The Falling Cat and All That:

A Short Story of the “Geometric Phase”

Kirk T. McDonald Joseph Henry Laboratories, Princeton University, Princeton, NJ 08544 (November 10, 2023)

As an undergraduate at Cambridge U., Maxwell performed “research” with cats [9] that we can now say was an exploration of effects of a “geometric phase”:

There is a tradition in Trinity that when I was here I discovered a method of throwing a cat so as not to light on its feet, and that I used to throw cats out of windows. I had to explain that the proper object of research was to find how quick a cat could turn around, and that the proper method was to let the cat drop on a table or bed from about two inches (probably two feet), and even then the cat lands on her feet.

The cat is dropped, upside down, with zero angular momentum, and yet manages to rotate itself by 180^∘ about a horizontal axis and land feet-first.

This was first documented photographically by Marey (1894) [10, 15]. See also [28, 148].

OK. We might well say that the cat somehow changed its phase angle about a horizontal axis by 180^∘, but how is this “phase” related to a larger context, now often referred to as the concept of the “geometric phase”?^1

1Subsequent studies of the cat problem without mention of the “geometric phase” include [11]-[15, 17]-[24, 27, 28, 29, 33, 36, 42, 43, 45, 51]-[54, 65, 66, 72, 73, 80, 82, 86, 92, 97, 148, 199, 208, 243, 246, 252, 257, 261, 280]. Discussions that mention the “geometric phase” include [163, 185, 204, 216, 221, 236, 241, 244, 275, 283, 304].

In retrospect, we identify a demonstration by Arago and Fresnel (1819) [2, 3, 313] of changes in the interference pattern in a double-slit experiment on rotations of the plane of polarization of light along its path as an effect of a “geometric phase”. These studies helped confirm Young’s arguments that light is a wave phenomenon, and led Fresnel to the understanding that light is transversely polarized. But Fresnel’s extra phase (une demiondulation, p. 102 of [3]) was largely ignored,^2 even after being rediscovered in 1956 by Pancharatnam (1956) [35] (who made no mention of Fresnel). Another example from the 1800’s involving a “geometric phase” is Foucault’s pendulum (1852) [7, 8], but like the fallingcat problem, explanations via classical physics seemed sufficient, and these examples did not directly lead to new insights.

Rather, a key step was taken by Yang only in 1954 [32] (see also [34]) when he inverted arguments by Fock (1926) [25], London (1927) [26] and Pauli (1941) [30] that Schrödinger’s equation for an electric charge e of mass m in electromagnetic fields described by potentials A_μ = (V, A) can be written, in Gaussian units with c as the speed of light,

(−iℏD)^2 2m ψ = iℏD_0ψ, using the “altered” (covariant) derivative D_μ = ∂_μ − iq ℏc A_μ. (1)

This behavior is gauge invariant only if the gauge transformation of the potentials, A_μ(x_ν ) → A_μ + ∂_μχ(x_ν ), is accompanied by a phase change of the wavefunction, ψ(x_ν ) → e^{−iqχ(xν )/ℏc} ψ. Following Yang, Fock’s argument can be inverted such that the additional requirement of local phase invariance of the form ψ(x_ν ) → e^{−iqχ(xν )/ℏc} ψ implies the existence of an interaction described by a potential A_μ (and charge q) which satisfies gauge invariance and modifies Schrödinger’s equation via the altered derivative D_μ. This insight has led to the understanding that quantum field theories could/should be “gauge theories”, based on potentials that are not “observable”, but which, together with local phase invariance of the quantum wave function, highly constrain the possible theories.

Soon thereafter (but prior to the coining of the term “geometric phase” in 1983 [79]), further examples that we now associate with a “geometric phase” were published, including [35, 37, 38, 50, 57, 59, 61, 62, 64, 69, 70, 71].

In 1974, Yang noted [55] that gauge theories are associated with a path-dependent “gauge phase factor” that is now often called the “geometric phase”. In a follow-up paper [58], Wu and Yang noted that the Aharonov-Bohm effect [38]^3 contains such a “gauge phase factor”, e^{i q ∮ Aμ dxμ/ℏc}, and made a connection of this with the mathematical concept of fiber bundles (perhaps the first such in physics).

Simultaneous with Yang’s effort in 1974, Wilson [56] discussed a “weight factor” that involves an exponential of an integral of a gauge potential around a closed loop, which is essentially the same as Yang’s “gauge phase factor”. Such factors are now sometimes called “Wilson loops”.

The term “geometric phase” was introduced by Berry (1983) in an influential paper [79] titled “Quantal phase factors accompanying adiabatic changes”. This has led to an

2Fresnel’s work [1] on conical refraction was discussed by Lloyd [4, 5] and by Hamilton [6], which bears an indirect relation to the issue of “geometric phases”.

3Papers related to the Aharonov-Bohm effect include [31, 39, 40, 41, 44, 46, 47, 48, 49, 50, 63, 67, 68, 69, 70, 74, 76, 77, 78, 83, 87, 94, 96, 100, 101, 142, 152, 184, 186, 207, 231, 239, 245, 250, 255, 259, 260, 263, 264, 281, 284, 295].

impression that the “geometric phase” is a quantum effect, and is only associated with “adiabatic” processes, neither of which are actually requirements for the existence of the “gauge phase factors” anticipated by Wu and Yang (who were briefly mentioned by Berry). Examples of this “phase” were given by Berry, including the Aharonov-Bohm effect, in which it was related to effects along a geometric path. Berry ended the paper with a comment that the concept of “geometric phase” should apply to classical electromagnetic waves (without giving any examples).^4

A paper by Simon (1983) [81], which cited prepublication results of Berry, introduced the notion that the “geometric phase” is an “(an)holonomy” associated with motion of a system around a closed path.^5

In 1984, Wilczek became interested in the concept of the “geometric phase”, first in a quantum context [85], but then in 1987, together with Shapere, he discussed its application to the phenomenon of “swimming” at low Reynolds number [118], which is in the realm of classical dynamics. In 1989, they noted [137] that in the falling-cat problem the angle (180^∘) through which the cat rotates (with zero angular momentum at all times) is a “geometric phase”.^6

In the 1980’s, Witten [75, 136], Atiyah [121, 135] and others (inspired in part by Schwarz [60, 71, 315]) developed “topological quantum field theory”, also called “Chern-Simons theory”,^7 which emphasize certain “topological invariants”, some of which are versions of Yang’s “gauge phase factor”, “Wilson loops”, and Berry’s “geometric phase”.^8 “Topological field theory” has led to extensive, ongoing experimental studies that provide laboratory realizations of various exotic features of the theory.^9

In 2002, Wisdom noted [218] that in curved space (and curved spacetime), but not in Euclidean/flat space, a deformable object can have net motion while its “linear” momentum remains zero at all times. In examples where this is accomplished by cyclic motion, a “geometric phase” is involved. Discussions of this include [232, 236, 238, 248, 251], which point out that in curved space the appealing notion of a center of mass is not well defined.

4Berry has since written extensively on the “geometric phase”, including [88, 112, 120, 122, 140, 162, 168, 180, 181, 195, 200, 230, 258, 265, 267, 306, 307].

5Later papers by others on “geometric phases” in quantum systems include:

General quantum systems: [89, 91, 93, 95, 106, 114, 116, 117, 123, 127, 130, 131, 132, 133, 147, 153, 156, 158, 159, 160, 166, 171, 173, 174, 176, 179, 190, 191, 197, 202, 206, 210, 224, 228, 229, 240, 266, 273, 285, 291, 312, 315, 320].

Optical systems: [84, 102, 103, 104, 105, 113, 125, 128, 134, 143, 145, 154, 164, 170, 172, 175, 189, 196, 209, 211, 212, 213, 214, 219, 223, 226, 227, 234, 235, 242, 247, 249, 253, 256, 262, 268, 269, 271, 272, 274, 277, 282, 286, 290, 293, 294, 296, 298, 300, 301, 302, 303, 305, 308, 313, 316, 317, 321, 322].

Systems with spin-1/2: [108, 110, 114, 115, 215, 217, 220, 222, 224, 270, 278, 292, 311]. Chemical systems: [119, 167, 169, 177, 182, 192, 201, 203, 289, 314]. Other gauge systems: [98, 107, 187, 299].

6Other works on these themes by Shapere and Wilczek include [138, 139, 144, 150, 319]. Works by others on “geometric phases” in classical physics include [90, 108, 110, 124, 141, 146, 149, 151, 155, 161, 163, 165, 176, 178, 225, 197, 198, 237, 251, 254, 297],

with those related to locomotion including [157, 163, 194, 205, 279, 323, 324]. 7J.H. Simons is not related to B. Simon.

8The term “topological” has the implication of independence of shape/path, while the “geometric phase” is related to path-dependent effects.

9See, for example, a review by J.E. Moore, http://kirkmcd.princeton.edu/examples/CM/moore_15.pdf

Recently, an experimental demonstration has been made [318] that a “free”, deformable object on the surface of a sphere can have motion which results in a change of its position while returning to its original shape, with zero linear momentum at all times (with respect to the surface of the sphere).^{10}

Longer reviews of this topic include [150, 156, 179, 309].

This note was prompted by an email from Bob Austin. Thanks for discussions with Dan Goldman, Shengkai Li and Zeb Rocklin. Thanks also to Duncan Haldane for reminiscences about refs. [105, 113].

References

[1] A. Fresnel, Mémoire sur la Diffraction de la Lumière, Mém. Acad. Roy. Sci. 5, 339 (1821), based on a manuscript dated 29 July 1918,

http://kirkmcd.princeton.edu/examples/optics/fresnel_mars_5_339_18.pdf

[2] Arago and Fresnel, Sur l’Action que les rayons de lumière polarisés exercent les uns sur les autres, Ann. Chim. Phys. 10, 288 (1819),

http://kirkmcd.princeton.edu/examples/optics/fresnel_acp_10_288_19.pdf

English translation on pp. 145-155 of [16].

