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APPLIED PHYSICS
Emeriti: (Professors) Marvin Chodorow, C. Chapin Cutler, Theodore H.

Geballe, W. Conyers Herring, Peter A. Sturrock; (Professors Re-
search) Bertram A. Auld, H. John Shaw, Herman Winick; (Courte-
sy) Gordon S. Kino, William E. Spicer

Chair: Robert L. Byer
Professors: Malcolm R. Beasley, Arthur Bienenstock, Steven M. Block,

Robert L. Byer, Steven Chu, Sebastian Doniach, Martin M. Fejer,
Alexander L. Fetter, Stephen E. Harris, Walter A. Harrison, Aharon
Kapitulnik, Robert B. Laughlin, Vahé Petrosian, Zhi-Xun Shen,
Arthur B. C. Walker II, Yoshihisa Yamamoto

Assistant Professors: Ian R. Fisher, Martin Greven, Kathryn A. Moler
Professors (Research): Calvin F. Quate, Helmut Wiedemann
Courtesy Professors: Bruce M. Clemens, James S. Harris, Lambertus

Hesselink, David A. B. Miller, Douglas D. Osheroff, Shoucheng
Zhang

Courtesy Professor (Research): Calvin F. Quate
Consulting Professors: Richard G. Brewer, John D. Fox, Bernardo A.

Huberman, Stuart S. P. Parkin, Daniel Rugar
Visiting Associate Professor: Subramanian Subbiah

The Department of Applied Physics offers qualified students with
backgrounds in physics or engineering the opportunity to do graduate
course work and research in the physics relevant to technical applications
and natural phenomena. These areas include accelerator physics and
synchrotron radiation, atomic physics and lasers, biophysics, condensed
matter physics, materials physics, solid state and quantum electronics,
and space science and astrophysics. Student research is supervised by the
faculty members listed above and also by various members of other de-
partments such as Electrical Engineering, Materials Science and Engi-
neering, Physics and occasionally Biological Sciences, Chemistry, and
faculty of the Medical School who are engaged in related research fields.
Research activities are carried out in research laboratories and centers
on campus and at the Stanford Linear Accelerator Center.

The number of graduate students admitted to Applied Physics is lim-
ited. Applications should be received by January 1, 2001. Graduate stu-
dents normally enter the department only in Autumn Quarter.

UNDERGRADUATE PROGRAM
MINORS

Applied Physics currently does not offer an undergraduate major. The
following minor program is intended for undergraduate non-physics
science and engineering majors seeking to broaden and deepen their
knowledge of modern physics, with an applied flavor. The minor con-
sists of three required 4-unit courses, covering quantum mechanics and
statistical physics, and a minimum of three breadth courses. The total
number of units required for the minor is not less than 21 units and not
more than 36 units.

Required Applied Physics courses are:
Course No. & Subject Units
150. Applied Quantum Mechanics I 4
151. Applied Quantum Mechanics II 4
152. Applied Statistical Mechanics 4

Breadth Applied Physics courses (choose a minimum of three) are:
172. Physics of Solids I (Enroll in Physics 172) 3
192. Introductory Biophysics 3
195. Waves and Diffraction in Materials (Enroll in Mat. Sci. &

Engr. 195) 4
196. Scattering Physics 4
198. Introduction to Synchrotron Radiation 3
231A. Lasers I (Enroll in Elect. Engr. 231) 3
231B. Lasers II (Enroll in Elect. Engr. 232) 3

Prerequisites for the minor include the Physics 40 series (or equiva-
lent), the Mathematics 40 series and Mathematics 130 (or equivalents),
and preferably Mathematics 103 and 132. Applied Physics 150, 151, and
152 provide an extra one-hour section each week for students who need
to develop the necessary mathematical and physical background.

All courses fulfilling the minor must be taken for a letter grade, ex-
cept when letter grades are not offered.

The minor declaration deadline is no later than the last day of the
quarter two quarters before the quarter of degree conferral. For example,
a student graduating Spring Quarter must declare the minor no later than
the last day of Autumn Quarter of the senior year.

GRADUATE PROGRAMS
Admission requirements for graduate work in Applied Physics in-

clude a bachelor’s degree in physics or an equivalent engineering degree.
Students entering the program from an engineering curriculum should
expect to spend at least an additional quarter of study acquiring the back-
ground to meet the requirements for advanced degrees in Applied Phys-
ics.

