Department of Physics 

Naval Postgraduate School

 

I.  Overview of Department

 

A. Mission 

The mission of the Department of Physics is to provide relevant and advanced education and research programs in applied physics tailored to the defense and intelligence needs of the present and future.  Physics is the fundamental science that explores matter, energy, and their interactions, and is the key to the development of new technologies.  

 

The technological edge provided by systems such as GPS, IR guided missiles, laser guided bombs, wake-homing torpedoes, mobile satellite communications, underwater acoustic communications, and unmanned aerial vehicle imagery have enabled today’s war-fighter to strike with unprecedented speed, accuracy, and effect.  The development of systems such as these requires a deep and creative understanding of the basic disciplines of physics, such as mechanics, electrodynamics, fluid dynamics, sound and vibrations, thermodynamics, quantum physics, solid-state physics, and others.  

 

Our program produces officers who can apply broad technical, scientific and engineering principles to combat systems operation, evaluation, design, and development.  Throughout the course of their career and beyond, their education in the fundamental principles of physics prepares them for opportunities to decrease cost, increase quality, and speed development of important projects for the Navy and the DOD.  Our graduates fill a spectrum of assignments in the development of future combat systems, working creatively and practically in conceiving, developing, and acquiring advanced combat systems.

 

B. Scope of Department

NPS is structured as a matrix organization of academic departments and curricula as separate entities.  The primary customer of students educated in the Department of Physics is the Combat Systems Science & Technology (CSST) curriculum sponsored by the Naval Sea Systems Command.  The department is therefore largely organized around the needs of the CSST curriculum.  In addition to serving the CSST curriculum, the department offers instruction (resident and distance learning) in aspects of applied physics that are required by other curricula at NPS, and by other customers in the DOD and intelligence communities.  The CSST curriculum is discussed in Sec. II.   

 

C. History of Physics at NPS

The Department of Physics has been an integral part of NPS since its inception in 1909.  The present-day Department of Physics can trace its origins to the NPS Ordnance Engineering program established in 1912 and the Chemistry of Explosives program established in 1919.  It was only during the years following World War II that an explicitly organized entity Department of Physics was formed at NPS.  While the original Ordnance Engineering and Chemistry of Explosives programs have remained a core focus of the curriculum, and have evolved to their present form today (renamed Weapons Engineering in 1975 and Combat Systems in 1992), a nuclear physics program was established in the department in 1951, and underwater acoustics in 1966.  With the Congressional authorization for NPS to confer advanced academic degrees and the transfer to its site in Monterey in 1951, the Department of Physics has played an important role in the development of NPS.  The nuclear physics program was among the first curricula at NPS accredited by the Engineers Council for Professional Development in 1955.  

 

D. Areas of Concentration

The Department of Physics responds to the evolving needs of the Navy through a process of reviews with the sponsor of the CSST curriculum.  Recent curriculum reviews were held in May 2000, November 2002, and January 2006, with the next one scheduled for August 2009.  The sponsor establishes and periodically adjusts Educational Skill Requirements (ESRs), the educational objectives required by the naval sponsor of graduates of the CSST curriculum.  The faculty in turn designs a curriculum leading to an academic degree that satisfies the ESRs. The current ESRs are listed in Appendix I.

 

While technologies continually evolve, there are core aspects of the overall Navy mission that have changed little in the past 50 years, and thus the early focus of the department has its lineage today in three broad areas of instructional concentration:  Sensors, Weapons, and Acoustics.  This three-fold emphasis is reflected not only in the structure of the CSST curriculum, but also in the associated mix of expertise maintained by the faculty.  All faculty recruited into the Department of Physics are recognized experts in aspects of applied science related to at least one of these three categories. 

 

E. Degrees Offered

The Department of Physics offers Master of Science and PhD degrees in Physics and in Applied Physics.  We also offer a Master of Science degree, which is a specialized four-quarter program typically taken by international students.  Additionally, in partnership with the Department of Electrical and Computer Engineering, the department sponsors an interdisciplinary program in Engineering Acoustics in which students can pursue the Master of Science and PhD degrees in Engineering Acoustics.  

 

Approximately 95% of our students pursue a Master’s degree and most obtain either the Master of Science in Physics or the Master of Science in Applied Physics degrees.  For these degrees, CSST students must select from one of the three concentration areas:  Sensors, Weapons, or Acoustics.  While all our students obtain a general background in physics, they must select from one of the three concentration areas for increased depth of study.  

 

F. Students
Students entering the CSST curriculum are almost always military officers, both from the United States military and those of other countries.  There are limited conditions under which civilians can attend NPS, and we do have the occasional civilian student in the Department of Physics.  At the present time, approximately half of the students entering the CSST curriculum are foreign officers.  The US officers are primarily from the Navy, although we have students from all branches of the US armed services.  Officers in the CSST curriculum are typically, but not always, at the “O-3” level of their careers, which in the Navy is the rank of Lieutenant.  Accordingly, our students are typically older and more mature than the average student attending graduate school at civilian institutions, and they bring a concomitant professional attitude and motivation towards learning.

