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Section 1 - PREVIOUS SELF STUDY

In mid 1994 the Physics Department at Cal Poly Pomona conducted its last full-scale

Five-Year Program Review, which covered the period 1988 — 1993 (Appendix Al). Two
external reviewers, Dr. Fleur B. Yano from CSULA and Dr. Mark H. Shapiro from CSU
Fullerton, visited the department (Appendix A2). While commending the department for
several of its notable strengths, such as the dedication of the faculty to excellence in the
classroom, the graduation of a relatively large number of physics majors, the breadth of
the curriculum, and the diversity of research and other scholarly activities of the faculty
they also noted many problems that needed corrective measures. Chief among these were
serious morale problems among the faculty associated with heavy workloads; the lack of
assigned time for research, proposal preparation, and other academic activities not
directly related to classroom teaching; the inadequacy of institutional support for
experimental research; and the failure of the College of Science to provide matching
funds in a timely manner

Several recommendations were offered to address these problems, many of which were
put into practice by the department since that time. Of particular significance is one
specific recommendation that advocated increased average class sizes to generate
resources for the funding of department-initiated assigned time. In fact, similar
suggestions were made to the entire campus by the external reviewers during the 1990
Western Association of Schools and Colleges (WASC) review cycle; and, in the mid
1990’s, Article 20 of the Collective Bargaining Agreement (CBA) was rewritten
specifically to encourage such efforts. In direct response to this recommendation, the
Physics department started in 1996 to work with the College of Science to voluntarily
increase its Student to Faculty Ratio (SFR) to a level above that of “prior practice”, in
return for the ability of the department to use some of the savings to fund assigned time,
new equipment, and travel, etc. Numerous improvements have been made in this regard,
but serious problems still remain, especially in the current atmosphere of budget
uncertainty and contractions.

The 1994 reviewers regarded the then current Cal Poly Pomona (CPP) Physics SFRs of
18-19 as Omuch higher than the average for Physics departments within the CSU system,
which translate into a workload thatould be daunting under the best of circumstances

and counterproductive in the present circumstancest@at time, the reviewers decried

the fact that “Physics was treated as a ‘cash cow’ that fed other departments with lower

SFRs.” We were admonished to “lobby strenuously for workload parity with other

departments in the college”. Despite our best efforts, however, the CPP Physics SFR’s

have jumped to an average of 19.4 over the past ten years (in comparison to the CSU-

wide Physics SFR of 16.8 over the same period).

During the current difficult budget year, the Physics department faculty have voluntarily
forgone much of our expected department-initiated assigned time in the Winter and
Spring quarters to help the University at large. Our SFRs have surged to over 20. Had
we not continued to honor commitments to three new faculty for start-up assigned time,
the CPP Physics Spring 2008 SFR would have risen to almost 22 (based upon pre-
registration FTES numbers)! Meanwhile, the CPP Physics SFR to CSU Physics SFR
ratio (about 1.15) is distinctly higher than those of other departments in the CPP College
of Science (many of which are able to maintain analogous ratios of < 1). Thus the



Physics Department has effectively helped ease the College budget burdens, but has
realized no significant returns. This is not a sustainable situation. We will discuss the
serious ramifications of our workload problem more extensively in Sections 2(i) and 5(c).

In early 2003 the Physics Department began to undertake a Department Program
Assessment in lieu of an Academic Program Review. It developed an Assessment Plan
that clarified and articulated a number of issues of longstanding concern. This activity
resulted in a document (Appendix A3) which enunciated a missian statemenfor the
Physics Program and the pertinent guiding principlestogether with a number of
“desired outcomé&gin an ideal setting) versus “goals’ (in existing realistic settings). It
also identified distinct client populationsvith respect to which the (sometimes divergent)
goals are to be applied, and proposed a set of assessment activities and tools (mainly
centering around various types of surveys) to measure the extent to which the goals are
attained.

In May 2003 two external reviewers, Dr. David Kagan of the Physics Department at CSU
Chico and Dr. Wendell Potter of the Physics Department at UC Davis, visited our
Department. A report of this visit was generated by the reviewers (Appendix A4),

which contained their findings and a set of general and specific recommendations.

Broadly speaking, these recommendations point to the need for increased centrality in
the organization and execution of assessment activities; greater reliance on validated
assessment instruments (as opposed to survagsg diversification of outcomes, goals
and required academic activities as they apply to distinct client populations (graduate
schootbound students versus students pursuing-batool teaching careers etc.); the
development of a more comprehensiversudatabase; and finally, the adoption of
enhanced measures for the support of faculty professional development

In May 2004 the Physics Department Budget and Planning Committee produced an
Assessment Report (Appendix AS5) that took into account the recommendations made by
the external reviewers in 2003, and proposed a number of measures to implement those
recommendations. In 2006, a special charge was conferred on the department Budget
and Planning Committee to monitor and address the faculty workload problem in relation
to assigned time [see discussion in Section 5(c)].

In January 2007, in order to take stock of the proposed measures recommended by the
Budget and Planning Committee in 2004, the Physics Department produced a document
reflecting the status of the recommended activities (Appendix A6). This document
addressed the following topics: program learning objectives, course learning outcomes,
and assessment opportunities. It did not, however, contain detailed analyses of any data.
In particular, it was found that there were major difficulties in the construction of
narrowly-construed learningoutcome OmatricesO, due to the laickbjective criteria or
even clear and nenontroversial definitions of the degree to which specific outcomes are
met. Furthermore, we came to the conclusion that while outcomes are certainly

important, they are not, and cannot, be the whole basis for evaluation: the processes by
which students and faculty have followed to achieve the outcomes are at least as, if not
more, important. Details of rationale, process, and results pertaining to assessment
activities conducted by the Physics Department since 2004 are given in Section 3.



The present Physics Department Self-Study is undertaken to fulfill the University
mandated requirement that individual academic departments conduct Program Reviews
every five years. We welcome this opportunity to once again reflect on the status of our
program, to identify its strengths as well as to locate its shortcomings, to attempt to
introduce rectifying measures, and to engage in a certain degree of forward-looking and
long-term planning. In carrying out our task, we employ a very broad definition of the
term “assessment”, and do not always aspire to strictly quantitative conclusions. This
document, however, is written with every effort to conform with the letter and spirit of a
number of general guiding principles as set forth in the “Guidelines for Program Self
Study” provided by the Office of the Associate Vice President of Undergraduate Studies.

We briefly summarize below the action items that the Physics Department has engaged in
since the formulation of the 2003 Assessment Plan. These will be discussed more fully in
the Sections that follow (where appropriate as indicated).

(1) the establishment of a Budget and Planning Committee tasked, among other
responsibilities, with the coordination of faculty workload decisions, Program
Assessment activities, and long term planning;

(2) specific course assessment activities conducted by the Physics Department
Currriculum Committee and individual faculty members [Section 3 (f)];

(3) the hiring of Physics Education specialists to join the Physics faculty [Section 5
®];

(4) the hiring of several faculty members at various levels with more conventional but
diversified specialties (condensed matter physics, plasma physics, astrophysics,
optics, and biophysics) , with emphasis on experimental expertise, in order to
balance the predominantly theoretical makeup of the more senior faculty [Section
5 ()]

(5) the hiring of new faculty reflecting increased gender and ethnic diversity [Section
6 (b)];

(6) securing faculty workload improvements [Section 5 (c)];

(7) exploration of several subsidiary “Options/Concentrations” within the Physics
major, such as Applied Physics, Physics Teaching, etc. to better suit the demands
of our diverse client populations [Sections 2(i) and 2(j)];

(8) active planning in existing and new space utilization [Section 6 (e)];

(9) the creation of a faculty task-force to evaluate the usefulness and practicality of
recitation (problem solving) elective courses and to plan for their implementation
[Section 2 (1)];

(10) development of new GE and program-major courses, and upgrading of existing
ones [Section 2(1)];

(11) introduction of lower-division Physics Honors courses [Section 2 (f)];

(12) the use of new technologies in the classroom [Section 2 (i), Section 6 (f)];

(13) renewed efforts to conduct alumni and student surveys [Section 5 (h), Section 5
M1

(14) renewed efforts to conduct faculty and staff surveys [Section 6 (b), Section 6 (¢)].



Section 2 - THE PROGRAM DESCRIPTION

(a)_Mission Statement

The primary mission of the Cal Poly Pomona Physics Department is to provide a rigorous
undergraduate education in physics for its majors, in order to prepare them for a wide
range of technical, research, and teaching careers. To fulfill our mission we take
advantage of (1) the enormous flexibility of physics as both a technical and a liberal
academic discipline, (2) the unique strengths of the physics curriculum in promoting
powerful, general, and transferable skills in analysis and problem solving, and (3) the
professional expertise of the faculty enhanced by active scholarship and research in
physics and related fields.

In addition the Physics Department has three other secondary missions:
* To serve the prerequisite and co-requisite instructional needs of our client
departments via our course offerings in calculus- and algebra-based introductory

physics.

* To offer high quality physical science courses in service of the General Education
needs of Cal Poly Pomona students.

* To prepare prospective teachers to effectively perform physical science related
instructional activities at the elementary and secondary school levels.

(b) Reconsideration of the Unit Requirements

The Physics Department currently has no plans to alter the existing structure of the unit
requirements [see Section 2 (c) below] for its degree program. However, it is planning to
implement several Options/Concentrations within the major [see Section 2 (j) below].
None of these will raise the 180 quarter-units minimum requirement for the degree. It
should be mentioned, though, that some faculty members of the department regard the
strict 180-unit cap imposed by the CSU system as being somewhat inflexible.

(c) The Physics Degree Program

The Physics Department offers a Bachelor of Science (B.S.) degree with the requirement
of a minimum of 180 quarter-units. The degree curriculum consists of 69 units of
required core Physics courses, 42 units of required support courses (including 12 units of
advanced electives chosen from a prescribed list), 68 units of General Education (GE)
requirements, and 1 unit of unrestricted electives. The typical time required for degree
completion is four years (without the use of summer quarters).

The Physics Minor requires a minimum of 30 units in Physics, including a prescribed
group of lower-division physics courses, and at least 12 units of upper-division Physics
courses with certain restrictions.



The Physics Department also offers a program in Science with a Concentration in Physics
approved by the Commission on Teacher Credentialing.

The Curriculum details are presented in Appendix A7.

(d) Comparison of the Cal Poly Physics Curriculum with Comparable Programs at other
CSU and non-CSU Institutions.

According to the statistics collected by the American Institute of Physics (AIP),
baccalaureate programs (those offering Bachelors degrees in Physics, but not Masters or
PhDs) nationwide typically graduate 3-4 majors each year. Fig. 2.1 shows the number of
Cal Poly Pomona Physics graduates per year from 1987 to 2007. For comparison we
show in Table 2.1 the corresponding numbers (from 1997 to 2006) for the CSU average
and the American Institute of Physics (AIP) national average for baccalaureate
institutions. Appendix A8 shows the details for individual CSU campuses.
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Fig. 2.1
1997 1998 1999 2000 2001
Cal Poly Pomona 9 6 8 6 5
CSU average 4.05 3.42 3.63 5.26 5.58
AIP national average 3.5 3.8 3.6 3.3 4
2002 2003 2004 2005 2006
Cal Poly Pomona 4 11 8 3 11
CSU average 5.58 6 6.79 7.35 8
AIP national average 4.1 4.1 4.1 4.14 4.5

Table 2.1

Some numerical data for career trends of students after graduation are presented in Sec
5(i) below.



Within the CSU system, baccalaureate programs have averaged 4-8 graduates each year,
while the median has ranged from 3-5. The CPP Physics program is at or well above the
median for all years for which we have data. We believe the larger-than-expected
number of majors is due to several factors:

1) Our faculty members are friendly and accessible.

2) Our department offers a diverse and comprehensive list of courses, including many
in specialized topics.

3) Students have ample opportunity to participate in research work with individual
faculty members.

4) Mandatory advising sessions each quarter help to catch problems early and build
relationships

between Physics majors and individual faculty.

5) Our department has strong ties to the local high school Physics community.

6) We have a long history of exploring alternative educational models. For example,
this year 3 of the 7 projects funded by the faculty center Investigating Teaching and
Learning (ITaL) program went to Physics faculty. At the Winter 08 Campus Stories
of Successful Learning, 5 of the 79 presentations were by Physics faculty and
students.

7) In our RTP process, publication of pedagogical research has been valued as highly as
more traditional forms of Physics research.

8) We have a student Physics club that is usually very active and that has helped to
recruit and retain majors.

In addition, a number of Physics faculty took an active interest in and adopted Peer
Instruction techniques well over a decade ago. In many ways, our department was
“learning centered” long before this became a slogan on campus.

One shortcoming of our department at the present time is the lack of a useful range of
degree Options/Concentrations that might attract a more diverse student population to
become Physics majors and to prepare them for diverse career tracks. This is an area
that we have already spent some time exploring and that we will still actively work on in
the near future [see Section 2(j)]. Another serious shortcoming is the limited time
devoted to the freshman Physics lecture sequences (Physics 120/130) [Section 2(h)].
This problem is partly imposed by institutional constraints, but we hope to improve the
situation by offering new recitation (problem-solving) elective courses starting the
Spring 08 quarter [Section 2(1)].

(e) General Education (GE) and other Service Courses

GE and other service courses offered by the Physics Department consist of the following
(the GE and service areas to which they apply are indicated within square brackets):

SCI 210/ 210L (Physics Concepts and Activities) [pre-credential sub-plan in Liberal
Studies, College of Education and Integrative Studies];

PHY 102 (Fundamentals of Physics) [GE Area B2, College of Agriculture];

PHY 105/105L (Physics of Musical Sound) [College of Letters, Arts, and Social
Sciences],

10



PHY 121/ 121L (College Physics — algebra based) [GE Area B2, College of Science,
College of Environmental Design, College of Engineering, College of Agriculture];
PHY 122/1221./123/123L (College Physics — algebra based) [College of Science, College
of Environmental Design, College of Engineering, College of Agriculture];

PHY 131/ 131L (General Physics — calculus based) [GE Area B2, College of Science,
College of Engineering];

PHY 132/132L./133/133L (General Physics — calculus based) [College of Science,
College of Engineering];

PHY 301 (Energy and Society) [GE Area B4];

PHY 302 (Physics of Everyday Experience) [GE Area B4];

PHY 303 (The Universe in Ten Weeks) [GE Area B4];

PHY 306 (History of Physics) [GE Area B4, College of Science].