MASTER OF SCIENCE
The University’s basic requirements for the master’s degree are dis-

cussed in the “Graduate Degrees” section of this bulletin. The minimum
requirements for the degree are 36 units, of which at least 30 units must
be graduate-level courses in applied physics, engineering, mathematics,
and physics. The required program consists of the following:
1. Courses in physics and mathematics to overcome deficiencies, if any,

in undergraduate preparation.
2. Basic graduate courses:

a) Advanced Mechanics—one quarter, 3 units: Physics 210
b) Electrodynamics—two quarters, 6 units: Physics 220, 221;

Electrical Engineering 241, 242
c) Quantum Mechanics—two quarters, 6 units: Physics 230, 231

3. Additional advanced courses in science and/or engineering, not in-
cluding Directed Study (Applied Physics 290) or 1-unit seminar
courses, to complete the requirement of 36 units.

4. A final overall grade point average (GPA) of ‘B’ is required for courses
used to fulfill degree requirements.
There are no department or University examinations, and a thesis is

not required. If a student is admitted to the M.S. program only, but later
wishes to change to the Ph.D. program, the student must apply to the
department’s Admissions Committee.

DOCTOR OF PHILOSOPHY
The University’s basic requirements for the Ph.D. (residency, disser-

tation, examination, and so on) are discussed in the “Graduate Degrees”
section of this bulletin. The program leading to a Ph.D. in Applied Phys-
ics consists of course work, research, qualifying for Ph.D. candidacy, a
research progress report, a University oral examination, and a disserta-
tion as follows:
1. Course Work

a) Courses in physics and mathematics to overcome deficiencies,
if any, in undergraduate preparation.

b) Basic graduate courses* (letter grades required):
1) Advanced Mechanics—one quarter: Physics 210
2) Statistical Physics—one quarter: Physics 212
3) Electrodynamics—two quarters: Physics 220, 221; Electrical

Engineering 241, 242
4) Quantum Mechanics—two quarters: Physics 230, 231
5) Laboratory—one quarter: Applied Physics 207, 208, 304, 305;

Electrical Engineering 357, 410; Physics 201, 202, 203, 301;
Materials Science and Engineering 171, 172, 173

c) 18 units of additional advanced courses in science and/or
engineering, not including Directed Study (Applied Physics
290), Dissertation Research (Applied Physics 390), and 1-unit
seminar courses. Only 3 units at the 300 or above level may be
taken on a satisfactory/no credit basis.

d) A final average overall grade point average (GPA) of ‘B’ is
required for courses used to fulfill degree requirements.

e) Students are normally expected to complete the specified course
requirements by the end of their third year of graduate study.
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2. Research: may be conducted under the supervision of a member of
the Applied Physics faculty or appropriate faculty from other depart-
ments.

3. Ph.D. Candidacy: satisfactory progress in academic and research
work, together with passing the Ph.D. Candidacy Qualifying Exam-
ination, qualifies the student to apply for Ph.D. candidacy which must
be completed before the third year of graduate registration. The ex-
amination consists of a seminar on a suitable subject delivered by the
student before the faculty academic adviser (or an approved substi-
tute) and two other members of the faculty selected by the department.

4. Research Progress Report: normally before the end of the Winter
Quarter of the fourth year inclusive of pertinent graduate study prior
to Stanford, the student arranges to give an oral research progress
report of approximately 30 minutes, of which a minimum of 10 min-
utes should be devoted to questions from the Ph.D. reading commit-
tee.

5. University Ph.D. Oral Examination: consists of a public seminar in
defense of the dissertation, followed by private questioning of the
candidate by the University examining committee.

6. Dissertation: must be approved and signed by the Ph.D. reading com-
mittee.

* Requirements for item 1b may be totally or partly satisfied with equivalent courses taken
elsewhere, pending the approval of the Graduate Study Committee.

ASSISTANTSHIPS
Research assistantships are available for Ph.D. candidates. Informa-

tion on applying for financial aid is included in the admission packet
received from Graduate Admissions, the Registrar’s Office.

COURSES
(AU) indicates that the course is subject to the University Activity Unit

limitations (8 units maximum).

