THE PHYSICS MAJOR AT DARTM OUTH: A SHORT GUIDE
| ntr oduction

Physcs has been ddined as the sudy of hat pat of nature which can beundestood in mathematical
terms. Phydcists use mathematics to hdp them comprehend the enormouscomplexity of the world:
to them, asto Galileo, "mathematics is the languaye of nature." As our knowedge of the physcal
world becomes degper, more of it becomes amenable to mathematical formulation, and hence pat of
physcs: for example, aoms used to be regarded as the damain of the chemist aone, while now
atomic physcsis at the core of the physcs curriculum. Mathematics also advances, and becomes able
to tackle problems previoudy thoughtto be beyond is scope The great physcist Richard Feynman
said in 1963 ha hecoud notconceive of a mathematical description of acloud, butat that very
moment Benoit Mandelbrot was developing the mathematics of “fractals,” which turned outto
provide jud that description. As aresult, new branches of physcs, such as condensed matter physcs
and nonlinear dynanmics, are continudly coming into being, & are hybridswith other sciences, for
example, chemical physcs, geophyscs, biophyscs and pgchophyscs.

It has been truly said that withou chemistry there would benolife: butwithou physics there would
not beanything & all. Thefirst hdf of this century saw arevolution in physcs, in which "classical”
physcs, which ragned supreme at the tum of the century, was replaced in the domain of the very
large by rdativity and in tha of the very small by quantum theory. This revolution was comparable in
its philosophical implicationsto the great scientific revolution ofthe 17th Century (also, primarily,
thework of physcists and astronamers). However, jud as the latter did na sgnificantly affect the
congiousess of the general educated public unil the following century, 2 the profound dangesin
our view of theworld that this century's revolution reguires, though he subject of much popubr
writing, have yet to be fully assmilated. Fhyscsis notjug abranch of technology kut is oneof the
humanities, in the sense that its sudy is one road towards an understanding of our pacein the
Universe. This may be onereason why 0 many leadersin the struggle for freedom of thoughtin
recent history have been physcists. Albert Eingein, Andre Sakharov, Edward Conan, Yuri Orlov,
Irina Ratushinskaya and Fang Lizhi, for example.

The physics major and your career

What do gudents of physcs do when they have obtained the bachdor's degree? About40% of our
gradudaing majorsgo on b graduae sudy in physcs or arelated discipline, aiming at a career in
academia or research. Gthers go © medical school, to engineering s£hod, or become research
techniciansor high shod science teachers. However, by no neansdo dl our mgjors pursie technical
careers. there are many other posibilities. Many go nto busness, to law school, to socal work and
to ahog of other careers. Because physcsis "the mog fundanental and dl-inclusve of the sciences"
(Feynman), aphyscs or modified physcs degree is agood lasis for any career in which sientific
and techndogical consgderationsplay an important role: in themoden world, this includes dmog the
entire spectrum of human activity. The sudy of physcs provides training in probkem solving by
guantitative and logical thinking and bymodd building, and developsthe habit of concentrating on
essentials and eliminating irrelevant detail. These are valuable killsin every walk of life. Itis
significant that many of the analytical techniques (e.g. opeational research and game theory) used in
busness and economics were originadly developed by physcists.

The physics major: prerequisites, required and recommended cour ses
By its very naure, physcs requires a srong mathematical background, ad the physcs major has a

minimum mathematical prerequisite of thefour-course Introdudory Cdculus sequence ending with
Differential Equations(Math 3, 8, 13, 23or equivalent). Many students come to Dartmouth with



advanced pacement in mathematics and dace ou of oneor more of these courses. While some of
these courses can betaken in parallel with the introductory physcs courses (numbered 13, 14, 19 iad
24 or he honorssequence 15, 16, ad 24),the minimum mathematical prerequisite mug be satisfied
before thecore (405 level) physcs courses are taken. More mathematics than this minimumis
desirable, particularly for those interested in pursiing theoretical research in graduae school. Linear
Algebra(Math 22 or 24), Mthematics in the Physcal Sciences (Math 33), and Fundionsof a
Conplex Variable (Math 43) ae paticularly recommended, as is an introdudory computer sci.
course such as Comp<ci 5 or 14 (CorpSci 14 is cross-listed with Engineering 20).

First year sudents who achieve thelevels of advanced pdacement in physcs described in theFirst
Year, available fromthe First Year Offi ce, receive credit for Physcs 3 nd/or Physcs 4. If they wish,
they can pdace into the honorssequence beginning with Physcs 15, ® long & their mathematics
preparation is adequéae, and they are prepared to do he extra work involved in an honorscour.