[3] A. Fresnel, Note sur le Calcul des teintes que la polarisation développe dans les lames cristallisés, Ann. Chim. Phys. 17, 102 (1821),

http://kirkmcd.princeton.edu/examples/optics/fresnel_acp_17_102_21.pdf
http://kirkmcd.princeton.edu/examples/optics/fresnel_acp_17_102_21_english.pdf

[4] H. Lloyd, On the Phænomena presented by Light in its Passage along the Axes of Biaxal Crystals, Phil. Mag. 2, 112 (1833),

http://kirkmcd.princeton.edu/examples/optics/lloyd_pm_2_112_33.pdf

[5] H. Lloyd, Further Experiments on the Phænomena presented by Light in its Passage along the Axes of Biaxal Crystals, Phil. Mag. 2, 207 (1833),

http://kirkmcd.princeton.edu/examples/optics/lloyd_pm_2_207_33.pdf

[6] W.R. Hamilton, Third Supplement to an Essay on the Theory of Systems of Rays, Trans. Roy. Irish Acad. 17, 1 (1837),

http://kirkmcd.princeton.edu/examples/optics/hamilton_tria_17_1_37.pdf

[7] L. Foucault, Démonstration physique du mouvement de rotation de la terre au moyen du pendule, Comptes Rend. Acad. Sci. 32, 135 (1851),

10A person swimming on the surface of a lake or ocean is moving on a “sphere”, i.e., a curved space, but this motion is not “free”, due to the viscosity of the water, and hence ordinary swimming does not directly illustrate the significance of a “geometric phase”. Zeb Rocklin (private communication) estimates that part of the net displacement per stroke with relative motions of order 1 meter which is associated with a “geometric phase” (and zero linear momentum at all times with respect to the 2-d curved space defined by the surface of the water) could be about 10^{−12} m, the size of a large atomic nucleus.

http://kirkmcd.princeton.edu/examples/mechanics/foucault_cras_32_135_51.pdf
http://kirkmcd.princeton.edu/examples/mechanics/foucault_cras_32_135_51_english.pdf

[8] L. Foucault, Sur les phénomènes d’orientation des corps tournant entrainés par un axe fixe à la surface de la Terre, Comptes Rend. Acad. Sci. 35, 424 (1852),

http://kirkmcd.princeton.edu/examples/mechanics/foucault_cras_35_424_52.pdf

[9] J.C. Maxwell, Letter to Katherine Mary Clerk Maxwell (3 Jan. 1870), Letter 336, p. 528 of [193]. http://kirkmcd.princeton.edu/examples/EM/maxwell_letter336.pdf

[10] Marey, Des mouvements que certains animaux exécutent pour retomber sur leurs pieds, lorsqu’ils sont précipités d’un lieu élevé, Comptes Rend. Acad. Sci. 119, 714 (1894),

http://kirkmcd.princeton.edu/examples/mechanics/marey_cras_119_714_94.pdf

[11] Guyou, Note relative à la Communication de M. Marey, Comptes Rend. Acad. Sci. 119, 717 (1894), http://kirkmcd.princeton.edu/examples/mechanics/guyou_cras_119_717_94.pdf

[12] M. Lévy, Observations sur le principe des aires, Comptes Rend. Acad. Sci. 119, 718 (1894), http://kirkmcd.princeton.edu/examples/mechanics/levy_cras_119_718_94.pdf

[13] P. Appell, Sur le théorème des aires, Comptes Rend. Acad. Sci. 119, 770 (1894),

http://kirkmcd.princeton.edu/examples/mechanics/appell_cras_119_770_94.pdf

[14] L. Lecornu, Sur une application du principe des aires, Comptes Rend. Acad. Sci. 119, 899 (1894), http://kirkmcd.princeton.edu/examples/mechanics/lecornu_cras_119_899_94.pdf

[15] Marey, Photographs of a Tumbling Cat, Nature 51, 80 (1894),

http://kirkmcd.princeton.edu/examples/mechanics/marey_nature_51_80_94.pdf

[16] H. Crew, Ed., The Wave Theory of Light (American Book Co., 1900),

http://kirkmcd.princeton.edu/examples/optics/crew_00.pdf

[17] E.J. Routh, The Elementary Part of a Treatise on the Dynamics of a System of Rigid Bodies, 7^{th} ed. (Macmillan, 1905), Art. 287, p. 237,

http://kirkmcd.princeton.edu/examples/mechanics/routh_elementary_rigid_dynamics.pdf

[18] G.G. Stokes, Memoir and Scientific Correspondence, Vol. 1 (Cambridge U. Press, 1907), see p. 32 for Stokes’ interest in falling cats in 1874,

http://kirkmcd.princeton.edu/examples/fluids/stokes_memoirs_v1.pdf

[19] W.S. Franklin, How a Falling Cat Turns Over in the Air, Science 34, 844 (1911),

http://kirkmcd.princeton.edu/examples/mechanics/franklin_science_34_844_11.pdf

[20] J.R. Benton, How a Falling Cat Turns Over, Science 35, 104 (1912),

http://kirkmcd.princeton.edu/examples/mechanics/benton_science_35_104_12.pdf

[21] H. Crabtree, Spinning Tops and Gyroscopic Motion, 2^{nd} ed. (Longmans, Green, 1914), pp. 56-57, http://kirkmcd.princeton.edu/examples/mechanics/crabtree_14.pdf

[22] H.R. Muller and L.H. Weed, Notes on the falling reflex of cats, Am. J. Physiol. 40, 373 (1916), http://kirkmcd.princeton.edu/examples/mechanics/muller_jam_40_373_16.pdf

[23] R. Magnus, Wie sich die fallende Katze in der Luft umdreht, Arch. Néer. Physiol. 7, 218 (1922), http://kirkmcd.princeton.edu/examples/mechanics/magnus_anp_7_218_22.pdf

[24] J.C. Chaston, Why a Cat Lands on its Feet, Discovery 5, 235 (1924),

http://kirkmcd.princeton.edu/examples/mechanics/chaston_discovery_5_235_24.pdf

[25] V. Fock, Über die invariante Form der Wellen- und der Bewegungsgleichungen für einen geladenen Massenpunkt, Z. Phys. 39, 226 (1926),

http://kirkmcd.princeton.edu/examples/QM/fock_zp_39_226_26.pdf
http://kirkmcd.princeton.edu/examples/QM/fock_zp_39_226_26_english.pdf

[26] F. London, Quantenmechanische Deutung der Theorie von Weyl, Z. Phys. 42, 375 (1927), http://kirkmcd.princeton.edu/examples/QM/london_zp_42_375_27.pdf

[27] L.Carmichael, The Genetic Development of the Kitten’s Capacity to Right Itself in the Air When Falling, Ped. Sem. J. Gen. Psysch. 44, 453 (1934),

http://kirkmcd.princeton.edu/examples/mechanics/carmicheal_psjgp_44_453_34.pdf

[28] G.G.J. Rademaker and W.G. Ter Brakk, Das Umdrehen der fallenden Katze in der Luft, Acta Oto-Laryng. 2, 313 (1936),

http://kirkmcd.princeton.edu/examples/mechanics/rademaker_aol_23_313_36.pdf

[29] J. Warkentin and L. Carmichael, A Study of the Development of the Air-Righting Reflex in Cats and Rabbits, J. Gen. Psych. 55, 67 (1939),

http://kirkmcd.princeton.edu/examples/mechanics/warkentin_jgp_55_67_39.pdf

[30] W. Pauli, Relativistic Field Theories of Elementary Particles, Rev. Mod. Phys. 13, 203 (1941), p. 206, http://kirkmcd.princeton.edu/examples/EP/pauli_rmp_13_203_41.pdf

[31] W. Ehrenberg and R.E. Siday, The Refractive Index in Electron Optics and the Principles of Dynamics, Proc. Phys. Soc. London B 62, 8 (1949), p. 21,

http://kirkmcd.princeton.edu/examples/EM/ehrenberg_ppsl_b62_8_49.pdf

[32] C.N. Yang and R.L. Mills, Conservation of Isotopic Spin and Isotopic Gauge Invariance, Phys. Rev. 96, 191 (1954), http://kirkmcd.princeton.edu/examples/EP/yang_pr_96_191_54.pdf

[33] D.A. McDonald, How Does A Falling Cat Turn Over?, St. Bartholomew’s Hosp. J. 59, 254 (1955), http://kirkmcd.princeton.edu/examples/mechanics/mcdonald_sbj_59_254_55.pdf

[34] R. Utiyama, Invariant Theoretical Interpretation of Interaction, Phys. Rev. 101, 1597 (1956), http://kirkmcd.princeton.edu/examples/EP/utiyama_pr_101_1597_56.pdf

[35] S. Pancharatnam, Generalized Theory of Interference, and Its Applications, Proc. Indian Acad. Sci. A 44, 247 (1956),

http://kirkmcd.princeton.edu/examples/QM/pancharatnam_piap_a44_247_56.pdf

[36] S.J. Gerathewohl and H.D. Stallings, The Labyrinthine Posture Reflex (Righting Reflex] in the Cat during Weightlessness, J. Aviat. Med. 28, 345 (1957),

http://kirkmcd.princeton.edu/examples/mechanics/gerathewohl_jam_23_345_57.pdf

[37] H.C. Longuet-Higgins et al., Generalized Theory of Interference, and Its Applications, Proc. Roy. Soc. London A 244, 1 (1958),

http://kirkmcd.princeton.edu/examples/QM/longuet_prsla_244_1_58.pdf

[38] Y. Aharonov and D. Bohm, Significance of Electromagnetic Potentials in Quantum Theory, Phys. Rev. 115, 485 (1959),

http://kirkmcd.princeton.edu/examples/QM/aharonov_pr_115_485_59.pdf

[39] W.H. Furry and N.F. Ramsey, Significance of Potentials in Quantum Theory, Phys.

Rev. 118, 623 (1960), http://kirkmcd.princeton.edu/examples/QM/furry_pr_118_623_60.pdf

[40] F.G. Werner and D.R. Brill, Significance of Electromagnetic Potentials in the Quantum Theory in the Interpretation of Electron Interferometer Fringe Observations, Phys. Rev. Lett. 4, 344 (1960), http://kirkmcd.princeton.edu/examples/QM/werner_prl_4_344_60.pdf Eaves, G. (1960). The falling cat and the twisting diver. New Scientist, 8:249.

[41] R.G. Chambers, Shift of an Electron Interference Pattern by Enclosed Magnetic Flux, Phys. Rev. Lett. 5, 3 (1960), http://kirkmcd.princeton.edu/examples/QM/chambers_prl_5_3_60.pdf

[42] D. McDonald, How does a cat fall on its feet? New Sci. 7, 1647 (1960).

[43] G. Eaves, he falling cat and the twisting diver, New Sci. 8, 249 (1960).

[44] H.A. Fowler et al., Electron Interferometer Studies of Iron Whiskers, J. Appl. Phys. 32, 1153 (1961), http://kirkmcd.princeton.edu/examples/QM/fowler_jap_32_1153_61.pdf

[45] D. McDonald, How does a man twist in the air? New Sci. 10, 501 (1961),

http://kirkmcd.princeton.edu/examples/mechanics/mcdonald_ns_10_501_61.pdf

[46] H. Boersch et al., Experimenteller Nachweis der Phasenschiebung von Elektronenwllen durch das magnetische Vektorpotential, Z. Phys. 165, 79 (1961),

http://kirkmcd.princeton.edu/examples/QM/boersch_zp_165_79_61.pdf

[47] G. Möllenstedt and W. Bayh, Messung der kontinuierlichen Phasensehiebung von Elektronenwellen im kraftfeldfreien Raum durch das magnetische Vektorpotential einer Luftspule, Naturw. 49, 81 (1962),

http://kirkmcd.princeton.edu/examples/QM/mollenstedt_naturw_49_81_62.pdf

[48] H. Boersch et al., Experimenteller Nachweis der Phasenschiebung von Elektronenwllen durch das magnetische Vektorpotential. II, Z. Phys. 169, 263 (1962),

http://kirkmcd.princeton.edu/examples/QM/boersch_zp_169_263_62.pdf

[49] R.C. Jaklevic et al., Quantum Interference from a Static Vector Potetial in a Field-Free Region, Phys. Rev. Lett. 12, 274 (1964),

http://kirkmcd.princeton.edu/examples/QM/jaklevic_prl_12_274_64.pdf

See also sec. 21.9 of R.P. Feynman, R.B. Leighton and M. Sands, The Feynman Lectures on Physics, Vol. 3, (Addison-Wesley, 1964),

https://www.feynmanlectures.caltech.edu/III_21.html#Ch21-S9

[50] Y. Aharonov and L. Susskind, Observability of the Sign Change of Spinors under 2π Rotations, Phys. Rev. 158, 1237 (1967),

http://kirkmcd.princeton.edu/examples/QM/aharonov_pr_158_1237_67.pdf

[51] G.I. Kitaev, Demonstration of the Law of Conservation of Angular Momentum (“Tumbling Cat”), Sov. Phys. Usp. 11, 133 (1968),

http://kirkmcd.princeton.edu/examples/mechanics/kataev_spu_11_133_68.pdf

[52] T.R. Kane and M.P. Scher, A Dynamical Explanation of the Falling Cat Phenomenon, Int. J. Solids Structures 5, 663 (1969),

http://kirkmcd.princeton.edu/examples/mechanics/kane_ijss_5_663_69.pdf

[53] T.R. Kane and M.P. Scher, Human Self-Rotation by Means of Limb Movements, J.

