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About the 
Department

Message from the 
Department Chair

Cornell’s Department of Physics has 40 active professors that specialize in 
a wide range of research areas: Condensed Matter Physics, Particle Physics, 
Astrophysics and General Relativity, Accelerator Physics, and Biological Physics. 
The department has approximately 120 undergraduate majors and roughly 200 
Ph.D. candidates, across all years, at any given time. 

The Department of Physics at Cornell offers an education hard to find at any 
other university.  From award-winning faculty to research and experimental 
facilities such as the Cornell High Energy Synchrotron Source and Cornell 
Nanoscale Science and Technology Facility, your education at Cornell will 
include classroom and laboratory experiences that are second to none. Our 
program is flexible, and students play an important role in developing a 
curriculum that fits their needs. To this end, majors may choose to be “inside 
concentrators” or “outside concentrators”. The “inside concentration” is the 
standard path to professional or graduate work in physics and closely related 
fields. The “outside concentration” provides more flexibility for those want 
to develop skills in physics but whose career interests may lie elsewhere. For 
example, a pre-medical or biophysics student might concentrate in biology; a 
pre-law student might concentrate in business, history or public policy; and a 
student planning graduate work in econometrics or on pursuing an MBA might 
concentrate in economics.

Studying physics at Cornell is a gateway to your future. For our alumni, a degree 
from Cornell has opened doors to employment with companies like Apple 
and Google, careers in law and medicine, and research and faculty positions 
across the globe. Our combination of first-class research facilities and congenial 
atmosphere provide our students with the best environment to learn theoretical 
and experimental physics.
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Welcome to Cornell’s Department 
of Physics!  Our department is 
dedicated to deciphering the 
secrets and mysteries of the 
physical universe.  As theoretical 
and experimental scientists, we 
strive to unlock, analyze and 
understand these secrets and 
mysteries using cutting edge 
technologies and collaborations. 
Physics undergraduate students 
at Cornell become members of 
this collaborative effort in the 
classroom, in research groups and 
in laboratories.  Your interests and 
curiosity will be challenged through 
interactions with our  remarkable 
faculty and through unique 
opportunities at the forefront 
of research.  We look forward to 
seeing you in the classroom!
— Prof. Eanna Flanagan



4010
Nobel Prize 

Winners
average 

numbers of 
majors per 

year

2016
2010

Detection of 
Gravitational Waves 
by LIGO (Nobel Prize 
2017) aided by 
numerical simulations 
developed by Prof. 
Saul Teukolsky

Discovery of Higgs 
Boson at LHC, Cornell 
physicists are major 
contributors to the 
CMS detector. (Nobel 
Prize 2013)

New building Physical 
Sciences building 
completed. (PSB)

1982
Prof. Kenneth Wilson 
wins Nobel Prize for 
development of the 
renormalization group

1977
Cornell Nanoscale 
Science & 
Technology Facility 
first established

2012
Discovery of 
superfluid 3He made 
by Profs. 
Richardson, Lee, 
and Doug Osheroff 
(PhD ‘72) awarded 
Nobel I Prize 1996.

19961967
Prof. Hans Bethe 
winds Nobel Prize 
for elucidating 
stellar processes

Cornell Electron 
Stotage Ring (CESR) 
particle accelerator 
completed, still in 
operation as CHESS 
today

1979

The Physical Review (America’s first, and still 
premier physics-only journal) established at Cornell in 
1893 by Professors Edward Nichols, Ernest Merritt 
& Fredrick Badell.

Doctorate of 
Science Degree awarded 
to a woman in the U.S.
Carolyn Baldwin Morrison 
(1895) Physics at Cornell

1st

Hans Bethe (Professor, 1967); Sheldon Glashow 
(B.A., 1979); David Lee (Professor, 1996); 
Douglas Osheroff (Ph.D., 1996); I.I. Rabi (B.S., 
1944); Robert Richardson (Professor, 1996); 
David Thouless (Ph.D., 2016); Steven Weinberg 
(B.A.; 1979); Kenneth Wilson (Professor, 1982); 
William Moerner (Ph.D., 2014)
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46%

25%
5%

8%

8%

8%

Ph.D. program in Physics 
(or Physics-related field)
Most common choices : Stanford, 
Harvard, MIT, Berkeley

Other 
professional 
schools

Other disciplines: 
Teaching, music, 
volunteering

Finance

Tech Industry: e.g. 
Amazon, Google

Consulting

Physics 
Major

Future 
Careers

Most common: medical school, 
        law school, operations    
              research, engineering, 
                 computer science



RESEARCH 

Cornell has long been a leader 
in theoretical astrophysics—the 
modeling of phenomena in our 
solar system, galaxy, distant 
galaxies and the early universe. In 
1967, the late Professor Hans Bethe 
was awarded the Nobel Prize for 
his explanation of how stars shine 
by converting hydrogen to helium. 
Cornell researchers played a major 
role in the LIGO collaboration 
through the numerical modeling of 
black hole collisions (shown above). 
Cornell astrophysicists also explore 
a wide variety of phenomena 
including observations of the 
cosmic microwave background and 
inflation in the early universe, black 
holes, dark matter, and dark energy.