 

Instruction at NPS is offered four quarters per year.  Students can and do enter the curriculum at any time of the year, but our largest influx occurs in January and July.  The fact that we have two entering “classes” per year determines the sequence of our course offerings, and the pace of academic life is largely set by the pattern of two entering student cohorts per year.  The naval sponsor mandates that we provide a curriculum leading to a Master’s degree in 8 quarters.  Some students arrange to come to NPS with an optional ninth “refresher” quarter in which they review typically their skills in mathematics.  

 

G. Research

A requirement for graduation in the CSST curriculum is that the students produce a Master’s thesis; this is unlike the typical graduate institution in the United States where a Master’s degree is obtained by successfully passing a comprehensive examination.  While our PhD students must take such an exam in order to advance to candidacy (see Sec. IIC), Master’s students must produce a thesis based on original research.  The only effective means by which this requirement can be met is through a faculty that is vigorously engaged in forefront research.  A list of student thesis titles for the past five years is given in Appendix II.  

 

In collaboration with its research sponsors, the Department of Physics conducts basic and applied research in underwater acoustic communications, optoelectronics, sonar, radar imaging, advanced semiconductor sensors, remote sensing, physics of networks, directed-energy weapons (free-electron lasers, kinetic and chemical energy penetrators), autonomous robotics, launch dynamics (rail gun acceleration), explosive detonation physics, and dynamic materials properties.  In 2008, the Department of Physics conducted $11M in research sponsored by a range of governmental agencies (NRL, ONR, NAVSEA, NUWC, DARPA, NSF, NRO, OSD, NGA, DIA, AFOSR).  

 

H. Faculty

Members of the faculty of the Department of Physics are recognized experts in their fields of specialization, and the academic quality of our degree programs is comparable to that of the premiere institutions of higher learning in the United States.  All tenured and tenure-track faculty in the Department of Physics have their PhD degree from Tier-One universities in the United States.  The composition of the faculty is discussed in Sec. IV.  

 

II. Combat Systems Science & Technology Curriculum

 

A. Levels of Courses Offered

There are four designations of courses offered at NPS, of increasing difficulty:  1000, 2000, 3000, and 4000 level courses.  The 1000 and 2000 level courses are preparatory in nature, and correspond approximately to lower-division undergraduate courses.  The 3000 level courses correspond approximately to upper-division undergraduate courses.  The 4000 level courses correspond to traditional graduate-level courses.  

 

Students entering the CSST curriculum often do not have an undergraduate degree in physics, or even a degree in a technical subject; therefore we start at the beginning with freshman physics.  Even students who have had prior study in physics often require starting over with basic physics.  Typically, an entering student has been in the fleet for 8 years, and hence a review of basic physics is recommended even for students with prior study in physics.  While students who lack technical backgrounds experience challenges in coming up to speed in technical studies, eventually most succeed, and sometimes what turn out to be our best students have had no prior study in physics. 

 

B. Course Offerings

Recently (in FY09), NPS adopted a new workload policy for tenure-track faculty.  While formerly departmental budgets were based on the number of courses taught by the department in the prior academic year, the new workload model establishes a policy of nine months of support from NPS in which tenure-track faculty members teach a standard load of 4 courses.  The old model rewarded departments for teaching as many courses as possible.  The new workload policy provides an incentive for departments to consolidate courses and allow for more teaching of electives and/or research seminars.  In response to the new workload model, the department’s Curriculum Committee made a thorough review of its course offerings.  The outcome of the review resulted in (a) a consolidation of some course sequences into a smaller number of courses in the sequence, and (b) an elimination of redundancies in courses offered to other curricula at NPS.  

 

Below, we display in matrix form the courses of study undertaken by CSST students in pursuit of either the Master’s degree in Physics or Applied Physics.  Shown first is the course matrix currently in effect, and then, beneath it, the revised course matrix.  We intend to implement the new course matrix starting with the July 2009 entering class.   Courses designated PHXXXX are courses that satisfy degree requirements (including pre-requisites), and courses designated PCXXXX are those that explicitly satisfy the ESRs.   The label “PC” is meant to denote “p-code”, a Navy term that designates an officer’s field of educational specialization.  Full-time enrollment is a minimum of 16 credit units per quarter (four courses).

	QUARTER #
	Core Matrix

	1
	PC2911
Introduction to computational physics
	PH1121
Mechanics
	PH1994 

Special Topics in Elementary Physics
	PH1995
Special Topics in Elementary Physics
	PH2001 

Research Seminar in Physics

	2 
	PH1322 

Electricity and Magnetism
	PH2151
Analytical Mechanics I
	PH2724 

Thermodynamics
	PH3991 

Theoretical Physics
	 

	3 

	PC2013 

Introductory applied physics laboratory
	PH0999 

Physics Colloquium
	PH2351 

Electromagnetism
	PH2652 

Modern Physics
	PH3152 

Analytical Mechanics II

	4 

	PC3014 

Intermediate applied physics laboratory
	PH0999 

Physics Colloquium
	PH3292 

Applied Optics
	PH3352 

Electromagnetic Waves
	PH3655 

Semiconductor device physics

	5 

	PC3172
Fluid dynamics of weapons, shock waves & explosions
	PC4015
Advanced applied physics laboratory
	PH0999

