
MAP-UA.101 Quantitative Reasoning: Math Patterns in Nature
Spring 2012

New York University

Instructor: Gemma Huguet
Office: Warren Weaver Hall (Courant Institute) 723
Phone: 212-998-3155
e-mail: huguet@cims.nyu.edu

gh707@nyu.edu

Office Hours: Thursday 3-5PM

Objectives: In this course we focus on the distillation of mathematics from observations in nature. Specifi-
cally, we wish to observe a variety of natural scenarios and produce simple mathematical models based
on commonalities between the observations. The goal is to realize that mathematics (in a sense) is the
study of “how are things the same” and using mathematics to describe such underlying patterns gives
us a very useful tool in the investigation of the natural world.

Some topics under consideration this semester are

• Number Concepts, Scaling, and Units

• Geometric growth and Savings/Debt models

• Simple Probability Models and Expected Value

• Statistical Models

• Triangle Geometry

Class Meetings: The class will meet Tuesday and Thursday at 11:00 AM. Everyone should also be regis-
tered for at least one Friday problem session/recitation period.

These recitation sessions are intended as an additional resource for students in the course. Attendance
of these sessions is mandatory since you will be given a short quiz almost every recitation which will
form a significant part of a student’s grade.

Prerequisites: This course assumes that the student has completed two years worth of high school algebra.
Specific technical skills include basic arithmetic, solving for unknown quantities, inequalities, factoring,
standard simplification techniques, etc. Students will be reminded of such skills as they are needed in
lecture.

First Scheduled Class/Recitation: Recitation classes start February 3rd. Before the first class or recita-
tion session you should purchase your scientific calculator. Bring it with you to all recitations and
lectures.

Textbook: Quantitative Reasoning: Understanding the Mathematical Patterns in nature, 3rd edition (Fall
2006), by Frederick P. Greenleaf. Earlier editions cannot be used: there have been major changes in
the text and the exercise sets. All Problem Sets and course assignments will be keyed to the new
edition.

Scientific Calculator: A scientific calculator has keys for finding exponentials, logarithms, trigonometric
functions, any power of any number, and can handle numbers written in “scientific notation”, such as:
4.735 × 1013. It also includes a random number generator, and several addressable memory slots.

You may not use any device which is programmable, has graphing capabilities, has access to the
internet, or is a cell phone.

If you do not already have a scientific calculator, you are urged to buy one of the inexpensive models
manufactured by sharp because calculator instructions in the text are keyed to the sharp models. All
low-end sharp calculators, available in most college bookstores, are suitable and inexpensive. Regardless
of the model of calculator you have, you are encouraged to read the manual that comes with it and
translate the instructions in the class notes into instructions that work on your machine. Moreover,
do not expect that your instructor or TA is familiar with the model of calculator that you own.
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Class Participation and Workload: You are expected to attend all lectures and discussions. In particu-
lar you will be responsible for any material covered in any course meeting which is not in the textbook
(which you are, of course, expected to READ!). You should expect regular homework; while there will
be some time devoted to classwork in lecture and discussion, you should expect to spend roughly six
hours outside of class working on this material.

Grading: Your final grade for this course will consist of four components:

• Homework 20%

• Quizzes 20%

• Midterm Exam 30%

• Final Exam 30%

Homework: Proficiency at mathematics is divided into two parts: (1) an understanding of logic, rigor,
and argument; and (2) skill in applying this understanding. As with any skill, practice is required for
mastery! In general this practice takes the form of Homework assignments, which will be announced
regularly in class and made available online with due dates. These assignments will be made well in
advance and will be collected in the recitation class on Friday. Late HW will not be accepted
unless arrangements are made prior to the collection time. You may not submit HW in
a recitation period that you have not registered for. Each homework will be equally weighed.
Note that poorly prepared, sloppy, and/or incomplete papers may not receive full credit. Before
computing the overall semester homework score, the two lowest scores will be dropped.