Astrophysics

Cornell’s experimental particle 
physicists are closely involved with 
the Large Hadron Collider (LHC) 
at CERN through the Compact 
Muon Solenoid (CMS) collaboration, 
and were closely involved in the 
discovery of the Higgs boson. 
Cornell physicists are designing 
new detectors and data analysis 
algorithms that will extract new 
physics from the petabytes 
of data generated at the LHC. 
Cornell theorists are  involved in 
developing theories for physics 
beyond the Standard model 
including supersymmetry and 
superstring theory, for instance, to 
develop experimentally testable 
implications for string theory in 
cosmological observations. 

High-Energy Physics

Cornell High Energy 
Synchrotron Source (CHESS)
CHESS is the only particle accelerator 
that is a national user facility which 
is located on a university campus 
(buried 40 feet underneath our 
athletic fields, with a half-mile 
circumference), and  only one of two 
high-energy synchrotrons in the 
US. CHESS provides high-intensity 
x-ray beams to users at Cornell and 
around the world to determine the 
structure and dynamics of materials 
and molecules in fields ranging from 
physics, materials science, to biology 
and art preservation.

Cornell NanoScale Science & 
Technology Facility (CNF)
CNF is one of the first and most 
advanced centers in the country 
for the fabrication of micro and 
nanoscale devices for electronics, 
mechanics, microfluidics. Its 
facilities are widely used by 
researchers across campus 
spanning a wide range of disciplines 
(including physics, chemistry, 
engineering, biological sciences) 
as well as by companies and users 
across the country. 

The strength of the 
Physics Department 
is complemented by 
major research facilities 
around campus which 
are accessible to 
undergraduate and 
graduate researchers.

RESEARCH

FACILITIES

Cari Cesarotti ’17
When I was a starry-eyed freshman, 
I started working on an experimental 
physics proposal for a dark matter 
experiment...completely from 
scratch. I have been a member of 
this experiment for the entirety of 
my time at Cornell, and since then 
we have written proposals, coded 
full simulations and even tested our 
electronics at the Beam Test Facility 
at Frascati Laboratory near Rome, 
Italy. Having been a part of this 
experience for so long, and having 
to take all the failures with the 
successes, has given me a profound 
appreciation of what it takes to be a 
physicist. I feel that committing to 
deeply understand my research has 
prepared me well for future projects 
addressing important problems, 
in addition to taking me around 
the world and meeting influential 
individuals in the community. I also 
have some pretty impressive calf 
muscles, thanks to walking up that 
slope every day.

Cesarotti is now a Ph.D. candidate in 
physics at Harvard University.
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RESEARCH 

Condensed matter physics 
concerns atoms in close proximity 
to one another and interacting 
strongly, as in the liquid and solid 
states. Collective and cooperative 
phenomena that result from these 
interactions can produce a variety 
of unusual physical properties as 
represented by the superfluid phases 
of helium-3 or high-temperature 
superconductivity. Research 
areas of particular strength at 
Cornell include nanoscale physics, 
superconductivity, correlated 
quantum materials, low-temperature 
physics, and the physics of soft 
materials. Nobel prizes in this field 
were awarded to Cornellians for the 
development of the renormalization 
group (Ken Wilson, 1982) and the 
discovery of superfluid helium-3 
(David Lee, Robert Richardson, and 
Douglas Osheroff, 1996).

Condensed 
Matter Physics

Cornell accelerator physicists pursue 
a broad range of topics in accelerator 
science and technology, from the 
operation of the on-campus Cornell 
Electron Storage Ring, also known 
as CESR, to the construction of an 
innovative new x-ray light source 
and the design and construction of 
future high energy colliders. State-of-
the-art on-campus facilities provide 
a unique opportunity for students 
to operate an accelerator, test their 
ideas, and learn about nonlinear 
beam dynamics.

Accelerator
Physics

Arthur Campello ‘20 is one of many 
Cornell undergraduates who latch 
on to research opportunities early in 
their college careers. “I was in awe, 
thinking that people are playing 
soccer and they have no idea there’s 
antimatter right under them, 
traveling at nearly the speed of light,” 
Campello said of his early days at 
CHESS. Campello has been working 
with Prof. Carl Franck on developing 
an inelastic X-ray spectrometer at 
CHESS. “The most important thing 
around here is Arthur,” Franck said. 

“Will he be trying to solve 
humanity’s problems or 
making wonderful discoveries 
in science?”. 

Cornell Center for Materials 
Research (CCMR)
CCMR supports interdisciplinary 
projects and facilities for materials 
research in a wide variety of topics 
including : Controlling Complex 
Electronic Materials; Light-Matter 
Interactions; Atomically Thin 
Membranes; and Spin Manipulation 
for Magnetic Devices.

The Kavli Institute at Cornell for 
Nanoscale Science (KIC)
KIC is devoted to the development 
and utilization of next-generation 
tools for exploring and manipulating 

the nanoscale world. These include 
creating devices from materials 
that are only a single atom thick 
and developing new ways of 
synthesizing and imaging matter at 
the atomic scale.