Biomech. 3, 39 (1970), http://kirkmcd.princeton.edu/examples/mechanics/kane_jb_3_39_70.pdf

[54] J.I. Schonle and D.L. Nordick, The Physics of Ski Turns, Phys. Teach. 10, 491 (1972),

http://kirkmcd.princeton.edu/examples/mechanics/schonle_pt_10_491_72.pdf

[55] C.N. Yang, Integral Formalism for Gauge Fields, Phys. Rev. Lett. 33, 445 (1974),

http://kirkmcd.princeton.edu/examples/EP/yang_prl_33_445_74.pdf

[56] K.G. Wilson, Confinement of quarks, Phys. Rev. D 10, 245 (1974),

http://kirkmcd.princeton.edu/examples/EP/wilson_prd_10_2445_74.pdf

[57] M.S. Smith, Phase memory in W.K.B. and phase integral solutions of ionospheric propagation problems, Proc. Roy. Soc. London A 346, 59 (1975),

http://kirkmcd.princeton.edu/examples/EM/smith_prsla_346_59_75.pdf

[58] T.T. Wu and.N. Yang, Concept of nonintegrable phase factors and global formulation of gauge fields, Phys. Rev. D 12, 3845 (1975),

http://kirkmcd.princeton.edu/examples/EP/wu_prd_12_3845_75.pdf

[59] K.G. Budden and M.S. Smith, Phase memory and additional memory in W.K.B. solutions for wave propagation in stratified media, Proc. Roy. Soc. London A 350, 27 (1976), http://kirkmcd.princeton.edu/examples/EM/budden_prsla_350_27_76.pdf

[60] A.S. Schwarz, Magnetic Monopoles in Gauge Theories, Nucl. Phys. B 112, 358 (1976),

http://kirkmcd.princeton.edu/examples/EP/schwarz_np_b112_358_76.pdf

[61] A.J. Stone, Spin-orbit coupling and the intersection of potential energy surfaces in polyatomic molecules, Proc. Roy. Soc. London A 351, 141 (1976),

http://kirkmcd.princeton.edu/examples/QM/stone_prsla_351_141_76.pdf

[62] C.A. Mead, The “noncrossing” rule for electronic potential energy surfaces: The role of time-reversal invariance, J. Chem. Phys. 72, 2276 (1979),

http://kirkmcd.princeton.edu/examples/QM/mead_jcp_72_2276_79.pdf

[63] P. Bocchieri and A. Loinger, Nonexistence of the Aharonov-Bohm Effect, Nuovo Cim. A 47, 475 (1978), http://kirkmcd.princeton.edu/examples/QM/bocchieri_nc_47a_475_78.pdf

[64] C.A. Mead and D.G. Truhlar, On the determination of Born-Oppenheimer nuclear motion wave functions including complications due to conical intersections and identical nuclei, J. Chem. Phys. 72, 2284 (1979),

http://kirkmcd.princeton.edu/examples/QM/mead_jcp_72_2284_79.pdf

[65] C. Frohlich, Do springboard divers violate angular momentum conservation? Am. J.

Phys. 47, 583 (1979), http://kirkmcd.princeton.edu/examples/mechanics/frohlich_ajp_47_583_79.pdf

[66] D.J. Gerritsen, On the angular motion of a freely falling human or animal body, J. Eng.

Math. 13, 347 (1979), http://kirkmcd.princeton.edu/examples/mechanics/gerritsen_jem_13_347_79.pdf

[67] G. Casati and I. Guarneri, Aharonov-Bohm Effect from the “Hydrodynamical” Viewpoint, Phys. Rev. Lett. 42, 1579 (1979),

http://kirkmcd.princeton.edu/examples/QM/casati_prl_42_1579_79.pdf

[68] S.M. Roy, Condition for Nonexistence of Aharonov-Bohm Effect, Phys. Rev. Lett. 44, 111 (1980), http://kirkmcd.princeton.edu/examples/QM/roy_prl_44_111_80.pdf

[69] C.A. Mead, The molecular Aharonov-Bohm effect in bound states, Chem. Phys. 49, 23 (1980), http://kirkmcd.princeton.edu/examples/QM/mead_cp_49_23_32.pdf

[70] C.A. Mead, Electronic spin-orbit interaction and the molecular Aharonov-Bohm effect, Chem. Phys. 49, 33 (1980), http://kirkmcd.princeton.edu/examples/QM/mead_cp_49_33_32.pdf

[71] A.S. Schwarz, Are Field and Space Variables on an Equal Footing? Nucl. Phys. B 171, 154 (1980), http://kirkmcd.princeton.edu/examples/EP/schwarz_np_b171_154_80.pdf

[72] H. Essén The cat landing on its feet revisited or angular momentum conservation and torque-free rotations of nonrigid mechanical systems, Am. J. Phys. 49, 756 (1981),

http://kirkmcd.princeton.edu/examples/mechanics/essen_ajp_49_756_81.pdf

[73] C. Frohlich, The Physics of Somersaulting and Twisting, Sci. Am. 242-(3), 154 (1980),

http://kirkmcd.princeton.edu/examples/mechanics/frohlich_sa_242-3_154_80.pdf

[74] P. Bocchieri and A. Loinger, Comments on the Letter “On the Aharonov-Bohm Effect” of Boersch et al., Lett. Nuovo Cim. 30, 449 (1981),

http://kirkmcd.princeton.edu/examples/QM/bocchieri_lnc_30_449_81.pdf

[75] E. Witten, Supersymmetry and Morse Theory, J. Diff. Geom. 17, 661 (1982),

http://kirkmcd.princeton.edu/examples/EP/witten_jdg_17_661_82.pdf

[76] A. Tonomura et al., Observation of Aharonov-Bohm Effect by Electron Holography, Phys. Rev. Lett. 48, 1443 (1982),

http://kirkmcd.princeton.edu/examples/QM/tonomura_prl_48_1443_82.pdf

[77] P. Bocchieri and A. Loinger, Incompatibility of the Aharonov-Bohm Effect with the Quantum Laws, Lett. Nuovo Cim. 35, 469 (1982),

http://kirkmcd.princeton.edu/examples/QM/bocchieri_lnc_35_469_82.pdf

[78] P. Bocchieri, A. Loinger and G. Siragusa, Remarks on “Observation of Aharonov-Bohm Effect by Electron Holography”, Lett. Nuovo Cim. 35, 370 (1982),

http://kirkmcd.princeton.edu/examples/QM/bocchieri_lnc_35_370_82.pdf

[79] M.V. Berry, Quantal phase factors accompanying adiabatic changes, Proc. Roy. Soc.

London A 392, 45 (1984), http://kirkmcd.princeton.edu/examples/QM/berry_prsla_392_45_84.pdf

[80] D.P. O’Leary and M.J. Ravasio, Simulation of Vestibular Semicircular Canal Responses During Righting Movements of a Freely Failing Cat, Biol. Cybern. 50, 1 (1984),

http://kirkmcd.princeton.edu/examples/mechanics/oleary_bc_50_1_84.pdf

[81] B. Simon, Holonomy, the Quantum Adiabatic Theorem, and Berry’s Phase, Phys. Rev.

Lett. 51, 2167 (1983), http://kirkmcd.princeton.edu/examples/QM/simon_prl_51_2167_83.pdf

[82] J. Cremieux, C. Veraart and M.C. Wanet, Development of the Air Righting Reflex in Cats Visually Deprived Since Birth, Ex. Brain Res. 54, 564 (1984),

http://kirkmcd.princeton.edu/examples/mechanics/cremieux_ebr_54_564_84.pdf

[83] P. Bocchieri and A. Loinger, Quantum Laws and Aharonov-Bohm Effect, Lett. Nuovo Cim. 39, 148 (1984), http://kirkmcd.princeton.edu/examples/QM/bocchieri_lnc_39_148_84.pdf

[84] J.N. Ross, The rotation of the polarization in low birefringence monomode optical fibres due to geometric effects, Opt. Quant. Elec. 16, 455 (1984),

http://kirkmcd.princeton.edu/examples/QM/ross_oqe_16_455_84.pdf

[85] F. Wilczek and A. Zee, Appearance of Gauge Structure in Simple Dynamical Systems, Phys. Rev. Lett. 52, 2111 (1984),

http://kirkmcd.princeton.edu/examples/QM/wilczek_prl_52_2111_84.pdf

[86] J. Darius, The tale of a falling cat, Nature 308, 109 (1984),

http://kirkmcd.princeton.edu/examples/mechanics/darius_nature_308_109_84.pdf

[87] Y. Aharonov and A. Casher, Topological Quantum Effects for Neutral Particles, Phys.

Rev. Lett. 53, 3193 (1984), http://kirkmcd.princeton.edu/examples/QM/aharonov_prl_53_319_84.pdf

[88] M.V. Berry, Classical adiabatic angles and quantal adiabatic phase, J. Phys. A 18, 15 (1985), http://kirkmcd.princeton.edu/examples/QM/berry_jpa_18_15_85.pdf

[89] M. Wilkinson, An example of phase holonomy in WKB theory, J. Phys. A 17, 3459 (1984), http://kirkmcd.princeton.edu/examples/QM/wilkinson_jpa_17_3459_84.pdf

[90] J.H. Hannay, Angle variable holonomy in adiabatic excursion of an integrable Hamiltonian, J. Phys. A 18, 221 (1985),

http://kirkmcd.princeton.edu/examples/mechanics/hannay_jpa_18_221_85.pdf

[91] P. Nelson and L. Alvarez-Gaumé, Hamiltonian Interpretation of Anomalies, Commun.

