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研究成果の概要（和文）：本研究は、滑らかな曲面の持つ多くの構造に着目して、その構造を保ったまま離散曲
面理論に拡張するものである。次の3つの課題に取り組んだ。
・曲面上に現れる特異点が曲面の可積分系の性質とどのように関係があるかについての研究。・さらなる離散曲
面の構成と構成の方法に現れる数学的性質の研究。・可積分系の方法で構成した滑らかな曲面に対して、曲面が
特異点を持つ可能性および曲面の符号の変化の研究。

研究成果の概要（英文）：This research focused on the many structures that smooth surfaces have, and 
on maintaining this structure in the discrete analogues within surface theory. The following three 
issues were addressed: firstly, the study of how singularities appearing on surfaces are related to 
the properties of integrable systems of surfaces; secondly, the study of mathematical properties 
appearing in the construction of larger classes of discrete surfaces; thirdly, the study of smooth 
surfaces possibly having singularities and changes in their metric signature, by the methods of 
integrable systems.

研究分野： differential geometry

キーワード： differential geometry　surface theory　transformation theory　surface representations　Lie sp
here geometry　discrete surfaces　Moebius geometry　integrable systems

  １版

令和

研究成果の学術的意義や社会的意義
この研究の意義は、滑らかな曲面と離散曲面が持つ数学的構造のさらなる解明と理解の促進や、離散微分幾何学
を研究するベルリン工科大学、ウィーン工科大学、イギリスのバース大学との連携を深めることにあります。
English translation: The significance is to further promote understanding of smooth and discrete 
surfaces, and to promote discrete differential geometry, and to deepen international collaboration.

※科研費による研究は、研究者の自覚と責任において実施するものです。そのため、研究の実施や研究成果の公表等に
ついては、国の要請等に基づくものではなく、その研究成果に関する見解や責任は、研究者個人に帰属します。
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１．研究開始当初の背景 
 
Discrete differential geometry, abbreviated DDG, is an up and coming field on discretized 
manifolds of various types, which are studied from the perspective of differential geometric 
techniques.  Recent growth has been centered in Berlin (Germany), Vienna (Austria) and 
Bath (England), although it has recently been given considerable attention in Japan as well.   
In all locations, the goal has been to convert curvature characteristics into notions within 
transformation theory that can be discretized, and then to finally recreate analogues of 
curvature properties in the discrete case.  Discrete 1-dimensional curves and 2-dimensional 
surfaces have received particular attention, and the research in this project been focused 
primarily on the 2-dimensional case, which has applications to architecture, although the 
work here is focused on purely theoretical results.   
 
２．研究の目的 
 
When using transformation theory of smooth surfaces to give alternate characterizations of 
curvature properties, the innate discrete nature of the transformations themselves provides 
clear direction in how to discretize manifolds and still maintain the same structure implied 
by the particular chosen curvature properties.  From here, we can then go on to understand 
methods for constructing special classes of discrete surfaces and then understand their 
singularity behaviors and metric signature changes where applicable.   
 
３．研究の方法 
 
The methodology for this research was to have regular joint research meetings with co-
researchers focused on careful discussion to produce the desired objectives, then to publish 
results in refereed mathematical journals.   
 
４．研究成果 
 
The following goals were achieved:  
 
(1) With S. Fujimori, Y. Kawakami, M. Kokubu, M. Umehara and K. Yamada, we studied 
analytic extensions of constant mean curvature surfaces in space forms that are 
Lorentzian, and applied this to particular classes of surfaces, such as catenoid-type 
surfaces in flat Minkowski space and in de Sitter space. 
 
(2) With M. Yasumoto, semi-discrete linear Weingarten surfaces that Weierstrass type 
representation formulas was developed, along with other related cases, including some 
conclusions on curve theory and singularity theory as well.  
 
(3) With F. Burstall, U. Hertrich-Jeromin, J. Cho and M. Pember, the discretization of 
Omega surfaces was developed, leading to a full theory on their transformations.   
 
(4) With J. Cho and T. Seno, new approaches for understanding the semi-discrete and 
fully discrete potential mKdV equations were provides, from the perspective of 
transformation theory.   
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