Arthur Campello ’20
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TEACHING  
         & Course Offerings

For students intending to major in physics, students will begin with a 
three-course introductory sequence covering mechanics, electricity & 
magnetism, and waves. There are two possible sequences for students 
to choose from : PHYS 1116-2217-2218 or PHYS 1112-2213-2214.

The PHYS 1116-2217-2218 sequence are “honors”-style courses which are 
mathematically advanced and abstract, and closely resemble upper-level 
physics classes. These classes are intended for students with a strong 
high school background in math and physics. For students who have AP 
Physics credit and intend to major in physics, we strongly recommend 
that the they forfeit their AP  credit and begin with PHYS 1116, as it is a 
much more sophisticated treatment of mechanics than AP-level classes. 

The PHYS 1112-2213-2214 sequence is taken by a wide variety of 
engineers and scientists, focuses more on applications, uses less 
advanced mathematics, and emphasizes more real-world problem 
solving than the 1116-2217-2218 sequence. The class enrollments in the 
PHYS 1112-2213-2214 sequence are also significantly larger than those in 
1116-2217-2218. 

Students who are unsure which sequence or class to start with are 
encouraged to discuss this either with their faculty advisor, the Director 
of Undergraduate Studies, or the course instructors. Students are also 
permitted to switch between either sequence (e.g. a schedule such as 
1112-2217-2214 or 1116-2213-2218 is allowed). 

The department also offers a wide variety of junior and senior-level 
elective courses (see page 9), where students can further explore their 
interests in physics. This is especially beneficial for students pursuing 
the inside concentration and who may plan to go to graduate school, to 
gain a better understanding of the sub-fields or specializations they may 
pursue in graduate school. 

In addition to academic and research 
pursuits, Cornell physics majors also 
are provided the unique opportunity 
to explore the intellectual and practical 
challenges of teaching and learning 
physics through the Undergraduate 
Teaching Assistant (UTA) program. 
UTAs become an important part of 
the instructional staff for the physics 
department’s introductory courses by 
partnering with faculty and graduate 
teaching assistants in facilitating 
cooperative discussion section activities, 
labs, and study halls. By helping their 
fellow students learn physics, UTAs in turn 
become better teachers, communicators, 
and improve their understanding of 
physics. UTAs also participate in a weekly 
seminar course (PHYS 4484) which 
introduces key concepts in teaching and 
learning. The UTA program provides 
Cornell physics students with the 
opportunity to become involved in physics 
teaching, which can be invaluable for 
students considering graduate school, 
a future career as a professor, or in 
K-12 education. Founded by Professor 
Robert Thorne (Weiss Presidential 
Fellow for distinguished teaching) under 
the PhysTEC program in 2009, in Fall 
2017, there were roughly 100 students 
participating in the UTA program.

UNDERGRADUATE
TEACHING
ASSISTANT 
PROGRAM
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Beginning in 2015, the physics 
department began an initiative to 
reform their introductory physics 
sequence, PHYS 1112, 2213, and 
2214, formally known as the Cornell 
University Physics Initiative in 
Deliberate practice (CUPID). The 
CUPID project was one of three 
pilot projects in the Active Learning 
Initiative in the College of Arts and 
Sciences to improve the teaching of 
science and mathematics, funded by 
Alex and Laura Hanson (Class of 1987). 

In active learning classrooms, 
students enjoy more hands-on 
activities and more frequent 
student-student and student-
instructor interactions 
through methods such as 
small discussion groups, 
partner sharing and the use of 
technology like iclickers, web-
based polling, and smartphone 
apps to enhance learning. 
Students gain the information 
from the traditional lecture 
through online videos, readings, 
online exercises and quizzes they 
do in advance of class.

The underlying concept behind the 
Active Learning Initiative is “deliberate 
practice”, something that most 
teachers and students of physics have 
recognized for many years : Physics 
is a skill, something that you learn by 
actual practice, not from just sitting 
and passively listening to a lecture. A 
developing body of physics education 
research literature also supports this 
conclusion. The question has always 
been how to successfully implement 
this idea using our current facilities, 
personnel, and scheduling. 

In Prof. Tomas Arias’ PHYS 2213 
(Electromagnetism) class, student 
learning gains have increased 
significantly since introducing active 

learning, he said, with a typical 
B- student now earning a B+ in the 
class, students learning the material 
more deeply and student reviews of 
the class also climbing. For example, 
students who were taught using 
these new active learning methods 
performed dramatically better than 
students taught six years ago using 
traditional methods on an identical 
final exam (see figure). In addition 
to better learning outcomes, 
students also generally preferred 
the active learning model over the 
traditional classroom.

“I became a physicist because I 
loved doing physics, not because I 
loved lecturing,” said Arias, professor 
of physics, who has used active 
learning in his large introductory 
physics class. “Now the entire 
lecture is transferred before class 
so the lecture time is whole-hog 
physics. We are doing physics 
problems the entire lecture.”
Dr. Phil Krasicky, senior lecturer 
in physics, agrees. “It’s the only 
way you have a sense of what the 
students are thinking,” he says, 
“and it gives the students a way to 
self-evaluate their own thinking and 
what they have learned.” Krasicky 
noted a significant improvement in 
the percentage of correct answers in 
his ALI physics classes.

