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CHEM-UA 140: Mathematics in Chemistry, Fall 2020

Lecture: Monday and Wednesday: 12:30–1:45 pm, Online, Sep. 2–Dec. 9

[No Class Monday Sep. 7, Monday Sep. 28, and Wednesday Nov. 25 (?)]

Recitation: Friday: 9:30–10:45 pm, In Person, Sep. 4–Dec. 11

Instructor: Tamar Schlick, Professor of Chemistry, Mathematics, Computer Science
Email: schlick@nyu.edu (monod.biomath.nyu.edu/)
Office Hours: By appointment

Course Description and Philosophy

This course is intended to prepare you for advanced course work and research in physical chemistry and related

disciplines such as quantum mechanics and molecular modeling. Such courses utilize advanced math beyond what

is taught in introductory calculus courses. Specifically, relevant mathematical topics will be reviewed introduced,

including functions, coordinate systems, complex numbers and functions, logarithms, calculus of many dimensions

(differentiation and integration), vectors and vector algebra, solution of linear systems, matrices and matrix algebra,

determinants, eigenvalues and eigenvector, basic probability and statistics, function optimization, sequences and

series, ordinary differential equations, and partial differential equations. Because of these many topics, each area

cannot be covered in depth, but we will learn basic concepts and strategies needed to solve associated problems so

you are familiar, with problem solving approaches when you encounter chemical applications. Thus general concepts

and practical problem solving will be emphasized. These concepts will be highlighted through class lectures, in-class

problem solving, regular homework assignments, quizzes, and exams.

Course Goals

By the end of the course, you should be able to solve succinctly stated mathematical problems. You should be

able to translate a complex chemical problem into an appropriate mathematical formulation and apply appropriate

techniques to solve it.

Textbook

J.E. Straub, Mathematical Methods for Chemists; John E. Straub, 2019. This is an eBook for which there is no

charge, currently available at: http://sites.bu.edu/straub/mathematical-methods-for-molecular-science/

A print version can be available for about $30. We will cover most of the material in Chapters 1–14 but not every

topic in every chapter will be covered. The separate class schedule will be maintained as we go along, indicating

exactly what will be covered.

Reference books

• M. L. Boas, Mathematical Methods in the Physical Sciences, 3rd ed.; John Wiley & Sons, 2006.

• R. G. Mortimer, Mathematics for Physical Chemistry, 4th ed.; Elsevier, 2013. Available as an eBook.
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• D. A. McQuarrie, Mathematics for Physical Chemistry; University Science Books, 2008.

• J. R. Barrante, Applied Mathematics for Physical Chemistry, 3rd ed.; Pearson/Prentice Hall, 2004.

Exams

There will be regular quizzes, two exams, and a cumulative final. There are no make-up exams, but they may be

taken early only for valid reasons. At the discretion of the instructor, the score for a missed quiz will be the average

of your other quiz scores. If you have a conflict with an upcoming quiz or exam, please see me. If you had an

emergency situation which caused you to miss a quiz or exam, please contact me ASAP.

Homework

Problems will be assigned for each chapter. These will be collected and graded. These problems will serve as a basis

for quizzes and exams.

Class Preparation

You should be well prepared for the class sessions, by reading the material from the text in advance. You are

required to attend all lecture and recitation periods.

Grading

The two exams will count for 35% of your course grade, and the final exam will count for 25% of your course grade.

The graded home works will make up 20%, weekly quizzes 15%, and class participation 5%.

Academic Integrity

Cheating/plagiarism will not be tolerated. Students are expected to conduct themselves in an ethical manner in

all of their classes. This means avoiding all forms of plagiarism, direct copying from other students, using others to

take exams or help in assignments, and any kind of inappropriate behavior during exams, quizzes or class. Students

suspected of cheating can expect to fail the course, face disciplinary charges with the college, and possibly face

expulsion.

Teaching Assistant

The teaching assistant for this course is Kangxin Liu (kl3574@nyu.edu), a Ph.D. student in the Department of

Chemistry. He will be in charge of the weekly recitation. Although I will be working together with him throughout

the course, the person ultimately responsible for the content of the course and the grading is me. Therefore, please

bring any issue regarding course content, conduct, and grading directly to me.

