APPLIED PHYSICS

Emeriti: (Professors) Alexander L. Fetter, Theodore H. Geballe, Walter
A. Harrison, W. Conyers Herring, Peter A. Sturrock; (Professors,
Research) Calvin F. Quate, Helmut Wiedemann, Herman Winick;
(Courtesy) Gordon S. Kino

Chair: Aharon Kapitulnik

Professors: Malcolm R. Beasley, Arthur Bienenstock, Steven M.
Block, Philip H. Bucksbaum, Robert L. Byer, Steven Chu, Sebastian
Doniach, MartinM. Fejer, Daniel S. Fisher, StephenE. Harris,Aharon
Kapitulnik, Mark A. Kasevich, Hideo Mabuchi, Vahé Petrosian, Zhi-
Xun Shen, YoshihisaYamamoto

Associate Professors: lan R. Fisher, KathrynA. Moler

Assistant Professors. Martin Greven, Mark J. Schnitzer

Courtesy Professors: Bruce M. Clemens, James S. Harris, Lambertus
Hesselink, David A. B. Miller, W. E. Moerner, Douglas D. Osheroff,
Stephen R. Quake, Robert H. Siemann, Shoucheng Zhang

Consulting Professors: Thomas M. Baer, Richard G. Brewer, John D.
Fox, Bernardo A. Huberman, John R. Kirtley, Stuart S. P. Parkin,
Daniel Rugar

Lecturers: Kyle S. Cole (Autumn), Zhirong Huang (Winter)

Visiting Professor: Yuval Oreg

Department Office: Applied Physics 101

Mail Code: 94305-4090

Phone: (650) 723-4027

Web Ste: http://appliedphysics.stanford.edu
Courses given in Applied Physics have the subject code APPPHY S.

For acompletelist of subject codes, seeAppendix.

The Department of Applied Physics offers qualified students with
backgrounds in physics or engineering the opportunity to do graduate
coursework and researchinthephysicsrelevant totechnical applications
andnatural phenomena. Theseareasincludeaccel erator physics, biophys-
ics, condensed matter physics, nanostructured materials, optoel ectronics,
photonics, quantum optics, space science and astrophysics, synchrotron
radiation and applications. Student research is supervised by the faculty
memberslisted aboveand al so by variousmembersof other departments
such asBiological Sciences, Chemistry, Electrical Engineering, Materi-
als Scienceand Engineering, Physics, SLAC, and faculty of theMedical
School who are engaged in related research fields. Research activities are
carried outinlaboratoriesincludingthe GeballeL aboratory for Advanced
Materias, the Edward L. Ginzton L aboratory, the Hansen Experimental
Physics Laboratory, the Stanford Linear Accelerator Center, and the
Stanford Synchrotron Radiation Laboratory.

Thenumber of graduatestudentsadmitted toA pplied Physicsislimited.
Applications should be received by January 8, 2008. Graduate students
normally enter the department only in Autumn Quarter.

GRADUATE PROGRAMS

Admissionrequirementsfor graduatework inApplied Physicsincludea
bachel or’ sdegreein Physicsor an equival ent engineering degree. Students
entering the program from an engineering curriculum should expect to
spend at least an additional quarter of study acquiring the background to
meet the requirementsfor advanced degreesin Applied Physics.

MASTER OF SCIENCE

The University’s basic requirements for the master’s degree are dis-
cussed inthe " Graduate Degrees” section of thishbulletin. The minimum
requirementsfor the degree are 45 units, of which at least 39 units must
be graduate-level coursesin applied physics, engineering, mathematics,
and physics. Therequired program consists of thefollowing:

1. Courses in Physics and Mathematics to overcome deficiencies, if any,
inundergraduate preparation.
2. Basic graduate courses (letter grade required):
a) Advanced Mechanics—one quarter, 3 units: PHY SICS 210, or
approved substitute 211

b) Electrodynamics—two quarters, 6 units: PHY SICS 220, 221
¢) Quantum Mechanics—two quarters, 6 units: PHY SICS 230, 231,
or approved substitutes 232, 330, 331, 332, 370

3. 30 units of additional advanced courses in science and/or engineer-
ing. 15 of the 30 units may be any combination of advanced courses,
Directed Study (APPPHY S290), and 1-unit seminar courses, tocom-
pletetherequirement of 45 units. At least 15 of these 30 unitsmust be
taken for aletter grade.

