Hsc1/PHYS 4121 —HISTORY OF 20TH-CENTURY PHYSICS — SPRING 2008

TIME AND PLACE: Tuesday, 4:400/7:10 PM; Tate Laboratory of Physcs, Rm. 210

INSTRUCTOR: Michd Janssen, Tate Laboratory of Phydcs, Rm. 354B Te. 4 588Q Email:
janss011 @umn.edu. Office Hours: M, 10:30B11:30 am; W, 1:30ER:30 pm; or by appantment.

COURSE DESCRIPTION: This courseis an introdudion to thework of historiansand philosophes
of science trying to trace the development of 20th-century physcs. Our main focuswill beon
the development of relativity theory (both special and general) and quantum theory in the
first quater of the century. Special attention will be pad to the contributons of Albert
Eindein. In addition, we shdl study: (1) the early contributions of John H. Van Vleck, a
young assistant professor at Minnesota at the time, to the development of quantum theory;
(2) The Eingein-Podolsky-Rosen (EPR) pgoer and the founddions of quantum mechanics;
(3) nudear physcs in the 1930s (4) the Manhatan project and the 1954 Oppenhemer
hearings (5) Michael Frayn@® critically-acclaimed play GCopenhagenO about the 1941
meeting beween Heisenberg and Bohr in Copenhagen and the related controversy among
historians of science about Heisenbag@ role in the German bonb project; (6) the interplay
between theory and expeariment in high-energy physcs in the 197Gs; (7) aspects of physcs
today (demise of the Superconduding Supe Collider [SSC]; backlash agang string theory).

Readingsare taken from a variety of sources. General surveys are used to ge us started on a
particular topic (for a list of these topics, see the GscheduleOon pp. 367 beow). That will
prepare usfor more speciaized literature in history and philosophy of science. We will aso
read (passages from) some of the semind texts written by the physcists we will study, both
to get some of the flavor of ther work and to evaluae interpretationsand recongructions of
these texts offered in the historical and philosophical literature.

FORMAT: Thecourse will berun as alecture course, but with ample oppatunity for discussion.

REQUIREMENTS: the basic requirements for this class are to keep up with the reading
assignments (see (BcheduleObdow) and to participae actively in class. Do the reading for
any given week before you come to class, so tha you are well prepared to follow the lecture
andto paticipaein discussion.

There will bethree take-home exams tha will test your undestanding of thereadingsand the
discussion of them in class. These exams will consist of 3 essay questionseach requiring an
answver of 1ER typed, doubk-spaced pages. Ingead of thefind take-home exam, you have the
option of writing aterm paper of about 10B15 pages. In the past, severa students have opted
to write on material in the Archive for History of Quantum Physcs (AHQP). TheU of M is
theonly depostory of the AHQP in the Midwest.

* Take-Home-I, on the material covered in sessions 184: handed out at the end of class,
February 12; due at the beginning of class February 26.

* Take-Home-II, on the material covered in sessions 588: handed out at the end of class
March 11; due at the beginning of class March 25.

* Take-Home-III on the material covered in weeks 9B14: handal out at the end of class
April 29; due Tuesday, May 13, 5 PM.
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* |f indead of Take-Home-III you choase to write a term paper: (1) brief description
of your topic plus preliminary list of sources due at the beginning of class April 15;
(2) pape due Tuesday, May 13, 5 PM.

GRADING: 3 take-home exams (25% each); class paticipaion (25%). All grades will be given
onascale from40to 100 and will only in the end be converted to letter grades. The convasion
will roughly beasfollows: 90B100: A; 80E90: B; 65B80: C; 50B65: D; less than 50: F.

POLICIES:

Attendance: Since the discussion of the assigned readingsin class is an integral part of the
course, atendance is mandaory. Attendance will be taken at the beginning of each class.
Unexcused absences will bereflected in your grade for class participaion. More importantly,
missing class will put you a a disadvantage when writing your short essays for the take-
home exams.

Office Hours: If you have difficulty with the material, do notwait too longand come see me
during office hours. | will do my best to answer any questionsyou may have, from very
specific onesto Q0N lok!O

Note on Plagiarism: in all written material you submit, you should present your own ideas
and your own arguments in your own words Use quottions spaingly and give deailed
citationswhenever you do. Note that smply changing a few words in a quottion does not
changethefact that you are quoing. Paraphrasing of this sort, where you use a source amost
verbatim without acknowledgment, is a common form of plagiarism. Another common
problem may arise from collaborating with other students. You are free to discuss the take-
home exams with other students but the work tha you submt mug be your own, nat
something jointly written or copied from another student. You will not receive any credit for
work tha violates these rules agang plagiarism.