TAMAR SCHLICK is Professor of Chemistry, Mathematics, and Computer Science at the Department of Chemistry and

the Courant Institute of Mathematical Sciences. Her field of research is multiscale modeling and simulation of biological

macromolecules, especially regulatory DNA/protein complexes related to chromatin folding, DNA replication and repair, and

RNA structure and function. Her graduate textbook entitled Molecular Modeling: An Interdisciplinary Guide (2002, 2010) is

widely used in biophysics and modeling courses. Among her honors are fellow of AAAS, APS, SIAM, and the Biophysical

Society; John Simon Guggenheim Fellowship, Howard Hughes Medical Institute Investigatorship, Alfred P. Sloan Fellowship,

NYU Distinguished Recent Alumni, NSF Presidential Young Investigator, and Searle and Whitaker Scholarships. She currently

heads as Associate Editor the newly formed section on Nucleic Acids and Genome Biophysics of Biophysical Journal. She

is also Editor of PLOS Comp. Bio., PLOS One, and Springer Lecture Notes in Computational Science and Engineering. See

group web site on monod.biomath.nyu.edu/ for research activities.
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CHEM-UA 140: Mathematics in Chemistry

TENTATIVE SYLLABUS, JULY 14, 2020

Week Date Topics Homework

Problems [Exam]

1,2 Sep. 2,9 Chapter 1: Functions and coordinate systems

1.1 Survey of common functions of continuous variables (Lin-

ear, quadratic, polynomial, rational, exponential, logarithm, and

trigonometric).

1.2 Exploring coordinate systems and their utility.

Chap. 1: 1–9, 11–13.

3 Sep. 14,16 Chapter 2: Complex numbers and logarithms

2.1 Complex numbers and the complex plane.

2.2 Special properties of logarithms.

Chap. 2: 1–6, 8–13..

4 Sep. 21,23 Chapter 3: Differentiation in one and many dimensions

3.1 Differentiating functions of one variable.

3.2 Partial derivatives of functions of many variables.

3.3 Infinitesimal change and the total differential.

Chap. 3: 1–5, 7, 11, 12,

14, 16.

5 Sep. 30 Chapter 8: Integration in one and many dimensions

8.1 Integrating functions of one variable.

8.2 Integrating functions of many variables.

Chap. 8: 1–3, 5.

6 Oct. 5, 7 Chapter 4: Scalars, vectors, and vector algebra

4.1 Fundamental properties of scalars and vectors.

4.2 Multiplication of vectors.

Chapter 5: Scalar and vector operators

5.1 Scalar operators.

5.2 Differentiation of vector functions.

Chap. 4: 1–9, 16, 17

Chap. 5: 1–10, 12, 17.

[Exam 1: Oct. 9]

7 Oct. 12, 14 Linear Algebra

Solving linear systems, matrix multiplication, matrix trans-

poses and inverses, determinants, eigenvalues and eigenvectors,

Markov processes.

Chapter 13: Matrices and matrix algebra

13.1 Vectors, matrices, and determinants.

13.2 Basic properties of matrix algebra.

Chap. 13: 1–10, 12–18.

8 Oct. 19, 21 Chapter 14: Eigenvalues and eigenvectors

14.1 Matrix eigenvalues and eigenvectors.

Chap. 14: 1–6.

9 Oct. 26, 28 14.2 Matrix methods for coupled differential equations.

14.3 Scalar operators and eigenfunctions.

Chap. 14: 7–12.

[Exam 2: Oct. 30]

10 Nov. 2, 4 Chapter 6: Extremizing functions of many variables

6.1 Extremizing functions of one and many variables.

6.2 The method of Lagrange undetermined multipliers.

Chap. 6: 1–8.

11 Nov. 9, 11 Chapter 7: Sequences, series, and expansions

7.1 Series, convergence, and limits.

7.2 Maclaurin and Taylor power series.

7.3 Applications of Taylor expansions.

Chap. 7: 1–8, 10, 11,

13, 14.

12 Nov. 16, 18 Chapter 9: Fundamentals of probability and statistics

9.1 Probability distributions of discrete variables.

9.2 Probability distributions of continuous variables.

9.3 Probability distributions in the physical sciences.

Chap. 9: 1–8 (??).
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13 Nov. 23, (25?) Chapter 10: Ordinary differential equations

10.1 First order ordinary differential equations.

10.2 Applications of first order differential equations.

Chap. 10: 1–7a, 8.

14 Nov. 30, Dec. 2 Chapter 11: More ordinary differential equations

11.1 Second order ordinary differential equations.

11.2 Applications of second order differential equations.

11.3 Power series solutions to differential equations.

Chap. 11: 1–10.

15 Dec. 7, 9 Chapter 12: Partial differential equations

12.1 Classical heat equation.

12.2 Classical diffusion equation.

12.3 Classical wave equation.

Review for Final exam.

Chap. 13: 1–3.

16 Dec. ? [Final Exam] [Final Exam]
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