Enrollment in the PHY 120/120L and PHY 130/130L sequences constitutes the lion’s
share of all Physics enrollment [see data presented in Section 2(g)]. As indicated above,
the courses in these sequences are also major service courses [in service to five Colleges:
Agriculture (AG), Engineering (ENG), Environmental Design (ENV), Letters, Arts, and
Social Science (CLASS), and Science (SCI)], and thus contribute to a vital part of the
functioning of the university at large. In addition, the PHY 130/130L sequence is part of
the core requirement of the Physics Degree Program. This situation is unique to the
Physics Department within the entire university, and, paradoxically, is both a source of
great strength and inherent weakness for the departm®atwill address this issue and
discuss its implications, both academically and fiscally, more fully in Section 2(i) below.
Besides these lower-division service sequences, the Physics Department also contributes
significantly, in some other lower-division courses as well as in four upper-division
courses, to the cohort of service and GE courses.

PHY 303 (The Universe in Ten Weeks) is a particularly popular GE course among
students from diverse majors (with typical enrollments of over fifty students per section),
and has played a significant role in boosting the FTE count of the Physics Department. It
is also offered as an honors course. Over the past five years it has been upgraded at least
twice by faculty who specialize in astrophysics. Based on the success of this course, two
other GE courses, one on the Origin and Evolution of Lifend the other on
Nanotechnologyhave been proposed and are being developed by faculty who have
expertise in these respective areas.

(f) Honors Courses

Honors sections for the following courses have been offered (when warranted by the
enrollments): PHY 131 [General Physics (calculus-based)] since Spring 06, PHY 424
(Astrophysics) since Fall 07, and PHY 303 (the Universe in Ten Weeks) since Winter 05.
The last is also an Area B4 GE course. The department plans to offer honors sections for
the entire PHY 130 sequence (PHY 131/132/133) beginning Winter 09, if the demand
and budget conditions warrant such an initiative.

In a typical section, many students attending the PHY 130 sequence are under-prepared
[see Sections 2(h) and 3(f)], while some, usually a minority, are not sufficiently
challenged. The honors sections in the PHY 130 sequence have been created with the
latter group in mind. These sections do not carry a significantly heavier content load
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compared to the regular sections, but they do require students to engage individual topics
in a deeper fashion and to expend more efforts in the completion of assignments. The
PHY 303 honors sections, on the other hand, have been designed for the more
intellectually curious (but not necessarily more technically sophisticated) students,
typically from various non-science/engineering majors. Occasionally, some of these
students have been enticed to change their career plans and to pursue a major in a
scientific field.

(g) History of Required Courses and Electives offered in the Academic Years 03-04, 04-
05, 05-06, 06-07

We present below the history of the Physics Department course offerings from Fall 03
through Fall 07. The numbers indicate the number of sections offered during a particular
quarter, and the numbers within square brackets are the corresponding FTE numbers.
FTE’s for individual courses are only given for the FO3 quarter to give an idea of the
class enrollments, while total and target FTE’s (when available) are given for all quarters.
Note that the lowerdivision (algebrabased) College Physics lecture and laboratory
series PHY 120/120L and the lowaivision (calculusbased) General Physics lecture

and laloratory series PHY 130/130L take up an overwhelming fraction of the total FTE

count (approximately 90%) for any given quarfter discussion in Section 2(i) below].
Students from many Colleges across the University needthese courses to graduate. Note
also that most upper-division core courses are only offered once a year, and most upper-
division electives once every two years (or even less frequently), due to the highly
sequenced and prerequisite-heavy nature of these courses [see Section 2(h)], as well as
the inherent low-major enrollment in the program [Section 2(i)].

F03 Wo4 Sp04 Su04 F04 W05
SCI210 1 [10.6] 1 2 1 1
SCI210L 2 [3.6] 2 4 2 2
PHY 102 1 [6.1] 1 1
PHY 105/105L
PHY121 5[47.2] 3 2 1 4 3
PHYI21L 10 [14.8] 6 4 2 8 6
PHY 122 2[19.0] 3 2 1 2 3
PHY 122L 416.0] 6 4 2 4 6
PHY 123 2[18.6] 2 2 1 2 2
PHY123L 45.2] 4 4 2 3 4
PHY 131 5 [54.0] 7 6 1 5 5
PHY 131L 12 [16.0] 12 11 2 11 12
PHY 132 5[56] 6 6 1 5 4
PHY 132L 10 [16.3] 11 12 2 10 11
PHY 133 6 [45.0] 5 5 1 4 5
PHY 133L 10 [12.7] 9 10 2 8 10
PHY 200 [0.34] [0.40] [0.2] [0.7] [0.8]
PHY 234 1 1
PHY 234L 1 1
PHY 235 1
PHY 235L 1
PHY 299/299A/299L
PHY 301 1[2.9]
PHY 302 1
PHY 303 1[9.1] 1 1 1 (Honor)
PHY 304/304L
PHY 306 1[2.4] 1
PHY 308 1[4.3] 1
PHY 309 1 1
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PHY 310
PHY 314
PHY 315
PHY 321
PHY 322
PHY 333
PHY 344
PHY 400
PHY 401
PHY 402
PHY 403
PHY 404
PHY 406
PHY 407
PHY 409
PHY 410
PHY 417
PHY 417L
PHY 420
PHY 422
PHY 424
PHY 425
PHY 426
PHY 430L
PHY 431L
PHY 432L
PHY 441
PHY 461
PHY 462
PHY 463
PHY 499/499A/499L
PHY 550

Total FTE (Census)
FTE target

SCI210
SCI210L
SCI475/EGR 475
PHY 102

PHY 105

PHY 105L
PHY121
PHY121L

PHY 122

PHY 122L

PHY 123
PHY123L

PHY 131

PHY 131 (Honor)
PHY 131L

PHY 131L (Honor)
PHY 132

PHY 132L

PHY 133

PHY 133L

PHY 200

PHY 234

PHY 234L

PHY 235

PHY 235L

PHY 299/299A/299L

1[4.0]

[0.27]
1[2.1]

1[3.2]

1[0.4]
1[0.4]

[0.27]

[360.6]
[353]

Spo0s

[0.34]

[0.54]

1

[0.20]
[0.20]

[353.53]
[357]

Su0s

—_ N = N = N —

N

—_ )

3

[0.07]

[0.4]

[0.1]
[0.2]

[317.4]

[355]

[0.33]
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1
1
1
[0.1]
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[0.1]
[0.8]
[69.4] [350.3]
[72] [343]
W06 Sp06
1
1
1
1
1
4 3
8 6
4 3
8 5
2 3
4 6
6 5
1
13 11
1
5 5
12 11
4 4
10 10
[0.88] [0.6]
1

1

[0.9]

[0.5]
[0.6]

[328.3]

[344]

Sul6
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PHY 301 1

PHY 302 1

PHY 303 1 1 1

PHY 304/304L

PHY 306 1

PHY 308 1

PHY 309 1

PHY 310 1

PHY 314 1

PHY 315 1 1

PHY 321 1

PHY 322 1 1

PHY 333 1

PHY 344 1

PHY 400 [0.53] [0.07] [0.4] [0.54] [0.62]

PHY 400 (Honor) [0.13]

PHY 401 1

PHY 402 1

PHY 403 1

PHY 404

PHY 406 1

PHY 407 1

PHY 409 1

PHY 410

PHY 417 1 1

PHY 417L 1 1

PHY 420

PHY 422

PHY 424 1

PHY 425 1

PHY 426

PHY 430L 1

PHY 431L 1

PHY 432L 1

PHY 441

PHY 461 [0.13] [0.13] [0.40] [0.28]

PHY 462 [0.66] [0.27] [0.20] [0.39]

PHY 463 1 1

PHY 499/499A/499L [0.80]

PHY 550

Total FTE (Census) [329.67] [88.6] [379.9] [384.1] [340.80] [107.0]

FTE target [89] [357] [357] [362] [109]
F06 wo7 Sp07 Su07 F07

SCI 101 1

SCI101A 1

S210 1 1 1 1

S210L 2 1 1 1

PHY 102 1 1 1

PHY 105/105L

PHY121 6 5 5 1 6

PHYI21L 11 10 10 4 11

PHY 122 2 4 4 1 3

PHY 122L 5 8 6 2 6

PHY 123 2 2 2 1 2

PHY123L 4 4 5 2 4

PHY 131 6 7 6 2 7

PHY 131L 13 14 12 3 15

PHY 132 5 5 5 1 5

PHY 132L 10 11 12 3 8

PHY 133 5 5 5 1 5

PHY 133L 11 10 11 4 11

PHY 200 [?] [?]
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PHY 234 1

PHY 234L 1

PHY 235 1

PHY 235L 1

PHY 299/299A/299L

PHY 301 1 1
PHY 302

PHY 303 1 1 1
PHY 303 (Honor) 1

PHY 304
PHY 304 L
PHY 306
PHY 308
PHY 309 1

PHY 310

PHY 314 1

PHY 315 1

PHY 321 1

PHY 322 1

PHY 333 1 1
PHY 344

PHY 400 [2] (7]
PHY 401 1 1
PHY 402 1

PHY 403

PHY 404

PHY 406

PHY 407

PHY 409

PHY 410 1

PHY 417 1

PHY 417L 1

PHY 420

PHY 422 1

PHY 424 1
PHY 424 (Honor) 1
PHY 425

PHY 426

PHY 430L 1 1
PHY 431L 1

PHY 432L 1 1
PHY 441

PHY 461 [2] (7]
PHY 462 [7] [7]

PHY 463 1

PHY 499/499A/499L

PHY 550

—_— e —

Total FTE [470.0] [510.4] [510.1] [150.8] [497.7]
FTE target [342] [342] [393] [112] [395]

(h) Curricular Bottlenecks

The first major bottleneck consists of the mathematical (calculus) prerequisites for the
PHY 130 sequence [MAT 114 (the first calculus course in a sequence of three calculus
courses) is a prerequisite and MAT 115 a co-requisite of PHY 131]. Many freshmen
cannot place into MAT 114 until they have taken the Math Diagnostic Test (MDT)
administered by the Mathematics Department. These students usually cannot begin PHY
131 until the third quarter at the earliest, or even in the second year.
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Our current PHY 130 sequence (3 quarters) carries a content load to be covered in a
period that is roughly one to two quarters short compared with many other standard
Physics programs, with the result that, typically, 20% — 25% of students taking these
lecture courses receive D’s, F’s, or WU’s (unauthorized withdrawals) and need to retake
the courses. All UC and half of the CSU campuses provide more time for Freshman
Physics courses, either by providing 4 hours/week in their lectures or by having a
supplemental recitation course. Many instructors have referred to an inadequately
prepared Cal Poly student taking PHY 131 as having to “drink from a fire-hose”, and the
situation deteriorates as that student progresses to the later courses in the sequence. This
is an institutional constraint, since many of our client departments have unit caps. Its
correction, therefore, will require the cooperation and consent of many other academic
units outside of the College of Science (in particular the College of Engineering) and is
difficult to achieve, especially since the bulk of our lower-division courses are in service
to numerous other departments.

The second bottleneck is due to the highly sequenced nature and special prerequisite
requirements of many upper-division Physics core courses (PHY 308/309, PHY 314/315,
PHY 321/322, PHY 401/402). All of these courses are only offered once a year.

Finally, physics majors are often handicapped by the infrequency of offerings of elective
specialty courses that are useful for students aiming at graduate school in Physics [e.g.
PHY 310 (Mathematical Physics III), PHY 403 (Advanced Quantum Mechanics), PHY
407 (Statistical Physics), PHY 426 (Relativity, Gravity and Black Holes), PHY 409
(Computational Physics), PHY 404 (High Energy Physics)]. Because these prerequisite-
laden courses are offered at most in alternate years, many students find that their
curriculum schedules may be out of synchronization with the course-offering schedules.
On many occasions interested students have to take the initiative themselves to lobby the
department for these courses to be offered! This has a negative effect on the already low-
enrollment for these courses, which often end up not being offered at all, to the dismay of
both students and faculty alike.

(i) Current Problems and Proposed Solutions, Anticipated Evolution of the Physics
Program

Within the “polytechnic” setting of Cal Poly Pomona, a major and traditional role of the
Physics Department is to provide service to its many client departments university-wide,
most notably those in the College of Engineering and other departments in the College of
Science. While this historical “service” nature of the department has given us great pride,
it has undoubtedly also contributed to the fact that the workload of the Physics faculty
ranks among the highest in the entire CSU syfterSections 1 and 5(c)]. Despite
recent gains, which unfortunately are repeatedly offset by periodic budget crises, the
workload problem is a critical one that continues to defy satisfactory solution. Due to the
inherently low physics-major enrollment in the program (a nation-wide phenomenon), it
is also a consequence of a fiscal dynamic that forces the department to engage quite often
in the anomalous practice of using lower-division and General Education (GE) courses to
“fund” low-enrollment (but crucial) upper-division core and elective courses. These
courses [as discussed in Section 2(h) above] frequently fall victim to the combined
effects of high service demands on the department and low major-enrollment, and end up
not being offered at all despite strong student interests. In the long run, we fear thae
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twin phenomena of unreasonably heavy faculty workloads and the inability to offer on a
consistent basis important advanced courses will threaten to compromise the integrity
and autonomy of the Physibgpartment as an academic unit representing a
fundamental academic discipline

Since the last Program Review, and partly in response to the criticisms and
recommendations of the external reviewers, the department (with encouragement and
cooperation from the Dean’s Office) has made great strides towards remedying these
problems [see Section 5(c) below]. Workload conditions havebeen improved, within the
framework of an appropriate and pragmatic balance between quality teaching and
scholarly/professional activities of its faculty (refer to the document in Appendix A5).