4. Afinal overall grade point average (GPA) of 3.0 (B) is required for
courses used to fulfill degree requirements.

There are no department or University examinations, and athesisis
not required. If astudent 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’sAdmissions Committee.

DOCTOR OF PHILOSOPHY

TheUniversity’sbasicrequirementsfor thePh.D. includingresidency,
dissertation, and examinations are discussed in the “ Graduate Degrees”
section of thisbulletin. The program leading to aPh.D. in Applied Phys-
ics consists of course work, research, qualifying for Ph.D. candidacy, a
research progressreport, aUniversity oral examination, and adissertation
asfollows:

1. CourseWork:

a) Courses in Physics and Mathematics to overcome deficiencies, if
any, in undergraduate preparation.

b) Basic graduate courses* (letter gradesrequired):

1) Advanced M echanics—onequarter: PHY SICS210, or approved
substitute 211

2) Statistical Physics—one quarter: PHY SICS 212

3) Electrodynamics—two quarters: PHY SICS 220, 221

4) Quantum Mechanics—two quarters: PHY SICS 230, 231, or
approved substitutes 232, 330, 331, 332, 370

5) Laboratory—onequarter: APPPHY S207, 208, 304, 305; BIOSCI
232; EE 234, 410, MATSCI 171, 172, 173; PHY SICS 301.

) 18 units of additional advanced courses in science and/or
engineering, not including Directed Study (APPPHY S 290),
Dissertation Research (APPPHY S390), and 1-unit seminar courses.
Only 3unitsat the300 or abovelevel may betaken onasatisfactory/
no credit basis.

d) 96 units of additional coursesto meet the minimum residency
requirement of 135. Directed study and research units aswell as
1-unit seminar courses can beincluded.

e) A final average overall grade point average (GPA) of 3.0 (B) is
required for courses used to fulfill degree requirements.

f) Students are normally expected to complete the specified course
regquirements by theend of their third year of graduate studly.

2. Research: may be conducted in a science/engineering field under the
supervisionof amember of theApplied Physicsfaculty or appropriate
faculty from other departments.

3. Ph.D.Candidacy: satisfactory progressinacademicandresearchwork,
together with passing the Ph.D. candidacy qualifying examination,
qualifies the student to apply for Ph.D. candidacy, and must be com-
pleted beforethethird year of graduateregistration. The examination
consists of aseminar on a suitable subject delivered by the student
before the faculty academic adviser (or an approved substitute) and
two other members of thefaculty selected by the department.

4. Research Progress Report: normally before the end of the Winter
Quarter of thefourthyear of enrollment in graduate study at Stanford,
the student arranges to give an oral research progress report of ap-
proximately 45 minutes, of which aminimum of 15 minutes should
be devoted to questions from the Ph.D. reading committee.

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

6. Dissertation: must beapproved 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.
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COURSES

(AU)indicatesthat thecourseissubject totheUniversity Activity Unit
limitations (8 units maximum).

APPPHY S68N. L aser sand Photons—Stanford | ntroductory Seminar.
Preference to freshmen. The physics of lasers and their light. Computer
applets and hands-on investigations. Historical development of ideas
about light: electromagneticwaves; particles; special relativity; quantum
theory; and thelaser. Propertiesof laser light: wavelength and frequency;
coherence; polarization; interference; diffraction; and linear and nonlin-
ear optics. Lasersand applicationsfrom Schawlow and Townesto Linac
Coherent Light Source. Prerequisites: high school physicsand calculus.
GER:DB-EngrAppSci
3 units, Aut (Bucksbaum, P)

APPPHY S 69N. Advanced Electronic Materials: Principlesand
Applications—Stanford Introductory Seminar. Preferenceto freshmen.
Topicsinclude: introduction to quantum mechanics and the behavior of
electronsin solids; semiconductor devices; superconductors, magnetic
materials used for applications and data storage; and aspects of nanosci-
ence and nanotechnology. Prerequisite: high school physics. GER:DB-
EngrAppSci
3units, Spr (Fisher, 1)

