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The music of shapes A. Connes



I The musical scale of a shape. I Towards a musical shape. I Mysterious shape. I Motives as interpreters. 1



“Where are we ?” This raises two math questions : I Can we specify a geometric space by a list of invariants ? I Can one invariantly specify a point in a geometric space ?



2



The music of shapes Milnor, John (1964), ”Eigenvalues of the Laplace operator on certain manifolds”, Proceedings of the National Academy of Sciences of the United States of America 51 Kac, Mark (1966), ”Can one hear the shape of a drum ?”, American Mathematical Monthly 73 (4, part 2) : 1–23
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Eigenfrequencies of the disk 6



Spectrum of disk



2.40483, 3.83171, 5.13562, 5.52008, 6.38016, 7.01559, 7.58834, 8.41724, 8.65373, 8.77148, 9.76102, 9.93611, 10.1735, 11.0647, 11.0864, 11.6198, 11.7915, 12.2251, 12.3386, 13.0152, 13.3237, 13.3543, 13.5893, 14.3725, 14.4755, 14.796, 14.8213, 14.9309, 15.5898, 15.7002 ...
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Eigenfrequencies of the disk 8
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Vibrations of the square 15



10



5



0



10



20



30



40



50



60



70



Eigenfrequencies of square 10



High frequencies 25
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It is well known since a famous one page paper of John Milnor that the spectrum of operators, such as the Laplacian, does not suffice to characterize a compact Riemannian space. But it turns out that the missing information is encoded by the relative position of two abelian algebras of operators in Hilbert space. Due to a theorem of von Neumann the algebra of multiplication by all measurable bounded functions acts in Hilbert space in a unique manner, independent of the geometry one starts with. Its relative position with respect to the other abelian algebra given by all functions of the Laplacian suffices to recover the full geometry, provided one knows the spectrum of the Laplacian. For some reason which has to do with the inverse problem, it is better to work with the Dirac operator. 12



Gordon, Web, Wolpert Gordon, C. ; Webb, D. ; Wolpert, S. (1992), ”Isospectral plane domains and surfaces via Riemannian orbifolds”, Inventiones mathematicae, Chapman ...
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Shape I
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Shape II
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√ Spectrum = { x | x ∈ S},



5 5 13 17 25 13 29 17 37 41 45 25 S = { , 2, , , , 5, 5, 5, , , , 8, , , 10, 10, 10, , , , 4 2 4 4 4 2 4 2 4 4 4 2 53 29 61 65 65 73 37 13, 13, 13, , , , , , 17, 17, 17, 18, , , 20, 20, 20, 4 2 4 4 4 4 2 101 53 41 85 85 89 45 97 , , , , , , 25, 25, 25, , 26, 26, 26, , 2 4 4 4 2 4 4 2 109 113 117 , , 29, 29, 29, ,... 4 4 4



Same spectrum



{a2 + b2 | a, b > 0} ∪ {c2/4 + d2/4 | 0 < c < d} =



{e2/4 + f 2 | e, f > 0} ∪ {g 2/2 + h2/2 | 0 < g < h}
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Three classes of notes



One looks at the fractional part



1 : {e2 /4 + f 2 } with e, f > 0 = {c2 /4 + d2 /4} with c + d 4



odd. 1 : The c2 /4 + d2 /4 with c, d odd and g 2 /2 + h2 /2 with 2



g + h odd. 0 : {a2 + b2 | a, b > 0} ∪ {4c2/4 + 4d2/4 | 0 < c < d} et {4e2/4 + f 2 | e, f > 0} ∪ {g 2/2 + h2/2 | 0 < g < h} with g + h even. 18



Possible chords The possible chords are not the same. Blue–Red is not possible for shape II the one which contains the rectangle.
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The unitary (CKM) invariant of Riemannian manifolds



The invariants are : — The spectrum Spec(D). — The relative spectrum SpecN (M ) (N = {f (D)}). 20



Points The missing invariant should be interpreted as giving the probability for correlations between the possible frequencies, while a “point” of the geometric space X can be thought of as a correlation, i.e. a specific positive hermitian matrix ρλκ (up to scale) which encodes the scalar product at the point between the eigenfunctions of the Dirac operator associated to various frequencies i.e. eigenvalues of the Dirac operator.
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In fact, our faith in outer space is based on the strong correlations that exist between different frequencies, as encoded by the matrix ρλκ, so that the pictures of the milky way in various wavelength can be correlated together.
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Musical shape ? The ear is sensitive to ratios of frequencies. The two sequences {440, 440, 440, 493, 552, 493, 440, 552, 493, 493, 440} {622, 622, 622, 697, 780, 697, 622, 780, 697, 697, 622} √ are in the ratio ∼ 2. log 3 1 ∼1+ 1 log 2 1+ 1 1+