Physics Colloquium
	PH4656
Quantum Mechanics
	 

	6 

	NW3230 

JPME Strategy and Policy
	PC3400 

Survey of underwater acoustics
	PC4860 

Advanced weapons concepts
	PH0999 

Physics Colloquium
	 

	7 

	PC3800 

Survey of effects of weapons
	PH0810 

Thesis research
	PH0810 

Thesis research
	PH0999 

Physics Colloquium
	 

	8 

	PC3200 

Physics of electromagnetic sensors and photonic devices
	PC4022 

Combat systems capabilities
	PH0810 

Thesis research
	PH0810 

Thesis research
	PH4001 

Thesis presentations


 

	QUARTER #
	Revised Core Matrix

	1 
	NW3230 

JPME Strategy and Policy
	PH1121 

Mechanics
	PH1994 

Special Topics in Elementary Physics
	PH1995 

Special Topics in Elementary Physics
	PH2001 

Research Seminar in Physics

	2 
	PH1322 

Electricity and Magnetism
	PH2151 

Analytical Mechanics I
	PH3991 

Theoretical Physics
	PH3996 

Special topics in Intermediate physics
	 

	3 
	PH0999 

Physics Colloquium
	PH2652 

Modern Physics
	PH2724 

Thermodynamics
	PH3152 

Analytical Mechanics II
	PH3997 

Special topics in Intermediate physics

	4 
	PC3014 

Intermediate applied physics laboratory
	PH0999 

Physics Colloquium
	PH3655 

Semiconductor device physics
	PH3998 

Special topics in Intermediate physics
	PH4656 

Quantum Mechanics

	5

	PC3172 

Fluid dynamics of weapons, shock waves & explosions
	PC4015 

Advanced applied physics laboratory
	PH0999 

Physics Colloquium
	PH3360 

Electromagnetic wave propagation
	PH4996 

Special topics in advanced physics

	6 
	PC3200 

Physics of electromagnetic sensors and photonic devices
	PC3800 

Survey of effects of weapons
	PC4860 

Advanced weapons concepts
	PH0999 

Physics Colloquium
	PH4997 

Special topics in advanced physics

	7

	PH0810 

Thesis research
	PH0810 

Thesis research
	PH0999 

Physics Colloquium
	PH4998 

Special topics in advanced physics
	 

	8 
	PC3400 

Survey of underwater acoustics
	PH0810

Thesis research
	PH0810 

Thesis research
	PH4001

Thesis presentations
	




 

The Revised Core Matrix includes “Special Topics” courses (in red) that are intended as placeholders for electives.  Underlined courses (in blue) are hyperlinked to their corresponding description and syllabus (also known as the DGRE, the Department Guide to Reason and Enlightenment).  The DGREs for all courses are included in Appendix III.  

 

There are a few special courses in the matrix that deserve mention here.  PH0810 is time allotted for thesis research.  PH2001 is a one-unit course offered twice per year in which faculty present their research programs to students; students are encouraged to seek out faculty members for thesis work as soon as possible after entering the curriculum.  Students take PH2001 until they have obtained a thesis advisor.  PH4001 is a one-unit course in which graduating students present their thesis research; this course is required for all students, and allows them to learn about the research projects of their classmates, as well as learn how to give a research presentation.  PH0999 is the departmental Physics Colloquium.  The department has a weekly series of colloquia whereby outside speakers present current topics of interest in science and technology.  A five-year list of colloquium speakers and presentation titles is given in Appendix IV.  

 

C. Degree Requirements

A candidate for the MS in Physics degree must satisfactorily complete a program of study that includes a minimum of 30 quarter-hours of physics courses (not including thesis) distributed among courses at the graduate (3000 or 4000) level; of these 30 hours at least 15 hours must be at the 4000 level.  Upon approval of the Chairman of the Department of Physics, a maximum of four hours of courses taken in another department may be applied toward satisfying the above requirements.  In lieu of the preceding requirements, students who are qualified to pursue graduate courses in physics when they arrive at NPS may complete a minimum of 20 hours of all 4000 level physics courses.  In addition, students must satisfy the general NPS minimum requirements for the Master's degree and present an acceptable thesis advised by a member of the Department of Physics.

The following specific course requirements (or equivalent) must be successfully completed for a student to earn the Master of Science in Physics degree:

 

1.
PH3152:
Analytical Mechanics 

 
PH3360:
Electromagnetic Waves

 
PH3991:
Theoretical Physics

 
PH3782:
Thermodynamics and Statistical Physics.

 
PH4353:
Topics in Advanced Electricity and Magnetism

 
PH4656:
Quantum Mechanics

 

2.
In addition to the above, a graduate sequence containing at least two physics courses, at least one of which must be at the 4000 level.