APPPHY S 78Q. Tools of Nanotechnology—Stanford Introductory

Seminar. Preference to sophomores. Advancesin the visualization and

mani pul ation of matter that enableanew eraof nanotechnol ogy. Nanoscale

imagingand mani pul ationtools, highlighting Stanford research. Research

lab tours. Prerequisite: high school physics. GER:DB-EngrAppSci
3units, Aut (Cole, K)

APPPHY S 79Q. Energy Choicesfor the 21st Century—Stanford
Introductory Seminar. Preference to sophomores. Choices for meet-
ing the future energy needs of the U.S. and the world. Basic physics of
energy sources, technol ogiesthat might be employed, and related public
policy issues. Trade-offsand soci etal impactsof different energy sources.
Policy optionsfor making rational choicesfor asustainableworld energy
economy. GER:DB-EngrAppSci
3units, Aut (Fox, J; Geballe, T)

APPPHY S192.1ntroductory Biophys cs—(For undergraduates; see292.)
3units, Spr (Doniach, S), alternate years, not given next year

APPPHY S 207. Laboratory Electronics—Lecture/lab emphasizing
analoganddigital electronicsfor labresearch. RCanddiodecircuits. Tran-
sistors. Feedback and operational amplifiers. Active filters and circuits.
Pulsed circuits, voltageregul ators, and power circuits. Precision circuits,
|ow-noise measurement, and noi se reduction techniques. Circuit simula-
tion tools. Principles of synchronous demodulation and applications of
lock-in amplifiers. Combinatorial and synchronous digital circuits. Design
using programmablelogic. Analog/digital conversion. Microprocessors
and real time programming. Current lab interface protocols. Techniques
commonly used for |ab measurements. Devel opment of student lab proj-
ectsduringthelast threeweeksof 208. Limited enrolIment. Prerequisites:
undergraduate device and circuit exposure.
3units, Win (Fox, J)

APPPHY S 208. Laboratory Electronics—Lecture/lab emphasizing
analoganddigital electronicsfor labresearch. RCanddiodecircuits. Tran-
sistors. Feedback and operational amplifiers. Active filters and circuits.
Pulsed circuits, voltageregul ators, and power circuits. Precisioncircuits,
low-noise measurement, and noi se reduction techniques. Circuit simula-
tion tools. Principles of synchronous demodulation and applications of
lock-in amplifiers. Combinatorial and synchronous digital circuits. Design
using programmablelogic. Analog/digital conversion. Microprocessors
and real time programming. Current lab interface protocols. Techniques
commonly used for |ab measurements. Devel opment of student lab proj-
ectsduringthelast threeweeksof 208. Limited enrollment. Prerequisites:
undergraduate device and circuit exposure.
3 units, alternateyears, not given thisyear
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APPPHY S215. Numerical Methodsfor Physicistsand Engineer s—
Review of basicnumerical techniqueswith additional advanced material:
derivatives and integrals; linear algebra; linear least squares fitting, FFT
andwavelets, singular valuedecomposition, linear prediction; optimiza-
tion, nonlinear least squares, maximum entropy methods; deterministic
and stochastic differential equations, Monte Carlo methods.

3units, Aut (Doniach, S)

APPPHY S216. X-Ray and VUV Physics—Researchand classical con-
ceptsin photon science. Photon-el ectroninteractions; x-ray absorptionand
Compton scattering. X-ray spectroscopy; EXAFS, SEXAFS, edgestruc-
ture, magnetic circular dichroism, and linear dichroism. Photoemission
spectroscopy and many-electron effects: angle-resolved and integrated
photoemission, resonance photoemission, spin-pol arized photoemission.
Photoel ectron diffraction and holography. X-ray interactions with con-
densed matter: diffraction and scattering. Photon sources: synchrotron,
wigglers, and undulators. Photon and electron detectors and analyzers.
Prerequisite: familiarity with quantum mechanics.
3units, alternate years, not given thisyear

APPPHYS 217. Estimation and Control Methods for Applied
Physics—Recursive filtering, parameter estimation, and feedback control
methods based on linear and nonlinear state-space modeling. Topicsin:
dynamical systemstheory; practical overview of stochastic differential
equations; model reduction; and tradeoffsamong performance, compl ex-
ity, androbustness. Numerical implementationsinM ATLAB. Contempo-
rary applicationsin systemsbiol ogy and quantum precision measurement.
Prerequisites:. linear algebraand ordinary differential equations.
3units, Spr (Mabuchi, H)