Quizzes: There will also be 8 short 15-20 minute quizzes. These will be announced a week in advance, and
will be conducted in the Problem Session you signed up for at the start of the term. The quizzes will
be short, usually 1 - 3 questions, closely related to recent lectures and homework problems already
reviewed. Make up quizzes will not be permitted, except for the most compelling reasons. You should
obtain permission to miss a quiz before the scheduled date. Quizzes are closed-book. Before computing
the overall semester score, the two lowest quiz scores will be dropped.

Exams: There will be a midterm exam scheduled for Thursday March 8th. There will also be
a non-cumulative final exam held Thursday May 3rd.

The exams will consist mostly of longer questions which are a mixture of reasoning and computations.
For your exams you will be allowed to use a simple scientific calculator and bring in a single two-sided
page of useful notes.

University Policy Statements: Official College of Arts and Sciences academic policies are available online
at http://cas.nyu.edu/object/bulletin0810.ug.academicpolicies.

Class Policies: Technical disciplines are collaborative even at the highest levels of research. You are encour-
aged to work together in order to understand homework assignments, to discuss lecture, and prepare for
exams. However, the work that you turn in should be your own. Any misconduct on graded material
will result in at minimum a zero score on that assignment.

Attendance is expected. In only the most extreme situations will the following policies not be followed:
Late homework will not be accepted and will receive a score of zero. If you will be absent on such a
date you should make arrangements with your instructor to turn in these assignments early. Absences
from exams will be allowed only for compelling reasons. You should obtain permission to miss an exam
before the scheduled exam date.

The primary means of communicating with the student outside of lecture is by the blackboard ap-
plication available at the students’ home.nyu.edu account. Here you will find course announcements,
schedules, contact information, homework assignments, etc.
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Quantitative Reasoning
Understanding the Mathematical Patterns of Nature

What is this course about?

This is not a math course in the familiar sense.

Mathematical Patterns in Nature was created as part of a three-course sequence devoted to mathematics and
topics in natural science, and its purpose is to show why mathematics is necessarily the language of science.
Thus, though this is a mathematics course, topics from science will make their appearance. The math topics
we cover are fairly elementary, but our use of them is not. In order to understand how scientists think, you
have to learn to think for yourself using the tools mathematics provides. This course aims to show how one
can take real world problems, translate them into mathematics, and solve them.

The use of mathematics in science crosses disciplinary boundaries. The sciences themselves cross each
others paths because they are, in the end, all related to each other. Frequently the same ideas will appear in
many of the sciences. Quantitative Reasoning explores the mathematical tools you need to understand why
mathematics became the language of science.

The different chapters of Quantitative Reasoning should be looked upon as case studies, chosen both for
their practicality (growth of money, for example), or their importance in understanding how mathematics is
used to model and understand nature.

In this course we will take up a few basic topics in mathematics and show how they can be used to
understand nature. Reasoning, based on a few simple ideas from mathematics, can carry you a long way in
understanding the natural world. Instead of having you memorize a lot of mathematical facts, this course
will show how mathematics can be applied in the real world.

The emphasis will not be on technical skills - Kafkaesque algebraic manipulations high school teachers
are so fond of. Nor will we stress memorizing facts; you will be allowed to bring extensive note of your own
choosing (double-sided 8 × 11 page) to most in-class exams. Our stance is that mathematics is, at its base,
the art of pattern recognition. That means:

• Taking a fuzzily stated question and seeing its essentials.

• Recognizing that many problems are similar when viewed the right way.

• Recognizing that many problems are really mathematical questions in disguise, and can be solved using
a few simple mathematical tools.

Much of your work will be based on the class lecture notes that have been developed for use in this course.
Your instructor and TAs are willing to spend a lot of time helping you through any difficulties you may

have with the basic mathematics involved in this course. We understand that many fear mathematics and
are convinced that they cannot do it; we would like to prove them wrong.
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Tentative Schedule, Spring 2012

This is a weekly list of topics and important dates. Please note that the material on Probability (Chapter
4) is covered before we take up Chapter 3.

Week 1 (Jan 23-27)

• Sections 1.1, 1.2, 1.3 (start)

• Topics: Can other species do mathematics? Use of scientific notation on the calculator; the size of
things in the natural world; geological “deep time”; dealing with physical units.

• No recitation on Friday Jan 27.