=



19 12



2+ 1 2
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Towards a musical shape



{q n | n ∈ N} ,



21/12 = 1.05946... ,



q=



1 12 2



31/19 = 1.05953...
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Musical Shape has Dimension = 0 27



The quantum sphere Sq2 Poddles, Dabrowski, Sitarz, Landi, Wagner, Brain...



q j − q −j { | j ∈ N} with multiplicity O(j) −1 q−q



28



L. Dabrowski, A. Sitarz, Dirac operator on the standard Podles’ quantum sphere. Noncommutative geometry and quantum groups (Warsaw, 2001), 49–58, Banach Center Publ., 61, Polish Acad. Sci., Warsaw, 2003. L. Dabrowski, F. D’Andrea, G. Landi, E.Wagner, Dirac operators on all Podles quantum spheres J. Noncomm. Geom. 1 (2007) 213–239 arXiv :math/0606480 S. Brain, G. Landi, T he 3D Spin geometry of the quantum 2-sphere Rev. Math. Phys. 22 (2010) 963–993 arXiv :1003.2150 29



Unidentified shape
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Motives as interpreters



P (q −s) = 0 ⇐⇒ ∃α ∈ Z | q −s = α α=q



−1 2 −iθ



1 2πn s = + iθ + i 2 log q 1 + it are : times Values of t, s = 2



The tempo (number of beats per minute) of the piece is proportional to log p 35



Fixed Score



prime = 29



♩= 160 5 4
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♩= 164 5 4
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Interpretation by an H 1 One fixes a curve C over Q and to each prime p with C of good reduction at p one assigns the solutions of the equation P (p−s) = 0 where P is the characteristic polynomial of the Frobenius acting on H 1 of the reduction of C modulo p.



38



7 39



11 40



13 41



17 42



19 43



23 44



29 45



31 46



37 47



41 48



43 49



47 50



53 51



59 52



61 53



7 54



11 55



13 56



17 57



19 58



23 59



29 60



31 61



37 62



41 63



43 64



47 65



53 66



59 67



61 68



























des documents recommandant







[image: alt]





Some Aspects of Noncommutative D ifferential Geometry ... .fr 

re su lt b u t a d eep theorem o f d i ff erenti a l topolo gy w hich me a n s th a t ... Thi s lect u re i s p a rtl y b as e d on j oint w or ks w ith R. K erner , J . M ad ore.










 


[image: alt]





Noncommutative differential geometry based on Îµ-derivations 

T. Masson, J.-C. Wallet. Integrable Systems and Quantum Symmetries, Prague, 18-20 June 2009 ... Noncommutative geometry based on e-derivations. 1 ..... see e.g. Algebras of distributions suitable for phase-space quantum mechanics.










 


[image: alt]





on a noncommutative algebraic geometry - Pierre DOLBEAULT 

Introduction. We first recall the definition of the field H of quaternions using pairs of complex numbers and a modified Cauchy-Fueter operator (section 2) that ...










 


[image: alt]





THE ART OF GEOMETRY 

TRANSPORTED THE ARABIC LANGUAGE TO THE WORLD. MOROCCAN CALLIGRAPHY ... Advanced Mathematics but his home-sickness and melancholy ...










 


[image: alt]





On Curvature in Noncommutative Geometry 5. Dubois-Violette 

version of the curvature of the connection Âºas givenÂ¢ adore et a . 1995 Âºhich ...... f it Âºere possible to do this it Âºould be possible to define curvature invariants as in.










 


[image: alt]





Measuring the Geometry of Propellers 

the radius and if all airfoils would have a flat lower side, then ... edge of the propeller, before the felt tip color has dried. Doing the same at the trailing edge leaves you with two traces on the ... method - the error is around 1 percent of the.










 


[image: alt]





The geometry of prior selection 

3In section V-A, there is an example illustrating the violation of these .... allowed to belong to the whole set ËœP and the a posteriori P(p | z) is zero outside the ...










 


[image: alt]





The Basics of Information Geometry 

Page 1 .... calculate the Jacobian of the transformation, |âˆ‚ Ë†x/âˆ‚x| = |detXÎ± a |. The transformation of the metric .... The idea is to use S[p,q] to rank those distribu-.










 


[image: alt]





Music of the Reformed Tradition 

8 juin 2017 - Thomas Russell, Organist and Assistant Director of Music ... the team on the trip are Diana and Jane Keane, Dr. Bill Bates, and Benjamin Cole.










 


[image: alt]





The Geometry of Ambiguity - Mathieu Anel 

The three parts of the tangent complex . .... and smooth schemes behaved as they always did in this new geometry. Singular points are classically ... geometrical theory after the works of Deligne, Mumford and Artin [3, 10] in the late '60s-'70s.










