
MA 726: Algebraic Geometry, NCSU, Spring 2022

Quick Facts

The goal of this course is to introduce students to algebraic
geometry by studying algebraic varieties, such as the Whitney
umbrella pictured here, and their associated polynomial ideals
in a hands on manner. Students are encouraged to use computer
tools such as Macaulay2 or Sage to explore examples, investigate
problems, and develop intuition for the formal theory.

Instructor: Martin Helmer

Course Webpage: http://martin-helmer.com/Teaching/

MA726.html

Lectures: 3:00 pm – 4:15 pm Tuesdays and Thursdays in 636
Poe Hall (lectures will also be live streamed via Zoom).

Textbooks:

• An Invitation to Nonlinear Algebra by Mateusz
Michalek and Bernd Sturmfels, published in 2021 by the
AMS; this is our primary text and will be referenced as
MS for short.

• Ideals, Varieties, and Algorithms: An Introduction
to Computational Algebraic Geometry and Commutative
Algebra by David Cox, Donal O’Shea, and John Little,
CLO for short.

Office Hours: Monday: 3:30 pm – 5:30 pm, after class Tuesday/Thursday, or by appointment. Office
location: 4122 in SAS Hall.

Official Course Description

Abstract theory of solutions of systems of polynomial equations. Topics covered: ideals and affine varieties,
the Nullstellensatz, irreducible varieties and primary decomposition, morphisms and rational maps, com-
putational aspects including Gröbner bases and elimination theory, projective varieties and homogeneous
ideals, Grassmannians, graded modules, the Hilbert function, Bézout’s theorem.

Grades

The grades will be broken down as follows:

• Assignments: 40%

– Assignments are due every other week.

• Extended Quizzes: 20%

– There will be two 65 minute quizzes, one near the middle of term and one near the end, held in
class time.

• Term Project: 35%.

– Students will prepare a report of 10 to 15 pages in length on a topic of their choice related to
course material. A list of suggested topics will be given.
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– 80% of the project grade will be for the final report, 10% for the project proposal, and 10% for
the peer review of classmates draft reports.

• Participation: 5%.

– To get full marks students are expected to attend and participate in class (in-person or on Zoom),
e.g. by asking questions or volunteering answers.

Rough Schedule

• Weeks 1–3: Polynomial Rings and Gröbner basis following Chapter 1 of MS and parts of Chapter 2 of
CLO.

• Weeks 4–6: Varieties following Chapter 2 of MS.

• Weeks 7–8: Solving and Decomposing, Primary Decomposition following Chapter 3 of MS.

• Weeks 9–10: Elimination and Mappings following Chapter 4 of MS.

• Weeks 11–12: Linear Spaces and Grassmannians following Chapter 5 of MS.

• Weeks 13–14: Nullstellensätze following Chapter 6 of MS.

• Remainder of semester: Other topics, e.g. Toric Varieties, or Tropical Geometry following Chapter 7
or 8 of MS.

Homework

Some things to keep in mind when doing your homework:

1. You are encouraged to discuss problems with your classmates and are free to consult online resources.
Working together on math problems can be an excellent way to learn and the internet is a useful
resource. However your final written solutions you hand in must be your own work written in your
own words, that is your final solutions must be written by yourself without consulting someone else’s
solution.

2. If you discuss problems with someone else you should acknowledge this in your submitted solution,
e.g. if you and Bouncy the Kangaroo worked through question 2 on the board you should write
something like: I discussed question 2 with Bouncy the Kangaroo.

3. All solutions should be written in complete, grammatically correct, English (or at least a very close
approximation of this) with mathematical symbols and equations interspersed as appropriate. These
solutions should carefully explain the logic of your approach.

4. All proofs must be complete and detailed for full marks. Avoid the use of phrases such as ‘it is easy to
see’ or ‘the rest is straightforward’, you will likely be docked marks. Proofs in your homework should
be clear and explicit and should be more detailed than textbook proofs.

Access and Inclusion

It is very important to me that all students have equitable access to and inclusion in learning activities.
To this end, I am very happy to accommodate the needs of students with disabilities as determined by the
Disability Resource Office (and in line with NCSU policy).

Academic Integrity

Students are expected to follow the NCSU code of student conduct, available at http://policies.ncsu.

edu/policy/pol-11-35-01. If you have any questions about the policy or are unsure about best practices
for academic integrity please contact me and I am happy to discuss it with you.
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