of Ph.D.’s in Physics, rather than take from any other Virginia institution.
Support from other Virginia universities.  The physics department chairs of two of the largest physics Ph.D. programs in Virginia have sent us letters supporting our Ph.D. proposal – see Appendix J.  It is clear from these letters that these chairs do not regard the prospects of a new Ph.D. at George Mason as any threat to their own programs, given that ours would often attract students who are often tied to the area by virtue of their full-time jobs.  

Regional Ph.D. programs. There are a number of other physics Ph.D. programs in the Greater Washington DC Metropolitan region, the largest and most prestigious of these being at the University of Maryland.  However, a commute of unknown duration around the Washington Beltway is not an attractive option for most Northern Virginia’s residents.  Moreover, graduate courses at this first-rate department are offered during daytime hours, which is unsuited to many full-time employed students.  Washington, DC also has three universities (Catholic, George Washington, and Howard) that have fairly small Ph.D. programs, and yet none of them have the faculty size, range of faculty expertise, and research funding now present at George Mason University.  Moreover, as a practical matter, these private schools, because of their high expense and location, are unlikely to be of interest to many Northern Virginia residents seeking a physics Ph.D.

Cooperation with area federal labs. Our department’s cooperation with area federal labs (which include some of the largest employers of physicists in the nation) has already been discussed in the previous section. This cooperation is synergistic, since it allows the labs to have a source of advanced training for existing employees, provides them with a source of new employees, and allows the university to make use of their excellent experimental facilities.  Few other universities in Virginia have such excellent access to first-rate nearby facilities, or policies that part-time graduate students find accommodating.
Faculty and student diversity.  Of all the sciences, physics has by far the smallest numbers of females, who now comprise 18 percent of all new Ph.D.’s nationally. Mason with its 7 tenured and tenure-track and 4 term female faculty has the highest percentage of female tenured and tenure track physicists and astronomers in the nation. (Female faculty are identified in Appendix C.)  The program also has a very high percentage of female graduate students (39%).  For full details on our remarkable gender diversity, see http://mason.gmu.edu/~rehrlich/female_physicists_article.htm  The national profile of our program would be enhanced considerably if it offers a Ph D. in physics, instead of physical sciences. With our increased reputation, our emphasis on diversity and gender equality could become a prototype for other physics departments that seek to increase their percentages of female physics faculty and students.
Cooperation with other academic units.  The willingness of Physics and Astronomy faculty to collaborate with other academic units facilitates the Department’s and the University’s ability to respond to emerging areas of knowledge and the blurring boundaries between various fields. Physics and Astronomy has relationships with the following academic units and programs: 

· Biology, for whom we offer several 300-student service courses for their majors,
· Bioinformatics, with whom we cross-list a biophysics course

· Chemistry, with which we jointly administer the PSCI Ph.D. program

· Climate Dynamics, with whom we cross-list a course
· Computational and Data Sciences, with whom we cross-list a number of courses.  Also, some CDS faculty have taught physics and astronomy courses.  In addition, physics faculty members supervise a number of CDS Ph.D. students.

· Education, with whom we have participated in several grants involving teachers (Dworzecka, Ehrlich, Geller)
· Electrical and Computer engineering, with whom we share a faculty member on a split appointment, and cross-list several courses
· Humanities departments, through the physics department’s involvement in the new “Science and Society” program (see http://scienceandsociety.gmu.edu/)
· Geology, with whom we cross-list several courses
· Mathematics, with whom we share a faculty member on a split appointment

· Neuroscience, with three physics faculty who collaborate closely with colleagues in the Krasnow Institute, which kindly provides a research lab for one of our physicists

· Theatre, with whom we cooperated in bringing to campus a renowned impersonator of Einstein, who put on a one-man play in 2005
· Global Education, with whom we have numerous connections, including: (1) faculty involvement in large international scientific collaborations (Ellsworth, and Rubin), (2) encouraging physics students to study abroad, (3) leading students on a study abroad course (Ehrlich), (4) giving physics workshops in four mid-East nations (Dworzecka and Ehrlich), (5) inviting graduate students in other nations to spend a year or a semester at George Mason (Opher).