As the department evolves, our vision is that it will remain committed to bothits tradition
of teaching excellence and student service on the one hand, anda strong infrastructural
support for the professional development of its faculty (with active student participation
in research) on the other.

These goals are by no means incompatible; neither is their realization a zero-sum game.
To help achieve them, we will pursue two main courses of action. First, we will initiate a
more diversified physics program with expanded Options/Concentrations (such as
Applied Physics, Physics Teaching, etc.) to better serve our diversified student
population, as well as the needs of the surrounding local communities. Secondly, we will
continue (as far as budget conditions allow) to actively recruit professionally
accomplished faculty members, with records of good teaching and scholarly
accomplishments, and an ability to attract funding for research. In the coming years new
research activities and course developments are anticipated within the Physics
Department in the fields of astronomy and astrophysics; atomic, molecular and optical
physics; biophysics; condensed matter physics; computational physics; optics/photonics;
and physics education and pedagogy. Such “discipline diversification” will hopefully
mitigate our low major-enrollment problem by attracting more majors who will have
meaningful choices among a variety of career tracks: graduate study in physics and
related fields, technical positions in industry or government, and primary/secondary
school teaching. In turn, a larger, more diversified, and motivated student base in the
non-service sector will hopefully stimulate more vigorous efforts by the faculty towards
professional development and help define the character of the department. In the last
several years a positive trend in this direction is already manifest in the form of
interdisciplinary research collaboration between physics faculty and faculty in Chemistry,
Biology, and Engineering, together with active student participation. Areas of current
interdisciplinary research include optical sensors for detection of biomolecules, the use of
plasmas for inactivation of biofilms, atomic force microscope (AFM) characterization of
cell membranes after plasma treatment, computational modeling of growth factors in
tissue, and the development of new optical imaging techniques. It is anticipated that this
collaboration will be strengthened in the future, and that certain individual research
projects will evolve into more organized and substantial research programs.
Simultaneously, faculty with interdisciplinary research interests will be encouraged to
develop new courses in the major program and new GE courses to attract students with
broad scientific interests; and in the course of doing so, to help ease the recurrent fiscal
constraints as well.
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Regardless of the research interests of individual faculty members, teaching remains the
first priority of the Physics Department at Cal Poly Pomona. Indeed, the strength and
reputation of our program is largely based on our tradition of “excellence in teaching”
and student service. The former aspect of this tradition has been reinforced recently with
the hiring of Physics Education Research (PER) specialists and faculty with explicit
interests in PER and K-12 outreach, and the initiatives taken by an increasing number of
faculty members to engage students in research projects. With regard to the latter, a
popular service has been the faculty-staffed Tutorial Service for all students enrolled in
the lower-division courses. Our plans are to continue this valuable service as long as
budget conditions allow. Furthermore, one of the central recommendations of our latest
assessment plan was to establish one-unit elective problem-solving enrichment courses
for the undergraduate physics sequences (PHY 121/122/123 and PHY 131/132/133).
This recommendation has been prompted by the realization that a substantial fraction of
our students are woefully under-prepared (see Section 3), and studied carefully by a
faculty task force [with funding from the Improvement in Teaching and Learning Project
(ITAL)]. It will be implemented in Spring 08 with the offering of a pilot elective
recitation course for PHY 121. In the near future, recitation courses are expected to be
offered for both the PHY 120 and PHY 130 sequences.

(j) Proposed Options/Concentrations, Course Developments, New Technologies

The Physics Option, geared mostly towards a Physics graduate school career, is currently
the only one in place. Within this main option, one suggestion towards flexibility is to
allow theoretically inclined students to take one or two fewer lab courses and to take
Computational Physics (or some elective theory course) instead. This measure has been
proposed to underscore the increasingly computational nature of many areas of
theoretical research in physics.

Within a proposed Applied Physics Option/Concentration, students would only be
required to take the first quarter of the upper division core sequences (Math Methods,
Classical Mechanics, Quantum Mechanics, and Classical Electrodynamics), with more
emphasis on laboratory courses and other selected upper division courses. In this
connection, new “major courses” have been developed and will soon be offered, such as a
team-taught “Spectroscopy” course based on three modules - Pulsed Nuclear Magnetic
Resonance (NMR) Spectroscopy, Optical Emission Spectroscopy and Scanning Probe
Spectroscopy - designed to cover a wide range of industrial and research applications in
science and engineering.

Even more flexible course options could be achieved by allowing physics majors to
include senior (400-level) and graduate (500-level) electives (with the approval of their
advisors and the department Chair) from other departments in the Colleges of Science
and Engineering. Students interested in physics teaching might elect to take courses in
science education or teacher education. For the sake of comparison, an interesting
example of such a collaborative, interdisciplinary emphasis is the CSU Fullerton program
in Physics and Business, specifically designed to provide training in entrepreneurship to
physics majors. Physics students interested in this “business option” would take courses
offered by the College of Business and Economics in accounting, finance, marketing,
management, and business communication in addition to the standard core courses in
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physics. (The program at CSU Fullerton is funded by an alumnus gift —a fact that
underscores the ever-increasing importance of external funding for the future of our
Physics Department. )

Another viable Physics Option/Concentration, albeit only in the very early stages of
exploration, is one inspired by the new Biomedical PhysicBrogram implemented by the
Physics Department at CSU Fresno, with options in nuclear medicine, diagnostic
radiology, radiation therapy, and radiation biology . Such an Option/Concentration
would provide students with an interdisciplinary background in physics, biology, and
mathematics. It would take advantage of the growing interdisciplinary research
collaboration between Physics and Biology faculty mentioned earlier, and also the
presence of many world-class medical centers with radiation therapy facilities in the
Southern California area.

The Physics Department has been quite active in course development over the last
decade. We have already mentioned above a brand new Spectroscopy course designed
for the Applied Physics Option/Concentration, and new GE courses in the Origin of Life
and Nanotechnology in the planning stage. These developments point to a new and
welcome trend in our course repertoire, one that is in accord with the increasingly
interdisciplinary character of many areas of modern research, in particular, in the fields of
Physics, Chemistry, and Biology. There have also been significant upgrades in existing
courses since the last Program Review. In this category we can mention all the lower-
division laboratory courses (the PHY 120L sequence and the PHY 130L sequence) and
all the upper-division laboratory courses [PHY 304L (Electronics for Scientists), PHY
430L (Advanced Physics Lab), PHY 431L (Solid State Physics Lab, PHY 432L (Nuclear
Physics Lab), PHY 417L (Optics Lab)], with upgrades in both course content and
equipment [see Section 6(j)], the GE course PHY 303 (the Universe in Ten Weeks), PHY
409 (Computational Physics), PHY 422 (Plasma Physics), PHY 410 (Biophysics), SCI
210, (Physics Concepts and Activities, a physics course for future K-8 teachers) and PHY
102, (Fundamentals of Physics - GE). Much of these upgrades and new-course
developments have been undertaken by faculty hired since 2001. As we continue to
recruit more new faculty in the coming years, we can only expect the improvement of our
course offerings to further consolidate.

For some years now the Physics Department has actively supported and adopted the use
of numerous new technology initiatives in the classroom. The most prominent of these
has been Student Response Systems (SRSs), also known as “clickers”. These remote
control devices allow faculty to promote interactivity, using such techniques as Think-
Pair-Share questions, which have been shown by Physics Education research (PER) to
have a positive impact on student learning. Since their initial trials in Spring 2006,
clickers have been adopted by 8 physics faculty members and currently used in classes
with approximately 400 students per quarter. In addition, department members have
taken a leadership role in promoting clickers across the university, such as leading the
Interactive Learning Faculty Community of 20 faculty from 7 different colleges. These
faculty members taught classes with a total enrollment of 1600 students during the most
recent quarter (Winter 2008), and the feedback of this group will lead to a university
adoption of a single clicker system for the entire campus this spring, which will most
likely be that used by the Physics Department. Besides SRSs we have also been active in
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the use of many other technologies in support of student learning. These include course
websites, course management systems (such as Blackboard), and on-line homework
systems, such as WebAssign, Mastering Physics, and Mastering Astronomy. The
department has also enjoyed the use of “smart” classrooms (with a multimedia podium,
permanent projector, document camera, VCR/DVD player, etc.). Many lower-division
and virtually all upper-division laboratories are equipped with computers used for
interfacing with equipment and for data analyses [see Section 6(f)]. All these
technologies will be exploited more heavily in the future.
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Section 3 - PROGRAM ASSESSMENT

(a) Accreditation Status

There is no nationally recognized accreditation or assessment organization for the
discipline of Physics. The Physics Department has, under the guidance of the collective
teaching experience of the faculty and well-established results of Physics Education
Research, adopted a set of basic student learning outcomes and the criteria to meet them,
and a methodology with accompanying procedures [presented below in Sections 3(b) to
3(e)]. In general, assessment activities have been carried out by individual faculty
members in the courses that they teach, and the results are then analyzed by the
department Curriculum Committee [Section 3(f)]. One faculty member, a Physics
Education Research specialist, has obtained funding from the Teacher Quality
Enhancement Program (TQE) to carry out assessment activities.

(b) Basic Student Learning Outcomes:

LO-1: A basic appreciation and understanding of the fundamental physical principles
governing the mechanics of solids and fluids, oscillations and waves,
thermodynamics, electricity and magnetism, optics, atomic molecular, and
nuclear physics, and of the main concepts used for the description and
elucidation of these topics.

LO-2: Development of conceptual and mathematical skills necessary for the solution
of physics Problems and of an ability to simplify problems by using
appropriate models.

LO-3: Ability to (safely) work with experimental apparatus to make accurate
physical measurements (presented in appropriate units), and to understand the
limitations of various measuring devices, with particular emphasis on how
measurement uncertainties propagate to yield uncertainties in derived results.

LO-4: Ability to communicate an understanding of fundamental physics principles,
of problem solving strategies, and of analyses of experimental data and the

inherent uncertainties.

(c) How Courses in the Program Meet the Student [earning Outcomes:

The lower-division course sequences PHY 121/122/123 (with labs) and PHY
131/132/133/234/235 (with labs) address the basic understanding of physical principles
and concepts (LO-1), and the mathematical skills necessary for problem solving (LO-2).
The associated labs involve experimental apparatus, the making of accurate
measurements, and an understanding of uncertainties (LO-3). Communication skills (LO-
4) are addressed in laboratory reports, problem sets, and examination questions.

To date the only upper division physics course involved in the assessment process is PHY
401 (Quantum Mechanics [see Section 3(f)].
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(d) Process for Assessing [earning Objectives:

Assessment opportunities include exams, problem sets, papers, projects, laboratory
reports, etc. Instructors in courses selected for assessment by the department are asked to
collect samples of student work using the Excellent/Satisfactory/Poor (ESP) system. All
student identification and instructor identification are to be blocked out on photocopies
submitted. The Assessment/Curriculum Committee then attempts to interpret and
evaluate the significance of the data submitted in terms of the Learning Objectives, and
make appropriate recommendations to the Department for program improvement.

(e) Evaluation of Procedures for Collecting and Analyzing Evidence that Program Goals
and Objectives are being Achieved:

To date we have only conducted assessment in PHY 121/121L and PHY 131/131L, and
the resulting recommendations for program improvement have yet to be implemented.
Thus evaluation of the process may be premature at this time.

As part of the assessment process for PHY 131 we administered the Force Concept
Inventory (FCI) (Ref. 1) as a pretest to three lecture sections (over 200 students) at the
beginning of Winter 2008. We plan to administer the post-test at the end of the quarter,
and hope to analyze the data in Spring and make appropriate recommendations.

(f) Summary of Assessment Performed in the Last Five Years, Conclusions, and Program
Changes based on that Assessment:

PHY 121/121L (College Physics and College Physics Labpratory, algebra-based):
Data were collected during Winter 2007, and analyzed during Spring 2007. It
was found that students do not make a strong connection between lab and lecture
topics. Also in labs students tend to use too many insignificant figures, indicating
a lack of understanding of inaccuracies and uncertainties involved, particularly
when using digital devices (LO-3). The major problem noted was difficulties
with even the simplest algebra and trigonometry, and the struggle with problem-
solving procedures (LO-2). The essential problem is that many students tend to
defer taking this course until too long after they have completed their GE math.

Recommendations for Improvement: Use a math filter (perhaps something like
the MDPT with an expiration time limit) for entry into PHY 121. (We are
currently working on implementation of this.) Include one or more short essay
questions (“thinking questions”) on final exams.

PHY 122 (College Physics, algebra-based):
Data were collected during Fall 2007, and analyzed during Winter 2008. It was
found that performance on problem solving activities is closely associated with
a structured approach to setting up and solving the problem. Students could
generally do the algebraic and arithmetic steps of a problem-solving activity,
but varied in their ability to identify a useful starting point for solving the
problem (LO-2). In general, it seems that it is necessary to inculcate both a
structured approach to the steps of problem-solving and a good conceptual
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understanding to provide a starting point for the process. The proposed one unit
elective problem-solving sections may prove useful in addressing this issue.

PHY 131/131L (General Physics and General Physics Laboratory, calculus-based):
Data were collected during Winter 2007, and analyzed during Spring 2007. It
was found that, although students are adept at using graphing calculators for
plotting graphs, they have difficulty understanding and interpreting graphs,
particularly the units involved in information read from graphs (LO-2). More
conceptual questions are needed on exams; students can often mimic algebraic
procedures in problem solving, but do not always understand definitions and
principles (LO-1). There are so many essential topics to cover that some
important subjects must be skimmed (especially late in the quarter).

Recommendations for Improvement: The Department should consider
establishing one-unit elective problem solving courses; these would allow
students the option of honing their problem-solving and graphing skills, while not
detracting from the content of the lecture course, nor adding required units to the
180-unit limit. (The Department set up a task force to implement this.) To better
analyze physics learning, a comprehensive single final exam question might be
considered for all sections of this course. Also the Department should keep a
bank (preferable electronic) of sample exams so that faculty can have an idea of
what other faculty are asking, and so have a way to gauge the level of their own
exams.

