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Rowan University
Department of Mathematics

COURSE PROPOSAL
Differential Geometry
1. Details
a. Course Title: Differential Geometry
b. Sponsors: Drs. Hieu Nguyen and Marcus Wright, Department of Mathematics
c. Credit Hours: 3
d Course Level: Graduate (advanced undergraduates may enroll with the permission of the
nstructor)
€. Prerequisites: 1701.210 Lincar Algebra and 1701.230 Calculus III or permission of
instructor.
f. Suggested Time, Implementation: One section of the course to be offered every other
year as needed.
g. Curricular Effect: Elective course for all students in the Master of Arts Program in
Mathematics and for advanced undergraduate math and physics majors.
h. Resources: Faculty, computer equipment and library resources are adequate.

2. Rationale:

The subject of geometry has seen many significant developments in the 20" century.
Historically, this should not come as a surprise as human beings are highly spatial by nature. It
has been shown consistently in the past that a geometric approach towards the investigation of
nature 1s deemed a fruitful one. For example, geometry has and continues to play a major role in
the study of a variety of surfaces such as hyperbolic space and physical applications such as
general relativity. This is especially true in differential geometry, a branch of mathematics that
applies the ideas of calculus to understand the geometry of spatial objects.

Currently, the geometry courses offered at Rowan University, namely Geometry I and II
(both undergraduate) and Modern Geometry (graduate), provide only a classical treatment of non-
Euclidean geometry that was developed in the 19" century. These courses were originally
designed to teach secondary education students basic principles of spherical and hyperbolic
geometry in two-dimensions. They, however, do not teach students geometrical concepts and
applications developed in the 20"-century and do not keep students abreast of current research in
geometry. Therefore, with the Math Department now running a Masters of Arts program and
awaiting approval for its Bachelor of Science program, it is urgent that a modern differential
geometry course be offered. Such a course would be vital to our graduate students who wish to
do research in differential geometry and to our undergraduate students who wish to prepare
themselves for graduate school or even for industrial jobs that demand an expertise in geometry,
such as computer graphics and animation.

3. Essence of the Course
a. Objectives in Relation to Student Qutcomes
Students in this course will learn how the concepts of calculus can be applied to understand the

geometry of mathematical surfaces such as planes, spheres, hyperbolic spaces and manifolds in
general. Topics include geodesics, tangent space, directional derivative, Riemannian metrics,



1sometries, Gaussian curvature, tirst and second fundamental forms, Gauss-Bonnet Theorem,
minimal surfaces, differential manifolds, connections, and Riemannian curvature tensors. Special
topics (at the discretion of the instructor) may include Lie groups, symmetric spaces, general relativity,
cohomology, and complex geometry. Students will be required to use a computer algebra system to
solve problems and gain geometric intuition.

b. Topical Outline:

I Surfaces and Straightness
I.1. Geodesic
1.2. Surfaces of revolution

I.3. Geodesics on the Sphere
1.4. Geodesics on the Hyperbolic Plane
L5. Geodesics on the Hyperbolic Disk

II. Surfaces and Curvature
II.1.  Tangent space
I1.2. Extrinsic Curvature

II.3.  Intrinsic (Geodesic) Curvature
11.4. Directional Derivative

I1.5. Riemannian Metrics

I.6. Isometries

II.7.  Stereographic Projection

I11. Surfaces and Area
IH.1. Parallel Transport
II1.2.  Holonomy
II1.3.  Gaussian Curvature
IM1.4.  First and Second Fundamental Form
III.5. Gauss-Bonnet Theorem
II.6. Mean Curvature and Minimal Surfaces
III.7.  Surfaces of Constant Curvature

Iv. Manifolds and Curvature
IV.1. Atlas and Local Coordinates
IV.2. Differentiable Manifolds
IV.3. Covariant Derivative and Connections
1V.4.  Christoffel Symbols
IV.5. Lie brackets and Vector Fields
IV.6. Riemanman Curvature Tensors

V. Special topics (at the discretion of the instructor)
V.1.  Lie Groups and Symmetric Spaces
V.2.  Lorentz Metrics and General Relativity
V.3. Differential Forms and Cohomology
V.4.  Complex Geometry
V.5. Foliations



c. Evaluation and Grading:

Students will be evaluated by the traditional methods of grading homework problems and through
written tests. In addition, students will prepare computer solutions of assigned problems.

d. Course Evaluation:

This course will be evaluated through customary student evaluations as well as regular
departmental review.

4. Results of Consultation
The Department of Chemistry & Physics was consulted. A letter of support is enclosed.
5. Additional Information:
a. Recommended Texts:

1) Henderson, David W., Differential Geometry: A Geometric Introduction, Prentice-Hall,

1998.
2) Boothby, William M., An Introduction to Differential Manifolds and Riemannian

Geometry, Academic Press, 1986.




6. Catalogue Description: |

1701-5XX Differential Geometry 3 s.h.

(Prerequisites: 1701.210 and 1701.230 or permission of instructor)

This course explores the application of calculus towards the study of higher-dimensional surfaces and
their geometry. Topics include geodesics, tangent space, directional derivative, Riemannian metrics,
isometries, Gaussian curvature, first and second fundamental forms, Gauss-Bonnet Theorem, minimal
surfaces, differential manifolds, connections, and Riemannian curvature tensors. Special topics (at the
discretion of the instructor) may include Lie groups, symmetric spaces, general relativity, cohomology,
and complex geometry. Students will be required to use a computer algebra system to gain geometric
intuition,



ROWAN
UNIVERSITY

Department of Chemistry & Physics

Dr. Hieu Nguyen July 6, 1998
Department of Mathematics

Rowan University
Glassboro, NJ 08028

Dear Dr. Nguyen,

The Department of Chemistry and Physics supports the proposed new course in
differential geometry. This subject is an essential tool in the study of several branches
of theoretical physics including Cosmology, solid state physics and elementary particle
physics. There are other applications outside of physics such as engineering where
differential geometry is also an important tool.

The course proposal presented by your Department is quite complete and
appropriate for a first course in differential geometry. The applications that you
propose are relevant to physics. This course will be a benefit to our advanced
undergraduates who are interested in theoretical physics, thus, we will strongly
recommend that they take this course.

In summary, we believe that your course, Differential Geometry, will be an
important addition to the present list of courses that your department offers.

Sincerely,

Cidee ol ey o,
Dr. Eduardo Flores

201 Mullica Hill Road « Glassboro, New Jersey « 08028-1701 » Phone: (609) 256-4500 Ext. 3598
Fax (609) 256-4921 « e-mail: flores @rowan.edu
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