APPPHY S 218. X-Ray and Neutron Scattering in the 21st Centu-
ry—Interaction of x-rays and neutrons with matter. Modern sources of
radiation: synchrotrons, x-ray freeelectronlasers, and spallation neutron
sources. Scattering formulae. Determination of molecular, crystal, and
magnetic structures, and their associated charge, lattice, and magnetic
excitations. Applications from condensed matter physics, materials sci-
ence, biophysics, medicine, and the arts. Examplesinclude thermal and
guantum phase transitions, excitations and competing phasesin high-
temperaturesuperconductors, material sunder extremepressure, structure
of nanoparticles, proteins and water, computer-aided tomography, and
nondestructive testing of art objects.
3units, Win (Greven, M), alternate years, not given next year

APPPHY S 223. Stochastic and Nonlinear Dynamics—(Same as
BIOSCI 223.) Theoretical analysis of dynamical processes: dynamical
systems, stochasti ¢ processes, and spatiotemporal dynamics. Motivations
and applications from biology and physics. Emphasisis on methodsin-
cluding qualitativeapproaches, asymptotics, and multiplescaleanalysis.
Prerequisites. ordinary and partial differential equations, complex analy-
sis, and probability or statistical physics.
3units, Spr (Fisher, D)

APPPHY S226. Physicsof Quantum I nfor mation—L awsand concepts
of quantuminformati on science. Postul atesof quantum mechanics: sym-
metrization postul ate, quantum indistinguishability and multi-particle
interference, commutationrelation and quantum measurement, reduction
postulate and impossibility of measuring, cloning and deleting asingle
wavefunction. Quantum information theory: von Neumann entropy,
Holevo information and Schumacher data compression. Decoherence:
Linbladian, quantum error correction, and purification of entanglement.
3units, alternateyears, not given thisyear

APPPHY S 227. Applications of Quantum I nfor mation—Concepts
and constituent technol ogies of quantum information systems. Quantum
cryptography: single photon and entangled photon-pair-based quantum
key distributions, quantum teleportation, quantum repeater. Quantum
computer: Deutsch-Josza algorithm, Grover algorithm, Shor algorithm,
quantum simulation, quantumcircuits. Quantum hardwares. atomic phys-
ics, nuclear magnetic resonance, spintronicsand quantum optics.
3units, alternate years, not given thisyear



APPPHY S 270. M agnetism and Long Range Order in Solids—
Cooperative effectsin solids. Topicsinclude the origin of magnetism
in solids, crystal electric field effects and anisotropy, exchange, phase
transitions and long-range order, ferromagnetism, antiferromagnetism,
metamagnetism, density waves and superconductivity. Emphasisison
archetypal materials. Prerequisite: PHY SICS 172 or MATSCI 209, or
equivalent introductory condensed matter physics course.
3units, Aut (Fisher, 1)

APPPHY S272. Solid StatePhysics|—Thepropertiesof solids. Theory
of freeelectrons, classical and quantum. Crystal structureand methodsof
determination. Electronenergy levelsinacrystal: weak potential andtight-
binding limits. Classification of solids: metals, semiconductors, and insula-
tors. Typesof bondingand cohesionincrystals. L atticedynamics, phonon
spectra, andthermal propertiesof harmoniccrystal's. Pre- or corequisites:
PHY SICS 120 and 121; and PHY SICS 130 and 131, or equivalents.
3units, Win (Kivelson, S)

APPPHY S 273. Solid State Physics | | —Electronic structure of sol-
ids. Electron dynamics and transport. Semiconductors and impurity
states. Surfaces. Dielectric properties of insulators. Electron-electron,
€l ectron-phonon, and phonon-phononinteractions. Anharmoniceffectsin
crystals. Electronic states in magnetic fields and the quantum Hall effect.
M agnetism, superconductivity, and related many-particle phenomena.
Prerequisite: 272.
3 units, Spr (Kivelson, S

APPPHY S275. ProbingtheNanoscale—Theory, operation, and appli-
cationsof nanoprobesof interestin physicsand materia sscience. L ectures
by experts. Topi csinclude scanning tunneling microscopy, spectroscopy,
and potentiometry; atomic manipul ation; scanning magnetic sensorsand
magnetic resonance; scanning field-effect gates; scanning force probes;
and ultra-near-field optical scanning.