 

To be awarded the MS in Applied Physics degree, a student must complete a program that includes at least 20 quarter-hours of Physics courses at the graduate level, including 12 at the 4000 level. The total graduate hours in Physics, Mathematics, and Engineering must be at least 32, including 20 at the 4000 level.  The program must include at least one graduate level course in each of the following areas:  mechanics, electromagnetism, and quantum physics. Students will demonstrate additional breadth by taking at least one 4000 level physics course outside their concentration area.  In addition to the required courses listed above, a student's program must include an area of concentration containing a four-course sequence of graduate-level courses, at least two at the 4000 level, in one of the following areas:

 

Electromagnetic Sensor Systems
PH3292  Applied Optics 

PH3280  Introduction to MEMS design


PH4271
Lasers, Optoelectronics, and Electro-Optics I

PH4272
Lasers, Optoelectronics, and Electro-Optics II

PH4273
Physics of Advanced Imaging Systems

PH4274
Physics of Active Electromagnetic Detection and Engagement

PH4280  MEMS design 

 

Weapons and Effects
PH4171
Physics of Explosives

PH4857
Physics of Directed Energy and Conventional Weapons

PH4858
Weapons Lethality and Survivability

PH4911
Simulation of Physical and Weapon Systems

 

Underwater Acoustic Systems 

PH3119
Oscillations and Waves

PH3451
Fundamental Acoustics

PH3452
Underwater Acoustics

PH4454
Sonar Transducer Theory and Design

PH4455
Sound Propagation in the Ocean

PH4459
Nonlinear waves

 

In addition, the following courses are offered to other curricula:

 

Space Systems (Curriculums 316, 364, 366, 591)

PH1000
The Nature and Structure of Physics

PH1001
Fundamentals of Physics I

PH1002
Fundamentals of Physics II

PH2514
Introduction to the space environment

PH3052
Physics of space and airborne sensor systems

Undersea Warfare (525 and 526)

PH3002
Non-acoustic sensor systems

 

C4I, Electronic, and Information Warfare (Curriculums 365, 595 and 596)

PH1000
The Nature and Structure of Physics

PH3204
Electro-Optic Principles and Devices

PH4209
EO/IR Systems and Countermeasures

 

The department also offers electives and PhD level courses, such as 

 

PH4153
Advanced Classical Mechanics I

PH4154
Advanced Classical Mechanics II

PH4354
Advanced Electromagnetic Radiation

PH4670
Quantum Computing

PH4760
Solid State Physics

PH4771
Advanced Statistical Physics

PH4991  Relativity and Cosmology

 

D. Doctor of Philosophy 

The Department of Physics offers the Ph.D. degree in several areas of specialization, including acoustics, electro-optics, free electron lasers, space physics, and theoretical physics.  Requirements for obtaining the Ph.D. degree fall into three general categories:  courses, dissertation research, and examinations.  

 

The department has a preliminary exam to show evidence of acceptability as a doctoral student.  This examination may be taken before or after commencement of graduate studies at NPS.  Alternatively, satisfactory performance on the Physics GRE may be substituted for the preliminary exam.  At a later time chosen by the student and the dissertation committee, the candidacy exam probes mastery at a more in-depth level of general physics and from topics drawn from the student’s area of thesis research.  The final examination is the student’s defense of the Ph.D. thesis.  The department offers two options for the Ph.D.:  a major in Physics or a major in Applied Physics.  For the major in Physics, a minimum of 40 credit hours of physics courses at the 4000 level is required.  The major in Applied Physics also requires 40 credit hours of 4000 level courses, but a portion of these hours may be taken in other departments in technical subjects related to physics.  

 

III. Other Educational Programs

 

A. Engineering Acoustics Program with Naval Undersea Warfare Center (NUWC) 

The Engineering Acoustics Academic Committee at NPS oversees an academic program that provides advanced education in sonar systems, underwater acoustics, and acoustical signal processing.  The Committee is composed of faculty from the Department of Physics and the Department of Electrical and Computer Engineering.  The degree program in Engineering Acoustics is an option for NPS students in the Undersea Warfare Curriculum and the CSST Curriculum.  

 

We offer a distance-learning program in Engineering Acoustics for engineers at NUWC in Newport, RI that has the same graduate degree requirements as for resident NPS students, including earned graduate level course credit and a Master’s degree thesis.  The twelve courses in this program are offered at a rate of one per quarter over a three-year period.  Courses are presented by means of video teleconferencing during a quarter in which there is also a resident course offered for local NPS students.  This provides for commonality among student experiences, and promotes communication between NPS faculty, students, and NUWC engineers.

 

B. Space Systems Certificate

The Space Systems Academic Group (SSAG) at NPS is an interdisciplinary association representing eight separate academic disciplines including Physics.  The SSAG was founded in 1982 in response to the increasing dependence of the DOD on space systems for navigation, communications, and intelligence gathering.  A distance-learning program leading to a Space Systems Certificate is offered for National Security Space personnel in space systems and space applications.  The certificate is comprised of four courses:  SS3011, Space Technology and Applications; SS3613, Military Satellite Communications; PH3052, Physics of Space and Airborne Sensor Systems; and PH2514, Physics of the Space Environment.  Approximately 50 students per year obtain the Space Systems Certificate.  

 

C. Program with Netherlands Defense Academy 

In 2007 an agreement was signed between NPS and the Netherlands Defense Academy (NLDA) for the Department of Physics to provide officers of the Dutch Navy, Army, and Air Force an intensive 18-month program leading to a Master’s degree in either Applied Physics or Engineering Acoustics.  The program is available to officers who have completed a Military Systems and Technology Bachelor’s degree at NLDA with the appropriate specialization.  