In active learning classrooms, 
students enjoy more hands-on 
activities and more frequent student-
student and student-instructor 
interactions through methods 
such as small discussion groups, 
partner sharing and the use of 
technology like iclickers, web-based 
polling, and smartphone apps to 
enhance learning. Students gain 
the information from the traditional 
lecture through online videos, 
readings, online exercises and quizzes 
they do in advance of class. 

“If we do this right, then a 
technology-enhanced approach to 
education will make our students 
more engaged in the learning process, 
less likely to quit and more likely 
to become empowered and self-
actualized learners,” said Gretchen 
Ritter ’83, the Harold Tanner Dean 
of the College of Arts and Sciences.

A large number of other physics 
faculty also played key roles in 
launching the CUPID project, 
including Prof. Julia Thom-Levy (now 
Cornell’s Vice Provost for Academic 
Innovation), Prof. Peter LePage 
(who was Dean of the College of 
Arts and Sciences when CUPID was 
initiated, now the College of Arts and 
Sciences’ new Director of Education 
Innovation), Prof. Kyle Shen (PHYS 
2213), Prof. Robert Thorne (PHYS 
2214), and Prof. Matthias Liepe 
(PHYS 2214).
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QUANTUM  MECHANICS  SEQUENCE

PHYS 3316 
BASICS OF QUANTUM MECHANICS
Breakdown of classical physics : photoelectric effect, atomic 
spectra. Schrodinger equation and solutions for the square 
well, harmonic oscillator, and hydrogen atom. Scattering in 
1 dimension and two-level systems.

PHYS 3317 
APPLICATIONS OF QUANTUM MECHANICS
Multi-electron atoms (many-body wave functions, quantum 
statistics), molecules and chemical bonding, concepts in 
solid-state physics, quantum numbers and symmetries, 
addition of angular momentum, variational principle, basics 
of high-energy physics.

 

Prereqs:
Intro sequence
Diff. Eqs

Corereqs:
Linear Algebra

INTERMEDIATE  MECHANICS &
 ELECTRICITY AND MAGNETISM

PHYS 3314 or 3318 
INTERMEDIATE CLASSICAL MECHANICS
Follow up to PHYS 1112/1116 covering Lagrangian and 
Hamiltonian formulations of mechanics, conservation laws 
from symmetries, planetary motion, motion in non-inertial 
reference frames, rigid body motion. PHYS 3318 is more 
advanced than 3314.

PHYS 3323 or 3327
INTERMEDIATE ELECTRICITY 
AND MAGNETISM
Follow up to PHYS 2213/2217 covering vector and scalar 
potentials, solutions to Laplace’s equation, boundary value 
problems, wave guides, and relativistic electrodynamics. 
PHYS 3327 is more advanced than 3323. 

MATH REQUIREMENTS FOR THE  CORE

PHYS 3310    Intermediate Experimental Physics   PHYS 3330     Modern Optics
PHYS 3360   Electronic Circuits     PHYS 4410*  Advanced Experimental Lab
 ASTRO 4410 (Experimental Astronomy), AEP 2640 (Interfacing Digital with Analog World), and BEE 4500 (Bioinstrumentation) may also be used for the Core lab
*PHYS 4410 is more advanced than other 3000-level labs; inside concentrators must also complete 4410 in addition to their Core lab class

One LABORATORY CLASS selected from:

•    All physics majors must complete the Core requirements, as well as a Concentration
•    Substitutions of Core classes are not allowed

SPFA Offered:

FA Offered:

Classes in red are recommended options.

Prereqs:
Intro sequence
Linear Algebra

Prereqs:
Intro sequence
Diff. Eqs

Prereqs:
PHYS 3316
Linear Algebra

FA Offered:

SP Offered:

Math requirements satisfied by completion of 4 math classes covering the following topics: 
 

FA

SPFA SPFA

SP

INTEGRAL CALCULUS (CALC II) AP Calculus BC credit (4,5);  MATH 1910,  MATH 1120,  MATH 1220 * math honors 
sequence, 2230 must 
be taken before 2240. 
Classes are more proofs 
based and are intended 
for math majors

VECTOR CALCULUS MATH 1920, MATH 2220,  MATH 2240*
DIFFERENTIAL EQUATIONS MATH 2930,  MATH 3230

 LINEAR ALGEBRA MATH 2940,  MATH 2210,  MATH 2230*

INTRODUCTORY SEQUENCE

MECHANICS I:  PHYS 1116 (honors)  or  1112
Students with strong high school preparation (AP Calculus BC and physics) intending to major in physics are encouraged to take 1116. 
PHYS 1116 is more mathematically rigorous than PHYS 1112 and includes special relativity. Students who do not take PHYS 1116 must 
complete PHYS 2216: Introduction to Special Relativity (1 cr)

ELECTRICITY & MAGNETISM I:  PHYS 2217 (honors)  or  2213
Electrostatics, magnetic fields, circuits, magnetic fields, Maxwell’s equations, and electromagnetic waves. PHYS 2217 employs more 
advanced vector calculus. Students transferring in from biological sciences may substitute PHYS 2207 and 2208, with permission.