3 units, Win (Kirtley, J)

APPPHY S 280. Phenomenology of Superconductor s—Applications
based on superconductivity as a phase-coherent macroscopic quantum
phenomena. Topicsincludethesuperconducting pair wavefunction, Lon-
donand Ginzburg-L andautheories, their physical content, the Josephson
effect and superconducting quantum interferencedevices, s- and d-wave
superconductivity, theresponseof superconductorsto currents, magnetic
fields, and RF electromagnetic radiation.
3units, Win (Beasley, M), alternate years, not given next year

APPPHY S290. Directed Studiesin Applied Physics—Special studies
under the direction of afaculty member for which academic credit may
properly be alowed. May includelab work or directed reading.

1-15 units, Aut, Win, Spr, Sum (Staff)

APPPHY S291. Practical Training—Opportunity for practical training
inindustrial labs. Arranged by student with research adviser’sapproval.
Summary of activitiesrequired.

3 units, Sum (Staff)

APPPHY S292.Introductory Biophysics—(Sameas192.) For advanced
undergraduatesor beginning graduatestudents. Quantitativemodel sused
in molecular biophysics. Therelation of structureto function. Chemical
equilibria, cooperativity, and control: elementary statistical mechanics,
affinity plots, allostery, models of hemoglobin-oxygen binding, bacterial
chemotaxis. M acromol ecul ar conformations: polymer chainmodels, pro-
teinfolding, taxonomy of globular proteins, general principlesof sequence
selection. Chemical kinetics. Multiplebarriers: CO-myoglobin kinetics,
ion diffusion through channels and ion selectivity, spectroscopy of ion
channels-acetyl cholinereceptor. Supramolecul ar kinetics: conversion of
chemical energy tomechanical force, myosinandkinesin, actin polymers.
Nerve impul se propagation: membrane potentials, voltage sensitiveion
gates, Hodgkin-Huxley equations, propagation of the nerveimpul se.
3 units, Spr (Doniach, S), alternate years, not given next year

APPPHY S294. Cellular Biophysics—(SameasBIOSCI 294.) Physical
biology of dynamical and mechanical processesin cells. Emphasisison
qualitative understanding of biological functions through quantitative
analysisand simplemathematical models. Sensory transduction, signaling,
adaptation, switches, mol ecular motors, actinand microtubul es, motility,
andcircadianclocks. Prerequisites: differential equationsandintroductory
statistical mechanics.
3units, Aut (Fisher, D)

APPPHY S 302. Experimental Techniquesin Condensed M atter
Physics—Cryogenics; low signal measurementsand noiseanaysis; data
collection and analysis; examples of current experiments. Prerequisites:
PHYSICS 170, 171, and 172, or equivalents.

3units, Aut (Kapitulnik, A; Moler, K)

APPPHY S304. L aser sL abor ator y—Theory and practice. Theoretical
and descriptive background for lab experiments, detectorsand noise, and
lasers (helium neon, beams and resonators, argon ion, cw dye, titanium
sapphire, semiconductor diode, andtheNd: YAG). M easurementsof laser
threshold, gain, saturation, and output power levels. L aser transverseand
axia modes, linewidth andtuning, Q-switchingand model ocking. Limited
enrollment. Prerequisites: EE 231 and 232, or consent of instructor.
3units, Win (Byer, R)

APPPHY S305. Nonlinear OpticsL abor atory—L aser interactionwith
metter. L aser devicesprovideradiationtoexplorethelinear and nonlinear
properties of matter. Experiments on modulation, harmonic generation,
parametric oscillators, model ocking, stimulated Raman and Brillouin
scattering, coherent anti-Stokes scattering, other four-wave mixing in-
teractions such aswavefront conjugation and optical bistability. Optical
pumping and spectroscopy of atomic and molecul ar species. Limited en-
rollment. Prerequisites: 304, EE 231 and 232, or consent of instructor.
3units, Spr (Byer, R)

APPPHY S 315. Methods in Computational Biology—M ethods
of bioinformatics and biomolecular modeling from the standpoint of
biophysical chemistry. Methods of genome analysis; cluster analysis,
phylogenetic trees, microarrays, protein, RNA and DNA structure and
dynamics, structural and functional homology; protein-protein interac-
tionsand cellular networks; molecul ar dynamicsmethodsusing massively
parallel algorithms.
3 units, alternateyears, not given thisyear

APPPHY S 324. Introduction to Accelerator Physics—Linear and
circular accelerators. Topicsinclude acceleration, phase stability, trans-
fer matrices, beam envel opes, emittance, and the effects of synchrotron
radiation. Topics of current research including nonlinearities and insta-
biltiies. Prerequisites: undergraduateel ectromagnetismand mathematical
physics.