WEBVISTA COURSE SITE:

To log on to the WebVista course site for this class, go to www.myu.umn.edu. Sign in to
Onyu.O You will be prompted for your UofM Internet ID (i.e, your username as in
username@umn.edu) and password (if you do nat know your Interngt ID or have forgotten
your password, call the ADCS hdpline at 612-301-4357 [on campus dia 1-HELP]). Go to
thetab Ony courses.OThere you will find alist of all WebVista sites for courses tha you are
currently enrolled in. Click on thelink to this course. Thefirst time you use WebVista, go to
webvista.umn.edu and follow the indructions on configuring your browser (this site also
provides an alternaive pah to WebVista course sites. go to WebVista B and login). Only a
few of the features of WebCT will be used for this class (e.g, the gradebook). The main
purpose of the site is to make readingsand handouts available to you on-line Unfortunaely,
some scansof joumd articles and book chepters are not very legible on screen, but they print
outjud fine Let me remind you tha copyright laws only allow you to make a copy for your
own peasond use. All filesare in html- or pdf-format. To read and print pdf-files, you need (a
reasonably recent version of) AdobeAcroba Reader. For ingructionson how to download
this program (for free), go to www.adobeconm/produds/acroba/readgep2.html. There is a
link to this site onthehome page of the course site.
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COURSE MATERIALS:

Jeremy Berngein, Oppenhamer. Portrait of an Enigma. Chicago: Ivan R. Dee, 2004.
Michael Frayn, Copenhager. New Y ork: Anchor Books 2000.

Emilio Segre, From X-Rays to Quarks. Modean Physicists and Ther Discoveries. San
Frandsco: W. H. Freeman and Company, 198Q

Helge Kragh, Quanum Generations A History of Physics in the Twentieth Century.
Princeton: Princeton University Press, 1999.

John Stachd (ed.), Eingein@®@ Miraculous Year: Five Papes That Changal the Face of
Physics. Princeton: Princeton University Press, 2005

B. L. van da Waerden, Sources of Quantum Mechanics. New Y ork: Dover, 1968

The booksby Berndein, Frayn, Kragh, and Stachd are available a theU of M Bookdore in
Coffman Union. The book by Segre is out of print. It will be made available el ectronically
aong with al other required readings and lots of optiond background readings (see
QVebVista Course SiteOabove). Download the required readings for any given week and
bring print-outs of them to class that week. Failure to do so will bereflected in your grade
for class participation. Note that WebCT has a ig brotherOfundion, which meansthat | can
see whoislogging in when.

SCHEDULE

The tables on the following pages give the topic plus the required readings for all fifteen
sessions of the semester. All handous and required readings (except Berngein, Frayn, and
Kragh) are available electronically. References to course booksare given in the author/dae
format (e.g., Stachd 2005 Segre 1980.

Session 1: Special Relativity: Einstein and Minkowski January 22, 2008

Session 2: Relativistic Mechanics January 29, 2008

Albert Einstein, “On the Electrodynamics of Moving Bodies.” Kinematical Part, secs. 1-5. In: Stachel 2005 plus editorial
note, pp. 101-142.

Michel Janssen, “Reconsidering a Scientific Revolution: the Case of Einstein versus Lorentz.” Physics in Perspective 4
(2002): 421-446. Skip the section “Philosophers of science on the case of Einstein versus Lorentz” (pp. 431-441).

Michel Janssen, “The Trouton Experiment, E=mc?, and a Slice of Minkowski Space-Time.” In: Abhay Ashtekar et al.
(ed.), Revisiting the Foundations of Relativistic Physics: Festschrift in Honor of John Stachel. Dordrecht: Kluwer, 2003.
Pp. 27-54.

Kragh 1999, Ch. 8 (“A Revolution that Failed”).
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Session 3: Planck and Black-Body Radiation February 5, 2008

Segre 1980, Ch. 4, pp. 61-77 (“Planck, Unwilling Revolutionary: The Idea of Quantization”), Appendix 2, pp. 300-301
(“Planck’s Hunt for the Blackbody Radiation Formula”).

Max Planck, “On an Improvement of Wien's Equation for the Spectrum” and “On the Theory of the Energy Distribution
Law of the Normal Spectrum” (1900) In: Hans Kangro (ed.) with D. ter Haar, and Stephen Brush (transl.), Planck®
Original Papers in Quantum Physics. London: Taylor & Francis, 1972. Pp. 35-45.

Max Planck, “On the Law of the Energy Distribution in the Normal Spectrum” (1901) In: Morris H. Shamos (ed.), Great
BExperiments in Physics. Firsthand Accounts from Galileo to Einstein. New York: Dover, 1959, pp. 305-313.