PHY 401 (Quantum Mechanics):

Data were collected during Fall 2007, using questions published in the Physics
Education Research Conference (PERC) proceedings in 2005 (Ref. 2). These
questions assess student understanding of allowed wave functions, the time-
dependence of wave functions, the probability of measuring energy, and the
expectation value of energy in a given state. It was found that our students share
the same level of difficulties as the students in the study about the time
dependence of wave functions and the calculation of probabilities of measuring
energy. However, students at Cal Poly show more difficulties understanding the
relationship between the expectation value and the probabilities of different
energy measurement. More conceptual questions are needed to investigate
student conceptual understanding of the expectation value and its relation to
measurement probabilities.

Recommendation for Improvement: The Department should consider
implementing supplementary course material such as tutorials, computer
simulations, and problem solving techniques to help students to better grasp the
abstract formalism of quantum mechanics theory in this course. Recently, a
limited amount of research-based course material has been available for use in
introductory quantum courses, and preliminary data show improvement in student
understanding of targeted topics.

GE courses:
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One faculty member is a co-investigator on a national research study of student
learning in GE astronomy courses as a function of the level of interactivity in the
classroom. Data were collected from more than 4000 students enrolled in 78
general education (GE) courses in astronomy taught by 44 different instructors at
32 institutions across the country from Fall 2006 to Fall 2007. These data are
currently being analyzed and will be published later this year.

One faculty member conducted individual assessments of the freshmen Physics courses
that he taught during three separate academic quarters over a two-year period between
Fall 2003 and Spring 2005, and found encouraging results. He administered a survey to
his students with the same set of questions before, and after, teaching a course. By
comparing the percentage of correct responses before and after instruction, he was able to
numerically measure "learning outcome gains" during these quarters. In each quarter,
about 33% of the students answered the questions correctly prior to any instruction. The
percentage of correct answers at the final exam was 52% during Fall 2003, and 71%
during the Spring of 2005. This corresponds to learning gains of 19% and 38%,
respectively. The effective doubling of learning gain over the two-year period was
attributed by that faculty member to his implementation of new peer-instructional
methods.

Despite the positive note of the last paragraph, we feel compelled to make the following
concluding remarks. Even as detailed data are still lacking, it is widely felt among the
Physics faculty that a perennial problem plaguing the program is that many (perhaps a
plurality) of our students (especially the lower-division ones) are under-prepared in both
the conceptual grasp AND the mathematical skills that are necessary for a successful
completion of many core Physics courses. The sources of this problem remain
controversial and, in any case, are too diverse and complex to discuss here. It frequently
starts with the first courses in a particular sequence, and deteriorates as the sequence
progresses. The fact that the acquisition of knowledge and skills in Physics is highly
cumulative and hierarchicdlrther exacerbates the problem, as does the deficit in the
number of quarters devoted to a sequence [especially the PHY 130 sequence, see
discussion in Section 2(h) above]. These students will need various supplementary
sources of help, such as remediation courses, special tutorials, recitation sections,
innovative and inspirational instructional methods, etc.
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Section 4 - ADVISEMENT AND STUDENT SERVICES

(a) the Physics Advising Program, Faculty Involvements in Related Programs

Each Physics major is assigned an individual faculty advisor who usually follows the
progress of the student’s entire Cal Poly undergraduate career. Advising sessions are
required each quarter, and detailed advising records are kept. Students cannot register for
classes unless advising holds are cleared.

Two faculty members in the department, Dr. Roger Morehouse and Dr. Peter Siegel, have
been recipients of the College of Science Outstanding Advisor Award.

The Physics Department has partnered with MEP (Minority Engineering Program) since
the mid 1980’s and with SEES (Science Education Enhancement Services) since its
inception in the late 1980°s. At least two faculty members have worked closely with
these programs (serving in the capacities of liason people, advisors, and facilitator
trainers) for close to two decades. Several faculty have also been involved in the
activities of the Center for Education and Equity in Mathematics, Science, and
Technology CEEMaST) during the same period.

(b) The Learning Environment in the Physics Department

Cal Poly Physics students enjoy a friendly, helpful, and accessible faculty. Faculty office
hours are abundant, with a minimum of five hours per week for a teaching load of 12
WTU?’s. Since the program-major enrollment is relatively low, Physics majors are in
general personally known to most faculty, and to each other. The excellent faculty-
student relationship is reinforced, beyond the normal classroom setting, by the
individually required Senior Research Project (PHY 461/462). Each project is supervised
by a faculty member and the topic is chosen by mutual agreement between faculty and
student. It usually lasts a minimum of two quarters and offers an excellent opportunity
for a student to gain valuable experience, not only in the technical aspects of the research
topic, but also in communication and interpersonal skills. Atthe end of the project, the
student is required to submit a detailed written report, and to present a poster-session to
the entire faculty as well as to fellow students during a dedicated Department seminar
held annually each Spring. Both lower- and upper-division students can also participate
in faculty-supervised research or special studies through a variety of Special Problems
Courses. In fact these very often lead to more substantial projects involving external
supervisors (who may be research collaborators of Cal Poly faculty members). The
department organizes a bi-weekly Physics seminar series which students are strongly
encouraged to attend. There are also a number of popular student services which, despite
budgetary difficulties, the department has managed to maintain quite regularly. These
include, among others, the faculty-staffed Physics Tutorial Service for lower-division
courses (which is in fact open to all students taking these courses and not just Physics
majors), and the Physics GRE Preparation courses (offered by a small number of
dedicated faculty members). Physics-related extra-curricular student activities, such as
faculty supervised outings (e.g. visits to Zzyzx) and other field trips, are coordinated
through a Physics Club, and a local chapter of the Sigma Pi Sigma (National Physics
Honor Society). Within the department premises, there is a Student (Project) Room with
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computer equipment that is made available to Physics majors for studying, relaxation,
and socializing.

Table 4.1 shows the retention rate for Physics freshmen during the review period.

Fall No. No. Percent |No. Percent
Cohort Enrolled 1 |[Enrolled 1-|Enrolled 4 |Enrolled
year later | Year Later |years later |4 Years
Later
2003 12 11 92% 8 67%
2004 8 8 100% -- --
2005 7 4 57% -- --
2006 11 9 82% -- --
2007 20 -- -- -- --
Table 4.1

(c) First Year Experience Program

In Fall 2007 and Winter 2008 the College of Science premiered SCI 101/101A and SCI
102/102A, respectively. These courses comprise a four-unit first year experience
sequence of courses. One section of each of these courses was targeted at physics majors
and taught by Dr. Mary Mogge, who had been active on the development team. All first
year physics majors were enrolled in the classes. SCI 101/101A covered attitudes and
behaviors leading to academic success and active learning, such as study skills, road
maps, and degree progress. Students were introduced to campus resources, such as the
counseling center, the career center, the health center and co-curricular activities in
physics. Students engaged in collaborative learning activities and developed a strong
sense of community. SCI 102/102A introduced the students to the various sub-fields of
physics and how physics relates to the world around them. Scientific values, ethics, and
integrity were discussed. Students investigated possible physics careers and the steps
necessary to attain them. Topics included what to include in a resume and how to select a
graduate school.

(d) Student Outreach and Recruitment

The Physics Department is committed to promoting and supporting the implementation
of effective instructional materials and practices in high schools by taking part in
preparing K-12 teachers. To this end the faculty have prepared and presented workshops
to high school science teachers in the Pomona Unified and other School Districts. These
workshops involved the preparation of lesson plans, live demonstrations, and computer
simulations, based on the California Science Standards. Recent examples include a
workshop on Mechanical Waves, which was presented at the Ganesha High School
Professional Development day on January 15, 2008, and another on Electric Circuits,
presented at the Cortez Elementary School Science Teacher Training Program on
February 23, 2008. Both workshops provided research evidence that supports the
effectiveness of inquiry-based methods in teaching science.
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The Physics Department Outreach Committee has also been active in recruiting talented
high school students in the area. For instance, members of the committee have contacted
high-achieving students who have expressed interest in attending Cal Poly Pomona. The
goal was to answer their questions about the physics program, arrange campus visits, and
inform them about the many opportunities available at Cal Poly Pomona. In arranging
campus visits, priority was given to putting the prospective students in contact with
Physics faculty working on projects that match their interests.

Furthermore, the Physics Department has sought to establish contacts with science
teachers of middle schools in the area, with the following two goals: to provide the
teachers with enrichment projects for their students, and to create opportunities for our
students in the Science 210 Teacher Preparation course to teach physics activities in the
middle school classroom. For example, Physics faculty have established a collaborative
project with Mrs. Leslie Sandoval, a 7" grade science teacher at Lone Hill Middle School
in San Dimas. On March 5, 2008, two Cal Poly student teachers in the Science 210
course were invited to teach a hands-on activity with lenses to 7" grade students. Physics
department faculty are currently involved in developing an optics activity with Mrs.
Sandoval for Gifted and Talented Education (GATE) students. Another example for
outreach activities is the judging of science fairs held in middle schools, one of which
was organized by science teacher Melissa Phillips at Holy Angels School in Arcadia, on
February 28, 2008. In April 2007, one faculty member conducted a Grade 5-8 Teacher
Workshop on Astrobiology with Edna DeVore, a nationally recognized astronomy
educator, and Deputy CEO and Director of Education and Public Outreach at the SETI
Institute.

Other outreach activities over an extended period of time in the past decade include the
following. One faculty member, Dr. Peter Siegel, has been on the Upward Bound
Advisory Board, and frequently taught physics for the Summer Bridge program (in five-
week sessions). This program helps deserving high school students from the Pomona
area prepare for College. Dr. Siegel and Dr. Harvey Leff (Professor Emeritus and past
Chair of the Physics Department) also taught basic physics for several summers to
elementary school teachers for the Science Teacher Enhancement Lessons and Learning
Activities (STELLA) Program. Dr. Leff, through his involvement with the Center for
Education and Equity in Mathematics, Science, and Technology (CEEMaST), was Cal
Poly's liaison scientist to the Hacienda-La Puente Unified School District for over 10
years, visited schools weekly, served as a resource at teacher training programs, and
helped develop or fine tune science activities in grades K-5. In addition, he made
physics-demonstration visits to many elementary, middle, and high schools.

Over the years many Physics faculty members also served as judges for science fairs.
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Section 5 - PROGRAM QUALITY

In November 2007 the Cal Poly Pomona Academic Affairs Prioritization and Recovery
Planning (P & RP) Committee Report was published. The Phase II Recommendations
for Academic Programs in that report contained the following statements, among others,
with regard to the strengths of the Physics Department:

* The program devotes a significant portion of its resources to support GE and
Service courses. The large percentage of FTE devoted to these courses indicates
the major role of the program in meeting the internal needs of other programs on
campus

* The program is essential to a polytechnic-liberal arts mission

* The program contributes significantly to the Polytechnic mission and initiatives of
the university as noted by significant involvement in service learning, teacher
education, the honors program, interdisciplinary teaching, and a significant level
of learn-by-doing pedagogy

* The program’s advising policies and practices appear to be effective in addressing
the needs of the students

* The cost per FTES of the program is less than other campus programs

No major concerns were noted, except one referring to the fact that the percentage of
students with a GPA below 2.2 is moderately high. This observation in fact comports
with our discussion in Section 2(h) and the concluding paragraph of Section 3 concerning
academic difficulties encountered by students taking Physics courses at all levels.

The P & RP Committee supports the Physics Program as a ti&ebjidate for enhanced
funding by the universitpending a full needs-assessment), but also notes its reservations
with regard to the direction of program expansion. It points out that, while the program is
critical to the larger university, the number of its majors is small compared to many other
programs. The concerns articulated in the report have been our main ones also. They

have a direct bearing on some of the inherent difficulties confronting the Physics
Department, as well as some promising solutions, which we discuss at length elsewhere

in this document [see Sections 1, 2(h), 2(i), and 2(j)].

For the full text of the P & RP recommendations for the Physics Program, see Appendix
AO.

(a) Quality of Teaching

With regard to the quality of teaching, it is worthwhile to point out the following fact.
The Physics Department has traditionally recognized in its Reappointment-Tenure-
Promotion (RTP) Guidelines that, for the purposes of evaluation towards reappointment,
promotion, and the granting of tenure, research and professional activities in Physics
Teaching and Physics/Astronomy Education Research are treated on the same footing as
those in other more conventional areas in Physics.
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For RTP and general monitoring purposes, standard (university-wide) Student
Evaluations are administered each quarter (except for some Summer Quarters) for
individual sections of the majority of the courses offered. For part-time/temporary
Faculty, evaluations are done in all courses for the first 50 WTU’s of teaching; and in at
least one lower-division lecture, one lower-division lab, and all upper-division courses
taught after 50 WTU’s. For probationary tenure-tracked faculty, evaluations are done
each quarter (if taught) for at least one course in each of the categories of lower-division
lectures, lower-division labs, upper-division lectures, and upper-division labs. For
tenured faculty, evaluations are done for at least one class per quarter, and at least four
classes per academic year.

The evaluation forms for lecture and lab classes are slightly different. The form for lab
classes has 8 questions:

QI - The instructor's preparation for the lab is:

2 - The instructor's consideration and respect shown for students is:
Q p
Q3 - The ability to arouse and transmit enthusiasm in the lab is:
Q4 - The instructor's knowledge of the subject is:

5 - The effectiveness of the instructor in answering student questions is:

g q

Q6 - The help given to students by the instructor is:

7 - The availability of the instructor to the students during lab is:

y g

Q8 - Overall, I rate this instructor as:

while the one for lectures has 10 questions:

Q1 - The instructor's concern that students learn & understand the material is:

Q2 - The instructor's use of practical applications of the course material is:

Q3 - The availability and helpfulness of the instructor outside of class is:

Q4 - The instructor's organization and clarity of presentation is:

QS5 - The instructor's knowledge of the subject matter is:

Q6 - The instructor's ability to arouse student interest and enthusiasm is:

Q7 - The instructor's respect and consideration shown toward students is:

Q8 - The fairness of the instructor's grading is:

QO - The ability of the instructor to challenge students and motivate them to do their best is:
Q10 - Overall, I rate this instructor as:

The rating is according to the scale:

1 - Very Good, 2 - Good, 3 - Satisfactory, 4 - Poor, 5 - Very
Poor.

