
Natural Science I: Einstein’s Universe

MAP-UA 204, Fall 2011

Professor Alan Sokal
Office: Meyer Hall 703 (212-998-7729, sokal@nyu.edu)
Home phone: 212-627-6238 (please use only when really urgent!)
Office hours: To be arranged

Class meetings: Tues & Thurs 11:00–12:15, Meyer 121

Lab meetings: Tues 1:00–2:40, 3:00–4:40, 5:00–6:40 and
Wed 9:00–10:40, 11:00–12:40, 1:00–2:40, 3:00–4:40, 5:00–6:40,
all in Meyer 103

Lab instructors:
Lasha Berezhiani, Meyer 518, 992-8798, Lasha.Berezhiani@physics.nyu.edu
Tao Jiang, Meyer 538, 992-7458, Tao.Jiang@physics.nyu.edu
Hongliang Liu, Meyer 639, 998-3627, hl854@nyu.edu
Pasham Nishanth, Meyer ???, 99?-????, nrp262@nyu.edu

Lab instructors’ office hours: To be arranged

Prerequisites: A solid working knowledge of high-school algebra and trigonometry, and a
willingness to think slowly and precisely . No prior knowledge of physics is needed.

Summary: In 1905, a 26-year-old clerk in the Swiss patent office published an article entitled
“On the Electrodynamics of Moving Bodies”, which proposed revolutionary new ideas about
space and time. Or did it? Was Einstein’s special theory of relativity really a radical break
with the past? Or was it an essentially conservative updating of ideas going back to Galileo?
We will begin this course by analyzing the concepts of space, time and motion proposed
by Aristotle, Galileo and Newton, as well as the challenge to Newtonian ideas posed by
Maxwell’s electrodynamics. Next we will work step-by-step through the thought-experiments
that led Einstein to his special theory of relativity, and we will explore quantitatively the
implications of this theory. Finally, we will look (more briefly) at Einstein’s general theory
of relativity, which revises Newton’s theory of gravitation, and at its application to the Big
Bang theory of the birth and evolution of the universe.
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OUTLINE OF TOPICS

1. Overview of the history of physics (circa 1600 – present).

2. Kinematics. Ideas about space, time and motion: Aristotle vs. Galileo. Galileo’s
principle of relativity. Brief introduction to Newtonian mechanics (force, momentum,
energy, conservation laws, law of universal gravitation).

3. Theories about light (particle vs. wave). Brief introduction to the development of the
theory of electromagnetism in the nineteenth century (Coulomb, Ampère, Faraday,
Maxwell).

4. Alternative theories about the speed of light. Michelson-Morley and other experiments.

5. Einstein’s special theory of relativity: kinematics (relativity of simultaneity, time dila-
tion, length contraction) and dynamics (momentum and energy). Lorentz transforma-
tions and the invariant proper time. Minkowski spacetime and the special-relativistic
concept of causality. The twin “paradox” and its experimental verification.

6. Relativistic gravitation: the principle of equivalence and the general theory of relativity.
Black holes.

7. The expanding universe and the Big Bang theory; the fate of the universe.

REQUIRED TEXTS

• Albert Einstein and Leopold Infeld, The Evolution of Physics (Simon and Schuster,
New York, 1961)

• Banesh Hoffmann, Relativity and its Roots (Dover, New York, 1999)

• N. David Mermin, It’s About Time: Understanding Einstein’s Relativity (Princeton
University Press, Princeton NJ, 2005)

• Leo Sartori, Understanding Relativity (University of California Press, Berkeley, 1996)

• Einstein’s Universe Laboratory Manual (NYU Morse Academic Plan, Fall 2011)

All these required texts are available for your purchase at the NYU Bookstore. In addi-
tion, Wolfson’s Simply Einstein: Relativity Demystified (see below) is available at the NYU
Bookstore as an optional supplementary text.
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OTHER SUGGESTED BIBLIOGRAPHY

Biographies of Einstein

In this course we will be concentrating on Einstein’s ideas about physics, not on the
details of his life. But I think you may enjoy reading one or more of the following engaging
biographies of Albert Einstein the man (warts and all):

• Banesh Hoffmann, Albert Einstein: Creator and Rebel (Penguin, New York, 1972)

• Walter Isaacson, Einstein: His Life and Universe (Simon and Schuster, New York,
2007)

• Albrecht Fölsing, Albert Einstein: A Biography (Viking, New York, 1997)

And you may also be interested in the following compilation of Einstein’s popular writings
on science, philosophy, religion, politics, education and other topics:

• Albert Einstein, Ideas and Opinions (Broadway, New York, 1995)

Elementary overviews of physics

If any of the explanations in class or in the assigned texts are unclear, you may wish to
begin by consulting the relevant part of one of the following books, which give an overview
of physics at a fairly elementary and nonmathematical level:

• Isaac Asimov, Understanding Physics (Barnes and Noble, New York, 1993)

• Benjamin Crowell, Conceptual Physics (2006–2011), available for free download at
http://www.lightandmatter.com/

• Benjamin Crowell, Light and Matter (1998–2011), available for free download at http:
//www.lightandmatter.com/

And then there is the following gem of a book: the lectures given by Nobel Prize winner
Richard Feynman (of Surely You’re Joking fame) to first-year undergraduates at Caltech, in
his own inimitable style. Feynman’s reasoning is sometimes elementary, sometimes advanced,
and always thought-provoking.