WAVES:  PHYS 2218 (honors)  or  2214
Waves and oscillations, resonance, sound waves, electromagnetic waves and polarization, and optics. PHYS 2218 also covers 
thermodynamics and statistical mechanics. Prior exposure to differential equations (e.g. MATH 2930) strongly recommended. 

Prereqs:
Calculus II or AP 
Calc. BC credit

Prereqs:
PHYS 1112 or 1116
Vector Calculus

Prereqs:
PHYS 2213 or 2217
Diff. Eqs
recommended

SPFA Offered:

SPFA Offered:

SPFA Offered:

Undergraduate Physics Major
Core Requirements
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The Inside Concentration is comprised of additional physics and 
math classes at the 3000+ level, and is geared primarily towards 
students preparing for graduate school in physics or related 
disciplines. Inside Concentrators must complete PHYS 4410 and 
PHYS 4230 as well as 7 additional units of 3000+ level classes in 
the physics department. Inside Concentrators must also complete 
two additional math classes at the 3000+ level. Unlike the Outside 
Concentration, there is only one type of Inside Concentration; 
students do not need to declare a sub-field (e.g. solid-state physics 
or high-energy physics)

Required Classes

PHYS 4410 : Advanced Experimental Physics
PHYS 4230 :  Statistical Thermodynamics

7 additional credits of 3000+ level physics 
classes. Typical classes include:
Classes marked in red are recommended

PHYS 4443 :  Intermediate Quantum Mechanics
PHYS 4454 :  Introduction to Solid State Physics

PHYS 4443 :  Introduction to General Relativity

PHYS 4444 :  Introduction to Particle Physics

• ASTRO 3302,  ASTRO 4431, and AEP 4340 may be    
     also used towards the 11 additional credits of 3000+ level physics classes

2 additional 3000+ level math classes
Typical classes include:

AEP 4210  &  4220 (Mathematical Physics I & II)
MATH 4420 : Complex Analysis

MATH 4200 : Diff. Equations & Dynamical Systems

INSIDE CONCENTRATION
The Outside Concentration allows physics majors the flexibility 
to explore academic interests outside the Physics Department. 
Students are given the freedom to design, in conjunction with 
their Major Advisor, an Outside Concentration which reflects 
their own interests and future goals. An Outside Concentration 
can be interdisciplinary and need not be limited within a specific 
department or even College. There is no official distinction (i.e. 
student’s transcript or diploma) between majors graduating with 
an Inside or Outside Concentration.

OUTSIDE CONCENTRATION

Requirements

15 credits in an internally coherent concentration 
outside of physics. At least 8 of the 15 credits 
must be for 3000+ level classes.  

SPFA Offered:

FA

SP

FA

FA

SP

•  The outside concentration is designed in coordination with your major     
      advisor, and classes must be agreed upon by your advisor

•  No more than 4 credits of S/U classes or independent study may be used

•  Classes from the physics department should not be used towards the      
      outside concentration

•  Classes used for your outside concentration cannot also be counted    
      towards another major

•  An outside concentration cannot be in a subfield of physics                              
  (e.g. atomic physics)

•  Classes used for the outside concentration can span different     
      departments or Colleges

Recent Outside Concentrations Include : Astronomy, Acoustics, 
Biological Sciences, Business, Chemistry, Computer Science, Economics, 
Education, Electrical Engineering, Geology, Law, Mathematics, Meteorology, 
Philosophy, Planetary Science, Public Policy, Sustainable Energy, Science 
Technology and Society, Science Writing.

Future paths for Outside Concentrators have included: Engineering; 
Medical school; Computer programming; Teaching; Graduate School in 
Astronomy, Astrophysics, Biophysics, Geophysics, Quantitative finance; Law 
school; Business school; Management consulting.

• No more than 4 credits of S/U classes or Independent Study (PHYS 4490) 
     may be used towards the inside concentration
 
• PHYS 4484-4487 may not be used towards the inside concentration

Physics Major
Concentration Requirements
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In addition to the Core, all physics majors must complete EITHER an 
Inside Concentration OR an Outside Concentration. The breakdown between Inside 

and Outside Concentrators is approximately 50/50.



Intermediate & Advanced
Class Descriptions
PHYS 3310 
Experiments in Quantum Physics and Electrodynamics 
[SPR], 3 cr. [LAB].  Prereq : PHYS 2214/2218

Students select 3 labs from that are well-matched to 
the content of PHYS 3316, PHYS 3317, PHYS 3323/3327. 
Emphasis on using the experiments as tools to illuminate 
underlying physical principles, and learning good 
experimental practice. 

PHYS 3330
Modern Experimental Optics [FALL], 4 cr. [LAB]. 
Prereq : PHYS 2214/2218

Laboratory course in basic and modern optics, using 
lasers and optical bench equipment to cover a wide 
range of topics from geometrical optics to interference, 
diffraction, polarization, digital imaging, and image 
processing techniques. 