The following two Tables (Table 5.1 for lab classes and Table 5.2 for lecture classes)

show the student evaluation results for individual quarters during the Review Period,
averaged over the entire department.

Ql Q2 Q3 Q4 Q5 Q6 Q7 &8
FO3 156 152 1.93 141 164 159 153 1.62
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W04 158 155 195 141 171 1.64 159 1.66
Sp04 155 146 189 14 167 1.54 1.51 1.62
Su04

F04 143 152 183 13 156 154 15 1.54
W05 151 149 188 141 164 1.57 152 1.58
Sp05 1.58 1.52 1.88 138 1.67 1.59 15 1.63
Su05

FO5 1.53 151 191 141 165 1.59 1.51 1.59
W06 143 145 1.8 131 154 152 146 1.53
Sp06 1.43 144 181 1.3 154 148 144 1.53
Su06

F06 1.61 154 195 141 169 1.66 1.51 1.66
W07 156 149 186 141 16 159 15 1.63
Sp07 143 1.4 173 126 151 147 14 147
Su07 131 143 168 125 143 138 1.38 1.44
F07 1.36 1.4 1.7 126 148 141 1.33 145

Table 5.1

Ql Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10
FO3 1.79 1.8 1.87 198 142 203 1.68 1.81 199 1383
W04 183 1.8 1.87 2.05 149 197 1.66 1.81 199 1.88
Sp04 1.76 1.73 1.76 193 137 183 1.52 1.76 1.84 1.71
Su04
FO4 179 176 1.73 1.88 1.38 192 149 1.71 191 1.75
W05 1.71 1.73 1.74 192 14 192 159 1.76 193 1.78
Sp05 1.68 1.67 1.7 183 134 1.77 159 1.64 1.78 1.71
Su05
FO5 1.71 1.68 1.68 194 138 186 147 1.7 187 1.75
W06 1.81 1.8 1.75 2.03 139 197 156 1.76 196 1.88
Sp06 1.65 1.62 168 1.79 137 1.8 155 1.7 182 1.64
Su06
F06 1.7 1.73 1.77 189 142 187 151 1.66 187 1.72
w07 1.75 1.73 1.69 191 134 19 1.51 1.71 191 1.76
Sp07 1.76 1.83 1.79 203 138 2 157 1.72 188 1.85
Su07 1.5 153 159 184 136 188 1.6 161 1.78 1.64
FO7 179 1.79 1.79 199 15 196 153 1.7 194 1.81

Table 5.2

Q8 for the lab form and Q10 for the lecture form give the overall rating of an instructor.
Over the period shown the department averages for this question range from 1.44 to 1.66
for lab courses, and from 1.64 to 1.88 for lecture classes. Both intervals fall within the
Good to Very Good range. All of the numbers for the lab classes, and the overwhelming
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majority of the numbers (96.03%) for the lecture classes regarding the other questions
also fall within this range.

Several of our faculty members have been recognized for excellence in teaching. Dr.
John Jewett, Jr. (Emeritus) was awarded the American Association of Physics Teachers
(AAPT) Excellence in Undergraduate Physics Teaching Award in 1998. More recently,
Dr. Peter Siegel was awarded the College of Science Outstanding Teacher Award in
2002, and Dr. Homeyra Sadaghiani the Investigation of Teaching and Learning (ITAL)
Fellowship for 2007-2008.

During the Winter 08 quarter, five Physics faculty members made presentations in
“Showcasing Success of Learning Stories”.

Over the past few years, at least two special department seminars during each Spring
Quarter have been devoted to the topic of Scholarship of Teaching and Learning (SOTL).

(b) Faculty Research and Scholarly Activities

The tenured and tenure-tracked faculty in the Physics Department (including the two
members on FERP) are actively engaged in both theoretical and experimental research in
a broad array of topics, resulting in published papers in a variety of professional journals,
books, and grant awards. The department currently consists of eight theorists, six
experimentalists, two engaging in both theoretical and experimental work, one
astrophysicist, one experimentalist/physics education specialist, and one Physics
Education specialist. The experimental research areas include Atomic and Molecular
Physics, Plasma Physics, Condensed Matter Physics, Optics/Photonics, and Bipphysics
while theoretical work include efforts in Astrophysics, Cosmology, Particle Physics,
Quantum Field Theory, Nuclear Physics, Optics, Biophysics;LNwar Dynamics, and
Mathematical PhysicsAn area of broad interest within the department is
Physics/Astronomydtication Researcind general issues concerning Physics
Pedagogy.One faculty member is engaged in both theoretical and experimental work on
Cold Fusion

Many faculty members regularly serve as reviewers for Physics professional journals.
One faculty member, Dr. John A. Mallinckrodt, is currently the Acting Editor of a
premier pedagogical journal in Physics: the American Journal in Physicg&nother, Dr.
Peter Siegel, was awarded the Cal Poly Pomona College of Science Ames Research
Award in 1998.

Over the past several years, the physics faculty has begun to develop collaborative
interdisciplinary research activities and engage in grant-proposal generation with faculty
from other departments, in the College of Science (Chemistry and Biology) and the
College of Engineering. These activities include research in the biofilm destruction with
plasmagqfunded by the Keck Foundation), development of a new Biological Sciences
Option in Bioinformaticgpending support from the Howard Hughes Medical Institute
(HHMI)], and involvement in the Cal Poly interdepartmental research consortium Center
for Macromolecular Modeling and Devices (C3MD).
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Publications:

Over the past five-year period, the Cal Poly Pomona Physics faculty has published
approximately 46 peer-reviewed articles in a broad range of Physics professional
journals, 23 abstracts, 3 conference proceedings, and 2 textbooks [including one that was
one of the nationally most widely adopted introductory physics texts: Physics for
Scientists and Engineersx8i Edition (2004) and Seventh Edition (2008)R. Serway
and J. Jewett]. In addition, there were roughly 20 items of other physics-related
publications, including book reviews, editorials, manuals, software, and contributed
articles in edited volumes. Currently, there are approximately 8 journal articles in
preparation, and one upper-division/beginning graduate-level text (on Quantum
Mechanics) under contract and scheduled to be published in mid 2009.

Presentations:
During the past five-year period, the Cal Poly Physics faculty has attended numerous
professional conferences and presented approximately 50 invited and contributed talks.

For details of research funding, see Section 6(i) below.

(c) Typical Workload of Tenure-Tracked Faculty Members

As discussed in Section 1 and Section 2(i) the “workload problem” in the Physics
Department has remained one of the most intransigent throughout most of the past two
decades. This problem goes to the core of the functioning and health of the department.
Within much of that period most faculty carried 12 WTUs of lectures and labs (often two
lectures and three labs). Activities such as special projects with students, difficult service
tasks, research and scholarly work, etc. were carried out in addition to the base load. We
have already pointed out in previous sections that this load contributed to the abnormally
high SFR (about 19.5) carried by the Physics Department compared to both other
departments in the CPP College of Science as well as other Physics Departments system-
wide. This situation runs counter to the spirit of Article 20 of the CBA, whose language

on faculty workload was changed in the mid-1990s to recognize that expectations for

CSU faculty have evolved. Rather than a set standard of 12 WTU’s, the CBA states:

“The composition of professional duties and responsibilities of individual faculty cannot
be restricted to a fixed amount of timeE Members of the bargaining unit shall not be
required to teach an excessive number of contact hours, assuexeessive student
load, or be assigned an unreasonable workload or schedule.O

In an effort to gain a better understanding of and to confront the workload issue, the current
department chair, Dr. Steven McCauley, attended a workshop sponsored jointly by the CSU
and CFA in Long Beach shortly after this language was first introduced in the CBA. He
learned that the intent of the revised CBA language, according to explicit statements by the
authors, was to break away from a strict use of WTUs as a workload gauge and allow for
flexibility in workloads. In particular, programs would be allowed to trade off larger classes
for fewer classes so that FTES targets could still be met while assigned time was provided
without the need for a budget supplement. This has become standard practice now in many

campuses. For example, the 2002 CSUSB WASC C&PR self-study states on page 26:
“Decentralization of budgets at the institution (a reorientation designed to involve the
faculty in reaching departmental goals and in implementation of institutional goals and
objectives with more flexibility) has enabled some departments to reduce the average

32



number of courses taught per faculty member. Within certain parameters, each
department is allowed a certain amount of resources to teach a set number of students.”

The CSU Faculty Workload Report
(http://www.calstate.edu/acadres/csuFacWkLoad.shtml

http://www.calstate.edu/acadres/docs/csu_facwrkldrpt.pdf) issued in February 2002 found
that the majority of CSU TT faculty received assigned time, with the fraction of faculty
receiving assigned time ranging from 38 — 77%. By comparison, the CPP campus reported
that only 41% of our faculty were receiving assigned time. This was 18" out of the 21
campuses responding.

As pointed out earlier (see Section 1), the CPP Physics Department initiated many changes
to voluntarily increase its SFR to generate savings. These involve the following measures:

1) use of large 100+ seat classrooms (largest capacity lecture room used prior to
1996 was Room 8-241 with a capacity of 52 seats);

2) use of moderately sized (60+) lecture rooms when available;

3) revision of upper-division curriculum to increase average class size by reducing
the frequency of offering of some classes, developing new upper-division GE
classes, and by revising one class to broaden its appeal to more students;

4) Initiate the use of “zeroed” sections and careful monitoring during the pre-
registration process to reduce the number of half-full sections.

However, most of the savings from these measures has often gone to equipment purchases
rather than assigned time. Our May 2004 response to the reviewers of our assessment plan
already documented that Physics faculty teaching loads were much larger than either
systemwide or college norms. To address this situation, the Physics faculty in 2006 voted
to confer a special charge to the department Budget and Planning Committee, which
reads in part:

“The Budget and Planning Committee (BPC) has the responsibility to consult with the
department chair, and, if possible, with the Dean after the fall census to review

department budget projections and make recommendations. This review process includes
especially release time funded from department sources and other proposed uses of

surplus funds related to Department FTES targets. Release time for faculty is a priority
use of any such surplus funds and the departmepects that at least 50% of any surplus
be targeted for this usé

The implementation of this charge has been hampered by frequent budget contractions;
but it will certainly remain a top priority of the Physics Department in the years to come.
Our faculty are willing to continue to make sacrifices to save funds for the campus, but
we are concerned that the corresponding institutional commitment to allow us flexibility
in the use of a set fraction of the savings for faculty assigned time seems to be in danger
of being ignored. We are painfully aware that we are currently continuing to use large
lecture rooms at capacity while other departments are using “prior practice” as a reason to
cap enrollments significantly BELOW posted capacity in the same rooms.

(d) Faculty Participation in Department, University, Professional and Community
Activities
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All tenured and tenure-tracked faculty members in the department contribute an average
of 3 WTU’s worth of department committee work per member per quarter. Many have
also been extensively involved in service at the College and University levels, in many
cases playing leadership roles. The types of service in these categories during the review
period include the following:

Academic Senate (including a Chairship);
WASC Working Group (co-authorship of reports);
Math & Science Education Group (Chairship);
Single Subject Advisors Committee;
Provost Search Committee;
Search Committee for AVP for Undergraduate Affairs;
Search Committee for Associate Dean of the College of Education and Integrative
Studies;
Search Committee for Associate Dean of the College of Agriculture;
Search Committee for Vice President of Instructional and Information Technology (I &
IT) Learning;
Teaching, Learning & Technology Committee [promoting the university-wide adoption
of Student
Response Systems (clickers)];
Graduation Writing Test Advisory Committee (College of Science Representative);
University Curriculum Committee;
Cal Poly Study Abroad Program (faculty co-leader);
University General Education (GE) Committee (including a Chairship);
GE Area B2 Assessment Committee;
College of Science RTP Committee;
College of Science Building 3 Renovation Committee;
College of Science Exploratory Committee;
College of Science Prioritization and Recovery Committee;
College of Science Prioritization Advisory Group Committee;
College of Science Emergency Preparedness Team;
College of Science Faculty Teaching Award Committee;
College of Science Supervision and Assigned Time Committee;
College of Science Teaching Award Committee;
Academic Quality and Support (AQ&S) Committee of the Enrollment Management
Advisory Council
(EMAC) (co-chairship);
Campus Accountability Ad Hoc Group (co-authorship of report);
Instructionally Related Activities Committee;
University Scholars;
University Radiation Safety Committee;
University Grade Appeals Committee.

One faculty member, Dr. George Rainey, served as the College of Science Interim
Associate Dean from July 2001 to August 2005, and has been active in the Academic
Senate in various capacities. Dr. Roger Morehouse has served as Chair of the Academic
Senate for a number of years and has played leadership roles in that body for over two
decades.

34



The current Physics Department chair, Dr. Steven McCauley, is a member of the WASC
Steering Committee, and is the co-chair of the Campus WASC C & PR (Capacity and
Preparatory Review) Committee.