• Richard P. Feynman, Robert B. Leighton and Matthew L. Sands, The Feynman Lec-
tures on Physics , Volume I (Addison-Wesley, Reading MA, 1965)
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Other good books on special relativity

Here are some other good books on special relativity (usually including brief chapters
on general relativity as well), which you may wish to consult. Gamow is a classic and
entertaining parable about a man who bicycles around at a speed near the speed of light.
Mook–Vargish and Wolfson are slightly more elementary than this course, and you may
wish to consult them as a first reference if you get confused by one of the other texts.
Taylor–Wheeler is slightly more advanced than this course, and truly excellent. The books
by Einstein and Born are classics; in particular you might want to see how Einstein himself
explains relativity to nonscientists.

• Albert Einstein, Relativity: The Special and General Theory (Crown, New York, 1961)

• Max Born, Einstein’s Theory of Relativity (Dover, New York, 1965)

• Delo E. Mook and Thomas Vargish, Inside Relativity (Princeton University Press,
Princeton NJ, 1987)

• Edwin F. Taylor and John A. Wheeler, Spacetime Physics (Freeman, San Francisco,
1963)

• George Gamow, Mr. Tompkins in Paperback (Cambridge University Press, Cambridge–
New York, 1965)

• Richard Wolfson, Simply Einstein: Relativity Demystified (Norton, New York, 2003)

Good books on general relativity and cosmology

And here are some books on general relativity and cosmology, which go more deeply into
the subject than I have the time (or the expertise) to do in this course:

• Peter Coles, Cosmology: A Very Short Introduction (Oxford University Press, New
York, 2001)

• Timothy Ferris, The Whole Shebang: A State-of-the-Universe(s) Report (Simon and
Schuster, New York, 1997)

• Brian Greene, The Fabric of the Cosmos (Vintage, New York, 2005)

• Alan H. Guth, The Inflationary Universe: The Quest for a New Theory of Cosmic
Origins (Basic Books, New York, 1998)

• Edward R. Harrison, Cosmology: The Science of the Universe, 2nd ed. (Cambridge
University Press, Cambridge–New York, 2000)

• Stephen W. Hawking, A Brief History of Time (Bantam, New York, 1988)
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• Martin Rees, Before the Beginning: Our Universe and Others (Basic Books, New York,
1998)

• Joseph Silk, The Big Bang , 3rd ed. (Freeman, New York, 2001)

• Steven Weinberg, The First Three Minutes: A Modern View of the Origin of the
Universe, 2nd ed. (Basic Books, New York, 1993)

LABORATORIES AND PROBLEM SESSIONS

You should already have registered for one of the lab sections, which will meet each week
(starting the week of September 12) on Tuesdays and Wednesdays in Meyer 103. About
half of the sessions will be devoted to laboratories, and the other half to discussing problem
sets (see schedule below). These weekly sessions are a very important part of the course.
Attendance at all lab/problem sessions is mandatory and will count towards your grade.
The lab instructor will deduct points from your lab grade for arriving late or leaving early.

Nota Bene: Excused absences will be given only in cases of illness (with a doctor’s note)
or for observation of a religious holiday (in this case you must notify both your lab instructor
and Prof. Sokal in advance, in writing). All other absences will be considered unexcused and
will result in a lab grade of zero. You cannot make up a lab by attending a laboratory
session for which you are not registered.

Laboratories. In physics, as in all science, the ultimate arbiter of truth is experiment (and,
more generally, observation). Nothing that your professor tells you in lecture has any value
whatsoever unless it can be confirmed in the real world. We’ve designed the labs in this
course to complement the lectures by giving you some hands-on exposure to the concepts
we’re studying.

It’s important that you read the Lab Manual carefully during the week prior to each lab.
You should arrive in lab having already

(a) thought carefully through the principles underlying the experiment (this includes car-
rying out the preliminary exercises contained in the Lab Manual, if any); and

(b) read carefully through the Lab Description, so that you understand the apparatus and
have clear in your mind what you’ll be doing.

