Contents

1 Summary

Preliminaries

2.1 Differential geometry . . . . . . ...

2.1.1
2.1.2

First and second fundamental forms . . . . . . .

The case of surfaces. Curvature ellipse . . . . .

2.2 Contact theory . . . . . . ... ... ... ..

The Taylor expansion of the exponential map

3.1 The Taylor expansion of the exponential map . . . . .

3.2 Applications to geometry of surfaces . . . ... .. ..

3.2.1

3.2.2

3.2.3

3.2.4

Lateral geodesic deviation of a surface in one
direction . . . . . . . ...
Retard of the geodesic with respect to the tan-
gent vector . . . . .. ..o L Lo
Extremal directions of the frontal geodesic de-
viation . . .. ...
Relation between extremal frontal and lateral

geodesic directions . . . .. ...

9

11

23
23
26
28
31



10 CONTENTS
3.2.5 Extremal directions in R* . . . ... ... ... o7
3.2.6 Normal curvature and torsion . . ... ... .. 59
3.3  Application to contact theory . . . . . . .. ... ... 63
3.3.1 Directions of high contact with 3-spheres in R*. 63

3.3.2  Application to the asymptotic directions for a
surface in R2¥* . . . . ... 69
4 Critical points for a smooth maps 75
4.1 The focal set as 1-critical points of the normal map . . 75
4.1.1 The inverted pedal . . . . . ... ... ... .. 80

4.2 The parabolic set as 1-critical points of the generalized
Gaussmap . . . . . ... 87
4.3 1-critical points of the exponential tangent map . . . . 93
4.4 Definition of r-critical point . . . . . . ... ... 96
4.4.1 Probes and r-critical points . . . .. .. .. .. 99
5 Analysis of the critical points 103
5.1 Analysis of the critical pointsof v . . . . . . . ... .. 110
5.1.1 2-Critical points of v for curves immersed in R*"114

5.1.2  2-Critical points of v for surfaces immersed in
R3and R* . . . .. ... ... ... ... ... 115
5.1.3  3-Critical points of v for surfaces . . . . . . .. 127
5.2 Analysis of the critical pointsof ¢ . . . . . . . ... .. 131
5.2.1 2-Critical points of ¢ for surfaces in R> . . . . . 132

5.2.2  3-Critical points of ¢ for surfaces . . . . . . .. 136