3units, Sor (Semann, R), alternate years, not given next year

APPPHY S377.Literatureof Condensed M atter Physics—Discoveries
and experimentsin condensed matter physicsinthepast 15years. Topics:
sliding charge density waves in layer compounds, the first pressure-induced
Mott transition and organic superconductor, discovery of superfluid 3He,
quasicrystals, the Sharvin effect, the quantum Hall effect, and reentrant
superconductivity. Journal club format; student presentations.

3units, not given thisyear

APPPHY S 383. I ntroduction to Atomic Processes—Atomic spec-
troscopy, matrix elements using the Coulomb approximation, summary
of Racah algebra, oscillator and line strengths, Einstein A coefficients.
Radiative processes, Hamiltonian for two- and three-state systems,
single- and multi-photon processes, linear and nonlinear susceptibilities,
density matrix, brightness, detailed balance, and electromagnetically
induced transparency. Inelastic collisionsin the impact approximation,
interaction potential s, Landau-Zener formul ation. Continuum processes,
Sahaequilibrium, autoionization, and recombination.
3 units, alternate years, not given thisyear
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APPPHY S 387. Quantum Opticsand M easurements—Postulatesin
quantum mechanicsand quantum optics: Heisenberg’suncertainty prin-
ciple, von Newmann's projection hypothesis, quantum non-demolition
measurements, quantum statesof light, cavity quantumelectrodynamics,
nonlocality and quantum entanglement. Second quantization of bosonic
and fermionic fields; Glauber, Fock, Dicke, and Bloch states, first- and
second-order coherence, quantuminterference. Reservoir theory of open
systems: Markoff and Born approximations, density operator master,
Fokker-Planck, quantum Langevin, stochastic differential equations,
quantum Monte-Carlo wavefunction method.
3units, Win (Yamamoto, Y), alternate years, not given next year

APPPHY S 388. M esoscopic Physics and Nanostructures—Optical
properties of semiconductor nanostructures: interband and intraband
optical transitions, excitons and polaritons, semiconductor Bloch equa-
tions, bosonization, exciton BEC, exciton laser. Transport propertiesin
mesoscopic and atomic systems: electron optics versus photon optics,
Landauer-Bittiker formula, noisein diffusive and dissi pative transport,
nonequilibrium Green’sfunction, el ectron entanglement, Coulomb bl ock-
ade, singleel ectronics, and spin dynamicsin semiconductor quantumdots.
Student presentations on assigned topics.
3units, Spr (Yamamoto, Y), alternate years, not given next year

APPPHY S390. Dissertation Research
1-15 units, Aut, Win, Spr, Sum (Staff)

APPPHY S392. Topicsin Molecular Biophysics—Conceptsfrom sta-
tistical mechani csapplied to contemporary molecular biology: alosteric
transitions; protein folding; molecular recognition; actin polymers and
gels, molecular motors; lipidsand membraneproteins; ion channels. Some
of thebasicmodel sused to quantitatefundamental biomolecular functions.
Prerequisites: elementary statistical mechanicsand chemical kinetics.

3 units, alternateyears, not given thisyear

APPPHY S 453A. Topicsin Accelerator Physics: Electromagnetic
Radiation by Relativistic Electrons—Emission of electromagnetic
radiation by relativistic electrons in accelerator environments such as
storagerings, undulators, and freeel ectronlasers. Conceptsin particleand
radiation beams. Properties of synchrotron radiation in bending magnets
andtheenhanced radiationfromundul atorsor similar periodic structures.
Interaction of electron and radiation beamsin an undulator. Physics of
free-electron lasers including self-amplified spontaneous emission. Source
characteristics of x-ray free-electron lasers and other more advanced
schemes. May be repeated for credit.