Math. Phys. 99, 103 (1985), http://kirkmcd.princeton.edu/examples/QM/nelson_cmp_99_103_85.pdf

[92] K. Laws, Physics of Dance, Phys. Today 38-(2), 24 (1985),

http://kirkmcd.princeton.edu/examples/mechanics/laws_pt_38-2_24_85.pdf

[93] H. Kuratsuji and S. Iida, Effective Action for Adiabatic Process: Dynamical Meaning of Berry and Simon’s Phase, Prog. Theor. Phys. 74, 439 (1985),

http://kirkmcd.princeton.edu/examples/QM/kuratsuji_ptp_74_439_85.pdf

[94] R.A. Webb et al., Observation of h/e Aharonov-Bohm Oscillations in Normal-Metal Rings, Phys. Rev. Lett. 54, 2696 (1985),

http://kirkmcd.princeton.edu/examples/QM/webb_prl_54_2696_85.pdf

[95] Y. Ne’eman, The Problems in Quantum Foundations in the Light of Gauge Theories, Found. Phys. 16, 361 (1985),

http://kirkmcd.princeton.edu/examples/QM/neeman_fp_16_361_86.pdf

[96] V. Chandrasekhar et al., Observation of Aharonov-Bohm Electron Interference Effects with Periods h/e and h/2e in Individual Micron-Size, Normal-Metal Rings, Phys. Rev. Lett. 55, 1610 (1985), http://kirkmcd.princeton.edu/examples/QM/chandrasekhar_prl_55_1610_85.pdf

[97] M.H. Edwards, Zero angular momentum turns, Am. J. Phys. 54, 846 (1986),

http://kirkmcd.princeton.edu/examples/mechanics/edwards_ajp_54_846_86.pdf

[98] H. Sonoda, Berry’s Phase in Chiral Gauge Theories, Nucl. Phys. B 266, 410 (1986),

http://kirkmcd.princeton.edu/examples/EP/sonoda_np_b266_410_86.pdf

[99] J. Moody, A. Shapere and F. Wilczek, Realizations of Magnetic-Monopole Gauge Fields:

Diatoms and Spin Precession, Phys. Rev. Lett. 55, 893 (1986),

http://kirkmcd.princeton.edu/examples/QM/moody_prl_56_893_86.pdf

[100] A. Tonomura et al., Evidence for Aharonov-Bohm Effect with Magnetic Field Completely Shielded from Electron Wave, Phys. Rev. Lett. 56, 792 (1986),

http://kirkmcd.princeton.edu/examples/QM/tonomura_prl_56_792_86.pdf

[101] N. Osakabe et al., Experimental confirmation of Aharonov-Bohm effect using a toroidal magnetic field confined by a superconductor, Phys. Rev. A 334, 815 (1986),

http://kirkmcd.princeton.edu/examples/QM/osakabe_pra_34_815_86.pdf

[102] R.Y. Chiao and Y.-S. Wu, Manifestations of Berry’s Topological Phase for the Photon, Phys. Rev. Lett. 57, 933 (1986),

http://kirkmcd.princeton.edu/examples/QM/chiao_prl_57_933_86.pdf

[103] A. Tomita and R.Y. Chiao, Observation of Berry’s Topological Phase by Use of an Optical Fiber, Phys. Rev. Lett. 57, 937 (1986),

http://kirkmcd.princeton.edu/examples/QM/tomita_prl_57_937_86.pdf

[104] G. Delecrétaz et al., Fractional Quantization of Molecular Pseudorotation in Na_3, Phys.

Rev. Lett. 56, 2598 (1986),

http://kirkmcd.princeton.edu/examples/QM/delacretaz_prl_56_2598_86.pdf

[105] F.D.M. Haldane, Path dependence of the geometric rotation of polarization in optical fibers, Opt. Lett. 11, 730 (1986),

http://kirkmcd.princeton.edu/examples/QM/haldane_ol_11_730_86.pdf

[106] J. Anandan and L. Stodolsky, Some geometrical considerations of Berry’s phase, Phys.

Rev. D 35, 2597 (1987), http://kirkmcd.princeton.edu/examples/QM/anandan_prd_35_2597_87.pdf

[107] I.J.R. Aitchison, Berry Phases, Magnetic Monopoles, and Wess-Zumino Terms or How the Skyrmion Got Its Spin, Acta Phys. Polon. B 18, 207 (1987),

http://kirkmcd.princeton.edu/examples/EP/aitchison_app_b18_207_87.pdf

[108] J.A. Cina, Classical Adiabatic Angle and Geometrical Phase in Spin Precession, Chem.

Phys. Lett. 132, 393 (1986),

http://kirkmcd.princeton.edu/examples/mechanics/cina_cpl_132_393_86.pdf

[109] K. Laws, Comment on “Zero angular momentum turns”, Am. J. Phys. 56, 81 (1988),

http://kirkmcd.princeton.edu/examples/mechanics/edwards_ajp_56_81_88.pdf

[110] E. Gozzi and W.D. Thacker, Classical adiabatic holonomy in a Grassmannian system, Phys. Rev. D 35, 2388 (1987),

http://kirkmcd.princeton.edu/examples/mechanics/gozzi_prd_35_2388_87.pdf

[111] M.H. Edwards, Reply to “Comment on ‘Zero angular momentum turns’ ”, Am. J.

Phys. 56, 81 (1988), http://kirkmcd.princeton.edu/examples/mechanics/edwards_ajp_56_81_88.pdf

[112] M.V. Berry, Interpreting the anholonomy of coiled light, Nature 326, 277 (1987),

http://kirkmcd.princeton.edu/examples/QM/berry_nature_326_277_87.pdf

[113] F.D.M. Haldane, Comment on “Observation of Berry’s Topological Phase by Use of an Optical Fiber”, Phys. Rev. Lett. 59, 1788 (1987),

http://kirkmcd.princeton.edu/examples/QM/haldane_prl_59_1788_87.pdf

[114] Y. Aharonov and J. Anandan, Phase Change during a Cyclic Quantum Evolution, Phys. Rev. Lett. 58, 1593 (1987),

http://kirkmcd.princeton.edu/examples/QM/aharonov_prl_58_1593_87.pdf

[115] T. Bitter and D. Dubbers, Manifestation of Berry’s Topological Phase in Neutron Spin Rotation, Phys. Rev. Lett. 59, 251 (1987),

http://kirkmcd.princeton.edu/examples/QM/bitter_prl_59_251_87.pdf

[116] R. Tycko, Adiabatic Rotational Splittings and Berry’s Phase in Nuclear Quadrupole Resonance, Phys. Rev. Lett. 58, 2281 (1987),

http://kirkmcd.princeton.edu/examples/QM/tycko_prl_58_2281_87.pdf

[117] D. Suter et al., Berry’s phase in magnetic resonance, Mol. Phys. 61, 1327 (1987),

http://kirkmcd.princeton.edu/examples/QM/suter_mp_61_1327_87.pdf

[118] A. Shapere and F. Wilczek, Self-Propulsion at Low Reynolds Number, Phys. Rev. Lett.

58, 2051 (1987), http://kirkmcd.princeton.edu/examples/mechanics/shapere_prl_58_2051_87.pdf

[119] C.A. Mead, Molecular Kramers Degeneracy and Non-Abelian Adiabatic Phase Factors, Phys. Rev. Lett. 59, 161 (1987), http://kirkmcd.princeton.edu/examples/QM/mead_prl_59_161_87.pdf

[120] M.V. Berry, Quantum phase corrections from adiabatic iteration, Proc Roy. Soc. London 414, 31 (1987), http://kirkmcd.princeton.edu/examples/QM/berry_prsla_414_31_87.pdf

[121] M. Atiyah, New invariants of 3- and 4-dimensional manifolds, Proc. Sympos. Pure Math. AMS 56, 285 (1988). http://kirkmcd.princeton.edu/examples/EP/atiyah_pspm_48_288_88.pdf

[122] M.V. Berry, The adiabatic phase and Pancharatnam’s phase for polarized light, J.

Mod. Opt. 34, 1401 (1987), http://kirkmcd.princeton.edu/examples/QM/berry_jmo_34_1401_87.pdf

[123] I.J.R. Aitchison, Berry’s Topological Phase in Quantum Mechanics and Quantum Field Theory, Phys. Scripta T23, 12 (1988),

http://kirkmcd.princeton.edu/examples/QM/aitchison_ps_t23_12_88.pdf

[124] M. Kugler and R. Shtrikman, Berry’s phase, locally inertial frames, and classical analogues, Phys. Rev. D 37, 934 (1988),

http://kirkmcd.princeton.edu/examples/QM/kugler_prd_37_934_88.pdf

[125] R. Bhandari and J. Samuel, Observation of Topological Phase by Use of a Laser Interferometer, Phys. Rev. Lett. 60, 1211 (1988),

http://kirkmcd.princeton.edu/examples/optics/bhandari_prl_60_1211_88.pdf

[126] B. Zygelman, Appearance of gauge potentials in atomic collision physics, Phys. Lett.

A 125, 476 (1987), http://kirkmcd.princeton.edu/examples/QM/zygelman_pl_a125_476_87.pdf

[127] A. Zee, Non-Abelian gauge structure in nuclear quadrupole resonance, Phys. Rev. A 38, 1 (1988), http://kirkmcd.princeton.edu/examples/QM/zee_pra_38_1_88.pdf

[128] R.Y. Chiao et al., Observation of a Topological Phase by Means of a Nonplanar Mach- Zehnder Interferometer, Phys. Rev. Lett. 60, 1214 (1988),

http://kirkmcd.princeton.edu/examples/QM/chiao_prl_60_1214_88.pdf

[129] D. Suter, K.T. Mueller and A. Pines, Study of the Aharonov-Anandan Quantum Phase by NMR Interferometry, Phys. Rev. Lett. 60, 1218 (1988),

http://kirkmcd.princeton.edu/examples/QM/suter_prl_60_1218_88.pdf

[130] J.Anandan and Y. Aharonov, Geometric quantum phase and angles, Phys. Rev. D 38, 1863 (1988), http://kirkmcd.princeton.edu/examples/QM/anandan_prd_38_1863_88.pdf

[131] J. Samuel and R. Bhandari, General Setting for Berry’s Phase, Phys. Rev. Lett. 60, 2339 (1988), http://kirkmcd.princeton.edu/examples/QM/samuel_prl_60_2339_88.pdf

[132] J.G. Garrison and E.M. Wright Complex geometrical phases for dissipative systems, Phys. Lett. A 128, 177 (1988),

http://kirkmcd.princeton.edu/examples/QM/garrison_pl_a128_177_88.pdf

[133] J. Anandan, Geometric Angles in Quantum and Classical Physics, Phys. Lett. A 129, 201 (1988), http://kirkmcd.princeton.edu/examples/QM/anandan_pl_a129_201_88.pdf

[134] R. Simon, H.J. Kimble and E.C.G. Sudarshan, Evolving Geometric Phase and Its Dynamical Manifestation as a Frequency Shift: An Optical Experiment, Phys. Rev. Lett. 61, 19 (1988), http://kirkmcd.princeton.edu/examples/QM/simon_prl_61_19_88.pdf

[135] M. Atiyah, Topological Quantum Field Theories, Pub. Math. Inst. Hautes Études Sci.

68, 175 (1988), http://kirkmcd.princeton.edu/examples/EP/atiyah_pmihes_68_175_88.pdf

[136] E. Witten, Topological Quantum Field Theory, Commun. Math. Phys. 117, 353 (1988), http://kirkmcd.princeton.edu/examples/EP/witten_cmp_117_353_88.pdf

[137] A. Shapere and F. Wilczek, Gauge kinematics of deformable bodies, Am. J. Phys. 57, 514 (1989), http://kirkmcd.princeton.edu/examples/mechanics/shapere_ajp_57_514_89.pdf

[138] A. Shapere and F. Wilczek, Geometry of self-propulsion at low Reynolds number, J.

Fluid Mech. 198, 557 (1989),

http://kirkmcd.princeton.edu/examples/fluids/shapere_jfm_198_557_89.pdf

[139] A. Shapere and F. Wilczek, Efficiencies of self-propulsion at low Reynolds number, J.

