
 

 

 

  

  

 

  

 

 

Syllabus for undergraduate Mathematical Physics (PHYS-UA 106) 
Springs 2023 

This course covers basic mathematical concepts and tools essential to physics: linear algebra,
multivariate calculus, Dirac delta, ordinary differential equations, the Laplace equation, complex 
analysis. 

Lectures: Mondays and Wednesdays 9:30-10:45 am, 726 Broadway room 1045. 

Instructor: Yacine Ali-Haïmoud (he/him/his). email: yah2+mathphys@nyu.edu.  Please only
use this specific address. I may not get emails sent to other addresses and may not reply. 

Student hours (office hours): you can come talk to the instructor at 726 Broadway, office 939, 
on Mondays and Wednesdays 5:15-6:00pm. If you cannot attend at either time, please email
me at yah2+mathphys@nyu.edu to schedule a meeting at another time. 

Recitations: Tuesdays 2:00-3:15pm (726 Broadway room 902) and Thursdays 4:55-6:10pm (726 
Broadway room 1067). 

TA: Oleksandr Diatlyk 

There is no required textbook for this class. The only material that you must read are the lecture 
notes, which will be uploaded shortly after each lecture. I also provide the full set of lecture
notes from the 2020 course, so you can read them in advance if you wish. If you like having a
textbook, I suggest "Mathematical Physics" by Kusse & Westwig (Wiley, 2006), but it is not 
required. 

Homeworks: There will be 12 homework assignments. Before spring break, HWs will be posted
on Wednesdays and due the following Wednesday by 11:59pm; after spring break, HWs will be 
posted on Mondays and due the following Monday by 11:59pm (with the exception of HW12, 
which will be due by 9:30am so it can be part of the review session). Each homework will be
based on the topics seen in class up until the homework was posted. Homeworks are due
electronically on Brighstpace. Late policy: if exceptional circumstances require you to return
your homework late, please email me and the TA to let us know. 

Grades will be based on homeworks (30%), midterm exam (30%) and final exam (30%). For 
each student, the best two grades out of homework/midterm/final get an additional 5% weight. 

Collaboration: You are strongly encouraged to work with others on the homeworks however, 
your solution must be yours and yours only. Discussions and collaboration with others (be
they students from the class or outside the class) are not allowed for the midterm and final 
exams, which must be done entirely alone. 

Policy on cheating: You are allowed to use the lecture notes and even the textbook for the 
homeworks and the exams. However, "homework help" websites are strictly prohibited both 
for homework assignments and exams, and their use constitutes cheating. Students that are 
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found to have cheated will receive a 0 (zero) for the homework or exam where the cheating
happened, even if it was only for part of it. 

Seeking help: this is a challenging course, and you are strongly encouraged to reach out to the
instructor and/or the TA for assistance, be it at student hours, or by making an appointment. 
Please do not wait until you are completely lost to reach out and ask for help! 

Lecture topics and corresponding reading in Kusse & Westwig: 

Lectures Topics Textbook 
reading 

1-3 
basic properties of vectors & matrices, Einstein summation convention,
matrix transpose, representation of linear operations on vectors,
rotations, dot product, cross product 

Chapter 1 

4-7 transformation between bases, determinant of a matrix, matrix
diagonalization, introduction to tensors Chapter 4 

8 review of functions of 1 variable: derivatives, integrals, chain rule,
Taylor series 

9 integration by parts, functions of multiple variables, cartesian,
cylindrical and spherical coordinates 

Sections 3.1 
to 3.3 

10 gradient of scalar functions, in all three coordinate systems Section 3.5 

11-12 gradient of a vector field; divergence and curl, Laplacian operator, some 
identities, Helmholtz theorem, line integration Chapters 2-3 

13 Integral of a gradient along a line; Stokes' and Gauss' theorems  Section 2.5 

14-15 Dirac and Heaviside functions, derivative of Dirac, 3-dimensional
Dirac Chapter 5 

16-18 Ordinary differential equations (ODEs): general concepts, first-order 
ODEs, coupled first-order ODEs. 

Sections 
10.1, 10.2 

19-21 An example of coupled first-order non-linear ODEs: propagation of a 
virus; second-order ODEs; Green’s functions. 

22-23 Method of Frobenius, method of quadrature, 1D Laplace equation, 2D
Laplace equation in cartesian and polar coordinates 

24, 25 Complex Analysis Chapter 6 