Martin J. Klein, “The Beginnings of Quantum Theory.” In C. Weiner (ed.), Proceedings of the International School of
Physics @nrico FermiAl972: History of Twentieth Century Physics. New York and London: Academic Press, 1977. Sec.
1, pp. 1-19 ("Planck and the Quantization of Energy"), especially pp. 16-19, the appendix.

Thomas S. Kuhn, Black-Body Theory and the Quantum Discontinuity, 189481912, 2nd ed. Chicago: University of
Chicago Press, 1987. Pp. 102-110 (“Deriving the distribution law”).

Martin J. Klein, Abner Shimony, and Trevor Pinch, “Paradigm Lost? A Review Symposium.” Isis 70 (1979) 429-440.

Thomas S. Kuhn, “Revisiting Planck.” Historical Studies in the Physical Sciences 14 (1984): 231-252. (Reprinted as
“Afterword: Revisiting Planck” in: Thomas S. Kuhn, Black-Body Theory and the Quantum Discontinuity, 189481912,
Chicago: University of Chicago Press, 1987, pp. 349-370).

Session 4: Einstein and the Light Quantum February 12, 2008

Segre 1980, Ch. 5, pp. 78-100 (“Einstein—New Ways of Thinking: Space, Time, Relativity, and Quanta”).

Albert Einstein, “Concerning a Heuristic Point of View about the Creation and Transformation of Light” (1905). In Stachel
2005 plus editorial note, pp. 167-198

Albert Einstein, “On the Development of Our Views Concerning the Nature and Constitution of Radiation.” (1909) In:
Anna Beck (transl.), The Collected Papers of Albert Einstein. Vol. 2. The Saiss Years: Witings, 1900B1909. English
Translation. Princeton: Princeton University Press, 1989, pp. 379-394

Albert Einstein, “On the Quantum Theory of Radiation.” (1917) In Vian der Waerden 1968. Pp. 63-77.

Session 5: The Bohr Atom and the Old Quantum Theory February 19, 2008

Segre 1980, Chs. 6-7, pp. 101-148 (“Sir Emest and Lord Rutherford of Nelson;” “Bohr and Atomic Models”), Appendix
9 (“Bohr’s Hydrogen Atom”).

Niels Bohr, “On the Constitution of Atoms and Molecules.” (1913). Reprinted in J. B. Birks (ed.), Rutherford at
Manchester. New York: Benjamin, 1963. Pp. 228-256.

John Heilbron and Thomas S. Kuhn, “The Genesis of the Bohr Atom.” Historical Studies in the Physical Sciences 1
(1969): 211-290. Introduction, pp. 211-213, and Sec. V, pp. 266-283.
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Session 6: From Dispersion Theory to Marix Mechanics | February 26, 2008

Kragh 1999, Ch. 11 (*Quantum Jumps”)

Martin J. Klein, “The First Phase of the Bohr-Einstein Dialogue.” Historical Studies in the Physical Sciences 2 (1970): 1-
39.

Niels Bohr, Hendrik A. Kramers, and John C. Slater, “The Quantum Theory of Radiation” (1924). Reprinted in B. L. van
der Waerden, Sources of Quantum Mechanics. New York: Dover, 1968, pp. 159-176.

Arthur H. Compton, “A Quantum Theory of the Scattering of X-Rays by Light Elements” (1923). Reprinted in Spencer R.
Weart (ed.), Selected Papers of Great American Physicists. New York: American Institute of Physics, 1976. Pp. 152
171.

Anthony Duncan and Michel Janssen, “On the Verge of Umdeutung in Minnesota: John van Vieck and the
Correspondence Principle.” Part One (skip secs. 3.4-3.5 and sec. 4.3).

Session 7: From Dispersion Theory to Mérix Mechanics I March 4, 2008

Segre 1980, Ch. 8, pp. 149-174 (“A True Quantum Mechanics at Last").

Werner Heisenberg, “Quantum-Theoretical Re-Interpretation of Kinematic and Mechanical Relations” (1925). Reprinted
in Van der Waerden 1968, pp. 261-276.

Anthony Duncan and Michel Janssen, “On the Verge of Umdeutung in Minnesota: John van Vieck and the
Correspondence Principle.” Part One, secs. 3.4-3.5 and sec. 4.3; Part Two, secs. 5.1-5.2, sec. 7.1, and sec. 8.

Session 8: The Einstein-Podolsky-Rosen (EPR) Paper and Entanglement March 11, 2008

David Z. Albert, Quantum Mechanics and Experience. Cambridge: Harvard University Press, 1992. Ch. 1, pp. 1-16
(“Superposition”).