Many Physics faculty are very active in the American Association of Physics Teachers
(AAPT), which is the largest organization of physics educators in the country. This is
reflected in the following recognitions and offices held. Dr. Harvey Leff (Emeritus
Professor) has served as one of the organization’s Past Presidents. Dr. John
Mallinckrodt is an EX Officio member of the Executive Board of the AAPT, the Web
Manager of the Southern California Section of the AAPT, a member of the Editorial
Advisory Board of The Physics Teacher, as well as the Chair of the Nominating
Committee of the AAPT from 2003 to 2004. For these and other services rendered, he
was awarded the AAPT Distinguished Service Citation in 2007. Currently, he is also
serving as the Acting Editor of the American Journal of Physics (AJP). Dr. Mary Mogge
was a former President (2001 — 2003) and a former Treasurer (2003 — 2005) of the
Southern California Section of the AAPT, as well as a current Member of the Executive
Board, and the current Vice Chair of Section Representatives. She also serves (and has
served) in the following national AAPT committees: Investment Advisory Committee
(2004 — Present), Fund Raising Advisory Committee (2006 —2007), Planning Group for
Section Reps and Area Chairs Retreat (Spring 2007), Audit Committee (2007-present),
Membership and Benefits Committee (2007- present), Review Committee (2007-
present), and Publications Commmittee [Secretary (2007- present)].

(e) Faculty Involvement in Civic Engagement and Community Outreach

Many Physics faculty have conducted Teacher Workshops in Physics and related fields
for the benefit of teachers in neighboring school districts and participated significantly in
other outreach activities [see Sections 4(a) and 4(d)]. One faculty member is a Board
Member of the Dialog Foundation, which manages 4 charter schools focused on Math,
Science, and Technology in Southern California, and a Board Member of the Accord
Institute for Education Research, which conducts research on K-12 science education.
Another is on the Advisory Board of Upward Bound. Several faculty of the Physics
Department are members of a musical group “Out-Laws of Physics” (OoPs). This band
performs frequently on campus and the Claremont area, and donates its earnings to a
Physics Department Scholarship fund, awarding as much as $1,000 each year to an
academically deserving CPP Physics major.

(f) Department Involvement in Special Programs:

The Physics Department at Cal Poly hosted the mini training camp of the US Physics
Team in July 2003, 2004 and 2006. This camp is the last training session before the
International Physics Olympiad. It is attended by the five traveling team members and
the alternate - all very talented high school students, competitively selected nationwide.
The camp focuses on lab skills and made extensive use of the department's teaching lab
equipment and technical staff.
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The Physics Department has also run the Physics Summer Institute (PSI) twice, in the
summers of 1997 and 1998. These are training programs for high school physics
teachers, using Cal Poly equipment and taught by Cal Poly Physics faculty. Each of
these events enrolled around twenty five participants.

(g) Student Commitment, Motivation, and Satisfaction

In the Winter 08 quarter anonymous surveys were issued directly to physics majors and
minors of all class ranks. There were 25 respondents, and the results are summarized as
follows.

Average Age: 23 £ 5 years
Average Commute: 25 £ 21 miles
Time to graduate: 5.6 £ 3.0 years

Overall Quality of Physics Faculty: 4.4+.7 (5 = best, 0 = worst)
Agreement to statement:
OcCal PolyOs Physics department maximized my potential to learn physics O
4.8 +1.3 (6 =strongly agree,
0 = strongly disagree)

Top three reasons for studying physics at Cal Poly Pomona:
(D) Location of Cal Poly Pomona

2) Cost to attend Cal Poly Pomona
3) Reputation of Cal Poly Pomona

Plans after graduation: # of Responses
Graduate School in physics: 20
Graduate School in other/unknown 3
Industry 5
K-12 Education 3
Military 1

(Some respondents have indicated multiple choices in the above categories).

Department Strengths:
(Number of responses indicated only if greater than one):

Good Faculty

Class Size

Faculty interested in teaching/learning
Faculty/Staff unity

Close relationship with faculty

Open door policy of faculty

Good for future teachers

N W N oo
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Research Opportunities 2

(h)Alumni Opinions

A series of Exit Surveys were conducted on about 30 Physics majors graduating between
1996 and 2007. Part of the survey asked the students to consider the following
statements regarding their experience as Physics majors and give numerical answers
based on the scale: 5-strongly agree, 4-agree somewhat, 3-neutral, 2-disagree somewhat,
1-strongly disagree. The average scores are given below (following each statement).

Q1: My physics courses helped me to connect the course content and assignments to relevant questions
for myself and society. (4.2)
Q2: My physics courses encouraged me to explore questions of values and ethics related to science. (3.8)

Q3: The organization of the physics program and the way individual courses were taught helped me to
develop an historical appreciation of physics. (4.2)

Q4: The courses I took later in the major required me to use and extend the laboratory-related skills that I
learned in previous courses. (3.9)

Q5: Iwould benefit from more courses. (4.4)

Q6: There were sufficient opportunities in the major to develop my scientific writing skills. (3.8)

Q7: There were sufficient opportunities in the major to practice and develop my oral communication
skills. (3.9)

Q8: Examinations that I took in physics courses tested for the knowledge and skills that seemed to me to
be essential for mastery of this field. (4.5)

Q9: The feedback that I received from my physics instructors on examinations, papers, and other
assignments helped me learn what I had missed or areas where I needed improvement. (4.2)

Q10: There are enough laboratory courses in the physics major. (3.7)

Q11. Computers are used appropriately in lectures and laboratories. (3.6)
Q12. In general courses were offered at times and during quarters that fit easily into my schedule. (3.7)
Q13. The department advising process was useful to me. (4.1)

The above scores reveal that in general our graduating seniors are quite satisfied with the
physics education that they received at Cal Poly Pomona.

It is interesting also to note the following facts revealed by the same survey. In the same
sample of respondents twenty five non-transfer students answered the question: How
long did it take you to obtain your Physics BS degree? The average was 4.85 years.
Another question asked for the original career objective of the students. There were
twenty one responses to this question, of which 9 indicated engineering/industry, 7
indicated physics, 3 indicated teaching high-school physics, 1 indicated computer
science, and 1 indicated architecture.

(1) Alumni Survey:

The following results are based on the information provided by 56 respondents to survey
questionnaires sent out to all Cal Poly Physics graduates in August 2006 and August
2007. Only those respondents who have provided specific information on their current
employment status have been included in the present sample. The University has in its
records a total of 282 Physics graduates who obtained their Physics B.S. degrees from
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1970 to 2007, (making for an average Physics graduation rate of 7.42 graduates/year for
the past 38 years). Thus the present sample constitutes about 20% of the total population
of Cal Poly Physics graduates on record. The graduation years of this sample range from
1971 to 200, with some bias towards more recent years. We believe it can be taken as a
fairly representative and random sample reflecting the academic and employment status
of our graduates over the past ten years or so.

Academic Statistics:

Graduates with advanced postbaccalaureate degrees (all fields): 25.0 %

Graduates with a Ph.D. degree in Physics: 54%

Graduates with a Ph.D. degree in fields other than Physics: 7.1%

Graduates with a terminal Master’s degree: 7.1 %
(2 M.Sc. in Physics, 1 M.Sc. in Chemistry, and 1 MBA)

Graduates with professional degrees: 54 %

(1 MD, 1 Doctor of Jurisprudence, and 1 Doctor of Dentistry)

Graduates currently in a Physics Ph.D. program: 10.7 %
Graduates currently in a non-Physics Ph.D. program: 0%
Graduates currently in a professional degree program: 0 %
Graduates currently in a Physics M.Sc. program: 3.6 %
Graduates currently in a non-physics Master’s program: 54 %

Employment Statistics:

Employed by private industry in engineering/physics related fields:  37.5 %

Employed in non-engineering/physics related fields: 19.6 %
Entrepreneurs (owning businesses): 8.9 %
High-school teaching: 5.4 %
Tenured and tenure-tracked college faculty: 3.6 %
Non-tenure-tracked college faculty: 3.6%
Postdoctoral research positions: 1.8 %
Employed in government laboratories: 1.8 %

(Note: The above employment categories are slightly overlapping.)

Section 6 — RESOURCES

(a)_Enrollment Data:

The following Tables (6.1, 6.2 and 6.3) present various characteristics of Cal Poly
Physics majors over the review period.

ENROLLMENT BY GENDER:
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Fall 2003 | Fall 2004 | Fall 2005 | Fall 2006 | Fall 2007
Total 49 49 55 61 75
Women (N) 12 10 10 9 11
% Department 24.5% 20.4% 18.2% 14.8% 14.7%
% College 0.54% 0.47% 0.45% 0.40% 0.47%
% University 0.06% 0.05% 0.05% 0.04% 0.05%
Men (N) 37 39 45 52 64
% Department 75.5% 79.6% 81.8% 85.2% 85.3%
% College 1.67% 1.85% 2.02% 2.31% 2.72%
% University 0.19% 0.21% 0.23% 0.25% 0.30%
Table 6.1
ENROLLMENT BY ETHNICITY:
Fall 2003 Fall 2004 Fall 2005/ Fall 2006 Fall 2007
American Indian 0 0 0 0 0
African American 1 2 2 3 2
Latino/Hispanic 13 9 9 9 14
Asian American 9 8 9 20 13
White 19 23 28 22 28
Unkown 6 6 14
Visa 1 4
Total 49 49 55 61 75
Table 6.2
STUDENTS IN THE MAJOR:
Fall 2003 Fall 2004 Fall 2005/ Fall 2006 Fall 2007 Avg.
Dept 49 49 55 61 75 58
College 2,214 2,109 2,233 2,253 2,351 2,232
University 19,775 19,003 19,885 20,510 21,447 20,124
Table 6.3
(b) The Faculty:

The Physics Department faculty currently consists of seventeen tenured and tenure-
tracked (TT) faculty members, two faculty members on the Faculty Early Retirement
Program (FERP), and between fifteen to eighteen part-time/temporary faculty members
(during a particular quarter). Of these, five are Assistant Professors, two are Associate
Professors, and twelve are Full Professors. Within the TT group, there are four women

and fifteen men. All of them possess the Doctor of Philosophy Degree (Ph.D.) in

Physics. Roughly 40% of this group were hired since 2001. Projected large enrollment
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increases and planned faculty retirement within the next ten years call for substantial
hiring in the near future.

An anonymous on-line survey consisting of 9 questions was administered to all tenured
and tenure-track faculty in the department in January 2008. It was taken by 16 of the 17
tenured or tenure-track faculty members. A summary of the results are given here
(complete responses can be found in Appendix A10). Percentages given are of those who
responded.

1) Within hav many years do you plan to retire?

25% of the full-time faculty plan to retire within 5 years, and 44% plan to retire within 10
years. Thus, in spite of the significant amount of hiring within the last 6 years, a
considerable amount of hiring will be necessary in the coming years.

4) To do my job more effectively, | need:

The overwhelming response to this question was more time and a more reasonable
workload (mentioned by all 11 who responded to this question). Some other specific
things mentioned were more support for professional activities (assigned time for such
things as research, writing, supervision of student projects, grant writing, and course
development, money for equipment, etc.).

5) | believe the Physics Department needs more:

and

6) Please specify the specialty area and rationale for your answer to the previous
guestion.

About one third of all respondents stated the Physics department needs more faculty
and/or more staff. One noted that Physics is understaffed relative to other departments in
the College. Another noted that we should grow our presence in astrophysics to serve the
large student population interested in that area for both coursework and research.

More than one person noted that the current staff is excellent but often overcommitted,
and technical staff was mentioned as an area for growth, especially an electronics
technician. There is also a shortage of computer support in the department, partly due to
lack of sufficient training (see staff survey results).

7) | believethe greatest strengths of the Physics Department are:

The most common answer to this question was the people, namely the collegiality of the
department (6/12 responses). Other responses included the diversity of faculty interests,
the high level of expertise in pedagogy and the commitment of the faculty to teaching.
One person also mentioned the strength of the demonstration library maintained by our

staff.

8) | believe the greatest weaknesses of the Physics Department are:
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Again, the most common answer was the heavy workload and lack of time caused by too
many demands on faculty (mentioned in 5/12 responses). Other common responses
include lack of space in general, but specifically for experimental research (though the
same person noted that there has been an increase in experimental research in the
department in spite of this lack), and the heavy emphasis on service courses consuming
too much of the faculty’s intellectual energy, and hurting the department’s integrity and
independence as a major academic discipline in its own right.

9) What are the key issues and challenges facing the Physics Department over the next
five years (please give a rationale for your answers)?

Again, high faculty workload was the overwhelming response (mentioned in 9/12
responses), largely to create more time for research (with students) and other professional
development. Other common responses included: the need for more majors to sustain a
critical mass for upper division courses (5/12), and the need for more space, particularly
for research (4/12). Other issues mentioned were: resources for student projects and
research (space, equipment); space for informal student-student and student-faculty
interactions outside of class; the need to continue to offer a wide enough variety of upper
division courses (in the face of the constant pressure to cancel small classes);
development of more major options (e.g., Applied Physics); expanding GE offerings;
more consistent funding.

A similar on-line survey consisting of 6 questions was administered to temporary faculty
in the department, also in January 2008. Only one lecturer responded, but his/her
response was very thoughtful, and the department wants to thank that person for
representing the views of lecturers so well. A summary of the results are given here
(complete responses can be found in Appendix All).

1) To do my job more effectively, | need:

The key item mentioned was job security. The respondent questioned why lecturers
would put in the effort to improve their teaching if they don’t know from year to year, or
even quarter to quarter if they will have a job. Also, the need for more consistency in
coverage of lecture and lab material was noted.

2) | believe the Physics Department needs more:

and

3) Please specifine specialty area and rationale for your answer to the previous
guestion.

The main need mentioned was for money to hire the lecturers on-staff, rather than more
faculty.

4) | believe the greatest strengths of the Physics Department are:
The main strength mentioned was the people.

5) | believe the greatest weaknesses of the Physics Department are:
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The main weaknesses mentioned were budget inconsistencies that affect the number of
classes offered, independent of student needs.

6) What are the key issuasd challenges facing the Physics Department over the next
five years (please give a rationale for your answers)?

The key issues mentioned were money to offer enough classes for students to graduate,
and office space.

() Staff

The Physics Department currently consists of a full-time staff of five people: one
department secretary, one Equipment Technician, and three instructional Support
Technicians. One of the Instructional Support Technicians also serves as the department
computer systems manager. The Technicians are responsible for all aspects of technical
support within the department, including the maintenance and purchase of instructional
laboratory equipment, the setting up and delivery of demonstrations, and the development
and upkeep of a vast inventory of Physics demonstrations.