Fluid Mech. 198, 587 (1989),

http://kirkmcd.princeton.edu/examples/fluids/shapere_jfm_198_587_89.pdf

[140] M.V. Berry, The Quantum Phase, Five Years After (April 28, 1988),

http://kirkmcd.princeton.edu/examples/QM/berry_phase_88.pdf

[141] R.G. Littlejohn, Phase anholonomy in the classical adiabatic motion of charged particles, Phys. Rev. A 38 6034 (1988),

http://kirkmcd.princeton.edu/examples/mechanics/littlejohn_pra_38_6034_88.pdf

[142] A. Tonomura, New Results on the Aharonov-Bohm Effect with Electron Interferometry, Physica B 151, 206 (1988),

http://kirkmcd.princeton.edu/examples/QM/tonomura_physica_b151_206_88.pdf

[143] H. Jiao et al., Two topological phases in optics by means of a nonplanar Mach-Zehnder interferometer, Phys. Rev. A 39, 3475 (1989),

http://kirkmcd.princeton.edu/examples/QM/jiao_pra_39_3475_89.pdf

[144] A.D. Shapere, Gauge mechanics of deformable bodies: A theory of something, PhD Thesis (UC Santa Barbara, Dec. 8, 1988),

http://kirkmcd.princeton.edu/examples/mechanics/shapere_thesis_89.pdf

[145] S. Ramesehan, The Poincaŕe Sphere and the Pancharatnam Phase — Some Historical Remarks, Curr. Res. 59 1154 (1990),

http://kirkmcd.princeton.edu/examples/QM/ramseshan_cs_59_1154_90.pdf

[146] S. Golin and S. Marmi, Symmetries, Hannay Angles, and Precession of Orbits, Europhys. Lett. 8 399 (1989), http://kirkmcd.princeton.edu/examples/mechanics/golin_epl_8_399_89.pdf

[147] J. Zak, Berry’s Phase for Energy Bands in Solids, Phys. Rev. Lett. 62 2747 (1989),

http://kirkmcd.princeton.edu/examples/QM/zak_prl_62_2747_89.pdf

[148] J.E. Fredrickson, The Tail-less Cat in Free-Fall, Phys. Teach. 27, 620 (1989),

http://kirkmcd.princeton.edu/examples/mechanics/frederickson_pt_27_620_89.pdf

[149] J. Moody, A. Shapere and F. Wilczek, Adiabatic Effective Lagrangians, p. 160 of [150].

[150] A. Shapere and F. Wilczek and A. Shapere, Geometric Phases in Physics (World Scientific, 1989).

[151] S. Golin, A. Knauf and S. Marmi, The Hannay Angles: Geometry, Adiabaticity, and an Example, Commun. Math. Phys. 123, 89 (1989),

http://kirkmcd.princeton.edu/examples/mechanics/golin_cmp_123_95_89.pdf

[152] A. Cimmino et al., Observation of the Topological Aharonov-Casher Phase Shift by Neutron Interferometry, Phys. Rev. Lett. 63, 380 (1989),

http://kirkmcd.princeton.edu/examples/QM/cimmino_prl_63_380_89.pdf

[153] Y. Meir, Y. Gefen and O. Entin-Wohlman, Universal Effects of Spin-Orbit Scattering in Mesoscopic Systems, Phys. Rev. Lett. 63, 789 (1989),

http://kirkmcd.princeton.edu/examples/QM/meir_prl_63_798_89.pdf

[154] S.G. Lipson, Berry’s phase in optical interferometry: a simple derivation, Opt. Lett.

15, 154 (1990), http://kirkmcd.princeton.edu/examples/QM/lipson_ol_15_154_90.pdf

[155] S. Golin and S. Marmi, A class of systems with measurable Hannay angles, Nonl. 3, 507 (1990), http://kirkmcd.princeton.edu/examples/mechanics/golin_nonl_3_507_90.pdf

[156] J.W. Zwanziger, M. Koenig and A. Pines, Berry’s Phase, Ann. Rev. Phys. Chem. 41, 601 (1990), http://kirkmcd.princeton.edu/examples/QM/zwanziger_arpc_41_601_90.pdf

[157] J.E. Marsden, E. Montgomery and T. Ratiu, Measuring the geometric component of the transition probability in a two-level system, Mem. Am. Math. Soc. 88, 1 (1990),

http://kirkmcd.princeton.edu/examples/mechanics/marsden_mams_88_1_90.pdf

[158] J.W. Zwanziger, S.P. Rucker and G.C. Chingas, Measuring the geometric component of the transition probability in a two-level system, Phys. Rev. A 43, 3232 (1991),

http://kirkmcd.princeton.edu/examples/QM/zwanziger_pra_43_3232_91.pdf

[159] D. Loss, P. Goldbart and A.V. Balatsky, Berry’s Phase and Persistent Charge and Spin Currents in Textured Mesoscopic Rings, Phys. Rev. Lett. 65, 1655 (1990),

http://kirkmcd.princeton.edu/examples/QM/loss_prl_65._1655_90.pdf

[160] M. Maamache, J.-P. Provost and G. Vallé, Berry’s phase, Hannay’s angle and coherent states, J. Phys. A 23, 5765 (1990),

http://kirkmcd.princeton.edu/examples/QM/maamache_jpa_23_5765_90.pdf

[161] T.B. Kepler and M.L. Kagan, Geometric Phase Shifts under Adiabatic Parameter Changes in Classical Dissipative Systems, Phys. Rev. Lett. 66, 947 (1991),

http://kirkmcd.princeton.edu/examples/mechanics/kepler_prl_66_847_91.pdf

[162] M. Berry, Anticipations of the Geometric Phase, Phys. Today 43(12), 34 (1990),

http://kirkmcd.princeton.edu/examples/QM/berry_pt_43-12_34_90.pdf

[163] J.E. Marsden et al., Symmetry, Stability, Geometric Phases, and Mechanical Integrators, Nonlin. Sci. Today 1(1), 4 (1991), 1(2), 14 (1991),

http://kirkmcd.princeton.edu/examples/mechanics/marsden_nst_1-1_4_91.pdf

[164] N.R. Heckenberg et al., Laser beams with phase singularities, Opt. Quant. Elec. 24, S951 (1992), 1(2), 14 (1991), http://kirkmcd.princeton.edu/examples/EM/heckenberg_oqe_24_S951_92.pdf

[165] R.G. Littlejohn and W.G. Flynn, Geometric phases in the asymptotic theory of coupled wave equations, Phys. Rev. A 44 5239 (1991),

http://kirkmcd.princeton.edu/examples/QM/littlejohn_pra_44_5239_91.pdf

[166] H. Mathur, Thomas Precession, Spin-Orbit Interaction, and Berry’s Phase, Phys. Rev.

Lett. 67 3325 (1991), http://kirkmcd.princeton.edu/examples/QM/mathur_prl_67_3325_91.pdf

[167] Y.-S.M. Wu and A. Kuppermann, Theoretical calculation of experimentally observable consequences of the geometric phase on chemical reaction cross sections, Chem. Phys. Lett. 186, 319 (1991), http://kirkmcd.princeton.edu/examples/QM/wu_cpl_186_319_91.pdf

[168] M.V. Berry, Bristol anholonomy calendar, in R.G. Chambers et al. (eds.), Sir Charles Frank OBE FRS, an eightieth birthday tribute (Adam Hilger, 1991), pp. 207-219.

http://kirkmcd.princeton.edu/examples/QM/berry_91.pdf

[169] C.A. Mead, The geometric phase in molecular systems, Rev. Mod. Phys. 61, 51 (1992),

http://kirkmcd.princeton.edu/examples/QM/mead_rmp_64_51_92.pdf

[170] V.Y. Bazhenov, M.S. Soskin and M.V. Vasnetsov, Screw dislocations in light wavefronts, J. Mod. Opt. 39 985 (1992),

http://kirkmcd.princeton.edu/examples/EM/bazhenov_jmo_39_985_92.pdf

[171] V.S. Liberman and B.Y.Zel’dovich, Spin-orbit interaction of a photon in an inhomogeneous medium, Phys. Rev. 46 5199 (1992),

http://kirkmcd.princeton.edu/examples/EM/liberman_pra_46_5199_92.pdf

[172] S.C. Tiwari, Geometric phase in optics: Quantal or classical? J. Mod. Opt. 35, 41097 (1992), http://kirkmcd.princeton.edu/examples/optics/tiwara_jmo_35_1097_92.pdf

[173] B.E. Allman et al., Scalar Aharonov-Bohm Experiment with Neutrons, Phys. Rev.

Lett. 68, 2409 (1992), http://kirkmcd.princeton.edu/examples/QM/allman_prl_68_2409_92.pdf

[174] J.C. Solem and L.C. Biedenharn, Understanding Geometrical Phases in Quantum Mechanics: An Elementary Example, Found. Phys. 23, 185 (1992),

http://kirkmcd.princeton.edu/examples/QM/solem_fp_23_185_93.pdf

[175] P.K. Aravind, A simple proof of Pancharatnam’s theorem, Opt. Comm. 94, 191 (1992),

http://kirkmcd.princeton.edu/examples/QM/aravind_oc_94_191_92.pdf

[176] C.Z. Ning and H. Haken, The Geometric Phase in Nonlinear Dissipative Systems, Mod.

Phys. Lett. B 6, 1541 (1992), http://kirkmcd.princeton.edu/examples/QM/ning_mplb_6_1541_92.pdf

[177] Y.-S.M. Wu and A. Kuppermann, Prediction of the effect of the geometric phase on product rotational state distributions and integral cross sections, Chem. Phys. Lett. 201, 178 (1993), http://kirkmcd.princeton.edu/examples/QM/wu_cpl_201_178_93.pdf

[178] F. Debbasch, Classical mechanics and gauge theories, Am. J. Phys. 61, 1131 (1993),

http://kirkmcd.princeton.edu/examples/mechanics/debbasch_ajp_61_1131_93.pdf

[179] J. Anandan, The geometric phase, Nature 360, 307 (1992),

http://kirkmcd.princeton.edu/examples/QM/anandan_nature_360_307_92.pdf

[180] M.V. Berry and J.M. Robbins, Classical geometric forces of reaction: an exactly solvable model, Proc. Roy. Soc. London 442, 641 (1993),

http://kirkmcd.princeton.edu/examples/mechanics/berry_prsla_442_641_93.pdf

[181] M. Berry, Geometric Phases, CERN Lectures (Feb. 1993),

http://kirkmcd.princeton.edu/examples/QM/berry_9302.pdf

[182] A. Kuppermann and Y.-S.M. Wu, The geometric phase effect shows up in chemical reactions, Chem. Phys. Lett. 205, 577 (1993),

http://kirkmcd.princeton.edu/examples/QM/kuppermann_cpl_205_577_93.pdf

[183] B.E. Allman et al., Observation of the scalar Aharonov-Bohm effect by neutron interferometry, Phys. Rev. A 48, 1799 (1993),

http://kirkmcd.princeton.edu/examples/QM/allman_pra_48_1799_93.pdf

[184] W.J. Elion et al., Observation of the Aharonov-Casher EfFect for Vortices in Josephson- Junction Arrays, Phys. Rev. Lett. 71, 2311 (1993),

http://kirkmcd.princeton.edu/examples/QM/elion_prl_71_2311_93.pdf

[185] R. Montgomery, Gauge Theory of the Falling Cat, Field Inst. Comm. 1, 193 (1993),

http://kirkmcd.princeton.edu/examples/mechanics/montgomery_dcms_193_93.pdf

[186] P. Pfeifer, Scalar Aharonov-Bohm Experiment with Unpolarized Neutrons, Phys. Rev.