 

The Master’s degree in Applied Physics offers two concentration tracks:  Weapons Systems or electromagnetic and optical Sensor Systems.   Included in the core of the program are courses on electromagnetic radiation, applied optics, optoelectronics, servo and computer control systems, explosives and warheads, fluid dynamics of weapons, combat  simulation, underwater acoustics, semiconductor devices, quantum mechanics, detection and engagement elements, and computing resources for advanced combat systems.  The officers are required to complete a Master's degree thesis on a militarily relevant technical subject.
 

IV. Department Staff

 

A. Faculty

There are four types of faculty within the department:  Tenure-Track faculty, Research faculty, Lecturers, and Chaired faculty.  Tenure-Track faculty are the traditional faculty at institutions of higher education; they are expected to maintain an active research program at the forefront of their disciplines, to teach a variety of courses in physics, and to advise students in their thesis research.  Research faculty, while engaging in thesis supervision and limited amounts of teaching, are primarily involved with sponsored research in areas of interest to the Navy and DOD.  Lecturers are primarily engaged in teaching, but also perform research and advise students in thesis research.  Tenure-track faculty and Research faculty have the traditional academic ranks of Assistant Professor, Associate Professor, and Professor.  Lecturers have an optional advanced rank of Senior Lecturer.  The award of tenure and promotion among the academic ranks is set out in NPS policies, and is governed by the Promotion & Tenure Council, which meets yearly.  Chaired faculty are sponsored by agencies external to NPS; they conduct research in collaboration with NPS faculty and students and provide a liaison with their sponsors.  Below is a listing of our faculty in each of these categories, along with their academic rank, the institution where they obtained their highest academic degree and when, and, in parentheses, the year in which they joined the Department of Physics.  Curriculum vitae for the faculty are included in Appendix V.  

 

Tenure-Track Faculty

Robert L. Armstead, Associate Professor (1964), Ph.D., University of California at Berkeley, 1964

 

Steven R. Baker, Associate Professor (1985), Ph.D., University of California at Los Angeles, 1985.

 

Brett H. Borden, Professor (2002), Ph.D., University of Texas at Austin, 1986. 

 

William B. Colson, Distinguished Professor (1989), Ph.D., Stanford University, 1977

 

David S. Davis, Associate Professor (1989), Ph.D., Purdue University, 1976.

 

Bruce C. Denardo, Associate Professor (1998), Ph.D., University of California at Los Angeles, 1990

 

Nancy M. Haegel, Professor (2003), Ph.D., University of California at Berkeley, 1985. 

 

Robert S. Hixson, Professor (2008), Ph.D., Washington State University, 1980.  

 

Gamani Karunasiri, Professor (2000), Ph.D., University of Pittsburgh, 1984

 

Andres Larraza, Associate Professor (1994), Ph.D., University of California at Los Angeles, 1987

 

James H. Luscombe, Professor and Chair (1994), Ph.D., University of Chicago, 1983

 

Richard C. Olsen, Professor (1987), Ph.D., University of California at San Diego, 1980

 

Kevin B. Smith, Professor (1995), Ph.D., University of Miami, 1991.

 

Research Faculty

Joseph Blau, Research Associate Professor (1989), Ph.D., Naval Postgraduate School, 2002

 

Ronald E. Brown, Resarch Professor (2002), Ph.D., University of Southern California, 1972

 

David K. Ford, Research Professor (2007), Ph.D., University of Illinois, 1997

 

John Lewellen, Research Associate Professor (2007), Ph.D., Stanford University, 1996 

 

Joseph A. Rice, Research Professor (2000), MS, University of California at San Diego, 1990

 

Jose O. Sinibaldi, Research Associate Professor (2008), Ph.D., University of Michigan, 1999.  

 

Lecturers

Peter P. Crooker, Senior Lecturer (2001), Ph.D., Naval Postgraduate School, 1967

 

Richard M. Harkins, Senior Lecturer (2000), MS, Naval Postgraduate School, 1988

 

Daphne Kapolka, Senior Lecturer (2000), Ph.D., Naval Postgraduate School, 1997

 

William B. Maier, Senior Lecturer (1995), Ph.D., University of Chicago, 1965

 

Chaired Faculty

Craig F. Smith, Lawrence Livermore Chair Professor of Physics, Ph.D., University of California, Los Angeles, 1975

 

David Trask, Colonel USAF (ret), Measurement and Signatures Intelligence Chair Professor of Physics.  

 

B.  Support Staff 

Within the department there are two categories of support staff, Technical and Administrative.  Curriculum vitae for the staff are listed in Appendix VI. 

 


Administrative staff



Mandy Drury, Administrative Support Assistant

 



Cyndy Poenie, Office Automation Assistant

 


Technical staff



Jay Adeff, General Engineer

 



Sam Barone, Electronics Technician

 



David R. Grooms, Laboratory Technician

 



George Jaksha, Model Maker

 



Gene Morris, Electronics Technician

 



Kerry Yarber, Laboratory Manager

 

V. Research Programs

The Department of Physics has executed an ever-increasing amount of funded research per year over the past decade.  The graph below shows the aggregate funding of sponsored research in the department from 1999 to the present.  This figure includes funds received by all categories of faculty (tenure-track, research, lecturers).  
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As discussed in Sec I, the three core areas of research and instructional concentration in the department are Sensors, Weapons, and Acoustics.  Faculty doing research in these areas are listed below (this is comprised of all faculty members - research, lecturers, and tenure-track): 

 

Weapons, Weapons Effects

Armstead*, Blau, Brown*, Colson, Ford, Hixson, Lewellen, Maier*, Sinibaldi

 

Sensors

Borden, Davis*, Haegel, Harkins, Karunasiri, Larraza, Luscombe, Olsen

 

Acoustics

Baker, Denardo, Kapolka, Smith

 

The asterisk denotes a possible retirement in the next 5 years.  This mapping of faculty into the three areas is not meant to be unique, but is indicative.  