The Physics Department Technical Staff was stressed to its limits during the past
eighteen months, when Building 3, where all of the lower-division laboratory classes
were formerly housed, was undergoing the Seismic Upgrade and Renovation Project
(scheduled to be completed by August 2008). Even under normal operating conditions,
the Physics Department is understaffed, as evidenced by the following statistic. For the
Fall 2006 Quarter the Physics Department maintained a Technical Staff of four, with a
total Physics FTES of 392.3. This yielded a Staff to FTES ratio of 0.013, compared to a
CSU Physics/Astronomy average of the same ratio of 0.016 for the same period.

An anonymous on-line survey consisting of 8 questions was administered to Physics Staff
in January 2008. It was taken by 4 of the 5 staff members in the department. The
complete results of the survey can be found in Appendix A12. A summary of the results
are given here.

1) Within how many years do yolamp to retire?

Only one of the four staff members who responded plans to retire within 10 years.

3) To do my job more effectively, | need:

The most common response was the need for more training, such as training to allow for
better computer support. Staff members who ask for training are told there is no money
for it.

4) | believe the Physics Department needs more:

and

5) Please specify the specialty area and rationale for your answer to the previous
guestion.

42



Only one staff person thought the department needed more staff. One position that is
currently temporary may not be made permanent (as originally planned) due to budget
issues. This person noted this will be especially critical given the growth in the
laboratories demands created by the renovation of Building 3, and the future running of
parallel lab sessions.

6) | believe the greatest strengths of the Physics Department are:

All three respondents mentioned the quality of the people, both faculty and staff, in the
department. Specifically, they mentioned a close social atmosphere (baby showers, good
attendance at retirement parties, other social events), the high level of ability in both
faculty and staff, and their tolerance and adaptability to change.

7) | believe the greatest weaknesskethe Physics Department are:

The two respondents mentioned a need for more money for supplies and the need for the
department to be more outward looking, e.g., looking at other programs for ideas.

8) What are the key issues and challenges facing theid3Department over the next
five years (please give a rationale for your answers)?

Two respondents mentioned: funding for equipment, both new and replacement, space
for equipment storage, as well as faculty office space, funding for faculty and staff to

attend conferences and training meetings.

(d) Operating Budget

In recent years the Physics department has relied heavily upon the savings generated
from teaching larger classes to fund the majority of its equipment budget. In the past, lab
stations in our Freshman service labs often had a variety of makeshift apparatus from
different manufacturers. This confused the students since the equipment in front of them
did not match the illustrations and descriptions in the lab manuals. Valuable class time
was lost since instructors needed to explain to individual lab groups how to operate their
unique setup. The department has invested well over $100,000 of our savings to replace
antiquated or broken equipment in these Lower Division labs since our last program
review. We have also invested large amounts in the specialized apparatus needed in our
upper division labs and for lecture demonstration apparatus. By the time of the
anticipated move into our new lab space in Building 3 (September 08), we will have over
$500,000 invested in LD student lab equipment alone. For our campus as a whole, our
annual investment in equipment yields a ratio of Expenditure/Book Value of about 8%
(see table “Equipment Maintenance” from table 6.2 of our campus WASC C&PR self-
study draft). Thus, we can project a need for approximately $40,000 per year in
equipment costs just to maintain our LD lab equipment. We are working with other
parties on campus to investigate the possibility of establishing lab fees, a standard
practice on many other CSU campuses, to provide a stable source of “bottom-up” funding
for equipment.
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As described above, we have slightly fewer staff positions than expected for a CSU
Physics department with our FTES. Our department office is unusual in having only one
staff position. We have supplemented the efforts of our regular staff with student
assistants. In the 2006 — 07 fiscal year, we spent $32,000 on student assistant salaries. In
accord with the reviewers suggestion in our last program review, we have moved away
from a “check-out system” for our LD labs, freeing up time for other support functions.
Many faculty are also experimenting with on-line homework assignments to reduce the
need for student graders.

(e) Space and Facilities

One of the major concerns of the external reviewers during our prior program review was
space for “adequate facilities for teaching and research .... In particular, expanded space
for student and faculty research is urgently needed”. Unfortunately, while Biology,
Chemistry and Geology received significant new facilities in Building 4, the Physics
department was not involved in the planning for that building and received no significant
space there. However the Physics department was fully engaged in the later stages of
planning for the renovation of Building 3 and worked with the administration to apply the
systemwide guidelines on space to develop new Physics lab space for teaching and
research.

We are aware that Cal Poly Pomona space discussions are often contentious and clouded
by a lack of accurate data, and have appended to this review our own inventory of
Physics department space, a total of 18,279 sq. feet. (Appendix A13). We believe that it
would help our campus space discussions if all departments provided this information as
a standard part of the review process.

The system-wide space guidelines state that major construction projects should be based
upon the estimated enrollments 2 years after occupancy. Thus, we are also appending our
best estimate of our 2010 space entitlement, 17,244 sq. feet (Appendix A14). This
estimate made use of the current CSU space algorithm, with a conservative 2010
projection of 460 Physics FTES. However, a space entitlement based on an IRAP (Office
of Institutional Research, Assessment and Planning) projection of 513 Physics FTES in
2010 stands at 19,296 sq. feet (Appendix A15).

We have learned that there are discussions underway to change our campus masterplan
from the current 20,000 FTES to 30,000 FTES in 2020. With this ambitious plan in mind
we also append a projected 2020 space entitlement for Physics of 24,497 sq. feet, based
upon this larger enrollment (Appendix A16). If this change to the campus masterplan is
approved, we look forward to working with the administration on developing appropriate
new facilities. Most of this space would be required for our department to meet its service
obligations.

The CSU space guidelines provide no explicit provision for the “research space” that our
external reviewers saw as an urgent need. However the guidelines do have some
flexibility. For example, we have designed into Building 3 several small rooms that can
provide support for the LD labs while also allowing space for student-faculty projects.
Appendix A17 describes an NSF funded project developed by one of our faculty to use
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an Atomic Force Microscope in our Freshman service labs. This is a model for the use of
the support rooms to house specialized equipment that can be used both to enrich the
freshman labs and to provide projects for Physics majors.

Enrollment in our Freshman service PHY 120 and 130 series courses in Fall 2007 was
1409 students, overloading our current lab facilities. To accommodate the growing
enrollments in our client departments, the Physics department plans to offer parallel
sessions of our labs starting in Fall 2008 when the renovated Building 3 reopens (eg. two
lab rooms side by side offering 131 labs simultaneously). Associated with the Building 3
renovation project, the Physics department received $762,000 in funding for furniture, lab
equipment, Audio-Visual and security apparatus. Of this total the largest fraction, over
$250,000, is being used to purchase a second set of equipment for direct student use in
our Freshman lab experiments.

In summary we will make the following remarks. With access to the renovated Science
Building (Building 3) in September 2008, the current inventory for dedicated Physics
Department space (in Buildings 8 and 3) stands at 18,279 sq. feet, which is slightly in
excess of the Space Entitlement of 17,244 sq. feet based on a conservative projected
usage in 2010, but less than the IRAP projected entitlement of 19,296 sq. feet. If we take
a longer view and consider the 2020 projections entailing a space entitlen=h4 87
sq. feet, the severe shortage with regard to dedicated laboratory teaching and research
space appears to be quite serious in the long Bgfore the next Physics five-year
Program Review in 2013, we need to engage in careful planning with the administration
on how to create this space and best use it. Readily available data on space allocations
within the College of Science and the wider university academic units have been difficult
to obtain, and when obtainable, are sometimes beset with inconsistencies. While it is
recognized that each department has its own special needs and claims to limited space, it
is hoped that decisions on space allocation can be made on a rational and open procedure,
with accurate data that are readily available to all interested parties.

(f) Computing Resources:

The following Table shows the current Physics Department computer inventory (with
accessories).

Mac Pc Linux
Upper-div labs 3
Lower-Div labs 12 12
Faculty TT 18 6 1
Faculty (Temp) 2 5
Staff 5 1
PHY 409 (computational
Physics) 12
Research 3 12 2
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Stockroom 2 2
Storage/loan 27 25

Total 81 66 3

1 Servers
13network printers
3 Coppier

8 Scanners

In addition, 12 new computers will be purchased with the Building 3 Renovation Group
II funds.

For upper—division lab coursework there are two licensed versions of Labview software
installed on two PC’s (~5 years old each). These computers have a Digital/Analog output
board for interfacing exercises.

For large scale computations, there are two main on-campus computing resources
available to students and faculty of the Physics Department. There is the Beowulf cluster
built about five years ago, which comprises about 20 working nodes, each with a
Pentium4 processor running at 1.66 GHz and 0.5 Gb of RAM. The nodes of this cluster
are interconnected with 1000Base-T Ethernet to a Pentium4 Dell Server, which provides
central storage and management. On a more powerful realm there is the Polyquanta
cluster serving the (inter-departmental) Center for Macromolecular Modeling and
Devices (CM3D), which is a 64 processor HPC cluster built from 32 nodes, each
containing dual 2.8 Ghz 64 bit AMD Opteron processors. Both clusters run similar
versions of Linux and have mostly been used to run various molecular dynamics
programs.

(g) Library Resources:

Books:

The Cal Poly Pomona Library currently holds an estimated 7,896 volumes in the
circulating collection in Physics (Library of Congress classification scheme call number
QD). There are additional books in storage for the duration of the construction project
(slated to end fall 2008). These are generally older books (> 10 years) that had not
circulated recently. The books in storage are not included in this count.

Periodicals (including journals, newsletters, and magazines):
The library currently holds various forms of subscriptions to 309 periodicals in Physics
and related areas as listed in the following Table.

Subject Area and Type of Subscription Number

of titles
A | Physics, Online Subscriptions 198
B | Physics, Aggregator Content 17
C | Physics, Hard Copy Subscriptions 1
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D | Physics, Free E-Journals 52
E | Astronomy, Online Subscriptions 25
F | Astronomy, Aggregator Content 5
G | Astronomy, Hard Copy Subscriptions 2
H | Astronomy, Free E-Journals 9

Total 309

An estimated 96 volumes of periodicals are available in hardbound format in the Library
building. A large number of older periodicals in this format are in storage for the
duration of the construction project. These are generally older ( > 5 years) and are not
included in this count (performed on March 03, 2006).

Facilities for the Retrieval (or storage) of Archival Physics Material:

The Library has a Special Collections and Archives area which houses paper-based
archival materials. A general description of this collection can be found at
http://www.csupomona.edu/~library/specialcollections/. For digital materials, the library
has started the University Library Institutional Repository
(http://www.csupomona.edu/~library/repository/ ) and a prototype website:
http://symposia.library.csupomona.edu/ . At the moment, this project is in hiatus due to
budgetary issues, but it could be the permanent home for any documents generated by the
Cal Poly community that warrant public access, such as student projects, project
documents, masters’ theses, preprints, etc.

Interlibrary Loan:

Materials not available in the library can be obtained expediently (in either paper or
electronic form) through the “Document Delivery Service”, free of charge to faculty,
staff, and students. The service is accessible via the library website via two main
avenues:

(1) the webpage dedicated for these services:
http://www.csupomona.edu/~library/circulation/getmaterials.html

(2) the SFX service, which is integrated into the database search process. See
http://www.csupomona.edu/~library/help/help journals.html#usingsfx.

Online Databases:
These include the following categories for physics related material.
(1) Bibliographic Databases:

Academic Search Elite

Combined general subjects, includes some full text physics journal coverage.
Compendex/Engineering Village 2

Engineering and applied science journals, conference papers, reports
Scifinder Scholar

Chenical Abstractssearch.
Scitation and SPIN

Over 600,000 listings for articles in the sciences
Wilson Omifile

Combined general subjects, includes some full physics journal coverage.
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(2) Full Text Single Publisher Websites:

AIP Journal Center
Full text of many of the American Institute of Physics Journals.
ACS WEB
Full text of American Chemical Society Journals
Blackwell Synergy Journals
Over 750 full text journals from scholarly and professional societies
IEEE Xplore(IEEE/IEE Electronic Library)
Full text journals and conference proceedings from IEEE and IEE; IEEE
standards
Oxford Journals
Full text journals from Oxford University Press
Sage Journals Online
Full text journals form SAGE publications
Sciencedirect
Over 1700 Elsevier Journals, most in full text.
Springerlink Journals
Over 1100 full text journals published by Springer and Kluwer
Wiley Interscience
Over 300 full text science and technical journals

(3) Other:

Google Schola¢ http://scholar.google.com/ )
Though not officially part of the library website, this can be configured to use the
SFX system, which has greatly increased its ability to deliver full text of articles
and use of document delivery (interlibrary loan). See
http://www.csupomona.edu/~library/help/help_google scholar.html.

(h) Efforts Supporting Recruitment and Retention:

The intensive involvements of many Physics faculty members in outreach and
recruitment activities targeted at the various local high schools have been described in
Section 4(d) above.

A number of efforts aimed at internal recruitment (of lower-division and transfer
students) and improving retention are also constantly pursued by the department. A
measure of our success can be gleaned from one Exit Survey result (provided by
graduating Physics seniors over a ten-year period) given above in Section 5(i): at least
50% of our majors stated that their original career plans upon entrance to Cal Poly
Pomona were in fields other than Physics (mostly Engineering). This is not surprising
since the majority of the client population of our service courses (the PHY 120/120L,
PHY 130/130L sequences) are Engineering and Engineering Technology majors. Our
GE courses have also been instrumental in attracting into our program majors from other
Colleges in the University. As stipulated above [Section 2(i)], the department will
continue its efforts to upgrade existing and develop new GE courses.
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Beyond course offerings, we reiterate here three important measures adopted by the
department that are expected to play key roles in improving retention (these have all been
discussed above):

(1) Faculty-staffed Tutorial Sessions for lower-division students enrolled in the PHY
120 and PHY 130 sequences;

(2) Graduate Record Exam (GRE) prep classes for the subject of Physics;

(3) Development of new Physics Options/Concentrations to suit students planning for
diverse career tracks.

