Course Syllabus
Physics 564 - Advanced Quantum Mechanics
Spring 2026
Notes on 24 March Amendments
After consultation with you, experts from the Center for Teaching and Learning, and our TA, I have made some adjustments to this syllabus. I have kept the old parts striked out for the record. Similarly, amendments are in italics.
 
The Basics
"Who," "What," "Where," "When," and "How" of "Lecture"
· Who: Dr. Toggerson, toggerson@umass.edu
· What: More details below, but in short we will explore parts of chapters 5, 6, 7, and 11 in Griffiths and Schroeter's Introduction to Quantum Mechanics 3rd Ed.
· Where: Hasbrouck 230.
· When: Tuesdays/Thursdays 8:30 - 9:45 am.
· How: This class will be an active learning class where we will spend class time solving problems. Please plan to come!
 
"Where" and "When" of Dr. Toggerson's Help Sessions
· Where: Hasbrouck 133
· When: Tuesdays after class (it sometimes takes me a few to get down there) and Thursdays 1:30 - 2:30. 
             I also have office hours for my 132 class Tuesdays 2:00 - 3:00 and Wednesdays 12:30 - 2:30. 
             You are welcome to these, but know that you may be fighting with my 132 students. 
Finally, I have an "open door" policy: if the door is open, feel free to come in. I often leave my door cracked due to noise, but a cracked door is an open door. 
 
"Who," "Where," and "When" of Quizzing Sessions and TA Help Hours
· Who: Alexandria Nolan, anolan@umass.edu.
· Where: LGRT 419B.
· When: 4:30 - 7:30pm Wednesdays and Thursdays.   
 
Other Key "Whens"
· When are prep assignments due? Generally Thursday at the start of class (so I have time to prepare for the following week's discussion). Slight adjustments may be made from time-to-time. 
· When is homework due? Thursdays at 7:30pm We will no longer be collecting homework as few students are turning it in and it is a lot of time and logistics for our TA to grade it. Homework will still exist and have due dates at which time the solutions will be posted. 
 
Textbooks
Required
D. J. Griffiths and D. F. Schroeter, Introduction to Quantum Mechanics, https://doi.org/10.1017/9781316995433Links to an external site..
It is absolutely required that you have a copy of this text. I will assign readings from it, there will be homework problems from it, and a copy is the only resource you are permitted during the quizzes. I also think the D. J. Griffiths is one of the best physics textbooks writers out there in terms of clarity.
While your copy can be print or digital, only print copies will be allowed during quizzes. We will have a few for folks to access, but possibly not enough for everyone. 
 
Good Supplemental Texts
· Griffiths, David. Introduction to Elementary Particles. 1st ed. Wiley, 1987. https://doi.org/10.1002/9783527618460Links to an external site.. 
· This is a great little book. While focused on particle physics, the discussions of symmetries, including parity and rotations, is excellent and would supplement the required text well. 
· Sakurai, J. J., and Jim Napolitano. “Modern Quantum Mechanics.” Cambridge Aspire Website, September 17, 2020. https://doi.org/10.1017/9781108587280Links to an external site.. 
· This is arguably the introductory-graduate-level quantum textbook out there. In particular the discussion of the theory of rotations in chapter 3 is excellent.
· Lectures On Quantum Mechanics. CRC Press, 2018. https://doi.org/10.1201/9780429499265Links to an external site.. 
· This is another excellent graduate-level textbook covering a variety of topics. It may be old fashioned (clearly written on a typewriter with hand-drawn figures), but I have found it to be very elucidating and my copy has lots of flags. 
 
What will we be learning?
This course is broken down into 7 modules exploring particular topics. Within each module there are multiple objectives that I expect you to be able to accomplish by the end of that module. These objectives are further subdivided into two categories: core objectives and auxiliary objectives. The core objectives are the things that, I think, anyone who has completed a full year of quantum mechanics study must be able to do. The auxiliary objectives, on the other hand, are applications of the core objectives that I think are particularly important. All of these objectives can also be seen in the Outcomes section on this Canvas page. 
Module 0: Addition of Angular Momentum - Review from QMI
Core Objective
From QM I, you should be able to add quantum angular momenta quickly and correctly as this will be a key skill in the rest of this course. 
 
Module 1: Symmetries, Conservation Laws, Noether’s Theorem, and their Application to Solids with Nuclei
By the end of this module, you should be able to…
Core Objectives
· Apply the parity and translation operators to different wavefunctions to derive characteristics of the system (Chapters 6.1, 6.4, and 6.2). 
· Rotate quantum states and operators and draw conclusions about their behavior (Chapter 6.5). 
Auxiliary Objectives
· Interpret the fundamental relationship describing the En for a solid in the Dirac-comb model both analytically and graphically (Chapter 5.3.2). 
 
