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ABSTRACT 
 

Focusing on the viewpoint of geodesic curvature, this paper explores the intrinsic geometric links 

between two curves rolling without slipping on the unit sphere S2. The phenomenon of rolling motion 

without slipping introduces rigid structural constraints, which we systematically investigate by 

examining specific curve pairs characterized by a shared geodesic normal direction at their points of 

contact. Rather than employing standard kinematic formulations, this study adopts a purely differential 

geometric approach. First, the explicit coordinate-free relations and transformations between the 

geodesic Frenet frames of these matching curves are established. Building upon these fundamental 

frame transformations, we subsequently analyze and derive the exact mathematical relationships and 

identities governing their respective geodesic curvatures. Furthermore, we evaluate the geometric 

implications of these curvature dependencies under various rolling conditions. The theoretical 

framework developed herein not only provides deeper insights into the intrinsic geometry of spherical 

curves but also offers a robust mathematical alternative for analyzing constrained rotational motions 

on non-Euclidean surfaces. 

 

Keywords Spherical curves, Geodesic curvature, Motion 

 

References 

 
[1] Lazar D., and Lin L., Scale and curvature effects in principal geodesic analysis. of Multivariate 

Analysis, 153: 64–82, 2017. 
[2] McCarthy J. M., The differential geometry of curves in an image space of spherical. Mechanism 

and Machine Theory, 22(3): 205–211, 1987. 

[3] Orbay K., Rolling without slipping and Mannheim correspondence of curves on S2. Oriental 
Renaissance: Innovative, Educational, Natural and Social Sciences, 5(10):70-80, 2025. 

[4] Saldanha N. C., and Zühlke P., On the components of spaces of curves on the 2-sphere with 
geodesic curvature in a prescribed interval. International Journal of Mathematics, 24(14), 1350101, 
2013. 

[5] Schneider M., Closed magnetic geodesics on S2. Journal of Differential Geometry, 87(2): 343–388, 
2011. 

 

 

 

 

 

 

 

 

 

 

 

 
*E-mail: keziban.orbay@amasya.edu.tr  