Projected Resource Needs 

Because the Department of Physics and Astronomy operates the PhD in Physical Sciences, it has all the faculty, administrative staff, library resources, assistantships, and equipment necessary to launch and maintain the proposed program in Physics.  The following subsections detail the resources required to operate the program from its initiation in fall 2008 through the target year 2012-2013. Assessments of need for full-time faculty, part-time faculty, and adjunct faculty are based on the following ratio of student enrollment to faculty effort for doctoral programs: 8 FTE of enrollment requires one FTE of faculty for instruction.

Full-time Faculty

The proposed PhD in Physics will require 0.75 FTE of instructional effort to launch the program in 2008-09, increasing to a total of 1.625 FTE of instructional effort by the target year 2012-13. Full-time faculty will account for the full 0.75 FTE in 2008-09 and for 1.5 FTE by 2012-13. Because all of the courses are in place for this program, no new faculty hires are required either to launch or maintain it. All full-time faculty resources will be paid for through a reallocation of existing resources. 

Part-time Faculty from Other Academic Units

Because students take required courses from the Department of Physics and Astronomy at the beginning of their careers, no part-time faculty from other academic units are needed to launch the program. By 2012-13, we project that the program will rely on 0.13 FTE of instructional effort from outside the department. The College of Science can accommodate the part-time effort required for the program through a reallocation of resources. 

Adjunct Faculty

We project that a significant percentage of students currently enrolled in the PhD in Physical Sciences will transfer into the proposed program. The program is therefore likely to have students who have advanced to candidacy from its opening days. Adjunct faculty are used to teach undergraduates, relieving full-time faculty to participate in dissertation committees. We will allocate one FTE of adjunct effort in 2008-09, rising to 1.5 FTE of adjunct assistance in 2012-13. This modest commitment of resources can be accommodated through a reallocation of resources at the department level.

Graduate Assistants

As noted earlier, many part-time graduate students have no need for funding since their employer pays for their program while they are employed. For full-time students, the department can commit 5 PhD-level graduate teaching assistants and 14 PhD students supported by graduate research assistantships funded by either faculty grants or by the College of Science. In addition to these sources of support, the Office of the Provost provides each new Ph.D. program with one new Presidential Scholar’s Award each year. The Presidential Scholar’s Award is a graduate research assistantship, the total value of which over the three year term of the award is approximately $90,000. The following table presents the sources of support to graduate students.

	Source of Assistantship
	# of Students Supported

2008-09
	# of Students

Supported 

2012-13
	Annual Cost 

per Student

	Office of the Provost

Presidential Scholars
	1
	3
	$30,000

	COS GRAs
	4
	4
	$27,000

	GRAs funded through sponsored research
	10
	10
	$27,000

	COS GTAs
	5
	5
	$24,000


Classified Positions

Classified assistance currently committed to the PhD in Physical Sciences will transition to the proposed PhD in Physics. Effort at this level is 0.25 FTE, rising to 0.5 FTE by the target year.

Targeted Financial Aid

No targeted financial aid, other than the graduate assistantships previously described, is needed to launch or maintain the program.

Equipment

Because no new full-time faculty or staff will be hired for the program, no additional equipment will be needed for the program.

Library 

Telecommunications

Because no new full-time faculty or staff will be hired for the program, no additional telephone systems will be required for the program.

Space

No additional space is required to launch or maintain the program. 

Other Resources

No other resources are required to launch or maintain the program.

______________________________________________________________________________

Projected Resource Needs for Proposed Program

Part A:  Answer the following questions about general budget information.
	· Has or will the institution submit an addendum budget request to cover one-time costs?
	Yes
	
	No
	x

	· Has or will the institution submit an addendum budget request to cover operating costs?
	Yes
	
	No
	x

	· Will there be any operating budget requests for this program that would exceed normal operating budget guidelines (for example, unusual faculty mix, faculty salaries, or resources)?
	Yes
	
	No
	x

	· Will each type of space for the proposed program be within projected guidelines?