First year sudents can dso place into Physics 15 (and in exceptional cases Physcs 24) on he basis of
an examination alministered during Frst Year Orientation Week.

The minimum physcs major (indudng the physcs prerequisites) congsts of the following murses:
Phydcs 13 and 14 (or 15 ad 16), puseight further courses. These mug include Physcs 19, 24, 41,
42, 43, 44. gudents taking Fhyscs 15 and 16 may subditute athird dective for Physics 19. Begyond
this corethere are ether two or tree electives required, depending on whether Physcs 19 was taken.
One of the dectives mug fulfill the culminating experience requirement (see bdow). The mgjor
requires oneuppe-level laboraory course; Physcs 47, Fhyscs 48, Fhyscs 49, fhyscs 76 or
Astronony 61. Hective courses are Physcs 47, Fhyscs 48, fhyscs 49, Astronony 15 or 25, and dl
physcs and astronomny courses nunbered in the sixties and seventies. Brief descriptionsof dl
undegradude physcs courses mentioned here are given on p.10 othis guide Cour®sin other
depatments (principdly engineering or demistry) can besubdituted for sme of these, by
permission of the Chair. The core sequence (41-44) can be taken in any orcer. Sudents are required
to complete a culminating activity in themajor. For the physcs major this requirement may be
satisfied by receiving aedit for ore of thefollowing urses: Phydcs 68, Fhyscs 72, fhyscs 73,
Phydcs 74, Fhyscs 76, fhyscs 82, Fhysics 87 Astronony 74, Astronony 75, or Astronorny 81.
Students who intend to praceed to graduate work in physcs are srongly recommended to take more
than the minimum nunber of dectives. They should take Physcs 66, 76 ad 91 (orthesis), as many
courses as posible in the varioussubfields of physcs (Physcs 47, 68, 72 or 73),ral & least one
coure in engineering, hemistry or anather science department. There is dso awide range of
graduae courses which are open to qualified undegraduates.

Whileit is desirable to begin the physcs sequencein the first year, it is possible to begin in the
sophonoreyear and dill complete the minimum major within four years. Congilt the Char or a
major adviser a onceif you aethinking d doing tis.

Students with awiderangeof interests, or who ae paticularly interested in coss-disciplinary fields
such as biophyscs, are encouraged to take a modified mgjor, adoubk major, or aphysics mgjor with
aminor in another subject. A modfied mgor requires a least ten courses, of which at least Sx
(excluding the two prerequisites) should be in physcs. It is discussed in more ddail in the next
section. Another ogtion is the Engineering Physcs Mgjor, which is described on p. 5

Students mgjoring in anather subject may modify it with physcs, or take a physcs minor (see bdow)
All courses numbered Physcs 19 and above, or Astronony 15 and aove, arein prindple suitable for
the modified mgjor, 9 long & the prerequisites are satisfied. It is often posible to subditute a course
from another department for aprerequisite: for example Chemistry 81 @n subditute for Physcs 42,
and EngSci 23 for Physcs 41. Ghe subdgitutionscan bemade with the permission of the ingructor
of the course for which the prerequisite is required.



Some possible modified physics majors

A modified mgjor mug be approved bythe Registrar and mug satisfy the requirements given in the
ORC. The mog important requirement is that themajor be "plannad as a unified, wherent whole."
To enaurethis, the sudentis required to provide awritten rationale of theintellectud coheaence of
the propo®d program, which mug be approved by the major advisor (or oher representative) of boh
depatmentsinvolved. Some possible modified mgjors selected from avast rangeof optons ae
listed bdow.

Physcs modified with
Biochemistry: Chemistry 51, 52, Bology 77, 78.
Cheamistry: Chemistry 71, 72, 8Jand an dective.
Earth Sciences: Earth Sciences 34, 62, 64and an dective.
Engineering Siences: Four curses from Engineering Stiences numbered 50 or &ove.
Environmental Engineering: Engineering Sciences 37, 41, 42, 43.
History and Fhilosophy of Sience: History 57, 96;Philosophy 27;Rdigion 35.
Mathematics: Mathematics 33, 43, 53, 56.
Mudgc: Musgc 20 and three othe mgor musc courses.
Biology: Any four murses which dl form part of asngle biology major, eg BBMB
(for which the pemissible courses would be Biology 23, 6679).
Computer Science: Conp<ci 15 dusany three above CS 20.