 


[image: alt]





Fisher Information Geometry of The Barycenter Map 

Abstract. We report Fisher information geometry of the barycenter map associated with Busemann function BÎ¸ of an Hadamard manifold X and present its ...










 


[image: alt]





Fisher Information Geometry of The Barycenter Map 

Sep 22, 2014 - 1. Barycenter and barycenter map. 2. Barycenter map and Fisher information metric. 3. Barycentrically associated maps and isometries of (X, g).










 


[image: alt]





The geometry of ambiguity - Mathieu Anel 

Feb 23, 2019 - In this tangent groupoid, the H0 is the part of tangent encoding first order ...... hypothesis under which the classical and the homotopy quotients agree. ...... provide a foundational langage for mathematical alternative to Set ...










 


[image: alt]





The intrinsic geometry of perceptual space. Its 

The Intrinsic Geometry of Perceptual Space: Its Metrical, Affine and Projective Properties. James T. Todd1 ... In the colinearity task, observers were presented with two pairs of stakes on a .... The procedure was as follows: On each trial, ob-.










 


[image: alt]





The geometry of prior selection - Hichem Snoussi 

manifold valued set of probability distributions. ...... (the set of singular matrices). ..... Using the above results, the following decomposition of the divergence is ...










 


[image: alt]





School of Music School of Music 

15 nov. 2015 - (1908â€“1992). VOCALISE-Ã‰TUDE POUR VOIx ELEVÃ‰ES. Sonata (1970). Edison Denisov. I. ALLEGRO. (1929â€“1996). II. LENTO. III. ALLEGRO MODERATO. Intermission. STREETLEGAL (2003). Roshanne Etezady. (b. 1973). School of Music. 131st Concer










 


[image: alt]





Summary of shapes of molecules - Creative Chemistry 

4. 2. 0. 2 linear linear. BeCl2. 6. 3. 0. 3 trigonal planar trigonal planar. BF3. 4. 0. 4 tetrahedral. CH4. 3. 1. 4 trigonal pyramidal. NH3. 8. 2. 2. 4 tetrahedral bent line.










 


[image: alt]





Geometry and the Imagination 

reason it might want to move is that there is a string tied to the right-hand pedal (which ...... However, we want to emphasize that this is a tricky business, and the ...










 


[image: alt]





Geometry - The-Eye.eu! 

May 27, 2002 - from) and to show â€œgenuineâ€� geometry: triangles, spheres, ...... two parallel lines intersecting Di at Ai, Ai distinct from A. Then ..... affine subspace spanned by the points B0,...,Bk by a system of parametric ...... The composit










 


[image: alt]





on the evaluation of the performance of music ... - Martin Raspaud 

Abstract. This paper discusses the problem of training and testing automatic music instrument classification algorithms. Most articles evaluate the performance of ...










 


[image: alt]





Vanderplas (1959) The association value of random shapes - CiteSeerX 

entiation and the effects of meaningfulness may be found ... selected by use of a table of random numbers, .... the data, as shown by the excess of ..... variable might be exercised, with cor- responding clarity of the basis for results. SUMMARY.










 


[image: alt]





Failures of Information Geometry 

Measuring any accurate linear relationship |api âˆ’bpj| < Îµ ensures that pi and pj will be inferred to be almost ..... Phil. Soc. 122, 700â€“725. 9. Rao, C. R. 1945.










 


[image: alt]





Developed Shapes 

Jan 19, 2009 - Develop wires and points onto a revolution surface. Targeted ..... This new option of blend command is available only with DL1 product.










 


[image: alt]





Music in the Work of Marcel Proust 

Music in the Work of Marcel Proust. Author(s): AndrÃ© CÅ“uroy, Marcel Proust, Fred Rothwell. Source: The Musical Quarterly, Vol. 12, No. 1 (Jan., 1926), pp. 132- ...










 














×
Report The music of shapes - Noncommutative Geometry





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Signe






Email




Mot de passe







 Se souvenir de moi

Vous avez oublié votre mot de passe?




Signe




 Connexion avec Facebook












 

Information

	A propos de nous
	Règles de confidentialité
	TERMES ET CONDITIONS
	AIDE
	DROIT D'AUTEUR
	CONTACT
	Cookie Policy





Droit d'auteur © 2024 P.PDFHALL.COM. Tous droits réservés.








MON COMPTE



	
Ajouter le document

	
de gestion des documents

	
Ajouter le document

	
Signe









BULLETIN



















Follow us

	

Facebook


	

Twitter



















Our partners will collect data and use cookies for ad personalization and measurement. Learn how we and our ad partner Google, collect and use data. Agree & Close