Lett. 72, 3051 (1993), http://kirkmcd.princeton.edu/examples/QM/pfeifer_prl_72_305_94.pdf

[187] D.P. Datta, Geometric phase in vacuum instability: Applications in quantum cosmology, Phys. Rev. D 48, 5746 (1993),

http://kirkmcd.princeton.edu/examples/EP/datta_prd_48_5746_93.pdf

[188] Y. Aharonov et al., Aharonov-Bohm and Berry Phases for a Quantum Cloud of Charge, Phys. Rev. Lett. 73, 918 (1994),

http://kirkmcd.princeton.edu/examples/QM/aharonov_prl_73_918_94.pdf

[189] M.W. Beijersbergen, Helical-wavefront laser beams produced with a spiral phaseplate, Opt. Comm. 112, 321 (1994),

http://kirkmcd.princeton.edu/examples/EM/beijersbergen_oc_112_321_94.pdf

[190] B.R. Holstein, The Aharonov-Bohm effect and variations, Contemp. Phys. 36, 93 (1995), http://kirkmcd.princeton.edu/examples/QM/holstein_cp_36_93_95.pdf

[191] A. Yacoby et al., Coherence and Phase Sensitive Measurements in a Quantum Dot, Phys. Rev. Lett. 74, 4047 (1995),

http://kirkmcd.princeton.edu/examples/QM/yacoby_prl_74_4047_95.pdf

[192] Y.-S.M. Wu and A. Kuppermann, The importance of the geometric phase effect for the H + D_2 → HD + D reaction, Chem. Phys. Lett. 235, 105 (1995),

http://kirkmcd.princeton.edu/examples/QM/wu_cpl_235_105_95.pdf

[193] P.M. Harman, Ed., The Scientific Letters and Papers of James Clerk Maxwell, Vol. 2, 1862-1873 (Cambridge U. Press, 1995).

[194] S.D. Kelly and R.M. Murray, Geometric Phases and Robotic Locomotion, J. Rob. Sci.

12, 417 (1995), http://kirkmcd.princeton.edu/examples/mechanics/kelly_jrs_12_417_95.pdf

[195] M.V. Berry and M.A. Morgan, Geometric angle for rotated rotators, and the Hannay angle of the world, Nonlinearity 9, 787 (1996),

http://kirkmcd.princeton.edu/examples/mechanics/berry_nonlin_9_787_96.pdf

[196] R. Bhandari, Polarization of light and topological phases, Phys. Rep. 281, 1 (1997),

http://kirkmcd.princeton.edu/examples/QM/bhandari_pr_281_1_97.pdf

[197] J. Anandan, J. Christian and K. Wanelik, Geometric Phases in Physics, Am. J. Phys.

65, 190 (1997), http://kirkmcd.princeton.edu/examples/mechanics/anandan_ajp_65_190_97.pdf

[198] L.F. Lopez and F.A.B. Continho, Motion of articulated bodies: An application of gauge invariance in classical Lagrangian mechanics, Am. J. Phys. 65, 528 (1997),

http://kirkmcd.princeton.edu/examples/mechanics/lopez_ajp_65_528_97.pdf

[199] J. Dapena, Contributions of Angular Momentum and Catting to the Twist Rotation in High Jumping, J. Appl. Biomech. 13, 239 (1997),

http://kirkmcd.princeton.edu/examples/mechanics/dapena_jab_13_239_97.pdf

[200] M.V. Berry and J.M. Robbins, Indistinguishability for quantum particles: spin, statistics and the geometric phase, Proc. Roy. Soc. London A 453, 1771 (1997),

http://kirkmcd.princeton.edu/examples/QM/berry_prsla_453_1771_97.pdf

[201] S. Adhikari and G.D. Billing, A classical mechanical study of the geometric phase effect in chemical reaction, Chem. Phys. Lett. 284, 31 (1998),

http://kirkmcd.princeton.edu/examples/QM/adhikara_cpl_284_31_98.pdf

[202] F. Gaitan, Berry’s phase in the presence of a stochastically evolving environment: A geometric mechanism for energy-level broadening, Phys. Rev. A 58, 1665 (1998),

http://kirkmcd.princeton.edu/examples/QM/gaitan_pra_58_1665_98.pdf

[203] S. Adhikari and G.D. Billing, The geometric phase effect on differential cross sections in chemical reactions: a classical mechanical approach, Chem. Phys. Lett. 289, 219 (1998), http://kirkmcd.princeton.edu/examples/QM/adhikara_cpl_289_219_98.pdf

[204] A. Arabyan and D. Tsai, A distributed control model for the air-righting reflex of a cat, Biol. Cybern. 79, 393 (1998),

http://kirkmcd.princeton.edu/examples/mechanics/arabyan_bc_79_393_98.pdf

[205] J.E. Marsden and J. Ostrowski, Symmetries in Motion: Geometric Foundations of Motion Control, Nonlin. Sci. Today (Jan. 1998),

http://kirkmcd.princeton.edu/examples/mechanics/marsden_98.pdf

[206] K.Y. Bliokh, The appearance of a geometric-type instability in dynamic systems with adiabatically varying parameters, J. Phys. A 32, 2251 (1999),

http://kirkmcd.princeton.edu/examples/mechanics/bliokh_jpa_32_2551_99.pdf

[207] A. Bachtold et al., Aharonov-Bohm oscillations in carbon nanotubes, Nature 397, 673 (1999), http://kirkmcd.princeton.edu/examples/QM/bachtold_nature_397_673_99.pdf

[208] T. Iwai, Classical and quantum mechanics of jointed rigid bodies with vanishing total angular momentum, J. Math. Phys. 40, 2381 (1999),

http://kirkmcd.princeton.edu/examples/mechanics/iwai_jmp_40_2381_99.pdf

[209] M.J. Padgett and J. Courtial, Poincaré-sphere equivalent for light beams containing orbital angular momentum, Opt. Lett. 24, 430 (1999),

http://kirkmcd.princeton.edu/examples/EM/padgett_ol_24_430_99.pdf

[210] J.A. Joens et al., Geometric quantum computation using nuclear magnetic resonance, Nature 403, 869 (2000), http://kirkmcd.princeton.edu/examples/QM/jones_nature_403_869_00.pdf

[211] Z. Bomzon, V. Kleiner and E. Hasman, Pancharatnam-Berry phase in space-variant polarization-state manipulations with subwavelength gratings, Opt. Lett. 26, 1424 (2001), http://kirkmcd.princeton.edu/examples/EM/bomzon_ol_26_1424_01.pdf

[212] Z. Bomzon et al., Space-variant Pancharatnam-Berry phase optical elements with computer-generated subwavelength gratings, Opt. Lett. 27, 1141 (2002),

http://kirkmcd.princeton.edu/examples/EM/bomzon_ol_27_1141_02.pdf

[213] G. Biener et al., Formation of helical beams by use of Pancharatnam-Berry phase optical elements, Opt. Lett. 27, 1875 (2002),

http://kirkmcd.princeton.edu/examples/EM/biener_ol_27_1875_02.pdf

[214] E. Hasman et al., Polarization dependent focusing lens by use of quantized Pancharatnam-Berry phase diffractive optics, Appl. Opt. Lett. 82, 328 (2003),

http://kirkmcd.princeton.edu/examples/EM/hasman_apl_82_328_03.pdf

[215] R.S. Whitney and Y. Gefen, Berry Phase in a Nonisolated System, Phys. Rev. Lett. 90, 190402 (2003), http://kirkmcd.princeton.edu/examples/QM/whitney_prl_90_190402_03.pdf

[216] R.W. Batterman, Falling cats, parallel parking, and polarized light, Stud. Hist. Phil.

Mod. Phys. 34, 527 (2003),

http://kirkmcd.princeton.edu/examples/mechanics/batterman_shpmp_34_527_03.pdf

[217] A. Carollo et al., Geometric Phase in Open Systems, Phys. Rev. Lett. 90, 1600402 (2003), http://kirkmcd.princeton.edu/examples/QM/carollo_prl_90_160402_03.pdf

[218] J. Wisdom, Swimming in Spacetime: Motion by Cyclic Changes in Body Shape, Science 299, 1865 (2003), http://kirkmcd.princeton.edu/examples/GR/wisdom_science_299_1865_03.pdf

[219] E.J. Galvez et al., Geometric Phase Associated with Mode Transformations of Optical Beams Bearing Orbital Angular Momentum, Phys. Rev. Lett. 90, 203901 (2003),

http://kirkmcd.princeton.edu/examples/EM/galvez_prl_90_203901_03.pdf

[220] G. De Chiara and G.M. Palma, Berry Phase for a Spin 1/2 Particle in a Classical Fluctuating Field, Phys. Rev. Lett. 91, 0904042 (2003),

http://kirkmcd.princeton.edu/examples/QM/dechiara_prl_91_090404_03.pdf

[221] A. Hopkins, How does a falling cat turn over? (June 6, 2003),

http://kirkmcd.princeton.edu/examples/mechanics/hopkins_cat_030606.pdf

[222] A. Carollo et al., Spin-1/2 Geometric Phase Driven by Decohering Quantum Fields, Phys. Rev. Lett. 92, 020402 (2003),

http://kirkmcd.princeton.edu/examples/QM/carollo_prl_92_020402_04.pdf

[223] A. Niv et al., Propagation-invariant vectorial Bessel beams obtained by use of quantized Pancharatnam-Berry phase optical elements, Opt. Lett. 29, 2381 (2004),

http://kirkmcd.princeton.edu/examples/EM/niv_ol_29_238_04.pdf

[224] R.S. Whitney et al., Geometric Nature of the Environment-Induced Berry Phase and Geometric Dephasing, Phys. Rev. Lett. 94, 070407 (2005),

http://kirkmcd.princeton.edu/examples/QM/whitney_prl_94_070407_05.pdf

[225] A.D.A.M. Spallicci, A. Morbidelli and G. Metris, The three-body problem and the Hannay angle, Nonl. 18, 45 (2005),

http://kirkmcd.princeton.edu/examples/mechanics/spallicci_nonl_18_45_05.pdf

[226] C.F. Calvo, Wigner representation and geometric transformations of optical orbital angular momentum spatial modes, Opt. Lett. 30, 1207 (2005),

http://kirkmcd.princeton.edu/examples/EM/calvo_ol_30_1207_05.pdf

[227] S. Quabis, R. Dorn and G. Leuchs, Generation of a radially polarized doughnut mode of high quality, Appl. Phys. B 81, 597 (2005),

http://kirkmcd.princeton.edu/examples/EM/quabis_apb_81_597_05.pdf

[228] A.A. Mailybaev, O.N. Kirillov, and A.P. Seyranian, Geometric phase around exceptional points, Phys. Rev. A 72, 014104 (2005),

http://kirkmcd.princeton.edu/examples/QM/mailybaev_pra_72_014104_05.pdf

[229] Y. Zhang et al., Experimental observation of the quantum Hall effect and Berry’s phase in graphene, Nature 432, 201 (2005),

http://kirkmcd.princeton.edu/examples/CM/zhang_nature_432_201_05.pdf

[230] M.V. Berry, M.R. Jeffrey and M. Mansuripur, Orbital and spin angular momentum in conical diffraction, J. Opt. 7, 685 (2005),

http://kirkmcd.princeton.edu/examples/EM/berry_joa_7_685_05.pdf

[231] M. König et al., Direct Observation of the Aharonov-Casher Phase, Phys. Rev. Lett.