Undergraduate research

Opporunities for undegraduae invavement in experimental or theoretical research abound n the
physcs depatment. Many faculty hire undergraduaes to work on ter research prgects, and such
research experience often leadsto an indgpendent sudent project and o asenior thesis. It isagood
ideato get garted on his type of work asearly as posible, preferably in the sophamore year, 0 that
experience can begained in different areas of research. There is alist of senior theses submitted for
honorsin the past few years on paes 8 and 9 of his guide

The Physics Minor

The Phydgcs Minor has the following murse requirements:

Prerequisites. Mathematics 3, 8, 13, 23 oequivaents; Physcs 13 and 14 (or 3 ad 4 or 15 ad 16,).
Four murses are required in additionto the prerequisites. One of these mug be Physcs 19, except
students taking Fhyscs 15 and 16may subgitute a third elective for Physcs 19. The other three mugt
be chosen from physcs courses numbered 24 and dove and/or astronamy courses nunbered 15 and
above a least oneof which mus benunbered &bove40.

The Astronomy Major and Minor

A guideto the Astronony major and mnor is available from the Physcs and Astronony
departmental office.

Suggested Enrollment Patterns
for Physics Majors

Thefollowing are suggested course enrdiment paternsfor the sophonorethrough gnior years. The
first patern is for sudents taking Fhysics 13 in the winter of ther first year, while the second & for
students taking Fhysics 13 or 15 i ther first-year fall. It is desirable to take P41 and P66
congecutively, butnat required and oten not compatible with other eective choices. P72 and F68,



P73 or 76 make arecommendad senior year sampling of graluate schod preparatory and research
related offerings Students choosng © doan honorsthesis for their culminaing experience may nesd
to take relevant research area courses in their junior year, eg. F68 (Rasma Physcs), P73 (Condasd
Matter) and appropriate Astronony courses. Sudents who go quekly through 6Gs - 70's course
offeringsmay choos to take graduate level coursesin their senior year.

P13, 14, 19, 24 geern: EXAMPLE

F W S X
Year 2 19 24 44 42
Year 3 43, 47 41 66
Year 4 73 68, 91 72,74,76

P15, 16, 19 peern: EXAMPLE

F W S X
Year 2 47 41 44 42
Year 3 43 48, 68 66
Year 4 73 68, 91 72,74,76



ENGINEERINGPHYSICSMAJOR

The Department of Engineering Sciences and the D epartment of Physics and Astronomy offer an
exciting ! Engineering Physics' major. A key feature of the major isa55split in courses, unlike a
modified major which requires six courses from one field and four from the other.

¥T he prerequisites for this program are:
Math 3 8, 13 23 Phys 13 14; Chem 5, and CoSc 50r Engs 20
¥T he required or core courses for this program are:

Engs 22 #5ystems$ 234D istributed Systems and Fields$ 24 #cience of M aterials$and Phys 19
#ntroductory Physics | 11$ 24 # ntroductory Physics | V$§ 43#&atistical Physics$ %tudentstaking Physics
15and 16 may substitute athird elective for Physics 19.&

M n addition, there are four electives'two from each department. Y ou must sdect two electives from the
following list:

Engs 25 Thermodynamics
Engs 3 Solid M echanics
Engs 34 Fluid M echanics
Phys 42 Atomic Physics
Phys 68 Plasma Physics
Phys 91 Advanced Quantum M echanics
Phys 73 Solid State Physics or
Engs 131 Science of Solid State Materials
Phys 66 Electromagnetic W aves or
Engs 120 Electromagnetic Fieldsand W aves
Phys44 M echanics or

Engs 140 Applied M echanics: Dynamics

and any two electives from the Engineering Sciences D epartment: Engs 21and higher, excluding Engs
80 and 87, or from the Physics and Astronomy D epartment which fulfill the straight Physics major.

¥Y ou must also complete a culminating experience coursewhich can be one of the following:

Phys 68 Plasma Physics

Phys 72 Particle Physics|

Phys 73 Solid State Physics

Phys 74 Fpace Plasma Physics

Phys 76 M ethods of Experimental Physics

Phys 82 Soecial Topics Seminar

Phys 87 Undergraduate Research thonorsthesis$

Engs 86 I ndependent Project

Engs 838 Honorsthesis

Engs 190 Engineering D esign M ethodology and Project | nitiation %vhich must be taken

as part of the two' coursedesign sequence 190/290&A dvanced Engineering
Sciences courses 63, 76, 91, 92 or any Engineering Sciences graduate course
avalable for AB credit

The culminating experience isincluded in, not in addition to, the coursesrequired for the major.