	Yes
	x
	No
	

	· Will a capital outlay request in support of this program be forthcoming?
	Yes
	
	No
	x


	Part B: Fill in the number of FTE positions needed for the program

	
	
	
	
	

	 
	Program Initiation Year
	Expected by                               Target Enrollment Year

	 
	2008- 2009
	2012 - 2013

	 
	On-going and reallocated
	Added                      (New)
	Added                      (New)**
	Total FTE positions

	Full-time faculty*
	0.75
	0.00
	0.75
	1.50

	Part-time faculty (faculty FTE split with other unit(s))
	0.00
	0.00
	0.13
	0.13

	Adjunct faculty
	1.00
	0.00
	0.50
	1.50

	Graduate assistants
	19.00
	1.00
	2.00
	22.00

	Classified positions
	0.25
	0.00
	0.25
	0.50

	TOTAL
	21.00
	1.00
	3.63
	25.63

	* Faculty dedicated to the program
	
	
	
	

	** Added after initiation year
	
	
	
	


	Part C: Estimated resources to initiate and operate the program

	
	
	
	
	

	 
	Program Initiation Year
	Expected by                               Target Enrollment Year

	 
	2008 - 2009
	2012 - 2013

	Full-time faculty
	0.75
	0.00
	0.75
	1.50

	   salaries
	$67,500
	$0
	$67,500
	$135,000

	   fringe benefits
	$18,664
	$0
	$18,664
	$37,328

	Part-time faculty (faculty FTE split with unit(s))
	0.00
	0.00
	0.13
	0.13

	   salaries
	$0
	$0
	$11,250
	$11,250

	   fringe benefits
	$0
	$0
	$3,111
	$3,111

	Adjunct faculty
	1.00
	0.00
	0.50
	1.50

	   salaries
	$28,800
	$0
	$14,400
	$43,200

	   fringe benefits
	$2,202
	$0
	$1,102
	$3,304

	Graduate assistants
	19.00
	1.00
	2.00
	22.00

	   salaries
	$498,000
	$30,000
	$60,000
	$588,000

	   fringe benefits
	$0
	$0
	$0
	$0

	Classified Positions
	0.25
	0.00
	0.25
	0.50

	   salaries
	$7,500
	$0
	$7,500
	$15,000

	   fringe benefits
	$2,656
	$0
	$2,656
	$5,312

	
	
	
	
	 

	Personnel cost

	   salaries
	$601,800
	$30,000
	$160,650
	$792,450

	   fringe benefits
	$23,522
	$0
	$25,532
	$49,054

	   Total personnel cost
	$436,322
	$30,000
	$186,182
	$652,504

	Equipment
	$0
	$0
	$0
	$0

	Library
	 
	 
	 
	$0

	Telecommunication costs
	$0
	$0
	$0
	$0

	Other costs (specify)
	$0
	$0
	$0
	$0

	TOTAL                     
	$625,322
	$30,000
	$186,182
	$841,504


Part D:  Certification Statement(s)

The institution will require additional state funding to initiate and sustain this program.

	
	Yes
	

	
	
	Signature of Chief Academic Officer

	x
	No
	

	
	
	Signature of Chief Academic Officer


If “no,” please complete Items 1, 2, and 3 below.
1.  Estimated $$ and funding source to initiate and operate the program.    

	Funding Source
	Program initiation year

2008 - 2009
	Target enrollment year

2012 - 2013

	Reallocation within the department or school (Note below the impact this will have within the school or department.)
	$355,322
	$481,504

	Reallocation within the institution (Note below the impact this will have within the school or department.)
	$30,000
	$90,000

	Other funding sources

(Please specify and note if these are currently available or anticipated.)
	$270,000
	$270,000


2.  Statement of Impact/Other Funding Sources.

Reallocation within the department or school. Because the Department of Physics and Astronomy operates the PhD in Physical Sciences, it has all the faculty, administrative staff, assistantships, and equipment necessary to launch and maintain the proposed program. It can reallocate these resources (amounting to $247,323 in 2008-09, rising to $373,504 in 2012-13).