Other notable efforts include:

(1) the maintenance of Scholarships/Awards offered annually to Physics majors with
distinguished academic records: the Parker Scholarship, and the “Out-Laws of
Physics Award” [see Section 5(e)]. These awards are usually accompanied by
awarding ceremonies where many faculty and family members of the awardees
are present.

(2) the maintenance of an informative Department website and other forms of
literature (brochures, flyers, posters, etc.) aimed at the dissemination of
information on the CPP Physics Department to prospective majors.

(1) Funding:

During the past five-year period, the Cal Poly Physics faculty (together with
collaborators) has secured funding support from several external (public and private)
granting agencies [the National Science Foundation (NSF), the Petroleum Research Fund,
the Howard Hughes Medical Institute (HHMI), the Keck Foundation, and the California
State University Program for Education and Research in Biotechnology (CSUPERB)], in
the approximate aggregate amount of $654,000. From Cal Poly Pomona sources the
Physics faculty has secured roughly 24 internal grants [(Research Scholarship Creativity
Activities (RSCA), Improvement in Teaching and Learning (ITAL), Teacher Quality
Enhancement (TQE), Provost Teacher-Scholar Award, and various Travel Grants and
Mini-Grants]. One faculty member has funding support from an individual benefactor.
Currently, there are 4 proposals submitted to external agencies and 4 submitted internally
that are still under review. A large fraction of the faculty are actively engaged in the
generation of funding support from both external and internal sources for their research
and teaching activities.

Funding for the operational cost of the department, the hiring of technical staff, and
teaching lab-equipment is separately discussed in Section 6(d).

(j) Equipment:
The main areas of experimental research conducted by the Cal Poly Physics faculty are

Condensed Matter Physics, Optics/Photoniad Plasma PhysicsThe research
equipment in these areas housed within the department consists of the following:
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Condensed Matter Physics:

Universal Scanning Probe Microscope system from Ambios Technology (usable as
a scanning tunneling microscope) with contact, intermittent contact, lateral force, phase
contrast, magnetic force, and electric force scanning modes (experiments can be
performed with this instrument in ambient atmosphere or in fluids); home-built room-
temperature scanning tunneling microscope; home-built low-temperature scanning
tunneling microscope for operation to temperatures as low as 4.2 K; home-built SQUID
(Superconducting Quantum Interference Device) magnetometer for magnetic
measurements of materials to temperatures as low as 4.2K; tube-furnace for sample
annealing in oxygen or in vacuum atmospheres; Sputter gold coater for depositing thin
films; Lakeshore Cryotronics temperature controller for cryostat temperature control;
various electronic equipment with computer (IEEE) interface, including multimeters,
electrometer, digital storage oscilloscope and dual-phase lock-in amplifier; Custom-made
Kerr Microscope system (for the study of ferromagnetic magnetic domains) with 2 High-
resolution Polarizing Optical Microscopes, a vibration isolation table, custom-made
electromagnets and magnetic stages, and a CCD camera system with imaging software.

Optics/Photonics:

Nitrogen Laser and a ND:YAG laser; fiber fusion splicer; ANDO optical
spectrum analyzer; Lased diode controller; semiconductor optical amplifier;
semiconductor laser (1500 nm); rotation stages; fiber optic cleaver; broadband light
source; various optical fiber cords, detectors, and prisms; (circular beam) blue laser diode
(submitted for ordering); single-photon counting module (planned); coincidence
electronics (planned); beta-barium borate (BBO) crystal (planned).

Plasma Physics:

3 Atomflo Atmospheric pressure plasma reactors (Surfx technologies); 4 HR 4000
spectrometers
( Ocean optics); 1 HR 2000 spectrometer (Ocean Optics).

Other areas:

three telescopes: Gorden /12 doubly folded refractor telescope, Cassegrain 16 inch
reflector (needs balancing of secondary mirror), Meade reflector and camera; a set of
equipment for Archacometry: ground resistivity meter, soil phophate set, magnetometer
(can be loaned from the Geology Department); a device for students finding the
temperature of the sun on campus; microwave molecular rotation spectrometer; low
temperature zone refining oven.

A list of specialized upper-division lab teaching equipment (classified by course) is
presented below. (This list contains some overlap with the above list for faculty research

equipment).

PHY 304L (Electronics):
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The following equipment exists for eight setups each for eight separate experiments
Powered Breadboards (+ 15 V and 5 V);
Multimeters;
DC Power Supplies;
Function Generators;
Oscilloscopes;
1 — Solar Panel,
1 - Princeton Applied Research Dual-Phase Lock-In Amplifier;
Numerous discrete components:
resistors, capacitors, diodes, transistors, operational amplifiers, thermistors,

LED’s, connecting

wires, etc.
PHY 430L (Advanced Physics Laboratory):
The following equipment exists for one setup each for eight separate experiments:
Universal Scanning Probe Microscope system from Ambios Technology.

Scanning modes include: contact, intermittent contact, lateral force, phase

contrast, magnetic

force, and electric force. In addition, the instrument can be used as a scanning
tunneling

microscope. Experiments can be performed in ambient atmosphere or in fluids.

Keithley Model 617 Electrometer;

Pasco Adjustable Air Capacitor;
Gouy Balance (Precision Mettler Balance with 1.5 Tesla Electromagnet);

Microwave Waveguide Apparatus (Klystron Microwave source, Faraday Rotator,
Frequency Meter, Waveguide);

Cenco Shear Viscometer;
Ballistic Galvanometer;
Various Electronic Equipment:

Multimeters, Power Supplies, Decade Resistance Boxes, Helium Neon Lasers,
Personal Computers, and Oscilloscopes.
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PHY 417L (OPTICS LAB)
Recently acquired instruments and components for this course include:
1- Photodetectors (15) (These replace old photometers, with circuits built by the
Srockroom staff)
2- Fiber Optics Kits (3) (purchased through Keck Foundation grant)
3- Ocean Optics Spectrum Analyzer
PHY 431L(Solid State Lab)

The equipment for this course is described with reference to the different experiments.

1.Optical Properties of Semiconductors: A modified grating monochrometer and early
solid state detectors, provides crude measurements of the semiconductor bandgap.
[llumination provided with a high intensity halogen light source, and noise reduction
provided by a pair of analog, lock-in amplifiers, (EG&G Model 5209) and a light
chopper. Data is acquired by hand, (data logging equipment currently inoperative) and
detectors should be replaced with contemporary IR detectors.

2. Electron Spin Resonance (ESR): One commercially-available ESR device (Teltron
model 2561,2563,2565). This teaching-grade device is used together with a Universal
Frequency Counter (HP 5315A), and a 60 MHz Oscilloscope, to detect resonance
conditions, and determine the electron’s gyromagnetic ratio.

3. Ferroelectric Effect: A completely homemade sample holder/heater is connected to a
Thermocouple meter (Fluke 75) and a capacitance meter (Emco DMR 2322). The
sample is heated resistively with programmable linear power supply (Amrel LPS305),
which students use to manually stabilize the sample temperature. If used in conjunction
with a digital temperature controller (not available), this device could measure phase
transition temperatures with far less error than now.

4. Ferromagnetism (demonstration of ferromagnetic behavior and ferromagnetic
domains): This magneto-optics laboratory utilizes resources funded by startup funds
awarded to Dr. Hector Mireles in the Summer 2002.

5. Pulsed Nuclear Magnetic Resonance: One commercially-available teaching-grade
Pulsed NMR device (Teachspin) is used together with a 60 MHz oscilloscope to
demonstrate relaxation times of samples sensitive to the NMR technique. Our
department lacks access to a reliable NMR spectroscopy capability, since the only
research-grade NMR machine (Chemistry department) is very nearly expired.

6. X-Ray Diffraction: The department has one operational X-ray diffraction machine
(fifties-vintage General Electric) which plots diffraction curves on a massive paper and
pen plotter. The signals are analyzed with an entire rack of electronics which control
anciant photomultipler tubes. This device - although functional - is somewhat of a
museum piece to our students. It lacks the capacity for digital analysis of spectra in
conjunction with X-ray software.to make structure determinations.
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7._Hall Effect: A set of commercially available teaching-grade circuit boards with doped
Germanium semiconductors are used to demonstrate the essential Hall Effect properties.
Students suspend the boards in the poles of a large water-cooled electromagnet
(Lakeshore). This electromagnet is cracked and limited in field strength to less than one
T. A pair of Hewlett Packard DC power supplies provide current to the Germanium and
to the electromagnet. The field strength is measured with a Lakeshore 431 Guassmeter,
and the Hall voltage measured with a multimeter.

PHY 432L (Nuclear Physics Lab):

Equipment used in this course include 7 Geiger Counters; 8 Nal Gamma Detector Multi-
Channel Analyzers (5 of these

are old DOS based units, and 3 are modern detectors from ORTEC); 1 High Resolution
Ge Gamma Detector from Canberra; and various NIM bin electronics: Power supplies,
amplifiers, coincidence counters, etc. that were purchased before 1987.

The department also houses and maintains a set of general-purpose equipment for
teaching purposes (lower- and upper-division courses) valued at approximately $900,000,
consisting of various types of spectrometers, spectrum analyzers, photometers,
multimeters, oscilloscopes, power supplies, generators, and microscopes, etc. A
complete inventory of these pieces of equipment (with worth) is presented in Appendix
A18. (There will again be some overlap between this list and the lists presented above).
In addition, the thirty or so lower-division experiments (PHY 120L sequence, PHY 130L
sequence, PHY 234L, PHY 235L) each requires a specific set-up, some purchased from
commercial vendors, and some designed in-house and homebuilt.

As a vital part of our lower-division instruction, the department also maintains an
excellent inventory of physics demonstrations that are available for classroom and other
uses. This large and comprehensive inventory (consisting of some 650 items classified
according to topic) is constantly being upgraded and meticulously documented by our
enterprising Physics Technical Staff. Each item is searchable on-line from the
department website http://parallax.sci.csupomona.edu/e107/searchdemo.php. Upon
request by the faculty, the demonstrations are set up and delivered to classrooms by
Physics Stockroom staff. The average number of demos requested per week is 72 and the
average number of demos used by each faculty member per week is 4.

Section 7 — SUGGESTIONS FOR ACTION

We summarize below the main action items that the Physics Department will pursue in
the coming years, to address ongoing problems and to achieve future goals. The reasons
for these actions and the details of plans for their implementation have been discussed in
the body of this document, and will not be repeated here.

(1) securing faculty workload improvements;
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(2) development of sustainable resources for funding faculty assigned time for
professional development and service;

(3) development of mechanisms and resources for more consistent offerings of upper-
division courses;

(4) implementation of procedures ensuring transparency in decision making in the
department;

(5) development of new Degree Options/Concentrations within the Degree Program;

6) creation of problem-solving enrichment courses and other means to help under-
p g
prepared students;

(7) development of new GE courses;
(8) rational planning for faculty growth;
(9) rational planning for space utilization.

The above action items will hopefully address many of the more urgent concerns of the
department. There still remain, however, multiple obstacles beyond our control as a
department, such as unpredictable budget shortfalls and various institutional constraints.
These will have to be addressed as external circumstances become more amenable for
change. We look forward to working constructively with other departments in the
College of Science and departments and academic units across the University to
overcome these difficulties.

Section 8§ —- SUMMARY

In this document we have attempted to present a survey of the status of the CPP physics
Department and its Degree Program over the past five years, an assessment of the
problems and challenges confronting the department since the last Program Review, and
an account of the measures that we have adopted to address them. The document has
also provided us with a forum to enunciate a revised set of mission statements and goals,
as well as to entertain some visions of the future directions of the department and its
program.
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Over the past two decades, the most significant problems confronting the Physics
Department have been generated by workload and related issues, an inherently low
program-major enrollment (which follows a national trend), budget uncertainties, and
limitation of physical resources, the most serious of which being space resources. This set
of problems has put enormous strain on the faculty, affected its morale adversely, and
created serious obstacles to its optimal professional development. We take great pride as
a major service department to the University (the overwhelming majority of our courses,
approximately 90% of the total FTE’s in any quarter, have a service component to them),
but this character has also exacted a price in terms of the integrity and the autonomy of
the department as a unit representing a fundamental academic discipline. The
satisfactory solution of workload and related problems, even as it has continued to elude
us, will remain a top priority in the agenda of the Physics Department.

In the coming decade, we envision the department to move in the direction of more
academic autonomy and diversity of course offerings, while retaining a significant
service character. We will strive to maintain our dual commitment to excellence in
teaching and student service, andto strong infrastructural support for faculty research
activities and professional development. To attract more majors we are actively planning
to establish a variety of Options/Concentrations within the Program to suit students
aiming at diverse career goals. This necessarily calls for the hiring of more faculty, as far
as budget conditions allow, whose expertise and accomplishments mirror our planned
expansions in the Degree Program. In light of recent trends of fundamental and applied
research, which tends to be increasingly interdisciplinary, our hiring practice will
probably favor new faculty with an ability to collaborate with faculty from other
departments. At the same time, many existing courses will be upgraded, and new courses
developed, to consolidate the enhanced program. To take advantage of a new diversity of
faculty expertise, we will also encourage efforts to develop new General Education (GE)
courses to attract students whose initial career goals are not necessarily scientific or
technical.

The above-stated visions in terms of personnel and program growth require careful and
rational planning, in accord with projections of faculty retirement and increases in the
size of the student population over the next decade or so. The Physics Department hopes
to be able to align its efforts with those of the College of Science and the University at
large to meet the challenges ahead.

Section 9 - FACULTY PARTICIPATION

The preparation of this Five-Year Program Review document was primarily the task of
the Physics Department Budget and Planning and the Curriculum Committees; but the
entire department contributed to the gathering and organization of information, the
discussion of the contents, and in general the adoption of a set of guiding principles and
action items aimed at the long-term development of the Physics Program. The document
in its final form was read, approved, and signed by every tenured and tenure-tracked
faculty member of the Physics Department.
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