VI. Assessment
A. Size of Faculty
The chart below shows the number of tenure-track (TT) faculty in the Department of Physics by year since 1997.  Since the 1980s there has been a downward trend in faculty size – in 1982 there were 25 TT faculty members in the department, and in 1992 there were 22.  From 1999 to 2006 we maintained 15 to 16 TT faculty members, but in recent years there have been retirements that have not been replaced, and at present we have 13 TT faculty members; half the size of the department in 1982.  Since 1997, 12 TT faculty members have either retired or left NPS, and in this period we have been able to hire five new TT faculty members.  We have therefore been able to replace less than one faculty member for every two that leave.  This naturally begs the question as to what “should” be the number of TT faculty in the department?  Addressing that question requires that we examine how academic departments are funded at NPS.  
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How departments are funded at NPS is a perennial issue, with obvious implications for the size of departments.  As mentioned in Sec. IIB, until quite recently NPS had a funding model that was based not on the number of faculty in the department, but on the number of courses taught by the department in the previous academic year.  This policy encouraged departments to teach an ever-increasing number of courses, a practice that was unsustainable and led to needless course duplication among departments.  

In FY09 NPS instituted a new workload model that established a standard teaching load of four courses per TT faculty in a nine-month period.  Presuming two courses per quarter for two quarters, the new workload policy would provide for one quarter of support from NPS in which to conduct research.  Tenure-track faculty members are then expected to provide for the remaining 25% of their time in the form of external funding for research.  The important point is that NPS will now subsidize TT faculty research for 25% of their time.  This is a significant development, and we hope that NPS will actually be able to live up to the terms of this workload policy.  Time will tell.  

The figure below shows the average number of courses taught per year by TT faculty members in the Department of Physics.  
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Courses offered by the Physics department have associated with them either laboratories or problem sessions.  NPS has no Teaching Assistants, such as are commonly found at graduate institutions.  At NPS, professors, not graduate students, cover all course laboratories and problem sessions, in addition to all grading of homework, exams, and lab reports.  With each course entailing classroom or laboratory meetings four times per week, and often five, little time is left for research or the academic activities expected of professors, e.g., committee work or professional service.  It should be noted that the academic quarters at NPS are 11 weeks in duration, 12 including finals week.  With instruction being offered four quarters per year, we are engaged in teaching 48 weeks/year.  The teaching load of NPS professors is counterproductive to building a research program capable of supporting student thesis work.  Research requires uninterrupted stretches of time to be fruitful.  A day highly punctuated with lecture preparation, lecture delivery, student contact, and grading leaves little time for the productive brain work required for research. 

What are the implications of the new workload model on faculty size?  Tenure-track faculty members are teaching approximately five courses per year.  If every TT faculty taught one less course per year, there would be 13 courses remaining to be taught per year, implying that we would need three more TT faculty (at four courses/year, [13/4=3]).  This would bring the size of the TT faculty to 16.  

Another consideration in determining a target size of the department is the guideline offered by the NPS Provost, that 80% of courses be taught by TT faculty.  The Department of Physics teaches approximately 90 courses/year.  A figure of 80% teaching by TT faculty would imply a size of the TT faculty of 18.  [90 x 0.8/4 = 18]  

At present the non-tenure-track faculty (Lecturers and Research Professors) teach approximately 16 courses/year.  Thus, 18% of the courses are taught by non-tenure-track faculty, quite in line with the Provost’s goal of 80% teaching by TT faculty.  

These calculations assume a constant delivery of 90 courses/year.  If we offered, say, 10% fewer courses/year, we would still require 16 TT faculty members to meet the 80% rule of TT teaching, at four courses/year.  

We conclude that the Department of Physics could hire from three to five new TT faculty, and comply with the current workload policy.  Coupled with impending retirements and the general graying of our faculty, we need to initiate a recruiting campaign for the next several years.  The average age of the Physics TT faculty is currently 57.  Clearly, we need to be hiring younger people into those research programs that show the greatest promise for future growth.  

B.  Growth Areas
The following are areas of research where the department needs to be recruiting. 

Free Electron Laser (FEL)

The department has had a FEL research group for 20 years.  For much of this time, the effort has been devoted to FEL theory and simulation.  In recent years, however, we have begun to develop an experimental FEL facility at NPS, with a dedicated FEL building now under construction.  The Navy has recently designated the FEL as one of its Innovative Naval Prototype (INP) projects.  We anticipate long-term, steady funding for the NPS FEL facility.  The FEL thus represents an opportunity for the Department of Physics.  We plan to hire scientists and engineers to help build and operate the FEL facility.  Currently, however, there is only one TT professor behind this project, Bill Colson.  We need increased depth on the faculty in this area.  As a first step, we will convert John Lewellen, currently a Research Professor, into a TT professor.  This action has already been approved by NPS, and will take place on October 1, 2009. 

