Math 218D-2: Matrices and Vectors

Brian D. Fitzpatrick

Fall 2026

About the Course

Math 218D-2 is a matrix-driven linear algebra course centered on concepts, meth-
ods, and applications, with matrix factorizations shaping the development of topics.
Gaussian elimination serves as the backbone for solving linear systems, culminating in
FEA =R and PA = LU factorizations. The theory of the four fundamental subspaces,
their dimensions, and their orthogonal complements leads to an inquiry into projection
problems and least-squares techniques. The Gram-Schmidt algorithm provides a ge-
ometric perspective on simplifying these problems and yields A = QR factorizations.
FEigendecompositions govern the latter part of the course, developed through diagonal-
ization. Matrix exponentials are deployed to solve linear systems of ordinary differential
equations, and spectral factorizations of Hermitian matrices lead to the diagonalization
of quadratic forms and the theory of definiteness. The capstone is the singular value
decomposition, which exposes students to data-driven problems. If time permits, the
course covers tools for future coursework, such as linear and quadratic approximations
using the Jacobian and Hessian derivatives.
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§3 Grades

§1 Course Information

— Instructor

Brian D. Fitzpatrick
Office: Physics 015
E-Mail: b.fitz@duke.edu

Web: bfitz.xyz

— Hyperlinks

Course Site:
Assignments:

Canvas:

bfitz.xyz/courses/218f26
gradescope.com/courses/
1354669
canvas.duke.edu/courses/83070

— Lectures (White 107 M/W/F)
Mandatory Attendance
Section 1: 08:45am-09:35am
Section 2: 10:20am-11:10am

Discussion (Thursdays)
Mandatory Attendance

Time and location found in Duke-
Hub.

§2 Discussion Instructors

— George Daccache
george.daccache@duke.edu
Sections 01D, 02D

— Soham Karwa
soham.karwa@duke.edu

Sections 03D

— Erin Delargy

erin.delargy@duke.edu
Sections 04D, 05D

— Fernando Villegas Negrete
f.vill@duke.edu
Sections 06D, 07D

— Thomas Jiang

thomas. jiang@duke.edu
Sections 08D, 09D

— Arjun Nigam

arjun.nigam@duke.edu
Sections 10D, 11D

§3 Grades

Fach student’s raw grade is calculated as a weighted average of their performance in each

of the assignment categories, using the weights shown in the table below.

Category Weight
Comprehension Quizzes 47
Problem Sets 9%
Discussion 7%
Midterm Exams 487
Final Exam 32%
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These weights are approximate and may be adjusted. Each student’s raw grade is translated
into a letter grade at the instructor’s discretion, subject to the guarantee below.

Raw grade Ensures
90 or above A-
80 or above B-
70 or above C-

This scale may move down, but it will not move up. After each midterm exam the instructor
announces a table relating raw exam scores to approximate letter grades, so that students
can gauge their standing during the term.

§4 Logistics and Assignments

Each Monday, the week’s problem sets and comprehension quizzes are posted on Grade-
scope. Collaboration with classmates is permitted on both.

Assignment Deadlines

Assignment Posted Due

Problem Sets Monday 6:00 AM Tuesday 11:30 PM (+8 days)
Comprehension Quizzes Monday 6:00 AM Tuesday 11:30 PM (+8 days)
Discussion Worksheet in section end of section

| Important. Late work is not accepted.

Gradescope matches each page of a submission to a question on the problem-set template, so
anything that changes the page structure breaks the match and is penalized. Solutions are
written on the printed template and uploaded as a multi-page PDF whose pages correspond
to the template’s: not another file format, not with a cover page added by tablet software,
and not flattened into a single page. Tablets are otherwise acceptable.

Comprehension quizzes are taken directly in Gradescope. Answers are entered as text;
stylus handwriting-recognition software should not be used, as it reliably introduces errors
into what is submitted.

Discussion assignments are distributed at the start of each discussion section as a double-
sided worksheet, completed as directed by the discussion instructor, and collected at the
end of section for upload to Gradescope, where they are graded for completion only.

| Welcome Quiz Answer. 3228706

§5 Exams and Attendance

Attendance is required at all three weekly lectures and at the weekly discussion section.
The exam schedule is fixed for the term.



§6 Regrade Requests 4

Exam Schedule

Exam Date Location Time

Exam I September 25, 2026 White 107 during lecture
Exam II October 23, 2026 White 107 during lecture
Exam III November 20, 2026 White 107 during lecture
Final Exam December 12, 2026 TBA 9:00am-12:00pm

Important. Short-Term Illness forms are not accepted for exam absences; an exam ab-
sence requires a Dean’s Excuse. With an excused absence, the final exam score replaces
the missed exam.

The course includes three in-class midterm exams and one cumulative three-hour final exam.
FEach midterm is cumulative in scope—students are responsible for all material through its
cutoff—but emphasizes material introduced since the previous exam. No outside resources
are permitted during any exam: no notes, no books, no calculators, and no electronic
devices. Students bring only a writing implement.

§6 Regrade Requests

All work is graded in Gradescope, and a regrade request is submitted there on the individual
question.

A regrade request is appropriate when there is an administrative or clear grading error:
a rubric item applied to the wrong work, points not totaled correctly, or a page the grader
did not see. It is not a route to additional partial credit on a solution that is incorrect or
incomplete.

A regrade reopens the entire question rather than the single point raised, so a score can
fall as well as rise. The outcome of a regrade is final.