Reallocation within the institution. The Office of the Provost contributes one three-year Presidential Scholar’s Award to each PhD program each year. This provides $30,000 to the program at launch, rising to $90,000 per year by 2012-13. University Libraries allocates $xx,xxx to journal subscriptions per year for the Department of Physics and Astronomy.

Other funding sources. Sponsored research funds 10 graduate research assistantships per year for the program, totaling $270,000 per year.

3.  Secondary Certification.

If resources are reallocated from another unit to support this proposal, the institution will not subsequently request additional state funding to restore those resources for their original purpose.

	x
	Agree
	

	
	
	Signature of Chief Academic Officer

	
	Disagree
	

	
	
	Signature of Chief Academic Officer


Appendices
Appendix A – Sample Schedule for the Ph.D. in Physics
Year 1:

(9 cr) Fall:  PHYS 613, 684, 685

(8 cr) Spring: PHYS 784, 785, 796 (1), 703 (1) -- take two parts of qualifying exam

Year 2:

(8 cr) Fall: ASTR 765, PHYS 705, 796 (1), 703 (1) -- take third part of qualifier

(8 cr) Spring: ASTR 766, 711, 796 (1), 703 (1) -- take fourth part of qualifier

Year 3:

(9 cr) Fall: PHY 780, 798 (research 6 cr)

(6 cr) Spring: PHYS 798 (research 6 cr)

Year 4:

(6 cr) Fall: PHYS 998 (dissertation proposal 6 cr)

(6 cr) Spring: PHYS 999 (dissertation 6 cr)

Year 5:

(6 cr) Fall: PHYS 999 (dissertation 6 cr)

(6 cr) Spring: PHYS 999 (dissertation 6 cr) -- defense in May

Constraints: 

· total 72 credits

· 12 credits core with qualifiers

· 36 additional course credits (electives, research, seminar)

· 24 credits of 998 and/or 999 (must be after the 48 credits and a MAXIMUM of 24 credits of 998/999 can be applied to degree)

· Full time status: 9 credits (without GTA/GRA); 6 credtis (with GTA/GRA); 6 credits if taking 998/999; 1 credits after completion of minimum (12 credits) of 998/999.

Appendix B – Abbreviated Biographies of Program Faculty
This list includes post-docs, faculty currently in administrative positions, and research professors.  It excludes physicists holding positions in other academic departments.
Aharonov, Yakir, Distinguished Professor of Theoretical Physics. PhD 1960, Bristol University. Quantum information science.
Barreto, Ernest, Associate Professor, Physics and Astronomy. BS 1990, University of Chicago: MS 1995, PhD 1996, University of Maryland. Nonlinear dynamics, neuroscience.

Cressman, J. Robert, Assistant Professor of Physics and Astronomy. BS 1995, Union College; PhD 2003, University of Pittsburgh. Experimental biophysics.

Dworzecka, Maria, Professor of Physics and Astronomy, Senior Associate Dean, planning and facilities; College of Science. MSc 1954, PhD 1969, Warsaw University, Poland. Physics education, quantum mechanics, nuclear physics. 
Ehrlich, Robert, Professor of Physics and Chair, Department of Physics and Astronomy. BS 1959, Brooklyn College; PhD 1964, Columbia University. Particle physics, physics education.

Ellsworth, Robert Waldo, Professor of Physics and Astronomy. BS 1960, Yale University; PhD 1966, University of Rochester. Particle physics, cosmic rays.
Ericson, Rebecca, Term Instructor, BA 1970, Macalester College, MS 1975, Creighton University.
Ewell, Mary, Term Instructor, BS 1994, George Mason University,  MS 2000, George Mason University
Geller, Harold. Term Assistant Professor, Physics and Astronomy. BS 1983, Regents College; MA 1992, DA 2005, George Mason University. Astronomy, astrobiology, science education.
Gliozzi, Mario, Research Assistant Professor, Physics. Laurea 1994, PhD 1999, Torino University, Italy. Astrophysics.
Goldman, Neil, Assistant Professor, Physics and Astronomy; Assistant Professor of Mathematical Sciences. BS 1962, College of the City of New York; MS 1964, University of Nebraska; PhD 1982, Renssaelaer Polytechnic Institute. Biomedical physics.