All mgjor programs require an average GPA of 2.0 in all courses counted toward the major, including
prerequisites.

Remember ! you must have a5/5split total.
For further information, pleasecontact either

Professa Mary Hudson or John T horstensen or Professa William Lotko or Christopher Levey
Physics and Astronomy Engineering Sciences



Faculty and Research Staff of the Department of Physics and Astronomy, Dartmouth College

Faculty

MilesBlenmwe (Ph.D., London 1989)
Condensd matter theory: nano to messcale electromechanica systems, quantum measurement, non-ecquilibrium
statistical mechanics.

Robert Caldwell (Ph.D., Wisconsin-Milwaukee, 1992)
Theoretical cosmology, gravitation, and relativistic astro physics.

Brian Chaboyer (Ph.D., Yale 1993)
Theoretical stellar astro physics, formation of the Milky Way, globular cluster ages

Cassandra G. Fesn (Ph.D., Michigan, 1981)
Thermospherefionosphere dynamics, atmospherictides theoretical modeling.

Robert A. Feen (Ph.D. Michigan, 1981)
Optical, UV, and infrared studies of supernovae and supernova remnants, and the interstellar medium.

Marcelo Gleser (Ph.D., London 1986)
Nonlinear and statistical field theory, cosmology, and astro biology.

Mary K. Hudson (Ph.D., UCLA, 1974)
Spaceplasma theory, plasma simulation; sun-earth connections, space weather, auroral particle accderation and
heding, ring current-plasmapause interaction, radiati on belts, solar energetic particle trapping and effects of
geamagnetic storms.

JamesW. LaBelle (Ph.D., Cornell, 1985)
lonospheric and magnetospheric physics plasma measurementsin space; remote sensing of ionospheric pasma
proceses

Walter E. Lawrence (Ph.D., Cornell, 1970)
Condensd matter theory: quantum information, entanglement, deccherence electron correlations and electron-
phonon interactions in condensd matter.

Kri stina Lynch (Ph.D., Univ. of New Hampshire, 1992)
lonospheric and mesospheric physics; auroral plasma physics sounding rocket experiments.

Robyn Millan (Ph.D. U. C. Berkeley, 2002)
Experimenta spacephysics, radiation belt electron losses Hard X-ray/gammaray observations and instr umentati on.

Roberto Onofri o (Ph.D., Rome, 1991)
Atomic and condensed matter physics, quantum vacuum phenomena, messcopic quantum mechanical systems.

Alexander Rimberg (Ph.D., Harvard University, 1992)
Condensed matter experiment: electrical transport measurements of nanostructure s such as quantum dots and single-
electron transistors; quantum information scienceand quantum measurements, contro lled physica realizations of
open quantum systems; quantum noise and non-equilibri um effects

Barrett Rogers (Ph.D., MIT, 1991)
Theoretical and computational plasma physics

Yeong-Ah Sah (Ph.D., Cornell, 1995)
Experimenta condensd matter physics: magnetism, messcopic physics, quantum many-body problem, nanoscience,
scanning probe microscopy, x-rays.

John R. Thorstensen (Ph.D., Californi a-Berkeley, 1980)
Optical studies of close binary stars.

LorenzaViola (Ph.D., Padova, 1996)
Theoretical quantum information science:open quantum systems and quantum noise control, physical realizations of
information theory and applications of entanglement.

Gary A. Wegner (Ph.D., Washington, 1971)
Cosmology, large-scale structure of the universe, end statesof stellar evolution.



Adjunct Faculty

Alain Brizard (Ph.D., Princeton University, 1990)
Low-frequency nonlinear gyrokinetic theory, relativistic quasilinear transport drivenby arbitrary-frequency
electromagnetic fl uctuations, vari ational formulations of exact and reduced, kinetic and fluid plasma equétions,
applications of Li etransform methodsin plasma physics

Mauri ceF. Kimmitt (Ph.D., University of Essex, 1973)
Far infrared opticsand detecbrs, semiconductors, free electron lasers.

Christopher G. Levey (Ph.D., University of Wisconsin, Madison, 1984)
Micro optical and electro mechanical systems; micro and nanofabri cation techndogy; solid state physics.

Robert A. Naumann (Ph.D. Princetan, 1953
Nuclear structure and spectroscopy.

Rudolf A. Treumann (Ph.D., University of Leipzig, 1968)
Spaceand plasma physics.