After each lab, you will have to submit a lab report documenting your experiments,
observations, data, interpretations and conclusions. The lab report should contain an in-
troduction that describes briefly, in your own words, the principle(s) that the experiment
is designed to test, followed by a brief description of the experiment. The measured data
should be reported on the forms found in your Lab Manual, with all questions answered
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carefully. The lab report should also contain your solutions to the preliminary exercises con-
tained in the Lab Manual, if any. The completed lab report will be due at the beginning of
the lab/problem session one week after the experiment has been performed. Your lab-report
grade will be based on the clarity of your explanations.

Though you will work in groups of three to carry out the lab, each group member is
required to prepare and submit his or her own lab report, giving the explanations in his or
her own words.

Late lab reports will be penalized for each day late (excluding weekends). A late lab
report can be submitted only at your laboratory instructor’s office.

Each lab instructor will hold a weekly office hour, where you should feel free to raise
questions concerning lectures, problem sets and labs.

Please remember to bring a scientific calculator and a small ruler to each lab
session.

Problem Sets. One cannot learn relativity solely by watching someone else do relativity
(even if that “someone” is an NYU professor). To learn relativity, you must solve problems
by yourself. Therefore, I will assign problem sets almost every week; they are to be handed
in at the beginning of the following week’s lab session. These problem sets are the most
important part of the course.

It is essential that you do the problem sets faithfully each week; if you put them off,
you will have an extremely hard time catching up. Give yourself lots of time — physics is
not a speed race — and do not expect to do a whole problem set in one sitting. If you get
completely stuck on a problem, go on to another problem, and come back to the first one
on a later day — your unconscious mind will be working on it in the meantime! I suggest
therefore that you start on the problem set early in the week.

I do not expect you to get everything right on the problem sets the first time around.
(Indeed, if you get everything right, then you should complain to me that the problem
sets are not challenging enough!) Rather, the purpose of the problem sets is to give you
an opportunity to struggle with the ideas discussed in class by applying them to concrete
problems, and in this way to solidify your understanding of those ideas. Only by such an
intellectual struggle can you learn relativity (or anything else of value, for that matter).

In writing up the problem sets, therefore, you must attempt to explain, as clearly and
precisely as you can, the logic behind what you are trying to do: what is the physical
situation, what are the givens, what are the unknowns, what are the principles to be applied,
how you intend to apply those principles, etc. (Please use full English sentences, and large
clearly-labelled drawings.) This explanation is especially important in case you are not able
to complete the problem: you should try to pinpoint, as clearly as possible, at what point you
got stuck and why — this will serve as the basis for the class discussion during the problem
session. The problem-set grade will be based on the logic and clarity of your explanations.
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GRADING

Your grade in this course will be based on the following criteria:

Problem sets 25%
Laboratories 25%
Midterm exam 20%
Final exam 30%

I stress that this grading formula is approximate, and may be revised by me
without notice; it is not contractually guaranteed!

No make-up midterm exam will be offered. If you miss the midterm exam because
of illness, you must contact Prof. Sokal by phone or e-mail before the start of the exam
and follow up with a doctor’s note. Unexcused absence from the midterm exam will result
in a midterm-exam grade of zero. In cases of excused absence from the midterm exam, the
grading formula will be

Problem sets 25%
Laboratories 25%
Final exam 50%

A make-up for the final exam will be given only under truly exceptional circumstances,
which must be discussed with Prof. Sokal well in advance of the examination. In cases
of illness, you must contact Prof. Sokal by phone or e-mail before the start of the exam
and follow up with a doctor’s note. Unexcused absence from the final exam will result in
a final-exam grade of zero. In cases of excused absence from the final exam, a grade of
Incomplete will be assigned and a make-up will be scheduled for the beginning of the Spring
2012 semester.

Do not make any travel plans before the final-exam schedule has been an-
nounced formally.

A FINAL COMMENT

Good teaching is a dialogue between professor and student, not a monologue. Your
feedback is thus essential to the success of this course. If some concept (in either lecture
or problem set) is unclear to you, please let me know immediately . And please do not be
embarrassed: in this class no question is stupid. (Indeed, the question you fear is stupid
may very well be a profound one.) Likewise, if you feel the problem sets are too easy or too
difficult, too theoretical or too practical, too short or too long — whatever — please let me
know immediately . And if you have any other suggestion for how to improve this course,
please let me know too.
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SCHEDULE OF LECTURES AND LABS/PROBLEM SESSIONS

DATE LECTURE TOPIC LAB/PROBLEM SESSION

Tue 9/6 Historical overview No lab this week
Thu 9/8 (continued)

Tue 9/13 Kinematics Lab #1: Math review
Thu 9/15 (continued)

Tue 9/20 Aristotle vs. Galileo Lab #2: Kinematics
Thu 9/22 Newton

Tue 9/27 Momentum, energy Lab #3: Newton’s first law
Thu 9/29 Light: Particle or wave and the principle of relativity???