MEMS/Nanotechnology

MEMS (Micro-Electro-Mechanical Systems) and Nanotechnology are active areas of inter-disciplinary research, and the technologies engendered by MEMS/Nano research will increasingly find their way into Navy and DOD applications.  NPS should have a presence in this growing area of research and technological development.  In recent years NPS has invested in the construction of a clean room facility, which is nearing completion.  Hiring a TT faculty member with MEMS specialization is the only way to capitalize on this investment.  In addition to being a critical area of research in its own right, an active MEMS research program will have a catalyzing effect in bolstering the core strengths of the department in sensors, optics, and transducers.  We have recently received permission from NPS to begin a search in the MEMS area.  

Optics/Lasers/Photonics

The department is critically understaffed in optical physics, despite the fact that optics is a vital component of DOD systems.  Of the 12 faculty members who have left NPS since 1997 (Sec. VIA), three were engaged in some form of optical systems research; yet to date none have been replaced in this field.  A traditional laser physicist would readily find collaborations with the growing FEL group.  An optical systems designer would find numerous interactions with NPS faculty, and not just in the Department of Physics.  We note that a MEMS hire would fit naturally with research in adaptive optics.  Photonics as a field of research is largely unknown at NPS, yet is one that NPS should have a presence in.  

Acoustics

In prior years, acoustics research was strong in the NPS Department of Physics, both in physical acoustics and ocean acoustics.  In the 1990s, however, there was a “brain drain” of acousticians away from NPS to other institutions, which has not been redressed.  That, coupled with retirements, has left us understaffed in the field of acoustics.  An area where we are critically short is transducers, and is an area where we need to be recruiting.  It is possible that someone in the MEMS area could overlap with research in modern transducers.  

New Directions

The department conducts research in areas of applied physics that are closely aligned with the needs of the Combat Systems curriculum.  While this strategy is entirely appropriate, at the same time we should also be pursuing basic research in areas that anticipate the emerging developments in technology that will likely be part of future DOD systems.  Here are two areas that the department should consider growing into:  

1. Materials research in soft materials and meta-materials.  Soft materials are polymeric composites, organic films, and biocompatible materials.  Such materials will doubtless find revolutionary applications in DOD systems.  Novel polymers will be key to the development of next-generation electro-optical devices in modern communications (light-emitting diodes, displays, sensors, batteries), and in biomedical applications.  Meta-materials are engineered composites utilizing three-dimensional, periodic cellular structures designed to produce novel responses to electromagnetic radiation.  Meta-materials will find numerous applications in DOD systems.  

2. Quantum information.  Advances in technology based on quantum information will inevitably be utilized in DOD systems, and will become increasingly critical to our national competitiveness in information superiority.  The radical changes foreseen by this technology are such that current DOD information systems will be vulnerable when quantum computation and communication is established.  The present and future Navy leadership needs to understand the dramatic impact of this new technology and be trained now in order to navigate the coming sea change.  Quantum information is an area of scientific research that is forward looking beyond immediate mission needs, and that would enrich our position in emerging technologies that have immense potential for the Navy and the DOD. 
C. Size of Technical Staff

The department maintains a technical staff comprised of engineers, technicians, a model maker, and a laboratory operations manager.  This group is essential to our mission.  Since (a) Physics is an experimental discipline, and (b) the students are required to produce a Masters thesis based on original research, both students and faculty require the assistance of the technical staff in designing and fabricating the experimental apparatus and electronics associated with research.  The technical staff are also required for our teaching mission, to maintain and set up the various laboratories associated with our courses.  

The staff has gone through a downsizing comparable to that of the faculty, to the point where we are critically low.  In 1996 we had 14 members of the technical staff; today we have six, a number that we have maintained since 2003.  Three members of the staff are presently eligible for retirement, while a fourth will be retirement-eligible in two years.  We are thus quite vulnerable to losing the corporate knowledge of an essential aspect of our mission.  Our staff are stretched thin at present; it is safe to say that the size of the present staff cannot support any anticipated growth of the department.  NPS needs to address the graying of the technical staff if it aspires to be a viable research institution.  The cost of living in the Monterey area makes hiring and retaining such personnel difficult, in particular since there is no locality pay adjustment for the position of model maker.  Without model makers and other technicians on the in-house staff, we will be forced to send work out to external contractors, adding to the cost and time needed to complete projects.  The contracting process at NPS is especially cumbersome and time consuming; adding another layer of bureaucracy to obtain machining services would significantly burden the ability of faculty to perform experimental research.  

D. Productivity

The table below shows various measures of productivity per year, for each of the three groups:  Sensors, Weapons, and Acoustics.  For each category (e.g., Refereed articles), two numbers are given:  the top number is a per-year average taken over the past five years, while the bottom number is that taken over 10 years.  