Week 2 (Jan 30- Feb 3)

• Sections 1.3 (finish), 1.4 (start)

• Topics: the speed of light, radar ranging the planets, the art of making estimates: the meaning of
Archimedes Sand Reckoner problem, how big are atoms and how do we know it?

• First recitation: Feb 3 - No Quiz

• HW 1 is due Feb 3

Week 3 (Feb 6-10)

• Section 1.4 (finish), 2.1 (start)

• Topics: the Basic Sampling Principle and its significance; animal population studies (tagging); sphere
packing and its significance in the natural world; quantifying information content of a picture; geometric
growth patterns

• Quiz 1-Feb 10

• HW 2 is due Feb 10

Week 4 (Feb 13-17)

• Section 2.1, 2.2

• Topics: geometric growth patterns; atomic isotopes and radioactive decay; half-life and doubling time;
mathematical models of growth and decay

• Quiz 2 -Feb 17

• HW 3 is due Feb 17

Week 5 (Feb 20-24)

• Section 2.3

• Topics: the growth of money, continuous compounding and the magic number “e”; the concept of
present value, constant dollars, inflation; geometric sums, cost-benefit analysis, investments; the con-
cepts of inflation, “constant dollars”, and the Consumer Price Index (CPI).

• Quiz 3 - Feb 24

• HW 4 is due Feb 24

Week 6 (Feb 27 - Mar 2)

• Section 2.4
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• Topics: the meaning and importance of logarithms; construction of predictive growth and decay models;
applications of logarithms.

• Quiz 4 - Mar 2

• Mar 2 - Review for Midterm 1

• HW 5 is due Mar 2

Week 7 (Mar 5-9)

• Mar 6 - Review for the Midterm 1

• Mar 8 - Midterm 1

• No Quiz - Mar 9

• No HW to be collected.

Week 8 (Mar 12-16) - Spring Break

• No classes scheduled

Week 9 (Mar 19 -23)

• Section 4.1

• Topics: naive probability: the Hustlers Game; lists and ways to count them. Describing outcomes as
lists; Basic Counting Principle; card games; the Divide-and-Conquer counting strategy. Ordered vs
unordered lists; counting unordered lists. Combinatorics the “3 Aces” problem as the key to all the
hard ones.

• No quiz - Mar 23

• No HW to be collected

Week 10 (Mar 26 - 30)

• Section 4.2

• Topics: The mathematical concept of probability; the Frequency Interpretation of mathematical prob-
abilities in the real world. Valid counting protocols in probability; some paradoxes how probability
calculations go wrong; what works and what doesnt. Addition Laws for probabilities; extensive discus-
sion of applied examples; the birthday problem; dealing with objects that are not distinct; sampling
for defects and other applications.

• Quiz 5 - Mar 30

• HW 6 due Mar 30

Week 11 (Apr 2- 6)

• Sections 4.2 (finish), 4.3

• Topics: expected value and its applications; fair games, independence and multiplication law for prob-
abilities; binomial probabilities; applications in genetics and other areas.

• Quiz 6 - Apr 6

• HW 7 due Apr 6

Week 12 (Apr 9-13)

• Section 4.4. Introduction to Statistics, Numerical description of data, probability distributions, normal
distributions
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• Quiz 7 - Apr 13

• HW 8 due Apr 13

Week 13 (Apr 16 - 20)

• Section 3.1-3.3.

• Topics: Scaling operations and review of basic geometry: Pythagoras Theorem, 180◦ in a triangle,
matching angles when parallel lines are traversed. The Greek determination of the size of the Earth;
congruence and similarity of triangles.

• Quiz 8 - Apr 20

• HW 9 due Apr 20

Week 14 (Apr 23 - 27)

• Sections 3.4-3.5

• Topics: Trigonometry invariance of edge ratios under scaling; the basic trig ratios; trig tables, calcula-
tor usage in trigonometry, applied triangulation problems, inverse trig problems, inverse trig functions
on the calculator. Applications: resolving power of the human eye.

• No quiz - Apr 27

• Apr 27 - Review for the Final in the recitation class.

• HW10 due Apr 27

Week 15 (Apr 30 - May 4)

• Review for the Final - May 1

• Final Exam- May 3

6