3units, Win (Chao, A; Huang, Z)

APPPHY S 470. Condensed M atter Seminar—Current research and
literature; offered by faculty, students, and outside specialists. May be
repeated for credit.

1 unit, Aut, Win, Spr (Fisher, I)

APPPHY S473B. Topicsin Condensed Matter Physics: Many Body
Physicsin Quantum Dots—Coulombblockade, rateequeations, Landauer
formula, co-tunneling, the Anderson model, Schrieffer-Wolff transfor-
mation, Kondo Hamiltonian. Fermi edge singularity, bosonization, the
Coulomb gasrepresentation and their rel ation to the Kondo effect. Fixed
point Hamiltonian, Friedel sum rule, and transport properties. May be
repeated for credit. Prerequisite: PHY SICS 231.
3units, Aut (Oreg, Y)
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APPPHY S473C. Topicsin Condensed M atter Physics: Novel Super-
conductivity—Superconductors whose properties cannot be described
by the Bardeen-Cooper-Schrieffer or Ginzburg-L andautheoriesof super-
conductivity intheir conventional forms. New physical properties: non-S-
wave pai ring symmetry, magnetic superconductors, timereversal symme-
try breaking, odd-frequency superconductors, two-band superconductors,
superconductivity inthe Bose-Einstein condensation limit, coupled order
parameters. Mechanisms of superconductivity beyond the conventional
electron-phonon interaction: magnetic fluctuations, excitons, negative-U
centers, charge Kondo effect, and bipolarons. May berepeated for credit.
Prerequisite: 272 or PHY SICS 172 or equivalent. Recommended: 280.
3units, Spr (Beasley, M)

APPPHY S 483. Optics and Electronics Seminar—Current research
topicsin lasers, quantum electronics, optics, and photonics by faculty,
students, and invited speakers. May berepeated for credit.

L unit, Aut (Miller, D), Win (Byer, R), Sor (Fan, 9



COGNATE COURSES

Seerespectivedepartment listingsfor coursedescriptionsand General
Education Requirements (GER) information. See degree requirements
above or the program’s student services office for applicability of these
coursesto amajor or minor program.

BIOSCI 232. Advanced Imaging L ab in Biophysics—(Same as BIO-
PHY S232, MCP232.)
4 units, Spr (Block, S, Schnitzer, M; Smith, S; Searns, T)

BIOSCI 217. Neuronal Biophysics
4 units, Spr (Schnitzer, M)

EE 222,223. Applied Quantum Mechanics! and 11
3units, 222: Aut, 223: Win (Miller, D)

EE 231. IntroductiontoLasers
3units, Win (Digonnet, M)

EE 232. Laser Dynamics
3units, Sor (Fan, S

EE 248. Fundamentals of Noise Processes
3 units, Aut (Yamamoto, Y)

EE 268. Introduction to M odern Optics
3units, Aut (Byer, R)
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EE 346. Introduction to Nonlinear Optics
3units, Spr (Harris, S

EE 366. Introduction to Fourier Optics
3units, Aut (Hesselink, L)

MATSCI 205. Wavesand Diffraction in Solids
3-4 units, Win (Clemens, B)

PHYSICS172. Solid State Physics
3 units, Sor (Manoharan, H)

PHY SICS210. Advanced Particle M echanics
3units, Aut (Laughlin, R)

PHY SICS212. Statistical M echanics
3 units, Spr (Peskin, M)

PHY SICS220. Classical Electrodynamics
3units, Win (Silverstein, E)

PHY SICS221. Classical Electrodynamics
3units, Spr (Tantawi, S)

PHY SICS230. Quantum M echanics
3 units, Aut (Shenker, S

PHY SICS231. Quantum M echanics
3 units, Win (Shenker, S

PHY SICS372. Condensed Matter Theory |
3 units, Win (Laughlin, R)

PHY SICS373. Condensed Matter Theory |1
3units, Spr (Laughlin, R)

This file has been excerpted from the Stanford Bulletin, 2007-08, pages
286-289. Every effort hasbeen madeto ensure accuracy; post-press
changesmay have been madehere. Contact theeditor of thebulletin
at arod@stanford.edu with changesor corrections. Seethe bulletin
web siteat http://bulletin.stanford.edu for additional infor mation.
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