Module 2: Two Particle Systems, Atoms, and the Free Electron Gas
Core Objectives
· Construct a wave function for multiple particles with the correct (anti-)symmetrization (Chapter 5.1). 
Auxiliary Objectives
· Derive and interpret the properties of free electron gases in any number of dimensions (Chapter 5.3.1).
· Write the electron configuration for any atom on the periodic table (Chapter 5.2). 
 
Module 3: Time Independent Perturbation Theory
By the end of this module, you should be able to…
Core Objectives
· Solve non-degenerate problems using time independent perturbation theory to second order (Chapter 7.1). 
· Find “good states” for the application of time-independent perturbation theory to first order in the situation of degenerate states (Chapter 7.2). 
 
Module 4: Applications of TIPT to the H-atom
By the end of this module, you should be able to…
Auxiliary Objectives
· Describe the origins of fine structure and hyperfine structure (i.e. order α2 and α4 corrections to the hydrogen atom) and derive/interpret their effects (Chapters 7.3 and 7.5). 
 
Module 5: Time-Dependent Perturbation Theory in Two-Level Systems
By the end of this module, you should be able to…
Core Objectives 
· Apply time-independent perturbation theory to two-level systems in the case of delta-function and sinusoidal perturbations (Chapters 11.1, 11.2.1, and 11.2.2).
 
Module 6 (Special): Interpretation of QM
This module is a bit different: I will not test you on it. We will just use the last week-ish to talk about interpretations as I think it is fun and important. It also gives you time to finish up other aspects of the course as described below. 
 
Cross-Cutting Objectives
In addition to the physics goals listed above, there are also two other skills that we will be developing over the course of the semester and on which you will be assessed:
 
Learning How to Effectively Read a Physics Textbook 
As stated above, this course will follow a flipped classroom model wherein we spend more class time than normal solving problems. However, for us to have time for this, folks will need to come with some level of preparation. This is where I will lean on Griffiths's good writing. I will ask you to read and annotate the relevant textbook sections in Perusall. I will review the annotations and use them to develop my "lecture" for the following week. This way, instead of going through entire derivations, we will only focus on those parts that were identified as particular points of confusion by the class. We will then move into solving problems in groups: either from the homework or other problems that I find to be particularly relevant. 
Not only does this format allow us to spend more time engaging with the ideas, but learning how to learn by reading is also a critical skill. Most all of you are in your last or penultimate year as UMass students. Consequently, you will soon be going on to the next thing: either the workforce or continued study. For those entering the workforce, you will no longer get lecture once you leave UMass. Instead, you will be expected to gain mastery of new information and techniques from manuals and papers. For those going on to graduate study, the same thing applies: once you enter a research group you will no longer get lectures and will have to teach yourselves. This course will provide an opportunity for you to practice this skill on a subject with a lot of resources. 
While we will spend some time on good techniques for learning from a text on the first day of class, there are a few things that are generally important: 
1. You must have an ability to write: you cannot simply sit down and "read" a physics text. You must "read with a pen," as you will need to 
A. Fill in steps of the derivations
B. Formulate questions to ask of the instructors (Alexandria and myself) or your peers. 
C. Reformulate parts of the text in your own words. Some good ideas here are:  
I. Outlines. 
II. Written summaries. 
2. Because of all this writing and thinking, reading is slow. When I was a student, I took about 10 minutes / page for my first pass at the material. (I dated and timestamped my notes so I know this!). 
3. When you have finished reading, summarize your notes. 
 
Writing good solutions
Another key skill is writing solutions. This skill is important as it allows you to share your work with others. Again, we will spend some time on the first day of class talking about good procedures, but a few basic principles that your work should follow are that they should be: 
1. Legible - Your handwriting should be legible with sufficient space between lines. Also, use a combination of paper and writing utensil that are legible (i.e. don't write in blue ink on graph paper with dark blue lines!). 
2. Structured - Your work flows in the traditional way: top to bottom in a single column.
3. Using Good Math Grammar - The correct notation is employed and all steps have a mathematical “verb” (=, →, ∃, etc.) if appropriate.
4. Comprehensive - At minimum all key steps that represent key mathematical operations or physical interpretation are present; though you are, of course, free to have intermediate steps to help you with the computation. 
5. Clear - Key steps are explained with words and/or diagrams as appropriate, and equation numbers are used if needed. 
 