Resear ch Faculty

J. Hayden Brownell (Ph.D., Columbia University, 1995)
Light-matter interaction: visibleto far infrared coherent processes, non-linear optics, terahertz physics, spectroscopy.

Philippe Crane (Ph.D., YaleUniversity, 1969)
Dynamicsof galaxies, radio galaxies, interstellar medium. Seachesfor extra-solar planets.

Meifang Chu (Ph.D., University of Flori da, 1990)
Nano - electromechanical systems, molecular dynamicssimulation, quantum field theory, theoretical high energy
physics, financial engneering and mathematical biology.

Richard E. Denton (Ph.D., University of Maryland, 1986)
Computational plasma physicsinvolving linear theory and parti cle and fluid smulations. Recentsubject of study;
ULF wave phenamena, reconnection, determination of plasmaspheric densty and fluid models.

Brian Kress (Ph.D., Dartm outh, 2002)
Theoretical and computational fluid dynamics numeri ca radiation belt modeling.

John Lyon (Ph.D., University of Maryland, 1972)
Spaceplasma physics and magnetospheric physics, numerical simulation and computational physics

David C. Montgomery (Ph.D.,Pri nceton, 1959)
Nonlinear magnetohydrodynamics, MHD turbul encetheory, disruptionsin fusion devices inertial confinement fusion
and shocks, relaxation processes, stati stical fluid mechanics, gegohysical dynamo.

Hans-Reinhard Mueller (Ph.D. Dartm outh, 1997)
Theoretical spacephysics and astr ophysics (physics of the outer heliosphere; interaction of solar and stellar winds
with the interstellar medium); numerical smulations.

Timothy Smith (Ph.D., University of Massachusetts at Lowell, 1990)
Experimentd intermediate enemy physics; the distribution of quark sin neutrons and protons.

Postdoctoral Associates

FengPan (Ph.D., University of Colorado at Boulder, 2004)
Experimental mesoscopic physics

Ravi Kummamuru (Ph.D., University of Notre Dame, 2004)
Magnetic materials, nanotechnology, quantum dots, electronic devices.

Paolo Ricd (Ph.D., Politecnico di Torino, 2004)
Numerica simulation and computational plasma physics

LeaF. Dos Santos (Ph.D., University of Sao Paulo, 2000)
Theoretical quantum computation; entanglement; quantum chaos.



Senior theses offered recently in Physics and Astr onomy

Name
Vishesh Khemani

Kate Berkeley

James P. McGuire

ShaynaRich

Andrew Berglund

Y eechi Chen

Thomes C. Harris
Matthew Holmes

Wilson M. Liu

Thomas A. Pasquini

Erika Artukovic

Jill M. Haynie

Andason E Hoke

Nicholas C. Koshnick
Thomas S. Levi

Andrewn C. Crapser

Nathaniel Ferraro
Alex Glocer

Jessica Lamb

Title of Thesis
Beam-Plasma Interaction in Axially Bourded Systems

Overview of Chaps Theory and its Applicationsto Econonic
Systems

The Excitation of Surface Modes: A Novd Application of Tota
Internd Reflection

The Application ofLie Groupsto Quantum Field Theory

Quantum Coheence and Contol in One-and Two-Photon
Optical Systems

Quantum Mechanical Theory for Gain in Cerenkov Free-Electron
Lasers

A Smith-Purcell LINAC
Non-Linear Scalar Field in a Thamal Bath

CCD Photometry of Globular Cluger Pal 11 and the Formation
of the Milky Way

Inelastic Electron Tunnding $ectroscopy to Sudy the Sze
and Vibrational States of Gold Nanodugers

The Phydcs and Fhilosophy of David Bolm's Causal Interpretation
Of Quantum Mechanics

Modds for the Erosond Evolution of Fault Scarps

An Improved Two-Dimensond Numerical Modding Method for
E-CoreTrandormers

A Study of Non-Exponential Decay in Metastable Quantum
Non-Topologica Solitons

Investigaion of the Evolution of Free Radicals and the Oxidation of
UHMWPE in Orthopelic Bearings

Turbulence in Low-f Reconnection Events
Asymptotic Spectral Measures in FHnite Quantum Systems

Electrical Trangport Propeties of Ligand-stabilized Nanopaticle Point
Contact Devices