79Q. Stanford Introductory Dialogue: Pros and Cons of Energy
Options in the 21st Century—Preference to sophomores. Meeting the
energy and transportation needs in the 21st century requires technolog-
ical capability and political wisdom. Both benefit from an understanding
of underlying sciences involved. The possibilities for reducing the
present day less-than-optimum use of energy and materials. Other topics:
automotive transport; electrical power technology including nuclear
fission, superconducting power transmission, hydrogen fuel; green house
gases, ozone, and global warming.

2 units, Aut (Geballe)

150. Applied Quantum Mechanics I—(Graduate students enroll in
Electrical Engineering 222.) For undergraduates. Introduction to quan-
tum mechanics, emphasizing applications in modern devices and sys-
tems. Topics: Schrödinger’s equation, eigenfunctions and eigenvalues,
operator approach to quantum mechanics, solutions of simple problems
(including quantum wells, harmonic oscillators, simple periodic struc-
tures), tunneling, calculation techniques (including matrix diagonaliza-
tion, perturbation theory, variational method), time-dependent perturba-
tion theory (including application to optical absorption), fundamental
postulates of quantum mechanics. Prerequisites: Physics 45 and 47, or
Physics 65, or equivalents.

4 units, Aut (Miller)

151. Applied Quantum Mechanics II—(Graduate students enroll in
Electrical Engineering 223.) For undergraduates. Continuation of 150,
including more advanced topics: spin and identical particles; effective
mass theory for semiconductors; annihilation and creation operators;
density matrices; introductory quantum optics; and other topics in
electronics, optoelectronics, and optics. Prerequisite: 150.

4 units, Spr (Miller)

152. Applied Statistical Mechanics—For undergraduates. The princi-
ples of statistical mechanics and quantum statistical physics. Fundamen-
tal concepts of equilibrium and non-equilibrium systems and noise

processes. Density matrix, master equations, Langevin equations, fluc-
tuation-dissipation theorem. Illustrative in-class problem solving ses-
sions elucidate the central ideas and methods.

4 units, not given 2000-01

172. Physics of Solids I—(Enroll in Physics 172.)
3 units, Spr (Greven)

192. Introductory Biophysics—For advanced undergraduates or be-
ginning graduates. Introduction to quantitative models used in molecular
biophysics. Topics: overview and the relation of structure to function.
Chemical equilibria, cooperativity, and control: elementary statistical
mechanics, affinity plots, allostery—models of hemoglobin-oxygen
binding, bacterial chemotaxis. Macromolecular conformations: polymer
chain models, protein folding, taxonomy of globular proteins, general
principles of sequence selection. Chemical kinetics. Multiple barriers:
CO-dmyoglobin kinetics, ion diffusion through channels and ion selec-
tivity, spectroscopy of ion channels-acetylcholine receptor. Supramo-
lecular kinetics: conversion of chemical energy to mechanical force,
myosin and kinesin, actin polymers. Nerve impulse propagation: mem-
brane potentials, voltage sensitive ion gates, Hodgkin Huxley equations,
propagation of the nerve impulse.

3 units, alternate years, given 2001-02

195. Waves and Diffraction in Solids—(Enroll in Materials Science
and Engineering 195.)

4 units, Win (Clemens)

196. Scattering Physics—For undergraduates; see 218. Prerequisites:
150, 151, and Physics 172 or equivalent.

4 units, not given 2000-01

198. Introduction to Synchrotron Radiation—For students using such
radiation for basic and applied research and students in accelerator
physics concentrating on source developments and the study of particle
beam characteristics and stability. Electromagnetic radiation from rela-
tivistic electron beams, derived from first principles. Coherent and
incoherent synchrotron radiation, free electron lasers; undulator and
wiggler radiation with linear and elliptical polarization. Recommended:
electromagnetism, optics, and special relativity.

3 units, Spr (Wiedemann) alternate years, not given 2001-02

207,208. Laboratory Electronics—Combined lecture/lab emphasizing
analog and digital electronics for lab research. RC and diode circuits.
Transistors. Feedback and operational amplifiers. Active filters and
circuits. Pulsed circuits, voltage regulators, and power circuits. Precision
circuits, low-noise measurement, and noise-reduction techniques. Cir-
cuit simulation tools. Principles of synchronous demodulation and
applications of lock-in amplifiers. Combinatorial and synchronous dig-
ital circuits. Design using programmable logic. Analog/digital conver-
sion. Microprocessors and real time programming. Current lab interface
protocols. Emphasizes techniques commonly used for lab measure-
ments. Development of students’ lab projects during the last three weeks
of 208. Limited enrollment. Prerequisites: some undergraduate-level
device and circuit exposure.

