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C. Bouchiat, M. Mézard and R. Lavery 735

1 Introduction 737

2 Single molecule micromanipulation 739

2.1 Forces at the molecular scale . . . . . . . . . . . . . . . . . . . . . . . 739

2.2 Brownian motion: A sensitive tool for measuring forces . . . . . . . 740

3 Stretching B-DNA is well described by the worm-like chain

model 740

3.1 The Freely jointed chain elasticity model . . . . . . . . . . . . . . . . 740

3.2 The overstretching transition . . . . . . . . . . . . . . . . . . . . . . . 743

4 The torsional buckling instability 744

4.1 The buckling instability at T = 0 . . . . . . . . . . . . . . . . . . . . 744

4.2 The buckling instability in the rod-like chain (RLC) model . . . . . 746

4.3 Elastic rod model of supercoiled DNA . . . . . . . . . . . . . . . . . 746

4.4 Theoretical analysis of the extension versus supercoiling

experiments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 751

4.5 Critical torques are associated to phase changes . . . . . . . . . . . . 754



xxxii

5 Unwinding DNA leads to denaturation 754

5.1 Twisting rigidity measured through the critical torque

of denaturation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 755

5.2 Phase coexistence in the large torsional stress regime . . . . . . . . . 758

6 Overtwisting DNA leads to P-DNA 760

6.1 Phase coexistence of B-DNA and P-DNA in the large torsional

stress regime . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 760

6.2 Chemical evidence of exposed bases . . . . . . . . . . . . . . . . . . . 762

7 Conclusions 762

Course 9. Introduction to Topological Quantum
Numbers
by D.J. Thouless 767

Preface 769

1 Winding numbers and topological classification 769

1.1 Precision and topological invariants . . . . . . . . . . . . . . . . . . . 769

1.2 Winding numbers and line defects . . . . . . . . . . . . . . . . . . . . 770

1.3 Homotopy groups and defect classification . . . . . . . . . . . . . . . 772

2 Superfluids and superconductors 775

2.1 Quantized vortices and flux lines . . . . . . . . . . . . . . . . . . . . . 775

2.2 Detection of quantized circulation and flux . . . . . . . . . . . . . . . 781

2.3 Precision of circulation and flux quantization measurements . . . . . 784

3 The Magnus force 786

3.1 Magnus force and two-fluid model . . . . . . . . . . . . . . . . . . . . 786

3.2 Vortex moving in a neutral superfluid . . . . . . . . . . . . . . . . . . 788

3.3 Transverse force in superconductors . . . . . . . . . . . . . . . . . . . 792

4 Quantum Hall effect 794

4.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 794

4.2 Proportionality of current density and electric field . . . . . . . . . . 795

4.3 Bloch’s theorem and the Laughlin argument . . . . . . . . . . . . . . 796

4.4 Chern numbers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 799

4.5 Fractional quantum Hall effect . . . . . . . . . . . . . . . . . . . . . . 803

4.6 Skyrmions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 806

5 Topological phase transitions 807

5.1 The vortex induced transition in superfluid helium films . . . . . . . 807

5.2 Two-dimensional magnetic Systems . . . . . . . . . . . . . . . . . . . 813

5.3 Topological order in solids . . . . . . . . . . . . . . . . . . . . . . . . 814

5.4 Superconducting films and layered materials . . . . . . . . . . . . . . 817



xxxiii

6 The A phase of superfluid 3He 819

6.1 Vortices in the A phase . . . . . . . . . . . . . . . . . . . . . . . . . . 819

6.2 Other defects and textures . . . . . . . . . . . . . . . . . . . . . . . . 823

7 Liquid crystals 826

7.1 Order in liquid crystals . . . . . . . . . . . . . . . . . . . . . . . . . . 826

7.2 Defects and textures . . . . . . . . . . . . . . . . . . . . . . . . . . . . 828

Seminar 3. Geometrical Description of Vortices
in Ginzburg-Landau Billiards
by E. Akkermans and K. Mallick 843

1 Introduction 845

2 Differentiable manifolds 846

2.1 Manifolds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 846

2.2 Differential forms and their integration . . . . . . . . . . . . . . . . . 847

2.3 Topological invariants of a manifold . . . . . . . . . . . . . . . . . . . 853

2.4 Riemannian manifolds and absolute differential calculus . . . . . . . 855

2.5 The Laplacian . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 858

2.6 Bibliography . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 860

3 Fiber bundles and their topology 860

3.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 860

3.2 Local symmetries. Connexion and curvature . . . . . . . . . . . . . . 861

3.3 Chern classes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 862

3.4 Manifolds with a boundary: Chern-Simons classes . . . . . . . . . . 865
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