96, 076804 (2006), http://kirkmcd.princeton.edu/examples/QM/koenig_prl_96_076804_06.pdf

[232] E. Gueŕon, C.A.S. Maia and G.E.A. Matsas, Swimming versus swinging effects in spacetime, Phys. Rev. D 73, 024020 (2006),

http://kirkmcd.princeton.edu/examples/GR/gueron_prd_73_024020_06.pdf

[233] A. Bérard and H. Mohrbach, Spin Hall effect and Berry phase of spinning particles, Phys. Lett. A 352, 190 (2006),

http://kirkmcd.princeton.edu/examples/QM/berard_pl_a352_190_06.pdf

[234] L. Marrucci, C. Manzo and D. Paparo, Optical Spin-to-Orbital Angular Momentum Conversion in Inhomogeneous Anisotropic Media, Phys. Rev. Lett. 96, 163905 (2006),

http://kirkmcd.princeton.edu/examples/EM/marrucci_prl_96_163905_06.pdf

[235] L. Marrucci, C. Manzo and D. Paparo, Pancharatnam-Berry phase optical elements for wave front shaping in the visible domain: Switchable helical mode generation, Appl. Phys. Lett. 88, 221102 (2006),

http://kirkmcd.princeton.edu/examples/EM/marrucci_apl_88_221102_06.pdf

[236] J.E. Avron and O. Kenneth, Swimming in curved space or the Baron and the cat, New J. Phys. 8, 69 (2006), http://kirkmcd.princeton.edu/examples/GR/avron_njp_8_69_06.pdf

[237] J. von Bergmann, Foucault pendulum through basic geometry, Am. J. Phys. 8, 69 (2006), http://kirkmcd.princeton.edu/examples/mechanics/vonbergmann_ajp_75_888_07.pdf

[238] E. Gueŕon and R.A. Mosna, Relativistic glider, Phys. Rev. D 75, 081501 (2007),

http://kirkmcd.princeton.edu/examples/GR/gueron_prd_75_081501_07.pdf

[239] A. Caprez, B. Barwick and H. Batelaan, Macroscopic Test of the Aharonov-Bohm Effect, Phys. Rev. Lett. 99, 210401 (2007),

http://kirkmcd.princeton.edu/examples/QM/caprez_prl_99_210401_07.pdf

[240] P.J. Leek et al., Observation of Berry’s Phase in a Solid-State Qubit, Science 318, 1889 (2007), http://kirkmcd.princeton.edu/examples/QM/leek_science_318_1889_07.pdf

[241] X.-S. Ge and L.-Q. Chen, Optimal control of nonholonomic motion planning for a free-falling cat, Appl. Math. Mech. 28, 601 (2007),

http://kirkmcd.princeton.edu/examples/mechanics/ge_amm_28_601_07.pdf

[242] O. Hosten and P. Kwiat, Observation of the Spin Hall Effect of Light via Weak Measurements, Science 319, 787 (2008),

http://kirkmcd.princeton.edu/examples/QM/hosten_science_319_787_08.pdf

[243] A. Jusufi et al.., Active tails enhance arboreal acrobatics in geckos, Proc. Nat. Acad.

Sci. 105, 4215 (2008), http://kirkmcd.princeton.edu/examples/mechanics/jusufi_pnas_105_4215_08.pdf

[244] E. Putterman and O. Raz, The square cat, Am. J. Phys. 76, 104 (2008),

http://kirkmcd.princeton.edu/examples/mechanics/putterman_ajp_76_1040_08.pdf

[245] A. Tonomura and F. Nori, Disturbance without the force, Nature 452, 298 (2008),

http://kirkmcd.princeton.edu/examples/QM/tonomura_nature_452_298_08.pdf

[246] J.R. Galli, Angular Momentum and the Cat Twist, Phys. Teach. 33, 404 (2008),

http://kirkmcd.princeton.edu/examples/mechanics/galli_pt_33_404_08.pdf

[247] K. Bliokh et al., Geometrodynamics of spinning light, Nature Phot. 2, 748 (2008),

http://kirkmcd.princeton.edu/examples/EM/bliokh_np_2_748_08.pdf

[248] E. Gueŕon, Adventures in Curved Spacetime, Sci. Am. 301(2), 38 (2009),

http://kirkmcd.princeton.edu/examples/GR/gueron_sa_301-2_38_09.pdf

[249] K.V. Bliokh, Geometrodynamics of polarized light: Berry phase and spin Hall effect in a gradient-index medium, J. Opt. A 11, 094009 (2009),

http://kirkmcd.princeton.edu/examples/EM/bliokh_joa_11_094009_09.pdf

[250] H. Batelaan and A. Tonomura, The Aharonov-Bohm effects: Variations on a subtle theme, Phys. Today 62(9), 38 (2009),

http://kirkmcd.princeton.edu/examples/QM/batelaan_pt_62-9_38_09.pdf

[251] L. Bergamin, P. Delva and A. Hees, Vibrating systems in Schwarzschild spacetime:

toward new experiments in gravitation? Class. Quant. Grav. 26, 195006 (2009),

http://kirkmcd.princeton.edu/examples/GR/bergamin_cqg_26_185006_09.pdf

[252] Y. Sakurai, Falling cat problem (June 9, 2009),

http://kirkmcd.princeton.edu/examples/mechanics/sakurai_cat_090609.pdf

[253] E. Brasselet et al., Optical Vortices from Liquid Crystal Droplets, Phys. Rev. Lett.

103, 103903 (2009), http://kirkmcd.princeton.edu/examples/EM/brasselet_prl_103_103903_09.pdf

[254] S.J. Di Bartolo, Orientation change of a two-dimensional articulated figure of zero angular momentum, Am. J. Phys. 78, 733 (2010),

http://kirkmcd.princeton.edu/examples/mechanics/dibartolo_ajp_78_733_10.pdf

[255] H. Peng et al., AharonovBohm interference in topological insulator nanoribbons, Nature Mat. 9, 225 (2009), http://kirkmcd.princeton.edu/examples/QM/peng_nmat_9_225_10.pdf

[256] E. Karimi et al., Polarization-controlled evolution of light transverse modes and associated Pancharatnam geometric phase in orbital angular momentum, Phys. Rev. A 81, 053813 (2010), http://kirkmcd.princeton.edu/examples/EM/karimi_pra_81_053813_10.pdf

[257] T. Iwai, The falling cat as a port-controlled Hamiltonian system, J. Geom. Phys. 40, 2381 (1999), http://kirkmcd.princeton.edu/examples/mechanics/iwai_jgp_62_279_12.pdf

[258] M. Berry, Geometric phase memories, Nature Phys. 6, 148 (2010),

http://kirkmcd.princeton.edu/examples/QM/berry_np_6_148_10.pdf

[259] A. Tonomura, The AB effect and its expanding applications, J. Phys, A 43, 354021 (2010), http://kirkmcd.princeton.edu/examples/QM/tonomura_jpa_43_354021_10.pdf

[260] P.A. Sturrock and T.R. Groves; A. Ershkovitch; C. Meade; H. Batelaan and A. Tonomura, More variations on Aharonov-Bohm, Phys. Today 63(4), 8 (2010),

http://kirkmcd.princeton.edu/examples/QM/sturrock_pt_63(4)_8_10.pdf

[261] A. Jusufi et al., Righting and turning in mid-air using appendage inertia: reptile tails, analytical models and bio-inspired robots, Bioinsp. Biomim. 5, 045001 (2010),

http://kirkmcd.princeton.edu/examples/mechanics/jusufi_bioinspir_5_045001_10.pdf

[262] K.Y. Bliokh et al., Angular momenta and spin-orbit interaction of nonparaxial light in free space, Phys. Rev. A 82, 063825 (2010),

http://kirkmcd.princeton.edu/examples/EM/bliokh_pra_82_063825_10.pdf

[263] Y. Zhang and A. Vishwanath, Aharonov-Bohm Oscillations in Disordered Topological Insulator Nanowires, Phys. Rev. Lett. 105, 206601 (2010),

http://kirkmcd.princeton.edu/examples/QM/zhang_prl_105_206601_10.pdf

[264] J.H. Bardarson, P.W. Brouwer J.E. Moore, Anomalous Aharonov-Bohm Conductance Oscillations from Topological Insulator Surface States, Phys. Rev. Lett. 105, 156803 (2010), http://kirkmcd.princeton.edu/examples/QM/bardarson_105_156803_10.pdf

[265] M. Berry and M. Peshkin, Aptly named Aharonov-Bohm effect has classical analogue long history, Phys. Today 63(8), 10 (2010),

http://kirkmcd.princeton.edu/examples/QM/berry_pt_63(8)_8_10.pdf

[266] B. Dietz et al., Exceptional Points in a Microwave Billiard with Time-Reversal Invariance Violation, Phys. Rev. Lett. 106, 150403 (2011),

http://kirkmcd.princeton.edu/examples/mechanics/dietz_prl_106_150403_11.pdf

[267] M.V. Berry and P. Shukla, Slow manifold and Hannay angle in the spinning top, Eur.

J. Phys. 32, 115 (2011), http://kirkmcd.princeton.edu/examples/mechanics/berry_ejp_32_115_11.pdf

[268] A.M. Yao and M.J. Padgett, Orbital angular momentum: origins, behavior and applications, Adv. Opt. Phot. 3, 161 (2011),

http://kirkmcd.princeton.edu/examples/EM/yao_aop_3_161_11.pdf

[269] M. Beresna et al., Radially polarized optical vortex converter created by femtosecond laser nanostructuring of glass, Appl. Phys. Lett. 98, 201101 (2011),

http://kirkmcd.princeton.edu/examples/EM/beresna_apl_98_201101_11.pdf

[270] E. Karimi et al., Spin-to-Orbital Angular Momentum Conversion and Spin-Polarization Filtering in Electron Beams, Phys. Rev. Lett. 108, 044801 (2012),

http://kirkmcd.princeton.edu/examples/QM/karimi_prl_108_044801_12.pdf

[271] G. Milione et al., Higher-Order Poincaré Sphere, Stokes Parameters, and the Angular Momentum of Light, Phys. Rev. Lett. 107, 03601 (2011),

http://kirkmcd.princeton.edu/examples/EM/milione_prl_107_053601_11.pdf

[272] M. Mansuripur, A.R. Zakharian and E.M. Wright, Spin and orbital angular momenta of light reflected from a cone, Phys. Rev. A 84, 033813 (2011),

http://kirkmcd.princeton.edu/examples/EM/mansuripur_pra_84_033813_11.pdf

[273] M. Aidelsburger et al., Experimental Realization of Strong Effective Magnetic Fields in an Optical Lattice, Phys. Rev. Lett. 107, 255301 (2011),

http://kirkmcd.princeton.edu/examples/QM/aidelsberger_prl_107_255301_11.pdf

[274] F. Cardano et al., Polarization pattern of vector vortex beams generated by q-plates with different topological charges, Appl. Opt. 51, c1 (2012),

http://kirkmcd.princeton.edu/examples/EM/cardano_ao_51_c1_12.pdf

[275] R.D. Kaufman, The electric cat: Rotation without net overall spin, Am. J. Phys. 81, 147 (2013), http://kirkmcd.princeton.edu/examples/mechanics/kaufman_ajp_81_147_13.pdf

[276] F. Cardano et al., Generation and dynamics of optical beams with polarization singularities, Opt. Expr. 21, 8815 (2013),

http://kirkmcd.princeton.edu/examples/EM/cardano_oe_21_8815_13.pdf

[277] R. Nityananda, S Pancharatnam (1934-1969): Three Phases, Resonance 11, 301 (2013), http://kirkmcd.princeton.edu/examples/QM/nityananda_resonance_18_301_13.pdf

[278] F. Nagasawa et al., Control of the spin geometric phase in semiconductor quantum rings, Nature Comm. 4, 2526 (2013),

http://kirkmcd.princeton.edu/examples/QM/nagasawa_nc_4_2526_13.pdf

[279] R.L. Hatton et al.,, Geometric Visualization of Self-Propulsion in a Complex Medium, Phys. Rev. Lett. 81, 147 (2013),

http://kirkmcd.princeton.edu/examples/mechanics/hatton_prl_110_078101_13.pdf

[280] B. Shields et al., Falling cat robot lands on its feet, PACRA13,

http://kirkmcd.princeton.edu/examples/mechanics/shields_pacra_13.pdf

[281] A. Noguchi et al., Aharonov-Bohm effect in the tunnelling of a quantum rotor in a linear Paul trap, Nature Comm. 5, 3868 (2014),

http://kirkmcd.princeton.edu/examples/QM/noguchi_nc_5_3868_14.pdf

[282] D. Lin et al., Dielectric gradient metasurface optical elements, Science 345, 298 (2014),

http://kirkmcd.princeton.edu/examples/EM/lin_science_345_298_14.pdf

[283] S. Zhen et al., Why can a free-falling cat always manage to land safely on its feet?

