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Modern Physics – Fall 2021
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August 30, 2021

Course Description

Course 01:750:273 or Advanced Honors Physics III is a 3-credit course that com-
pletes the Honors Physics sequence. It covers the topics of Modern Physics, i.e.
the physics that was developed in the 20th and 21st centuries. We will cover
special relativity, quantum mechanics, atomic physics, and statistical mechan-
ics. Lectures will be in the Physics Lecture Hall (PLH) on Wednesdays 9:00AM
to 10:20AM and Fridays from 3:20pm to 4:40pm.

Instructor: Prof. Jed Pixley; jed.pixley@physics.rutgers.edu

Office hours: Thursday 11:00am-12:00pm in person E264 Serin; 12:00pm-
12:30pm virtual over zoom.

Prerequisites

• Students are expected to have taken 01:750:271 and 01:750:272 (Honors
Physics I and II) the previous year.

• Calculus I and II are required. Mastery of the basic concepts of calculus
(differentiation and integration) will be assumed.

• Enrollment in an honors program or permission of the department under-
graduate advisor is required.

Grading

• Homework 25%

• Midterm I 25%

• Midterm II 25%

• Final 25%
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Homework

Homework will be due by 5:00pm on the day specified in the syllabus. Please
submit them in the mailbox of the grader (TBD). The mailbox room can be
found on the 2nd floor of Serin across from the Chair’s office. Homework not
turned in by the specified time on Friday will count as zero. Solutions are posted
online at the course website.

Exams

Two in-class midterms will be held on dates as specified in the syllabus timeline.
The final will be held on Dec. 17th from 4-7pm in the PLH. You should bring
a scientific calculator for each exam. For the midterms, you are allowed one
8.5x11” formula sheet (both sides).

Students with Disabilities

Please consult the professor as early as possible if you have a disability that
might interfere with learning. We will help you as much as possible. The
University has coordinators for students with disabilities.

Books

• (T&R) Modern Physics, 5th edition by Stephen Thornton and Andrew
Rex is the required textbook for this class. We will not be using Webassign,
so there is no need to purchase a Webassign account.

• (K&K) An Introduction to Mechanics, 2nd edition by Daniel Kleppner
and Robert Kolenkow (the primary textbook of 271) will be used as the
primary source of discussion for special relativity.

• (Purcell) Electricity and Magnetism, 3rd edition by Edward Purcell and
David Morin (the primary textbook of 272) will be used to further sup-
plement the discussion on special relativity.

• (Griffiths) Introduction to Quantum Mechanics by David Griffiths will be
relied on for the discussion on quantum mechanics.

• (FL3) Feynman Lectures Vol. III (available online for free by Caltech)
will supplement the discussion on quantum mechanics.

Course Content

1. Week 1, 8/30-9/3
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• W 9/1: Introduction, Michelson-Morley Experiment.
Reading: TR 2.1-2.2; K&K 12.1-12.3

• F 9/3: Postulates of SR and Lorentz transformations
Reading: TR 2.3-2.4; K&K 12.4-12.7

2. Week 2, 9/6-9/10

• W 9/8: No Class (Monday classes)

• F 9/10: Lorentz contraction, time dilation, velocity transformations
Reading: TR 2.5-2.6; K&K 12.8-12.9
HW # 1 Due

3. Week 3, 9/13-9/17

• W 9/15: Doppler shift, Twin “paradox”
Reading: TR 2.8, 2.10; K&K 12.10-12.11

• F 9/17: Momentum and Energy, massless particles
Reading: TR 2.11-2.12; K&K 13.1-13.4
HW # 2 Due

4. Week 4, 9/20-9/24

• W 9/22:Minkowski spacetime, four-vectors, four momentum, metric
tensor
Reading: TR 2.9, 2.11-2.12; K&K 14.1-14.5

• F 9/24: Magnetism as a relativistic effect
Reading: TR 2.14; Purcell 5.1-5.4
HW # 3 Due

5. Week 5, 9/27-10/1

• W 9/29: Magnetism as a relativistic effect (cont.), exam review
Reading: 5.5-5.9

• F 10/1: Exam I

6. Week 6, 10/4-10/8

• W 10/6: Experimental basis of quantum physics: X-rays and the
electron, line spectra, Blackbody radiation
Reading: TR 3.1-3.5

• F 10/8: Experimental basis of quantum physics: Photoelectric ef-
fect, Compton Effect, pair production and annihilation
Reading: TR 3.6-3.9; K&K 13.5-13.6

7. Week 7, 10/11-10/15
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• W 10/13: Structure of the atom: Rutherford scattering, the Bohr
model of the hydrogen atom
Reading: TR 4.1-4.7; K&K 10.5.1
HW # 4 Due

• F 10/15: Wave nature of matter
Reading: TR 5.2-5.5; FL3 1.1-1.8

8. Week 8, 10/18-10/22

• W 10/20:Uncertainty principle
Reading: TR 5.6-5.7, 6.1-6.2; FL3 2.1-2.6
HW # 5 Due

• F 10/22: Particle in a box
Reading: TR 5.8, 6.3

9. Week 9, 10/25-10/29

• W 10/27:Quantum harmonic oscillator
Reading: TR 6.4-6.6
HW # 6 Due

• F 10/29: 3D Schrodinger Equation
Reading: FL3 19.1-19.3, Laplacian derivation, Spherical Harmonics

10. Week 10, 11/1-11/5

• W 11/3: Hydrogen Atom
Reading: TR 7.1-7.2
HW # 7 Due

• F 11/5: Angular Momentum
Reading: FL3 19.4-19.5

11. Week 11, 11/8-11/12

• W 11/10: Spin
Reading: TR 7.3-7.5
HW # 8 Due

• F 11/12: Zeeman effect
Reading: TR 8.1-8.3

12. Week 12, 11/15-11/19

• W 11/15: Exam Review

• F 11/19: Exam II

13. Week 13, 11/22-11/26 NO CLASS THIS WEEK, Thanksgiving
break
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14. Week 14, 11/29-12/3 Wednesday class is held on MONDAY

• M 11/29: Atomic Physics
Reading: TR chapter 8

• W 12/1: Statistical Mechanics: Maxwell velocity distribution
Reading TR 9.1-9.3

• F 12/3: Statistical Mechanics: Classical and Quantum Statistics,
Bose-Einstein and Fermi-Dirac distributions
Reading:TR 9.4-9.6
HW # 9 Due

15. Week 15, 12/6-12/10

• W 12/8: Statistical Mechanics: superfluidity and superconductivity
Reading:TR 9.7, 10.5-10.6

• F 12/10: Statistical Mechanics: The partition function and the Ising
Model
Reading
HW # 10 Due

16. Week 16, 12/13 LAST DAY OF CLASS
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