PHYS 3360 
Electronic Circuits [FALL,SPR], 4 cr. [LAB]. 
Prereq : PHYS 2213/2217

Practical electronics lab where students design and 
build circuits using discrete components and integrated 
circuits. Analog circuits: operational & feedback 
amplifiers, comparators, filters, diodes. Digital circuits: 
logic, analog / digital conversion, computer architecture 
and interfacing. Additional topics may include signal 
processing, light wave communications, transducers, 
noise reduction techniques. 

PHYS 4230 
Statistical Thermodynamics [FALL], 4 cr.
Prereq : PHYS 3316 *Required for inside concentrators

Quantum statistical basis for equilibrium 
thermodynamics, microcanonical, canonical and grand 
canonical ensembles, and partition functions. Classical 
and quantum ideal gases, Maxwell-Boltzmann, Fermi-
Dirac, and Bose-Einstein statistics and applications. 
Introduction to systems of interacting particles.

PHYS 4410* 
Advanced Experimental Physics [FALL, SPR], 4 cr. 
Prereq : PHYS 3316 & 3317. 
*Required for inside concentrators; priority given to seniors

Students select 3 labs from over 50 available experiments 
on various topics including atomic and molecular 
spectroscopy, condensed matter, nuclear and particle 
physics, and x-rays. Independent work is stressed, and 
scientific writing and presentation skills are emphasized. 

PHYS 4443 
Intermediate Quantum Mechanics [SPR], 4 cr. 
Prereq : PHYS 3316 & linear algebra.

Focuses on formalism of quantum mechanics : Hilbert 
spaces, operators, Dirac notation, symmetries and 
generators, group theory, creation and annihilation 
operators. Approximation methods including 
perturbation theory, variational principle, WKB. 
Scattering theory in 3D. Berry’s phase, Aharonov-Bohm 
effect, entanglement, path integral formulation of 
quantum mechanics.  

PHYS 4454 
Introductory Solid State Physics [FALL], 4 cr. 
Prereq : PHYS 4443

Introduction to crystal structures, electronic states, 
lattice vibrations, metals, insulators, semiconductors, 
optical properties, and magnetism. 

PHYS 4445
Introduction to General Relativity [FALL], 4 cr. 
Prereq : PHYS 3314/3318

Develops the essential structure and phenomenology of 
general relativity without requiring tensor analysis. The 
course introduces basic aspects of differential geometry, 
including metrics, geodesics, and the Riemann tensor, 
describes black hole spacetimes and cosmological 
solutions, and concludes with the Einstein equation and 
its linearized gravitational wave solutions. 

PHYS 4445 
Introduction to Particle Physics [SPR], 4 cr. 
Prereq : PHYS 3316 & 3314/3318

Covers the standard model of particle physics. Provides 
an introduction to fields and particles, relativistic 
quantum mechanics, symmetries in physics, and a basic 
introduction to Feynman diagrams.

Sample 
Schedules
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SEMESTER
Preparation : 

AP Calc. AB (4,5)
HS Physics

Preparation : 
AP Calc BC (4,5)

AP Physics C

Preparation : 
No calculus or physics 

background

Fall Freshman CALC II : MATH 1910 PHYS 1116
MULTI : MATH 1920

CALC I : MATH 1910

Spring Freshman PHYS 1112 / 1116
MULTI : MATH 1920

PHYS 2217
DIFF. EQ : MATH 2930

CALC II : MATH 1910

Fall Sophomore PHYS 2213 / 2217
DIFF. EQ : MATH 2930

PHYS 2218
LIN. ALG : MATH 2940

PHYS 1112
PHYS 2216*
MULTI : MATH 1920

Spring Sophomore PHYS 2214/2218
LIN. ALG : MATH 2940

QUANTUM I: PHYS 3316 PHYS 2213 / 2217
DIFF. EQ : MATH 2930

Fall Junior QUANTUM I : PHYS 3316
E&M II : PHYS 3323/3327
Math. Phys. I : AEP 4210 
(or other math)

QUANTUM II: PHYS 3317
E&M II : PHYS 3323/3327
Math. Phys. I : AEP 4210 
(or other math)

PHYS 2214/2218
LIN. ALG : MATH 2940
CONCENTRATION

Spring Junior MECH. II : PHYS 3314/3318
INTERMEDIATE LAB 
Math. Phys. II : AEP 4220 
(or other math)

MECH. II : PHYS 3314/3318
INTERMEDIATE LAB
Math. Phys. II : AEP 4220 
(or other math)

QUANTUM I : PHYS 3316
MECH. II : PHYS 3314/3318
CONCENTRATION

Fall Senior PHYS 4230
CONCENTRATION
QUANTUM II : PHYS 3317

PHYS 4230
CONCENTRATION

INTERMEDIATE LAB 
QUANTUM II : PHYS 3317
E&M II : PHYS 3323/3327
CONCENTRATION

Spring Senior PHYS 4443
CONCENTRATION
Adv. Lab. : PHYS 4410 

PHYS 4443
CONCENTRATION
Adv. Lab. : PHYS 4410 

CONCENTRATION

Sample 
Schedules
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Bold Black : Physics requirements   Bold Blue : Core math requirements 
Purple Italics : Classes for concentration   Red Italics : Requirements for inside concentration   