Nonl. Dyn. 79, 2237 (2015), http://kirkmcd.princeton.edu/examples/mechanics/zhen_nd_79_2237_15.pdf

[284] L. Duca et al., An Aharonov-Bohm interferometer for determining Bloch band topology, Science 347, 288 (2015), http://kirkmcd.princeton.edu/examples/QM/duca_science_347_288_15.pdf

[285] M. Xiao et al., Geometric phase and band inversion in periodic acoustic systems, Nature Phys. 11, 240 (2015), http://kirkmcd.princeton.edu/examples/CM/xiao_np_11_240_15.pdf

[286] Q. Xu et al., Electrically tunable optical polarization rotation on a silicon chip using Berry’s phase, Nature Comm. 5, 5337 (2014),

http://kirkmcd.princeton.edu/examples/EM/xu_nc_5_5337_14.pdf

[287] F. Bouchard et al., Achromatic orbital angular momentum generator, New J. Phys.

16, 123006 (2014), http://kirkmcd.princeton.edu/examples/EM/bouchard_njp_16_123006_14.pdf

[288] J. Xin and J.-Q. Liang, Coincidence of quantum-classical orbits for periodically driven two-dimensional anisotropic oscillator—Berry phase and Hannay angle, Phys. Scr. 90, 065207 (2015), http://kirkmcd.princeton.edu/examples/QM/xin_ps_90_065207_15.pdf

[289] B.K. Kendrick, J. Hazra and N. Balakrishnan, The geometric phase controls ultracold chemistry, Nature Comm. 6, 7918 (2015),

http://kirkmcd.princeton.edu/examples/QM/kendric_nc_6_7918_15.pdf

[290] L.B. Ma et al., Spinorbit coupling of light in asymmetric microcavities, Nature Comm.

10, 109838 (2016), http://kirkmcd.princeton.edu/examples/EM/ma_nc_10_10983_16.pdf

[291] S. Berger et al., Measurement of geometric dephasing using a superconducting qubit, Nature Comm. 6, 8757 (2015),

http://kirkmcd.princeton.edu/examples/QM/berger_nc_6_8757_15.pdf

[292] C.G. Yale et al., Optical manipulation of the Berry phase in a solid-state spin qubit, Nature Phot. 10, 184 (2016), http://kirkmcd.princeton.edu/examples/CM/yale_np_10_184_16.pdf

[293] D. Naidoo et al., Controlled generation of higher-order Poincaré sphere beams from a laser, Nature Phot. 10, 27 (2016),

http://kirkmcd.princeton.edu/examples/EM/naidoo_np_10_327_16.pdf

[294] N. Radwell et al., Achromatic vector vortex beams from a glass cone, Nature Comm.

7, 10564 (2016), http://kirkmcd.princeton.edu/examples/EM/radwell_nc_7_10564_16.pdf

[295] G. Pozzi et al., Experimental realization of the Ehrenberg-Siday thought experiment, Apl. Phys. Lett. 108, 083108 (2016),

http://kirkmcd.princeton.edu/examples/QM/pozzi_apl_108_083108_16.pdf

[296] S. Slussarenko et al., Guiding light via geometric phases, Nature Phot. 10, 571 (2016),

http://kirkmcd.princeton.edu/examples/EM/slussarenko_np_10_571_16.pdf

[297] S.D. Huber, Topological mechanics, Nature Phys. 12, 621 (2016),

http://kirkmcd.princeton.edu/examples/mechanics/huber_np_12_621_16.pdf

[298] H. Larocque et al., Arbitrary optical wavefront shaping via spin-to-orbit coupling, J.

Opt. 18, 124002 (2016), http://kirkmcd.princeton.edu/examples/EM/larocque_jo_18_124002_16.pdf

[299] Y. Bouguerra, M. Maamache and J.R. Choi, Nonlinear description of Yang-Mills cosmology: cosmic inflation and the accompanying Hannay’s angle, Chin. Phys. C 41, 065103 (2017), http://kirkmcd.princeton.edu/examples/cosmology/bouguerra_cpc_41_065103_17.pdf

[300] F. Cardano et al., Detection of Zak phases and topological invariants in a chiral quantum walk of twisted photons, Nature Comm. 8, 15516 (2017),

http://kirkmcd.princeton.edu/examples/QM/cardano_nc_8_15516_17.pdf

[301] R.C. Devlin et al., Arbitrary spin-toorbital angular momentum conversion of light, Science 358, 896 (2017), http://kirkmcd.princeton.edu/examples/EM/devlin_science_358_896_17.pdf

[302] Z. Shao et al., Spin-orbit interaction of light induced by transverse spin angular momentum engineering, Nature Comm. 9, 926 (2018),

http://kirkmcd.princeton.edu/examples/EM/shao_nc_9_926_18.pdf

[303] Y. Liu et al., Circular-Polarization-Selective Transmission Induced by Spin-Orbit Coupling in a Helical Tape Waveguide, Phys. Rev. Appl. 9, 054033 (2018),

http://kirkmcd.princeton.edu/examples/EM/liu_prap_9_054033_18.pdf

[304] H. Essén and A. Nordmark, A simple model for the falling cat problem, Eur. J. Phys.

39, 035004 (2018), http://kirkmcd.princeton.edu/examples/mechanics/essen_ejp_39_035004_18.pdf

[305] T. Malhotra, Measuring Geometric Phase without Interferometry, Phys. Rev. Lett.

120, 233602 (2018), http://kirkmcd.princeton.edu/examples/EM/malhotra_prl_120_233602_18.pdf

[306] M. Berry, Geometric Phases, To appear in The Princeton Companion to Physics, F. Wilczek, ed. http://kirkmcd.princeton.edu/examples/QM/berry_18.pdf

[307] M.V. Berry and P. Shukla, Geometric phase curvature for random states, J. Phys. A 51, 475101 (2018), http://kirkmcd.princeton.edu/examples/QM/berry_jpa_51_475101_18.pdf

[308] R.J. Patton and R.M. Reano, Rotating polarization using Berry’s phase in asymmetric silicon strip waveguides, Opt. Lett. 44, 1166 (2019),

http://kirkmcd.princeton.edu/examples/EM/patton_ol_44_1166_19.pdf

[309] E. Cohen et al., Geometric phase from Aharonov-Bohm to Pancharatnam-Berry and beyond, Nature Rev. Phys. 1, 437 (2019),

http://kirkmcd.princeton.edu/examples/QM/cohen_nr_1_437_19.pdf

[310] G.J. Gbur, Falling Felines and Fundamental Physics, Yale U. Press (2019). An extensive review of lore related to falling cats.

[311] A. Rückriegel and R.A. Duine, Hannay angles in magnetic dynamics, Ann. Phys. 412, 169010 (2020), http://kirkmcd.princeton.edu/examples/EM/ruckriegel_ap_412_169010_20.pdf

[312] Y. Song, J. Lim and J. Ahn, Berry-phase gates for fast and robust control of atomic clock states, Phys. Rev. Res. 2, 023405 (2020),

http://kirkmcd.princeton.edu/examples/QM/song_prr_2_023405_20.pdf

[313] O. Arteaga, Fresnel-Arago fifth law of interference: the first description of a geometric phase in optics, J. Mod. Opt. 68, 350 (2021),

http://kirkmcd.princeton.edu/examples/optics/arteaga_jmo_68_350_21.pdf

[314] X. Peng, J. Dai and A.J. Niemi, Rotation by deformation and time-crystalline dynamics of cyclopropane molecule, New J. Phys. 23, 07302421 (2021),

http://kirkmcd.princeton.edu/examples/mechanics/peng_njp_23_07302421.pdf

[315] A. Schwarz, Geometric and algebraic approaches to quantum theory, Nucl. Phys. B 973, 115601 (2021), http://kirkmcd.princeton.edu/examples/EP/schwarz_np_b973_115601_21.pdf

[316] A. McWilliam et al., Angular momentum redirection phase of vector beams in a nonplanar geometry, Nanophot. 11, 727 (2022),

http://kirkmcd.princeton.edu/examples/EM/mcwillilam_nanoph_11_727_22.pdf

[317] N.A. Rubin, Z. Shi and F. Capasso, Polarization in diffractive optics and metasurfaces, Adv. Opt. Phot. 13, 836 (2021), http://kirkmcd.princeton.edu/examples/EM/rubin_aop_13_836_21.pdf

[318] S. Li et al., Robotic swimming in curved space via geometric phase, Proc. Nat. Acad.

Sci. 119, 2200924119 (2022),

http://kirkmcd.princeton.edu/examples/mechanics/li_pnas_119_2200924119_22.pdf
http://kirkmcd.princeton.edu/examples/mechanics/li_pnas_2200924119.mp4

[319] F. Wilczek, Gauge Symmetry in Shape Dynamics (June 7, 2022),

https://arxiv.org/abs/2205.10806

[320] J. Wang et al., Experimental observation of Berry phases in optical Möbius-strip microcavities, Nature Phot. 17, 120 (2023),

http://kirkmcd.princeton.edu/examples/EM/wang_np_17_120_23.pdf

[321] L. Garza-Soto, N. Hagen and D. Lopzez-Mago, Deciphering Pancharatnam’s discovery of geometric phase (Jan. 11, 2023), https://arxiv.org/abs/2301.04359

[322] A. Palmieri et al., Bilayer Berry Phase Metasurfaces with Linear Polarization Bases, Optica Imag. Cong. (2023), FM1F.2,

http://kirkmcd.princeton.edu/examples/EM/palmieri_oic_fm1f.2_23.pdf

[323] K. Ishimoto, C. Moreau and K. Yasuda, Odd Elastohydrodynamics: Non-Reciprocal Living Material in a Viscous Fluid, Phys. Rev. X Life 1, 023002 (2023),

http://kirkmcd.princeton.edu/examples/fluids/ishimoto_prxl_1_023002_23.pdf

[324] J.M. Rieser et al., Geometric phase predicts locomotion performance in undulating living systems across scales, Proc. Nat. Acad. Sci. 124, e2320517121 (2024),

http://kirkmcd.princeton.edu/examples/mechanics/rieser_pnas_124_e2320517121_24.pdf