	
	Sensors
	Weapons
	Acoustics

	Refereed articles
	1.3
	1.5
	0.7

	
	1.4
	1.1
	0.9

	All publications
	1.9
	3.4
	3.4

	
	2.0
	2.5
	3.7

	Invited presentations
	0.5
	0.8
	2.7

	
	0.5
	0.4
	2.0

	Contributed presentations
	0.9
	2.4
	2.0

	
	0.9
	1.8
	2.2

	Masters students graduated
	2.2
	1.5
	1.8

	
	1.7
	1.0
	1.8

	Research $ (K)
	300
	378
	160

	
	226
	272
	200


These numbers are satisfactory, especially considering the high teaching load, yet there is room for improvement.  We have a target goal of two refereed publications per year per faculty member.  The data in the table are consistent with the need to grow in the area of acoustics.  Most of the productivity output (including research dollars) is the result of one research professor, whose contributions to student thesis work are highly relevant and opportune given the limited number of faculty members in this area.  However, he cannot be converted to tenure track because of his limited academic background.  
E. Student inputs

The figure below shows the yearly number of students enrolling in the Combat Systems curriculum. Shown in blue are the total number of students (including internationals), while the red shows the number of US Navy (USN) students.  Clearly USN enrollments are down precipitously; the numbers in 2008 are approximately a third of that in 1995.  This downward trend threatens the viability of the department.  Should the trend continue, we will be forced to make choices as to which tracks we are able to offer.  NPS has policies about minimum class sizes; we simply will not be able to offer certain courses should enrollments continue to decline.  The relatively steady number of international students in essence subsidizes the Combat Systems curriculum for the Navy.  The manner in which Navy officers come to be enrolled in a given curriculum at NPS is largely beyond the ability of individual departments to influence, and resides in the hands of the Navy.  We have attempted in the past to advertise the Department of Physics directly to eligible Navy officers.  While such marketing efforts were successful in stimulating interest among officers, it did not result in increased enrollments.  
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F.  Challenges

1. Startup funds

NPS presently offers from $50,000 to $100,000 in startup funds for newly hired TT faculty member; the number varies highly from year to year.  In our opinion, this is inadequate given the high cost of experimental research, and is simply unrealistic.  This negatively impacts our ability to recruit high-quality faculty.  The variableness in the amount of startup funds is indicative of the fact that such funds are not annually budgeted at NPS; rather startup funds are what NPS can find within a given year.  NPS needs to recognize that experimental work is expensive; NPS tends to have a “cookie cutter” approach that all new faculty receive the same startup funds, whether in the Business School or in an Engineering department.  If NPS is to remain competitive with other research universities, it must commit to significant increases in the amount of startup funds provided to new faculty in the experimental sciences. 

2. Difficulty of running research programs 
There are numerous difficulties associated with running a research program at NPS, notably purchasing, contracting, and intellectual property management – activities that are all within the power of NPS to improve, yet which continue to decline in effectiveness and quality.  Purchases of equipment costing more than $3,000 encounter long delays owing to the fact that such purchases cannot be made locally by NPS, but rather must be put out for competitive bid by a Navy facility in San Diego.  Purchasing, and the awarding of contracts, usually takes months to accomplish, impeding the ability of faculty to conduct timely research with funds that must be spent within prescribed (usually yearly) time limits.  It is difficult at NPS to use commonly available foundry services such as MOSIS to fabricate electronic devices, due to the inability of NPS to sign disclosure agreements for accessing propriety information necessary for design and verification.  This is primarily due to the ineffectiveness of our legal department, which seems unable to process needed documents in a timely fashion.  The use of facilities such as Stanford's Nanofabrication Facility would greatly enhance our ability to carry out cutting edge research since such facilities are not available at NPS.  Yet there are numerous issues involved with the seemingly simple act of paying for such services.  Intellectual property in general is not handled at NPS in an effective manner.  If NPS seeks to increase its stature as a research institution, it must significantly bolster its intellectual property management system.  Examples of bureaucratic ineptitude are legion at NPS, and need not be elaborated here.  The bureaucratic “viscosity” imposed by NPS takes its toll on faculty productivity.  NPS needs an overhaul of how it conducts business if it is to achieve its goal of becoming a Tier-One university.  At most academic institutions, obtaining research funding is the most difficult aspect of the process; at NPS, the most difficult part is executing the programs once the funds have arrived on campus.  
3. Infrastructure and laboratory funding

Laboratories are an essential aspect of our mission, yet the teaching labs are largely neglected by NPS.  At present there is no systematic process by which laboratories are recapitalized.  Such a process did exist in prior years, which, although it was excessively cumbersome and meager, at least it existed.  Technologies continually and rapidly change; our students deserve modern equipment; they should not be subjected to “museum piece” equipment.  NPS needs to develop and fund a systematic recapitalization program, with a goal of recapitalizing teaching laboratories over some realistic time interval, e.g., 10 years.  While in recent years NPS has directed funds into specific research laboratories, deemed growth areas, the teaching labs have largely been ignored.  Infrastructure is another facet of the difficulties facing experimental work at NPS.  To take just one example, a leaking sewer pipe in one of our laboratories has just recently been repaired, despite years of complaining.  NPS needs to vastly improve its ability to address basic infrastructure issues.  Deferred maintenance seems to be the strategy here.  
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