Tue 10/4 Electricity, magnetism, fields Lab #4: Newton’s second law law
Thu 10/6 Maxwell’s synthesis

Tue 10/11 COLUMBUS DAY No lab this week
Thu 10/13 Theories about the speed of light

Tue 10/18 Tests for an ether Discuss practice midterm exam
Thu 10/20 MIDTERM EXAM

Tue 10/25 Postulates of special relativity Lab #5: Young’s experiment
Thu 10/27 Relativity of simultaneity

Tue 11/1 Time dilation, length contraction Problem Session
Thu 11/3 Lorentz transformation

Tue 11/8 Velocity addition, invariant interval Problem Session
Thu 11/10 Minkowski space-time

Tue 11/15 Twin “paradox” Problem Session
Thu 11/17 Relativistic dynamics and E = mc

2

Tue 11/22 Principle of equivalence Problem Session
Thu 11/24 THANKSGIVING

Tue 11/29 General relativity Lab #6: Principle of equivalence
Thu 12/1 (continued)

Tue 12/6 Expanding universe Lab #7: Hubble’s law
Thu 12/8 Big-bang theory

Tue 12/13 Cosmic microwave background Discuss practice final exam
Thu 12/15 Fate of the universe
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FREQUENTLY ASKED QUESTIONS

Q: I missed my lab because of illness. Can I make it up?
A: No. The lab stations are disassembled each week to make space for new labs, and all the
lab sections are full, so there are no opportunities to make up labs. If you miss a lab because
of illness, provide your TA and Prof. Sokal with a doctor’s note, and that absence will not
be counted against you.

Q: I missed my lab because I was ill, but I didn’t get a doctor’s note. Can I still have that
lab not counted?
A: Nope. If you are too sick to be in class, then you must be very sick, extremely sick
— maybe even your-parents-would-want-you-to-see-a-doctor sick — and you should see a
doctor.

Q: I missed the midterm exam. Can I make it up?
A: No. If you were ill and have a doctor’s note, then the final exam will have added
importance in your grade (see above). If you have no doctor’s note, you will receive a zero.

Q: I missed the final exam. Can I make it up this semester?
A: No. If you were ill and have a doctor’s note, then a make-up final exam will be scheduled
for the beginning of the Spring 2012 semester. Otherwise you will receive a zero.

Q: My flight to Aruba leaves the day before the (midterm or final) exam. Can I take the
exam early?
A: Nope. Sorry.

Q: I have special needs for exam taking. What should I do?
A: Contact the Center for Students with Disabilities (CSD) early in the semester, and
arrange to provide them with documentation of your disability. CSD will then decide on
“reasonable accommodations” for your disability, which may include modifications to the
exam format (e.g. extra time) and also to the exam location (which may be held at the
CSD office). CSD will give you a form confirming these accommodations. Make sure to
provide Prof. Sokal with the CSD form at least one week prior to the exam, as
he will probably have to provide CSD with an advance copy of the exam.

Q: Do I need to know all the material from the assigned texts?
A: Of course not. Every book contains a lot of material, and we can cover only a fraction of
it in this course. The exams will be based on material covered in lectures, problem sets and
labs. Indeed, the exams will resemble the problem sets more than anything else, so going
carefully over the problem sets is the best way to prepare for the exams.

Q: What material will be covered on the midterm exam?
A: Everything through the lecture of Thursday, October 13 and the problem set that is due
on October 18–19.
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Q: What material will be covered on the final exam?
A: The whole course. There will be a slight emphasis on the material covered after the
midterm exam, but anything from any part of the course is fair game.

Q: Do you grade on a curve?
A: No. You will not get a better grade because your fellow students do badly, or a worse
grade because your fellow students do well. I will happily give everyone in the class an A
if you deserve it. And I will unhappily give everyone in the class an F if you deserve that.
(Both of these extreme outcomes are of course unlikely; but the first one need not be far off
the mark if you work hard.)

My grading is based on my experience of what it is reasonable to expect students at your
level and with your background to learn in one semester. In a (very weak) sense, therefore,
you are indeed being graded on a curve; but the “curve” is based on comparison with 25 years
of students, not just the students seated next to you in class.

Q: Will you post answers to the problem sets on-line?
A: No. But your TAs and I will happily discuss any aspect of the problem sets in our office
hours.

ATTACHMENTS

1) NYU Morse Academic Plan, “Academic Guidelines for Students” and “Statement on
Academic Integrity”.

2) “Introductory Comments”, by S. Weiskop. This introductory lecture gives a beautiful
overview of physicists’ approach to the universe, as well as some useful hints for how to do
well in this course.
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