Iacoletti, Michele, Term Assistant Professor, BS Mumbai University 1993, .PhD 2003, University of Delaware

Ivanov, Vlidimir, Postdoctoral Research Associate, Physics and Astronomy. Master of Engineering in Metallurgy 1999, Moscow State Institute of Steel and Alloy Technological University. PhD 2006, RWTH University, Aachen Institute of Physical Metallurgy and Metal Physics. Materials science.

Jazaeri, Amin, Assistant Professor, Physics and Astronomy, BS 1991, George Mason University, MS 1994, University of Southern California, PhD 2007, George Mason University, Computational Sciences.
Kafatos, Menas, University Professor, College of Science. AB 1967, Cornell University; PhD 1972, Massachusetts Institute of Technology. Astrophysics, space sciences, Earth observing, informatics.
Lieb, Bernard Joseph, Jr., Professor of Physics and Astronomy. BS 1965, MS 1967, PhD 1971, College of William and Mary. Medium energy nuclear physics, planetary physics.
Liu, Yong, Postdoctoral Research Associate, Physics and Astronomy. Bachelor in Space Physics 1994, Wuhan University; Master in Space Physics 1997, Wuhan University; PhD 2006, University of New Hampshire. Space physics.
Meier, Robert, Research Professor, Academic Administrative and Student Services. BS 1962, Duquesne University; PhD 1966, University of Pittsburgh. Space weather sciences.
Mishin, Yuri, Professor, Physics and Astronomy. MSc 1979, PhD 1985, Moscow Institute of Steel and Alloys. Materials science, solid state.
Oerter, Robert N., Term Associate Professor, Physics and Astronomy. BA 1983, Swarthmore College; MS 1987, PhD 1989, University of Maryland. Particle physics.
O’Halloran, Brian, Postdoctoral Research Associate, Physics and Astronomy. BS 1998, NUI-Maynooth; PhD 2003, University College-Dublin. Astrophysics.

Opher, Merav, Assistant Professor, Physics and Astronomy. BS 1992, PhD 1998, University of Sao Paolo. Astrophysics, solar physics, space weather sciences.
Poland, Arthur I., Research Scientist, Computational and Data Sciences, Physics and Astronomy. Solar physics, astrophysics, space weather sciences.

Rosenberg, Jessica, Assistant Professor of Physics and Astronomy. BA 1993, Wesleyan University; PhD 2000, University of Massachusetts. Astronomy.

Rubin, Philip D., Associate Professor, Physics and Astronomy. AB 1976, University of Pennsylvania; MA 1980, MS 1986, PhD 1989, University of California, Los Angeles. Particle physics.

Satija, Indubala, Professor of Physics and Astronomy. PhD 1983, Columbia University. Nonlinear dynamics, condensed matter theory.

Satyapal, Shobita, Assistant Professor, Physics and Astronomy, BA 1988, Beyn Mawr College, MA 1990, PhD, 1995
Sauer, Karen L., Associate Professor, Physics and Astronomy. BS 1992, Cornell University; MA 1995, PhD 1998, Princeton University. Atomic physics.
So, Paul T., Associate Professor, Physics and Astronomy. BA 1988 Scripps College; BS 1988, Harvey Mudd College; PhD 1995, University of Maryland. Nonlinear dynamics, neuroscience.

Summers, Michael, Professor of Physics and Astronomy. BA 1976, Murray State University; MS 1987, University of Texas at Dallas; PhD 1985, California Institute of Technology. Planetary sciences, atmospheric physics, astrobiology.