Gary E. Weissman

Christophe C. Wipf

Latchezar L. Benatov

LauraTroulle

Jeremy Althouse
Abigal Goodhue
Andrev Hunter

Sarah bnes

ZosaKrusheg

Spencer Smith

Matthew A. Bartek

Nathan Monnig

Michael J. Holliday

Kelly Michaelson

Bart Butler

Bryan Davis

Paul Durkee

Jonahan Huang
Ryan Michney

Sarah Taylor Smith

Testing General Relativity: A Parameterized Metric and Gravitationd
Lenses

Quantum Cryptogrgphyin Jace

Spectrum and CGeneralized Qusceptibility of the Tunable Ginzburg
Landau Potentia

TITAN: Fom an imperviouscloudcover to an explorable world:
Creationand Application ofa3_D Monte Carlo Raliative Trander
Code

The Energy Landscape of Q-Balls ¢° Theory

A Search for Deytron Fhotodisintergraion Eventsin BLAST
Andysis and Modding of X-ray Microbusts

Spaced-AntennaMeasurements of AM Radio Sationsto Measurethe
EarthOdonogphee

BVI CCD Photometry of Old Open Clugers NGC 188, Bekeley 17,
Berkeley 31and the Formation of the Milky Way

Entanglement Dynamics in the Heisenbag Antiferromagnetic Spin
Chan Modd

Me and MIE: An Investigation of Light Scattering in Breast Tissue

A Proposa to Detect the Dynamical Casimir Effect Based Upon
Absorption Sectroscopy of Lithium Atoms

Modding lonogpheaic Current Structures in Response to Sudden
Impulse Events

Andysis of BLAST Events Involving Delta Formation, H (e,ed pin)

Environmental Effects on the Nonexporential Decay of Metastable
Quantum States

Real-Time Detection of Electron Motion: Radio Frequency Singe
Electron Trangstor and Resonant Impedance Matching

Micro-Cantilevers. A Novd Approah to Observing the Mechanical
Propaties of Materials Undagang Fhase Trangtions

The Phydcs of Sheared Hows in Fuson Hasmas
Anisotropy in the Cosnic Neutrino Background

Nongjuilibrium Phenomena in Open Classical Systems



Coursedescriptions  (F =fall term, W = winter, S= spring, X = summer)

13.

14.

15.

16.

19.

24,

41.

Introdudory Physcs| (F, W)

Thefundamenta laws of mechanics. Reerence frames. Harmonic and gravitational motion.
Thermodynanics and kingic theory. Fhydcs 13, 14, ad 19 ae designed as a three-term sequence
for sudents magjoring in aphyscal science. One laboraory period per week.

Prerequisite: Mathematics 3 and 8 @t least conaurrently).

Introdudory Physcsll (W, 9

Thefundamenta laws of dectricity and magneism. Maxwell's equations Waves. Electrical and
magndic propeties of bulk matter. Circuit theory. Optics. Onelaboratory peaiod pe week.
Prerequisite: Physcs 13 and Mathematics 8, or pemission.

Introdudory Phydcs |, HonorsSection (B

Physcs 15, 16, ad 24 ae an dternative ssquenceto Phydcs 13, 14, 19, ad 24 forstudents whose
subdantial backgrourd in physcs and methematics enables them to sudy the material in more depth
than is posible in regular sections and who ae willing © devote correspondngly more work to the
course. Admission aiteria are described in the First Year, available from the First Y ear-Offi ce.
Dynamics of paticles and rigid bodes. Gravitation. Gscillationsand waves. Huids Kinetic theory
and thermodynamics. Onelaboratory peiod pe week.

Prerequisite: Mathematics 8 or 9 @ncurrently, and pemission.

Introdudory Physcs I, HonorsSection (W)

Electric and megndic fields of charges and aurrents. Electromagnetic indudion. Dielectric and
magndic materials. Circuit theory. Maxwell's equations dectromagnetic waves and optics. Special
relativity. Onelaboratory peiod pe week.

Prerequisite: Phydcs 15 and Mathematics 13 or 14 onaurrently, or pemission.

Introdudory Fhyscsll (F)

The general theme of this course is the wave-particle dudity of radiation and netter, with an
introdudion o gecial relativity. Classical wave phenomena in mechanical and electromagnetic
systems induding keats, interference, diffraction, and pokrization. Quantum aspects of
electromagnetic radiation indudethe phobdectric effect, Conpton sattering and pair produdion
and annihilation. Quantum aspects of matter indude DeBroglie waves, dectron diffraction,and the
spectrum of the hydrogen atom. The Schrodinger equaion isintroduced in onespadial dimenson.
Supplemental course fee required. Lectures and laboraory work.