The following are three typical schedules that physics majors in our department might select, and 
should be viewed as possible recommendations.  The first is for a student with some high school 
background in physics and calculus (AP Calculus AB) who intends to do an inside concentration in 
physics. The second is for a student with a strong high school background in physics and calculus 
(AP Calculus BC, and possibly AP Physics C) who intends to do an inside concentration in physics. 
The third is for a student without any high school background in physics or calculus; students 
without a background in physics or calculus are usually advised to choose the outside concentration 
in order to more easily complete the major requirements within 8 semesters.



PHYS 1112 PHYS 1116 

Class Size Approximately 400 Approximately 60

Textbook
“University Physics” 

by Young & Freedman
“An Introduction to Mechanics” 

by Kleppner & Kolenkow

Topics
Mechanics & some basic 

principles of heat and 
thermodynamics

Mechanics and basics 
of special relativity

Background
Does not assume a prior back-

ground in physics, although most 
students have taken HS physics

Assumes a relatively strong 
high school physics background; 

many students have AP credit

Prerequisites Calculus II or AP Calculus BC Calculus II or AP Calculus BC

Style

Emphasis on concrete example 
with applications in engineering; 

Problem Sets are typically 
4-5 hours long

More abstract and 
mathematically sophisticated; 
problem sets are significantly 

more difficult with more in depth 
problem solving

I’m interested in being a physics major, and have taken AP Physics C (or IB) and 
received placement credit. What should I do with it?

You should not use your AP (or IB) credit. PHYS 1116 is designed to be 
challenging to students with an excellent AP background, and is much more 
sophisticated than AP or IB level physics. You should use all of your AP / IB 
math credit, though. 

Freshman FAQ’s

What are the main 
differences between 
PHYS 1112 and 1116? 

PHYS 1116 is an unofficial 
“honors”-style course that is 
more mathematically advanced 
and abstract than PHYS 1112, 
and is designed for prospective 
physics majors with a strong 
background. PHYS 1116 is 
also a smaller class (~ 50 
students) versus PHYS 1112 (~ 
400 students), which is also 
taken by engineering majors. 
PHYS 1116 also covers special 
relativity. Both PHYS 1112 & 
1116 satisfy the requirements 
for the major. The decision 
to take either PHYS 1116 or 
1112 should depend on the 
student’s background in math 
& physics. If students do not 
feel sufficiently prepared for 
PHYS 1116, we recommend 
that they start with 1112, and it 
is always possible to move in 
and out of either stream later 
in the sequence (e.g. 1112 to 
2217, or 1116 to 2213). Sample 
problems for PHYS 1112 and 
1116 can be found here : http://
bit.ly/2t6B2W7

I had a very strong physics background and am planning on 
skipping directly into PHYS 2217. Is this a good idea?

No. Students should not skip directly into PHYS 2217 in their first semester. 
We have found that many students who have done this in the past have 
struggled and done poorly. 

I’m interested in majoring in physics, but I don’t have any 
prior AP Calculus credit or high school physics. Is it still 
possible for me to major in physics?

Yes it is! One of the advantages of the physics major is that it is very 
flexible, and thus does not have a large number of required classes. We 
have numerous students who take their first physics class in Spring of their 
freshman year, and even some in Fall of their sophomore year. That said, the 
earlier you start your physics classes, the better. 
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Students can switch between PHYS 1112 and 1116 during the first three 
weeks of the semester. 

Professor Michelle Wang
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There are a lot of different 
math sequences. Which one 
should I take?

We generally recommend our majors 
to take the sequence “for engineers” 
(MATH 1910-1920-2930-2940). Those 
classes are taught at an appropriate 
level and in the right sequence 
needed for our major. 

The other math sequence (MATH 
1120-2210-2220-2930) sequence is 
also allowed, but those courses are 
not taught in the order desired for 
our major.

I’m interested in being a 
physics major. Which math 
classes should I start with?

If you have AP credit for Calculus 
BC, you should take Multivariable 
Calculus (MATH 1920). If you have 
AP credit for Calculus AB, then 
you should take Calculus II (e.g. 
MATH 1910). If you do not have any 
calculus credit, you should begin 
with Calculus I, MATH 1110. You must 
complete Calc I & II (differential and 
integral) before taking PHYS 1116 
or 1112. If you received credit for AP 

Calculus BC (or IB), this is equivalent 
to both Calc I & II credit. You will need 
to have completed Multivariable 
Calculus (MATH 1920) before taking 
PHYS 2217 or 2213.

Do I need to take the PHYS 1116-2217-2218 sequence if I plan to go to graduate school? 
What about the honors math (MATH 2230-2240) sequence?