Tian, Ming, Assistant Professor of Physics and Astronomy. BS 1984, Nankai University; MS 1987, Changchum Institute of Physics, Chinese Academic of Sciences; PhD 1997, Paris-Sud University. Quantum computing.

Tollaksen, Jeffrey, Assistant Professor of Physics and Astronomy, BS 1987, Massachusetts Institute of Technology, 1994 MA, Boston University, PhD 2002, Boston University, 1987, theoretical physics. 

Weingartner, Joseph C., Assistant Professor of Physics and Astronomy. BS 1994, State University of New York, Stony Brook; MA 1996, PhD 1999, Princeton University. Astrophysics.
Wyczalkowski, Anna K., Term Assistant Professor, Physics and Astronomy. BS 1988, MS 1990, PhD 1998, University of Maryland. Soft condensed matter, critical phenomena in fluids.

Appendix C – Departmental Faculty – Research and Diversity
Research

There are currently a number of areas of active research in the Physics and Astronomy Department, most of which are funded by external grants.  This list of active areas does not include research being done by physicists and astronomers in other departments.  In every case the efforts of at least one of the faculty listed as doing work in the area is supported by federal funding.  The number of post-docs and graduate students whose research is currently being funded by grants and other sources who are working with each listed person is shown in paraenthesis
1. Astrobiology (Geller, Summers)

2. Astrophysics (Satyapal (2), Weingartner (2), Rosenberg (2))

3. Atomic and Molecular and Optical Physics (Sauer(2))
4. Atmospheric Physics (Lieb, Summers)

5. Biophysics (Barreto, Cressman (1), So)

6. Condensed Matter and Materials Science (Mishin (3), Satija, Tian(1))
7. Cosmic Ray Physics (Ellsworth)

8. Nanoscience (Mishin (3))
9. Neural Dynamics (Barreto, Cressman (1), So (2))

10. Nonlinear Dynamics (Barreto, Cressman (1), So (2) , Satija)

11. Nuclear Physics (Dworzecka, Lieb)

12. Optics (Sauer (2))

13. Particle Physics (Ehrlich, Ellsworth, Rubin)

14. Physics and Astronomy Education (Dworzecka, Ehrlich, Geller, Ericson, Oerter,      Rosenberg (2), Sauer(2))

15. Physics and Society* (Ehrlich, Oerter, Poland, Sauer (2))

16. Planetary Science (Summers)

17. Quantum Computing (Tian(1))

18. Quantum Mechanics Foundations (Aharonov, Tollaksen (3))

19. Space weather (Meier, Opher (2), Poland (1))

*This includes communicating physics and science generally to the broader public, and gender diversity in physics.

Diversity

The seven tenured and tenure-track female faculty include: Dworzecka, Opher, Rosenberg, Satija, Sauer, Satyapal, and Tian.  In addition, the department has four term faculty who are female: Ericson, Ewell, Iacoletti, and Wyczalkowski.
Appendix D – Memo from Chair of Chemistry and Biochemistry
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Appendix E – Student Survey Instrument
	PSCI PhD and Physics MS Students Survey Questions

	(Please put your answers in column B.)

	

	Last Name

	First Name

	Gender

	Your current program at GMU

	Year first enrolled in program

	

	Year obtained your BS

	Institution granted your BS

	Undergrad GPA

	

	Year obtained your MS

	Institution granted your MS

	MS GPA

	

	Number of grad credits earned including current semester

	Current Graduate GPA

	Full time (FT) or Part time (PT) status at GMU

	External employer (FT, PT, or NA)

	Name of external employer

	Does your external employer pay for grad study? (Y or N)

	GTA or GRA from GMU?

	Department where GTA/GRA was offered? 

	Advanced to candidacy? (Y or N)

	Estimated # of years to candidacy or PhD/MS completion

	Are you currently doing research with a GMU faculty? (Y and N)

	Topic of research (be specific)

	Name of faculty Member

	

	What is your future plan after you PhD/MS?