207. 3 units, Win (Fox)
208. 3 units, Spr (Fox), alternate years, not given 2001-02

210. Advanced Particle Mechanics—(Enroll in Physics 210.)
3 units, Aut (Fetter)

211. Biophysics of Sensory Transduction—(Enroll in Biological Sci-
ences 211.)

4 units, Spr (Block)

212. Statistical Mechanics—(Enroll in Physics 212.)
3 units, Spr (Laughlin)
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215. Numerical Methods for Physicists and Engineers—Review of
basic numerical techniques with additional advanced material: deriva-
tives and integrals; linear algebra; linear least squares fitting, FFT and
wavelets, singular value decomposition, linear prediction; optimization,
nonlinear least squares, maximum entropy methods; deterministic and
stochastic differential equations, Monte Carlo methods.

3 units, alternate years, given 2001-02

216. X-Ray and VUV Physics—Introduction to current x-ray and VUV
physics research and classical concepts in photon science. Photon-
electron interactions; x-ray absorption and Compton scattering. X-ray
spectroscopy; EXAFS, SEXAFS, edge structure, magnetic circular
dichroism and linear dichroism. Photoemission spectroscopy and many-
electron effects: angle-resolved and integrated photoemission, reso-
nance photoemission, spin-polarized photoemission. Photoelectron dif-
fraction and holography. X-ray interactions with condensed matter:
diffraction and scattering. Photon sources: synchrotron, wigglers, and
undulators. Photon and electron detectors and analyzers. Offered occa-
sionally. Prerequisite: reasonable familiarity with quantum mechanics.

3 units, Spr (Shen)

217. Waves and Diffraction in Solids—(Enroll in Materials Science
and Engineering 205.)

3 units, Win (Clemens)

218. Scattering Physics—Introduction to scattering techniques, includ-
ing neutron, x-ray, and light scattering. Probing of phase transitions and
excitations in condensed matter. Emphasis is on magnetic scattering
from experimental model systems and from novel materials. Topics:
low-dimensional magnets, e.g., Heisenberg chains and planes; and
magnetic fluctuations in high-temperature superconductors. “Global”
scattering probes are contrasted with “local” probes, e.g., nuclear mag-
netic resonance (NMR) and muon spin resonance (muSR). Prerequisites:
150, 151, and Physics 172 or equivalent.

3 units, not given 2000-01

219. Back of the Envelope Physics—(Enroll in Physics 216.)
3 units, Aut (Linde)

220,221. Classical Electrodynamics—(Enroll in Physics 220, 221.)
220. 3 units, Win (Silbergeist)
221. 3 units, Spr (Zhang)

222. Applied Quantum Mechanics I—Enroll in Electrical Engineering
222.

3 units, Aut (Miller)

223. Applied Quantum Mechanics II—Enroll in Electrical Engineer-
ing 223.

3 units, Spr (Miller)

225. Quantum Information—Fundamental concepts of quantum theo-
ry: linear superposition, entanglement, non-locality and projective mea-
surement. Two photon interference and Bell’s inequality. Fundamental
limit in quantum measurement: quantum nondemolition measurement,
non-linear measurement and quantum Zero effect. Quantum key distri-
bution and teleportation: information, energy dissipation and reversible
computer. Quantum algorithm, physical implementation and scaling
law. Quantum hardware. Decoherence of quantum systems and quantum
error correction codes.

3 units, Spr (Yamamoto)

230A,B. Quantum Mechanics—(Enroll in Physics 230, 231.)
230A. 3 units, Aut (Shenker)
230B. 3 units, Win (Chu)

231A,B. Lasers I and II—(Enroll in Electrical Engineering 231, 232.)
231A. 3 units, Aut (Solgaard)
231B. 3 units, Aut (Siegman)

248. Fundamentals of Noise Processes—(Enroll in Electrical Engi-
neering 248.)

3 units, Aut (Yamamoto)

268. Introduction to Modern Optics—Geometrical optics: raymatri-
ces, Gaussian beams, optical instruments, and radiometry. Wave nature
of light: Maxwell’s equations, propagation through media with varying
index of refraction (e.g., fibers). Interferometry: basic principles, prac-
tical systems, and applications. Optional lab component, see 268L.