Albert Einstein, Boris Podolsky, and Nathan Rosen, “Can Quantum-Mechanical Description of Physical Reality Be
Considered Complete?” Physical Review47 (1935): 777-780.

Spring Break

Session 9: Jordan, Wave-particle Duality, and the Beginnings of Quantum Field Theory March 25, 2008

Anthony Duncan and Michel Janssen, “Pascual Jordan’s resolution of the conundrum of the wave-particle duality of
light.” To be published in Studies in History and Philosophy of Madem Physics

Max Born, Werner Heisenberg, and Pascual Jordan, “On Quantum Mechanics II" (1926). Reprinted in Van der Weerden
1968, pp. pp. 321-385. Read pp. 375-385.

Session 10: Neutrons and Nuclear Fission April 1, 2008

Segre 1980, Ch. 9, Ch. 10 pp. 175-199 (“The Wonder Year 1932: Neutron, Positron, Deuterium, and Other
Discoveries”).

Roger H. Stuewer, “The Nuclear Electron Hypothesis.” William R. Shea (ed.), Otto Hahn and the Rise of Nuclear
Physics. Dordrecht: D. Reidel, 1983, pp. 19-67.
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Session 11: Oppenheimer, Heisenberg and Nuclear WWeapons April 8, 2008

Michael Frayn, Copenhagen. New York: Anchor Books, 2000.

Klaas Landsman, “Getting even with Heisenberg.CBtudies in History and Philosophy of Madem Physics 33 (2002): 297
325.

Bernstein 2004.

Session 12: Einstein® Quest for General Relativity, 190701920 April 15, 2008

Michel Janssen, “Of Pots and Holes: Einstein’s Bumpy Road to General Relativity.” Annalen der Physik 14, Supplement
(2005) 58-85. Part One, pp. 58-74.

Michel Janssen, “The Einstein-De Sitter Debate and its Aftermath” Handout based on editorial note: “The Einstein-De
Sitter-Weyl- Klein Debate,” in Robert Schulmann et al. (ed.), The Collected Papers of Albert Einstein. Vol. 8. The Berlin
Years: Correspondence, 1914E1918. Princeton: Princeton University Press, 1989.

Albert Einstein, “Ether and the Theory of Relativity” Pp. 3-24 in Sidelights on Relativity. New York: Dover, 1983.

Albert Einstein, “The Foundation of the General Theory of Relativity.” In: Albert Einstein et al., The Principle of Relativity.
New York: Dover, 1952, pp. 111-164. Part A, pp. 111-120.

Session 13: Einstein® Search for Gravitational Field Equations, 191201915 April 22, 2008

Michel Janssen, “Of Pots and Holes: Einstein’s Bumpy Road to General Relativity.” Annalen der Physik 14, Supplement
(2005) 58-85. Part Two, pp. 75-82.

Michel Janssen, “The Einstein-Besso manuscript: A Glimpse behind the Curtain of the Wizard.” Handout based on
essay for Christie’s Auction Catalog. 2002.

Albert Einstein, “The Foundation of the General Theory of Relativity.” In: Albert Einstein et al., The Principle of Relativity.
New York: Dover, 1952, pp. 111-164. Part C, pp. 142-151.

Session 14: High-Energy Physics: Weak Neutral Currents April 29, 2008

Peter Galison, How Experiments End. Chicago and London: University of Chicago Press. 1987. Ch. 4, pp. 135-241
(“Ending a High-Energy Physics Experiment”).

Andrew Pickering, Constructing Quarks. A Sociological History of Particle Physics. Chicago: University of Chicago
Press, 1984. Ch. 1 (“Introduction,” pp. 3-20), Ch. 6 (“Gauge Theory, Electroweak Unification and the Weak Neutral
Current,” introduction, pp. 159-160, secs. 6.4-6.5, pp. 180-195, pp. 202-206 [notes]), and Ch. 14 (“Producing a World,”
pp. 403-415).

Session 15: Recent developments (Superconducting Super-Collider; string theory) May 6, 2008

Daniel J. Kevles, The Physicists. Foreword to Revised Edition.

Michael Riordan, “The Demise of the Superconducting Super Collider.” Physics in Perspective 2 (2000): 411-425.

Jordi Cat, “The Physicists’ Debates on Unification in Physics at the End of the 20th Century.” Historical Studies in the
Physical Sciences 28 (1998): 253-299.

Peter Woit, Not Even Wrong. The Failure of String Theory and the Search for Unity in Physical Law. New York: Basic
Books, 2008.