	 1. Academic positions

	 2. Non-academic research positions

	 3. Industry positions

	 4. Others

	

	Would you prefer the title of your PhD to be:

	 1. Physics

	 2. Chemistry

	 3. Physical Science

	 4. Others


Appendix F – Letters of Support from Area Employers
Frank Bucholtz, Naval Research Lab

John Donelson III, Science Applications International Corporation

Jaroslaw Tuszynski, Science Applications International Corporation

Letters if not included here are in an appended pdf or in the hardcopy proposal.

Appendix G – Sample Job Postings  
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Appendix G – Sample Job Postings  (continued)
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Appendix G – Sample Job Postings  (continued)
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Appendix G – Sample Job Postings  (continued)
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Appendix H – Excerpt from Occupational Outlook Handbook

See: Bureau of Labor Statistics:    http://www.bls.gov, from which the information below has been excerpted.  Key points have been highlighted here.  

Physicists and astronomers held about 16,000 jobs in 2004. Jobs for astronomers accounted for only 5 percent of the total. About 33 percent of physicists and astronomers worked for scientific research and development services firms. The Federal Government employed 25 percent, mostly in the U.S. Department of Defense, but also in the National Aeronautics and Space Administration (NASA) and in the U.S. Departments of Commerce, Health and Human Services, and Energy. Other physicists and astronomers worked in colleges and universities in nonfaculty, usually research, positions, or for State governments, information technology companies, pharmaceutical and medicine manufacturing companies, or electronic equipment manufacturers.  Although physicists and astronomers are employed in all parts of the country, most work in areas in which universities, large research and development laboratories, or observatories are located.

Employment of physicists and astronomers is expected to grow more slowly than average for all occupations through 2014. Federal research expenditures are the major source of physics-related and astronomy-related research funds, especially for basic research. Although these expenditures are expected to increase over the 2004-14 projection period, resulting in some growth in employment and opportunities, the limited science research funds available still will result in competition for basic research jobs among Ph.D. holders. The need to replace physicists and astronomers who retire or otherwise leave the occupation permanently will account for most expected job openings.

Although research and development expenditures in private industry will continue to grow, many research laboratories in private industry are expected to continue to reduce basic research, which includes much physics research, in favor of applied or manufacturing research and product and software development. Nevertheless, persons with a physics background continue to be in demand in the areas of information technology, semiconductor technology, and other applied sciences. This trend is expected to continue; however, many of the new workers will have job titles such as computer software engineer, computer programmer, or systems analyst or developer, rather than physicist.

Appendix I – Letters of Support from Students and Alumni
Current students:
Margaret Jordan

Muffarah Jahangeer

Phillip Naudus

Alumni

Brian Lee Christopher

Bernard Cotton

Wajeeha Ghaffar

Dana Johnson

M. Ali Mir-Sepasi

J.T. Thomas

Vincent Urick

Letters if not included here are in an appended pdf or in the hardcopy proposal
Appendix J – Letters of Support from Virginia Institutions
Beate Schmittmann, Virginia Tech
Dinko Pocanic, University of Virginia

Letters if not included here are in an appended pdf or in the hardcopy proposal
Appendix K – E-mail from Arnell Ephraim
	From 
	
Arnell Ephraim <aephraim@aip.org>  

	Sent 
	Thursday, March 29, 2007 1:34 pm

	To 
	rehrlich@gmu.edu  

	Cc 
	whein@aapt.org   Patrick Mulvey <pmulvey@aip.org>  

	Bcc 
	  

	Subject 
	# of PhD Departments--Academic Workforce Request forInformation


	Dear Dr. Ehrlich,

For the 2006 Academic Workforce Study, 98 physics departments reported having 27 or more FTE faculty members. Seven of the departments did not have a PhD program, which includes te three service academies.

I hope this answers your question. If you need any additional information, please feel free to contact me.

Arnell T. Ephraim
Senior Research Analyst
American Institute of Physics
Statistical Research Center
Ph: 301-209-3066
Email: aephraim@aip.org 
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