3 units, Aut (Byer)

268L. Introduction to Modern Optics Laboratory—Optional labora-
tory component to 268A.

 1 unit, Aut (Byer)

272. Solid State Physics: Survey—Crystal structures and symmetry,
phonon spectra and energy bands, defects, surfaces, equilibrium and
transport properties, Fermi-Thomas and quantum screening, surfaces,
optical properties, magnetism, and superconductivity. Prerequisite: some
knowledge of quantum mechanics, and preferably undergraduate solids.

3 units, Aut (Harrison)

273. Solid State Physics: Continuation—Second quantization, micro-
scopic theory of superconductivity, transition metals and compounds,
magnetic resonance, inelastic and many-body effects. Prerequisite: 272.

3 units, Win (Harrison)

290. Directed Studies in Applied Physics—Special studies under the
direction of a faculty member for which academic credit may properly be
allowed. May include lab work or directed reading.

any quarter (Staff)

291. Practical Training—Opportunity for practical training in industri-
al labs. Arranged by student with the research adviser’s approval. A brief
summary of activities is required, approved by the research adviser.

3 units, Sum (Staff)

301. Astrophysics Laboratory—(Enroll in Physics 301.)
3 units, Sum (Walker)

304. Lasers Laboratory—Laser theory and practice. Lectures on the
theoretical and descriptive background for lab experiments, detectors
and noise, lasers (helium neon, beams and resonators, argon ion, cw dye,
titanium sapphire, semiconductor diode, and the Nd:YAG). Measure-
ments of laser threshold, gain, saturation, and output power levels. Laser
transverse and axial modes, linewidth, and tuning, Q-switching and
modelocking. Limited enrollment. Prerequisites: Electrical Engineering
231 and 232, or consent of instructor.

3 units, Win (Byer)

305. Nonlinear Optics Laboratory—Emphasis is on laser interaction
with matter. The laser devices provide the radiation required to explore
the linear and nonlinear properties of matter. Experiments on modula-
tion, harmonic generation, parametric oscillators, modelocking, stimu-
lated Raman and Brillouin scattering, Coherent Anti-Stokes scattering,
other four wave mixing interactions such as wavefront conjugation and
optical bistability. Optical pumping and spectroscopy of atomic and
molecular species. Limited enrollment. Prerequisites: 304, Electrical
Engineering 231 and 232, or consent of instructor.

3 units, Spr (Byer)

324. Introduction to Accelerator Physics—Introduction to basic ac-
celerator physics in linear and circular accelerators. Topics: acceleration,
phase stability, transfer matrices, beam envelopes, emittance, and the
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effects of synchrotron radiation. Topics of current research, including
nonlinearities and instabilities.

3 units, alternate years, given 2001-02

346. Introduction to Nonlinear Optics—(Enroll in Electrical Engi-
neering 346.)

3 units, Spr (S. Harris)

366. Introduction to Fourier Optics—(Enroll in Electrical Engineer-
ing 366.)

3 units, Aut (Hesselink) alternate years, not given 2001-02

372. Condensed Matter Theory I—Fermi liquid theory, many-body
perturbation theory, response function, functional integrals, interaction
of electrons with impurities.

3 units, alternate years, given 2001-02

373. Condensed Matter Theory II—Superfluidity and superconduc-
tivity. Quantum magnetism. Prerequisite: 372.

3 units, alternate years, given 2001-02

383. Introduction to Atomic Processes—Atomic spectroscopy, matrix
elements using the Coulomb approximation, summary of Racah algebra,
oscillator and line strengths, Einstein A coefficients. Radiative process-
es, Hamiltonian for two- and three-state systems, single- and multi-
photon processes, linear and nonlinear susceptibilities, density matrix,
brightness, detailed balance, and electromagnetically induced transpar-
ency. Inelastic collisions in the impact approximation, interaction poten-
tials, Landau-Zener formulation. Continuum processes, Saha equilibri-
um, autoionization, and recombination.

3 units, alternate years, given 2001-02

387. Quantum Optics and Measurements—Fundamental postulates
in quantum mechanics and basic concepts of quantum optics: Heisen-
berg’s uncertainty principle, von Newmann’s projection hypothesis,
quantum non-demolition measurements, quantum states of light, cavity
quantum electrodynamics, nonlocality and quantum entanglement. Sec-
ond quantization of bosonic and fermionic fields; Glauber, Fock, Dicke,
and Bloch states, first- and second-order coherence, quantum interfer-
ence. Reservoir theory of open systems: Markoff and Born approxima-
tions, density operator master, Fokker-Planck, quantum Langevin, sto-
chastic differential equations, quantum Monte-Carlo wavefunction meth-
od.