Prerequisite: Physcs 14 or 16, ad Mathematics 13 or pemission.

Introdudory Physcs IV (W,S)

Thetheme of this course is the application of the prindples of physcs to the Sructure of matter on
variousscales. The Schrodinger equation is discussed in three spdial dimensons with emphasis on
the description of hydrogeic wavefunctions Spin and the Pauli excluson pindple. Applications
may indude many-electron goms, molecules, 0lids nudel and dementary paticles.

Prerequisite: Phydcs 19, or Fhyscs 16 or pemission.

Electricity and Magndism (W)

Thedifferential and integrd laws of dectric and magndic fieldsin vector form. Potential theory and
bounday vaue prodems. Maxwell's equaions the wave equaion and dane waves.

Prerequisite: Phydcs 24 and Mathematics 23, or pemission.

1C



42.

43.

44,

47.

48.

49.

66.

Introdudory Quantum Mechanics (X)

Detailed olutionsof the Schrsdinge equation for avariety of systems induding baund gates and
scattering dates in oneand three dimensons Matrix representationsof gin and orbtal anguar
momenta. Applicationsto atomic, molecular and nudear prodems are emphasized.

Prerequisite: Phydcs 24 and Mathematics 23, or pemission.

Statistical Physcs (F)

Kindic theory of gases. Boltzmann's Principle. Bdtzmann, Bog-Eingein and Fermi-Dirac
statistics. The datistical approah to thermodynanics. Applicationsto radiation, aoms, molecules
and condensed metter.

Prerequisite: Physcs 24 or pemission.

Mechanics (S)

The fundamental principles of mechanics. Lagrangian form of the equationsof motion. Central force
motion, ®llisonsand <attering, dynanics of rigid bodes, vibraions normal modes, and waves.
Prerequisite: Phydcs 24 and Mathematics 23, or pemission.

Qptics (F)

This course covers geometrical, physcal, and moden opics topics indudng the propagaion,
reflection, dspersion, and redraction of raliant energy; polarization, interference, and diffraction
in opical systems; the basics of coherence theory, lasers, quantum opics, and hdography.
Applicationsof opiical andlaser science will bediscussed. Lectures and laboraory work.
Prerequisite: Physcs 14 or 16, ad Mathematics 13, or pemission.

Electronics: Introdudion o Linear and Digital Circuits (W)

(Identical to Engineering Siences 32)

Principles of opeation of miconductor diodes, bipolar and field-effect trangstors and their
applicationin rectifier, amplifier, waveshaping, and logic circuits. Basic active-circuit theory. DC
biasing and snal-signd modds. Introdudion to integrated drcuits. the operationd amplifier and
comparator. Emphasis on breadth of cverage of low-frequency linear and digital networks
Laboraory exercises pamit "handson" experience in the analysis and design of smple dectronic
circuits. Thecourse is designeal for two popuktions a) thos desiring asingle coure in basic
electronics, and b) hose desiring the fundamental necessary for further sudy of active circuits and
systems.

Prerequisite: Physcs 14 or 16 ad Engineering Siences 22, or guivalent background in basic
circuit theory.

Intermediate Physcs Laboratory (S

An introdudionto experimental physcs designal to complement thetheoretical framework covered
in Physcs 41-44. Sudents work indgpendently on experiments dravn from classical mechanics,
electromagnetism, datistical physcs, and atomic physcs. Weekly seminars cover such topics as
experimental design, ditaand eror analys's, 9gnd recovery, and computer methods

Prerequisite: Phydcs 24 or pemission.

Rdativistic Electrodyramics (S)

Classical electrodyramic radiation and rdativistic dectrodynanics. Topics indude
electromagnetism and rdativity; Maxwell stress-tensor; e ectromagneic wave propajation in free
space and media; radiation by darged paticles; scattering; diffraction; basic e ements of general
relativity.

Prerequisite: Physcs 41 or Ehgineering Siences 23.
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68.

70.

72.

73.

74.

75.

76.

82.

Plasma Physcs | (W)

The physcs of ionized gases with emphasis on the theory of waves and ingabilities. Indudes
introdudion to magneohydrodyramics and kinetic theory of dasmas.

Prerequisite: Phydcs 41 or Ehgineering Siences 23 and Fhyscs 44.

