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The Wonderful World of Map Projections

A map projection is a mathematical method for visual repre-
sentations of points, curves or surface pieces on the Earth or

other celestial bodies. This book covers general theories and
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applications of map projections. The main concern in this book is

the mapping from a two- dimensional Riemann manifold, which
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has a positive-definite metric tensor, to another two-dimensional
Riemann manifold, in particular mapping from the Earth surface

as an ellipsoid-of-revolution or a sphere to a plane, a cone, or a a
4 springer

cylinder in normal, oblique, and transverse aspects.

Based on Gaussian Theorema Egregium, mapping an ellipsoid-of-revolution or a sphere
to a plane, a cone, or a cylinder is impossible without distortions or deformations. Depending
on the purpose of the mapping or the requirements of distortion control, different map
projections are systematically developed using Differential Geometry in this book. The
distortion or deformation measures, which are the basic issues in map projections, are
discussed in detail.

This book has 935 pages and is bound in two volumes. Its contents are mainly divided
into three parts. The first part contains the first four chapters where offer foundational
differential geometric material of map projections. They are concerned with general mapping

theories from a Riemann manifold to another Riemann manifold. The Cauchy and Green
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deformation tensors are presented and the eigenspace of the tensors which is important for
distortion analysis and then for mapping types is studied. The criterions of optimal map
projections for a specific purpose are presented and solved by variational calculus in this part.
The second part of this book in Chapters 5-24 focuses on the mapping from an
ellipsoid-of-revolution or a sphere to a plane, a cone, or a cylinder. Different distortions,
namely conformal, equiaerial, equidistant, perspective, and geodetic, are designed, derived,
and analyzed for every specific map projection mentioned in this part. The mapping of torus,
hyperboloid, paraboloid, onion shape, and clothoid for structures is also reviewed. The
datum transformation is discussed in Chapters 21 and 24. In particular, the ten parameter
conformal group C10(3) is introduced as a datum transformation method of the
three-dimensional Euclidean space. The third part of this book is the 10 appendices where
give useful supplements, such as mathematical laws and order and the inverse of a
multivariate homogeneous polynomials. Elliptic integrals, Korn-Lichtenstein and
d’Alembert-Euler equations are introduced. Special map projections, in particular mixed
cylindrical, generalized Mollweide, generalized Hammer, polycylindrical map projections, are
derived. Geodesics and Gauss surface normal coordinates in geometric and gravity spaces
which may be especially interesting for geodesists and geophysicists are also reviewed.
Besides, the Newton form of a geodesic in the Maupertuis gauge is presented and the
concept of projective heights is introduced in the third part. In addition to the theories of
map projections, applications and numerical examples are also given in this book.

This professional book basically describes map projections from differential geometric
point of view and aims to provide a completely systematic and theoretic construction of map
projections for the students and academics working on Cartography, GIS, Spatial Information,
Computer Vision, Geodesy, Geophysics, and other related field.
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