3 units, alternate years, given 2001-02

388. Mesoscopic Physics and Nanostructures—Optical properties of
semiconductor nanostructures: interband and intraband optical transi-
tions, excitons and polaritons, semiconductor Bloch equations, bosoniza-
tion, exciton BEC, exciton laser. Transport properties in mesoscopic and
atomic systems: electron optics vs. photon optics, Landauer-Büttiker
formula, noise in diffusive and dissipative transport, nonequilibrium
Green’s function, electron entanglement, Coulomb blockade, single
electronics, and spin dynamics in semiconductor quantum dots. Partly
Journal Club format with presentations by students on assigned topics.

3 units, Win (Yamamoto)

390. Dissertation Research
any quarter (Staff)

392. Topics in Molecular Biophysics—Concepts from statistical me-
chanics are applied to problems in contemporary molecular biology:
allosteric transitions; protein folding; molecular recognition; actin poly-
mers and gels; molecular motors; lipids and membrane proteins; ion
channels. Some of the basic models used to quantitate fundamental
biomolecular functions. Prerequisites: elementary statistical mechanics
and chemical kinetics.

3 units, Win (Doniach) alternate years, not given 2001-02

453. Special Topics in Accelerator Physics—Research level discus-
sions of current topics in accelerator physics. Content varies each quarter
and year, depending on the interests of staff and students. Course may be
repeated. Offered occasionally.

453A. Storage Ring Beam Dynamics—The phenomenology of par-
ticles and beams in storage rings. Topics: beam generated signals,
instabilities, the beam-beam interaction, and non-linearities. Theoret-
ical treatment combined with discussions of experimental techniques
and observations.

3 units, Aut (Siemann)

459. Frontiers in Interdisciplinary Biosciences—(Cross-listed in
multiple departments in the schools of Humanities and Sciences, Engi-
neering, and Medicine; students should enroll directly through their
affiliated department, if at all possible.) Introduction to cutting-edge
research involving interdisciplinary approaches to bioscience and bio-
technology; for specialists and non-specialists. Associated with Stan-
ford’s Clark Center for Interdisciplinary Bioscience, and held in con-
junction with a seminar series meeting twice monthly during 2000-01.
Leading investigators from Stanford and throughout the world speak on
their research; students also meet separately to present and discuss the
ever-changing subject matter, related literature, and future directions.
Prerequisite: keen interest in all of science, with particular interest in life
itself. Recommended: basic knowledge of biology, chemistry, and
physics.

2 units, Aut, Win, Spr (Block)

463. Special Topics in Astrophysics—(Enroll in Physics 463.)
3 units

470. Condensed Matter Seminar—Discussion of current research and
literature in condensed matter physics offered by faculty, students, and
outside specialists. (AU)

1 unit, Aut (Greven)
Win (Moler)
Spr (Kapitulnik)

473. Special Topics in Condensed Matter Physics—Research-level
discussions of current topics in condensed matter physics. Content varies
each quarter and year, depending on the interests of staff and students.
Course may be repeated. Offered occasionally

473A. Condensed Matter Physics—Students undertake background
study prior to each weekly seminar offered through 470 as an intro-
duction to topics of contemporary interest in condensed matter phys-
ics, critique each seminar for success in oral communication, and
present a one-hour seminar on a contemporary topic for critique by the
class. Corequisite: 470.

2 units, Aut (Greven)
Spr (Kapitulnik)

473B. Physics of Disordered Systems—Disorder effects in electronic
materials, e.g., disordered superconductors, magnets, and low dimen-
sional systems.

3 units, Win (Kapitulnik)
473C. Physics of Strongly Correlated Electron Systems—Survey
of recent advances in the physics of strongly correlated electron sys-
tems: Kondo effect, heavy fermion physics, slave boson methods,
models of high Tc superconductivity, fractional quantum hall effect,
anyon representations.

3 units, Spr (Doniach)

483. Optics and Electronics Seminar—Weekly presentations and
discussions of current research topics in lasers, quantum electronics,
optics, and photonics by faculty, students, and invited speakers. (AU)

1 unit, Aut, Win, Spr (Staff)