Conmplex Variable and Trandorm Theory (W)

(Identical to Engineering Siences 92)

Survey of anumber of mathematical methodsof importance in Engineering and Fhysical Sciences.
Topics indudeintegration and differentiation of nultivariable functions complex variable theory,
genealized fundions Fourier and Laplace trandorms, directed toward goplicationsin such aeas as
fluid mechanics, dectromagndics, wave and diffusion pha&omena, linear systems, and sgnd
theory.

Prerequisite: Mathematics 33 or Ehgineering Siences 22, or he equivalent.

Particle Phygcs| (S)

Chaacterization of dementary paticles and ther interactionsaccording to the sandard modd,;
leptons quaks, gaugeboons and the Higgsmechanism. Camposte particles and thar interactions
Methodsof produdion and measurement of particles. Particle lifetime and cross sections
Prerequisite: Phydcs 42.

Condensed Matter Phydcs | (F)

The physcs of condensed matter, primarily solidswith peiodic orde. Theory and measurement of
electronic, ogical, magndic, and thermal propeties of lids Lattice structures, symmetries, and
bonding energies. Thereciprocal lattice and the Brillouin Zone. Bloch's Theorem. Electron energy
band gructureand the Fermi surface, phahon nodedispersion, and aher elementary excitations
Prerequisite: Physcs 42, Fhysics 43 recommended.

Space Plasma Physdcs (S)

Plasma proaesses in the solar system. Thesolar cycle, solar flares, solar wind ouflow and
interaction with distinct types of planetary magnegogheaes. Fasma waves, paticle acceleration and
generation of escaping dectromagnetic radiation. Magnetogphae-ionogphee coupling, and
ionopheic interaction with the neutral amosphee.

Prerequisite: Phydcs 66 and 68, or pamission of heingructor.

Quantum Conputationand Informetion (W)

Overview of basic ideas in classical and quantum computation. Conepts and physcal redlizations
of quantum bits (qubits). Topics in quantum computation may includethe Deutsch-Jozsa, quantum
Fourier trandorm, Shor factorization and Grover search dgorithms. Topics in guantum
communication indudequantum key distribution shemes and quantum teleportation. Issues relating
to thefounddionsand interpretationsof quantum mechanics will be revisited throughoutthe course.
Prerequisite: Physcs 19 or Methematics 22 or 23.

Methodsof Experimenta Physcs (S

Experiments emphasizing moden techniques and topics in physcal measurements. Experiments
will cover areas induding condensed matter, paticle and plasma physcs, and such practical
laboraory techniques as noise suppression, digital data acquisition,and opeation ofstandard
laboraory equipment. Supplemental course fee required.

Prerequisite: Physcs 24.

Specia Topics Seminar (Arrange)

Advanced gudy in physcs or astrophyscs. Sudents will read and regport ordly on sgnifi cant
journd articles and write a paper summarizing their library research.
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85.

87.

91.

92.

Reading Courg (Arrange)

Advanced indegoendent sudy of apaticular field in physcs or astrophyscs, unde the
supavision of amember of the degpartment, through aspecially designed program of reading,
problem sets, and reports.

Undegraduae Research (Arrange

Advanced Quantum Mechanics (combines former 71 and 102)(W)

Formalism of quaitum mechanics, opeaator methodsand trandormation theory. Measurement
theory and unertainty relations Podtionand nomentum representation. The harmonic
o<cillator and ladde operators. Introduction to pah integrds. Perturbaion nethods WKB,
time-indgrendent and ime-dependent perturbation theory. Interaction of nmatter and radiation
and slection rules. Symmetries and conservation laws.

Prerequisites: Physcs42. Dst: SCI.

myscs of the Early Universe (W)

An introdudionto the sudy ofthe early universe, focusng on he interaction of niclear and
particle physcs and cosmology, the so-called inner-space ouer-space conneetion. After an
investigation of he Robetson-Walker metric andits application t the Big Bang nodd, the
course will address thefollowing topics; thermodynamics in an expandng unverse,
nudeosynthesis (synthesis of light nudei) and bayogenesis (origin of excess matter over
antimatter); inflationay modds of coamology; primordial phase trangtions introduction
gquantum cosmology.

Prerequisite: Phydcs 41-44, and Astronony 25 (recommended).

For acomplete listing with more detailed descriptions including geduae
courses and ourses for nonmagors see the ORC.

FEEYYYYYYYYYYYYYYYY

If you are thinking of mgjoring in physcs or engineering physcs, and have any questions please
contact the department major adviser:

Professor ohn Thordensen

239 Wder Laboratory

Phone 6462869

Blitzmail: john.rthorgensen@datmouth.edu
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