Requests on problem sets, comprehension quizzes, and discussion assignments are ac-
cepted for one week after grades are posted. Requests on an exam are accepted during a
limited window announced when graded exams are released; students are expected to review
the entire exam before that window opens.
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§7 Getting Help

Linear algebra is cumulative, and small confusions compound quickly, so asking questions
early matters more here than in most courses. Office hours are the ordinary way to do
that: no appointment is needed, no question is too small, and there is no expectation that a
student arrive with a well-formed question. “I don’t understand this section” is a perfectly
good place to start.

Weekly office hours are held by the instructor and by the discussion instructors at the

times below.

Time Office Hours Location
Monday

09:35am-10:20am Brian D. Fitzpatrick White 107
01:00pm-02:30pm Erin Delargy Zoom
03:30pm-05:00pm Arjun Nigam Zoom
Tuesday

10:00am-11:00am Brian D. Fitzpatrick Zoom
10:00am-12:00pm George Daccache Gross 352
12:00pm-01:00pm Thomas Jiang Gross 352
02:00pm-04:00pm Fernando Villegas Negrete Gross 324
03:30pm-05:00pm Soham Karwa Physics 247
Wednesday

09:35am-10:20am Brian D. Fitzpatrick White 107
03:00pm-04:00pm Fernando Villegas Negrete Gross 359
03:30pm-05:00pm  Arjun Nigam Gross 351
04:00pm-05:30pm Soham Karwa Physics 247
06:00pm-07:30pm Erin Delargy Gross 359
Thursday

11:30am-12:30pm George Daccache Gross 352
Friday

09:35am-10:20am Brian D. Fitzpatrick White 107
12:00pm-02:00pm Thomas Jiang Gross 352

Discussion instructor office hours begin Monday, August 31. The instructor’s office hours
meet in Week 1 as listed.

Further help is available outside the course. The Math Help Room, staffed by the De-
partment of Mathematics, has not yet announced its hours or location for this term. The
Academic Resource Center runs free Peer Tutoring Groups for this course: small groups of
two to five students who meet weekly with a peer educator, some in person and some online.
The peer educators for this course are Claire Li (claire.li@duke.edu) and Lizaveta Sloot-
skaya (liza.slootskaya@duke.edu). Sign-ups open Thursday, September 3, and groups
begin meeting Tuesday, September 8. Details and sign-up instructions are at arc.duke.edu/
peer-education.

§8 Academic Dishonesty

If a student is found responsible through the Office of Student Conduct for academic dishon-
esty on a graded item in this course, the student receives a score of zero for that assignment,


https://duke.zoom.us/j/99966027294
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and the instructor reserves the right to further reduce the final grade for the course by up to
two letter grades. If a student’s admitted academic dishonesty is resolved directly through a
faculty-student resolution agreement approved by the Office of Student Conduct, the terms
of that agreement dictate the grading response to the assignment at issue.

§9 Artificial Intelligence

All submitted work in this course is expected to be the student’s own and not that of an
Al system. A student who cannot explain the reasoning behind a submitted solution, or
reproduce the essential method on a similar problem, should not submit that solution as
their own. The instructor reserves the right to ask a student, without advance notice, to
explain a submitted solution. Use of Al for assistance on an in-class exam is reported to
the Office of Student Conduct.

Used wisely, Al can be an effective study tool. The Academic Resource Center’s Al
Toolkit, at arc.duke.edu/ai-toolkit, is a reasonable starting point. Appropriate uses
include critiquing one’s own work, comparing different approaches to a problem, and ex-
plaining why an answer is incorrect. Al should not be used to generate a solution to be
submitted as the student’s own work, to complete an assignment, or to replace the thinking
and practice the course requires.

Students should also be aware that Al can skip steps, produce incorrect mathematics, or
solve a problem using material the course has not covered, which earns no credit. Problems
are written to assess how a student is learning the material presented in class, not whether
a solution can be found beyond the scope of what has been covered. A student who lets Al
do the thinking on practice problems will not have it to do the thinking on an exam.

§10 Accommodations

Students who receive SDAO accommodations should submit their Professor Accommodation
Letter to the instructor by email. If the accommodations apply to in-class exams, the
student must arrange to take those exams at the University Testing Center; information is
available at testingcenter.duke.edu. Appointments must be made at least ten days in
advance.



https://arc.duke.edu/ai-toolkit/
https://testingcenter.duke.edu
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§11 Schedule of Topics

The sequence below is the plan for the term and may shift as the course runs. The course
page carries the current version, along with slides and videos for each topic. Each exam
is listed after the last week it covers: coverage lags the exam date by a week, so an exam

falling in one week is examined on the material of the weeks before it.

Week Topics Week Topics
Week Matrices and Vectors Week 9 A=QR Factorizations
Adjectives The Gram-Schmidt Algorithm
M?trlx;Vector Products Week 10 Determinants I
Digraphs Determinants II
Week Vector Geometry Complex Numbers
Eatr;thiltlﬁllcatlon Week 11 Polynomial Algebra
ow tchelon rorms The Characteristic Polynomial
Week Linear Systems Diagonalization
Gauss-Jordan Elimination Week 12 Matrix Exponentials
Week Nonsingular Matrices The Spectral Theorem
EA=R Factorizations Definiteness of Quadratic Forms
PA=LU Factorizations
Exam III November 20 (covers weeks 9-12)
E Septemb 25 ks 1-4 . .
xan eptember (covers weeks ) Week 13 Singular Value Decomposition
Week Eigenvalues Week 14 Partial Derivatives
Null Spaces
Week 15 Linear Approximations

Week

Week

Week

Exam

Column Spaces
The Four Fundamental Subspaces
Linear Independence

Bases
Dimension
Orthogonality of Subspaces

Projections
Least Squares

II October 23 (covers weeks 5-8)

Final Exam

Cholesky Factorizations
The Hessian

December 12 (cumulative)
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