You do not need to take the PHYS 1116-2217- 2218 sequence in order to go to graduate school. A number of our 
seniors who go to graduate school take the PHYS 1112-2213-2214 sequence. That said, the 1116 sequence more 
closely matches our higher level (3000+) classes, and most of our grad-school bound majors take the 1116 
sequence. You should do what best suits your background and interests. There is no substantial benefit for our 
majors to take the MATH 2230-2240 sequence; students should take this only if they truly enjoy proofs, or are 
considering majoring in math.
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Professor Julia Thom-Levy 

More than 3,800 miles away and across the Atlantic Ocean from Cornell’s 
Physical Sciences Building is Geneva, Switzerland, the home of the 
European Organization for Nuclear Research (CERN) laboratory and the 
highest-energy particle accelerator on earth. Despite the distance, Cornell 
researchers, such as Professor Julia Thom-Levy, are actively involved in the 
experiments taking place at CERN. She is on a team of Cornell researchers 
who are responsible for developing software for the CMS detector, designing 
upgrades to the detector, and analyzing data collected by the CMS - one 
of the two detectors that led to the discovery of the Higgs boson in 2012. 
Thom-Levy is also developing better detectors, using the latest cutting-
edge materials and technologies. 

“I always knew I wanted to do sub-nuclear physics,” she says. “How does the 
nucleus work? What does it consist of? Can you break its constituents down, 
down, down? What’s the most fundamental unit in the universe?”. These are 
questions that are both scientific and philosophical to Thom-Levy. 

“We want to get to the very essence. It’s nothing we can touch, 
but the shadows of the mysterious workings of tiny particles may 
tell us about the most fundamental truth of the world.”

Faculty Profile:
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Cornell is fortunate to have a very vibrant, active, and 
diverse Society of Physics Students (SPS) undergraduate 
physics organization which has both an academic and 
social purpose. Membership is open to any student 
interested in physics and there are no membership fees 
or dues. Besides physics majors, SPS members include 
majors in chemistry, computer science, engineering, 
geology, mathematics, medicine, and other fields. 

The SPS hosts social events both among students and 
with the Physics department faculty and staff, outreach 
activities for K-12 students and around the Ithaca 
community, informal chats by faculty and graduate 
students about current topics in research, information 
panels about physics, among other events. We 
encourage all students interested in physics to join and 
attend events and activities sponsored by SPS!

Society of Physics Students

Physics Major FAQ’s
Will the “Inside” vs. 
“Outside” concentrations 
be denoted on my transcript 
or diploma?

No, your concentration does not 
appear on any official university 
documents. Only you, your faculty 
advisor and the DUS will know which 
concentration you did.

Do I have to pick a 
specialization for my Inside 
Concentration?

No. Unlike the Outside 
Concentration, there is only one 
“flavor” of Inside Concentration. You 
are free to pick whichever classes 
satisfy the concentration, including 
graduate classes.

How do I declare the physics major?

In the College of Arts & Sciences, you declare a major sometime in your 
sophomore year. To be eligible for the physics major, you should have 
already completed at least 2 physics and 2 math classes at Cornell, with 
an average grade of B- or higher in all of your physics / math classes. 
Exceptions may be made on a case-by-case basis. To declare the major, 
fill out the following form : http://bit.ly/2EVyWeK, and see the Director of 
Undergraduate Studies during their office hours.

What is the difference between the Inside 
& Outside Concentration?

The Inside Concentration is aimed at preparation for graduate school in 
physics. Inside concentrators must  take two mandatory classes :  PHYS 
4410 : Advanced Experimental Laboratory, and PHYS 4230 : Statistical 
Thermodynamics, as well as 7 additional credits of physics classes at the 
3000+ level. Inside concentrators must also take two additional math 
classes at the 3000+ level. 

The Outside Concentration is more flexible, where students take 15 credits 
in a coherent field of study outside of the physics department (e.g. biology, 
electrical engineering, political science, education), 8 credits of which must 
be at the 3000+ level or higher. Your outside concentration can even span 
multiple departments or Colleges at Cornell, as long as the concentration is 
coherent, and is not a subfield of physics (e.g. an outside concentration in 
High Energy Physics or Atomic Physics would not be allowed). While some 
outside concentrators go on to graduate school, many follow other paths 
such as work in industry, finance, teaching, policy, etc....
 

How do I select a major advisor?

You should go online to pick from the list of major advisors, available here : 
http://bit.ly/2th442Q. Please take a look at the list of faculty available to be a 
major advisor before you meet with the DUS to declare the major.



WiP+ is an informal group of women (primarily) supporting other women in the fields 
of Physics, Astronomy, Applied and Engineering Physics, Biophysics, and other related 
fields.  Everyone, ranging from prospective majors through faculty and staff, is invited to 
participate.  This is the current incarnation of the first women in physics group that was 
started here at Cornell in the fall of 1976.
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Women in Physics (WiP+)

The SPS organizes 
various social 
activities within the 
department. Here, 
Physics students and 
faculty participate 
in a bowling night at 
Helen Newman Hall.



109 Clark Hall
Ithaca, New York 14853-2501
Phone: (607) 255-6016
Fax: (607) 255-2643
General email: physics@cornell.edu
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