
Spring 2010    Syllabus 
Physics 404 / Physics 690-3: Atomic Physics and Quantum Optics 
 
MWF 1:00-1:50 pm in Millington Hall room 123 
 
Undergraduate prerequisites: PHYS 313 and 314 (Intro to Quantum Physics) 
 
Instructors 

Prof. Seth Aubin 
Office: room 245 (Millington Hall), tel: 1-3545 
Lab: room 15 (Small Hall, basement, next to machine shop), tel: 1-3532 

 e-mail: saaubi@wm.edu
web: http://www.physics.wm.edu/~saubin/index.html  

 
 Jim Field 
 Office: room 121/123-T (Millington) 
 e-mail: jpfield@wm.edu 
  
Office hours:  Aubin: Thursday, 5-6 pm; Field: Monday, 4:30-5:30 pm. 
 
Course Objectives 

The primary purpose of this course is to teach the basic physics, theory, current 
research topics, and applications of Atomic Physics and Quantum Optics. 
a. Topics: 
The course will cover the following topics: 

- Classical and quantum coherence. 
- 2-level atoms, atom-light interactions, Bloch sphere. 
- Spontaneous emission, decoherence. 
- Schrödinger equation, density matrix , quantum Monte Carlo. 
- Angular momentum of light and atoms. 
- Multi-level quantum systems, diatomic molecules. 
- Laser cooling and trapping. 
- Quantum theory of light, dressed atoms, squeezing. 
- Quantum information, Bell inequalities, EPR paradox. 
- Bose-Einstein condensation, degenerate Fermi gases. 

 
b.  Demonstrations 

An important objective of the course is the experimental demonstration of course 
concepts and theory with in-class and research lab proof-of-principle experiments. 
Demonstration topics will include laser cooling and trapping, Doppler broadening, 
saturation spectroscopy, spatial and temporal coherence, particle behavior of light, etc ... 
 
c.  Scientific Articles 

A central component of the course is the reading and writing of scientific articles. 
Roughly every week, we will read a historically important physics paper that shows the 
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discovery of an important physics idea, so that you can develop the ability to distill its 
essential physics. At the end of the course, you will write a term paper in the form of a 
scientific article. 
 
Course Materials 
Text: About half of the course materials and almost all of the problem sets will be taken 
from the following required text for the course: 

Elements of Quantum Optics by P. Meystre and M. Sargent III, Springer (4th ed., 2007).  

The rest of the course materials will be taken from original physics papers and the 
following texts: 

Quantum Mechanics (non-relativistic theory), by L. D. Landau and M. E. Lifshitz 
Laser Cooling and Trapping, by H. J. Metcalf and P. van der Straten 
Quantum Theory of Light, by R. Loudon 
Optical Coherence and Quantum Optics, by L. Mandel and E. Wolf 
Atomic Physics, by C. Foot 
Bose-Einstein Condensation in Dilute Gases, by C. J. Pethick and H. Smith 
Quantum Mechanics, by C. Cohen-Tannoudji, B. Diu, F. Laloë  
 
Evaluations 

Your final grade for the course will be determined from the following grading weight 
distribution: 

 
Undergraduate students 
 Problem sets:  40% 
 Participation:  10% 
 Midterm:  15% 
 Final paper:  20% 
 Oral presentation: 15% 
 
Graduate students 
 Problem sets:  50% 
 Participation:  10% 
 Midterm:  15% 
 Final Exam:  25% 
 
Problem sets: The problem sets are the main evaluation of learning for the course and 
also serve as significant means of learning the material. At the undergraduate level, the 
problem sets will serve primarily to review material seen in class and will not go too far 
beyond the classroom material. Graduate students will do the same problem sets as the 
undergraduate students, but with one or two additional harder problem each week. For 
the undergraduates, if you hand in all problem sets, then I will drop the one with the 
lowest  grade. 
 
Participation: The classroom presentation of course material will involve a significant 
amount of in-class discussion. All students are expected to participate in these 
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discussions, since they will help elucidate the course material. Participation also reflects 
class attendance. The instructor expects that undergraduate seniors who have applied 
for employment and graduate schools will need to be absent for several classes in order 
to visit prospective graduate schools and employers. Please notify the instructor as 
early as possible prior to these absences. 
 
Midterm: The midterm will cover course material from the first half of the course. It is 
the only undergraduate examination of the course. 
 
Final paper and oral presentation (undergraduates only): Undergraduate teams of 2 
will write a final paper presenting an atomic physics or quantum optics calculation and its 
context. The paper will have a maximum length of 4 single space pages in the format of 
an article in Physical Review Letters. Each student team will also make a 30 minute oral 
presentation of their calculation and its context. 
 
Final exam (graduate students only): Graduate students will take a final exam covering 
all course topics. 
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Weekly Schedule 
 
Week 0: 1/20-22  Intro to Atomic Physics 
Introduction to atom-light interactions, semi-classical atomic physics. 
 
Week 1: 1/25-29  Coherence 
Interference, first and second order coherence, correlation functions. 
 
Week 2: 2/1-5   Quantum atomic physics: 2-level atoms 
2-level systems, Rabi Flopping, Bloch sphere. 
 
Week 3: 2/8-12  AC Stark Shift 
Dressed atom picture, optical dipole trapping, optical tweezers. 
 
Week 4: 2/15-19  Density Matrix 
Decoherence, spontaneous emission, optical Bloch equations. 
 
Week 5: 2/22-26  Monte Carlo numerical methods 
Classical Monte Carlo, Quantum Monte Carlo. 
 
Week 6: 3/1-5   Multi-level atoms 
Selection rules, fine and hyperfine structure, 3-level systems. 
 

-------------------------------- Spring Break --------------------------------- 
 
Week 7: 3/15-19  Laser Cooling and Trapping 
Doppler cooling, Sysiphus cooling, magnetic trapping. 
 
Week 8: 3/22-26  Photons: Quantization of the Electromagnetic Field 
Simple introduction to quantum field theory. 
 
Week 9: 3/29-4/2  Quantum Theory of Atom-Photon Interactions 
Stimulated emission and absorption, spontaneous emission, squeezing. 
 
Week 10: 4/5-9  Quantum Entanglement 
EPR paradox, Quantum computing and Shor's Algorithm, Bell's Inequalities. 
 
Week 11: 4/12-16  Atomic Quantum Optics 
Atom-atom interactions, Bose-Einstein Condensation, degenerate Fermi gases. 
 
Week 12: 4/19-23  Oral Presentations 
Final papers due on 4/26. Undergraduate oral presentations. 
 
Week 13: 4/26-30  Special Topics (or catch-up week) 
Quantum simulations, nuclear physics and parity violation, diatomic molecules. 
 
May 10, 2010, 2-5pm  Final Exam (graduate students only)  

 - 4 - 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [4000 4000]
  /PageSize [612.000 792.000]
>> setpagedevice