How Will I Be Assessed?
This course will be structured a bit differently than your prior physics courses. I am following a structure called Standards-Based Grading as outlined in 
Grading for Growth : A Guide to Alternative Grading Practices That Promote Authentic Learning and Student Engagement in Higher Education. Routledge, 2023. https://doi.org/10.4324/9781003445043Links to an external site..
Instead of following the usual homework/midterm(s)/final breakdown, your grade in this course will be based on: 
1. Your engagement with the preparation assignments. 
2. Your performance on a series of quizzes on each physics objective. 
3. Your ability to develop the habit of writing clear solutions by the end of the semester. 
The underlying principle in all of these assignments is an opportunity to get feedback and improve. 
[image: Four pillars of grading-for-growth: clear standards, helpful feedback, progress-marking, and penalty-free reattempts.]https://teaching.virginia.edu/collections/grading-for-growth#rec527Links to an external site. 
 
Prep Assignments
For each section in the text, you will be asked to read and annotate it in Perusall. The exact number of annotations required will depend on the length of the reading and will be explained in the assignment. These are marked on a simple completion standard: if you put in a good faith effort, you will earn full credit. After each reading, we will spend a bit of class time talking about folks' annotations allowing you get feedback and improve. Consequently, as you progress in this skill, I will raise the standards of what constitutes a "good faith effort."
 
What Can I Do for an Annotation?  
Any of the things discussed above in the section on Learning How to Effectively Read a Physics Textbook will qualify: filling in steps, questions, summaries, etc. 
 
When Are Prep Assignments Due?
In general, Prep Assignments are due Thursday at the start of class for the following week. This will give me the time to review the material in preparation for next Tuesday's class. 
 
Quizzes
For each of the physics objectives listed above, there will be a set of 5 quizzes which will be administered during the Quizzing Sessions we will set at our first meeting. Each quiz is a single question, and quizzes on each objective will be offered each quizzing session for five sessions weeks. The number of quizzes you need to pass depends on whether the objective is a core objective or an auxiliary objective:
· For core objectives, you must pass two quizzes. 
· For auxiliary objectives, you need pass only one.
Only those quizzes you pass will count towards your grade. Unsuccessful attempts will not negatively impact your grade in any way. 
Due to the large number of attempts, it is completely possible that you will take multiple quizzes in the same quizzing session. For example, you could take your fourth attempt at Module 0 - Addition of Angular Momentum from QM I on the same day as your second attempt at Apply the parity and translation operators to different wavefunctions to derive characteristics of the system. 
The quizzes for the week are available at both sessions in a week with solutions posted on Fridays. I.e., you can take two different quizzes on the same topic at a single quiz session. 
 
What Will Be the Experience of Taking a Quiz?
1. You will simply show up to the quizzing session and tell our TA what quizzes you wish to take. 
2. She will set you up in the quizzing room with the first relevant quiz on a piece of paper. 
3. You will have 30 minutes unlimited time to complete the quiz, but you must be done by the end of the session to respect our TA's time. Please plan for 40min if you are unsure. 
4. The only resource allowed will be Griffiths and Schroeter. 
5. You hand it in, and, if needed, get the next quiz to repeat steps 2-4. 
6. Marks will be posted at the end of the by the start of the next quizzing session. 
 
How Will Quizzes Be Marked?
Quizzes will be marked on a simple scale: 
· Satisfactory: Completely correct. 
· Minor Revisions Needed: Mathematical mistakes that do not obscure the fundamental physics such as arithmetic errors, inability to successfully complete specific operations (matrix, integral, etc.), or silly copying mistakes. 
· Another Attempt Needed: Not the above. For this grade, our TA will give a lot of feedback. 
· Incomplete/Insufficient: Don’t show enough work to evaluate. 
Only Satisfactory results are considered passing. However, quizzes marked with "Minor Revisions Needed" can be resubmitted within one week using the comments function on the relevant Canvas assignment using the template listed on Canvas. As stated above, unsuccessful attempts do not harm your grade. We encourage you to come to a help session and talk more about this topic so you can be successful on a future attempt. 
 
Writing Quality Solutions
In addition to the Satisfactory/Minor Revisions Needed/Another Attempt Needed/Incomplete mark given above for the physics, each quiz will also receive a mark on the quality of the solution. The marks for this are: 
· Excellent: An instructor-level solution which could be used as a published solution in the future. 
· Satisfactory: A good student-level solution which covers the characteristics of a quality solution listed above.
· Progressing: Meets some of the specifications. Again, our TA will provide feedback here. 
· Insufficient: There is not enough information in the solution to be able to assess the work. The work may be incomplete or too illegible to read.
Your goal should be to develop a habit of quality solutions meaning three in a row that are Satisfactory or Excellent. 
 
What about Homework? (Or, "How Do I Get More Feedback?")
As listed above, homework is not a part of your final grade, but I will assign it. As stated above, we may do, or at least start, some of the problems during class time. These problems will be from Griffiths and other sources and be at a level higher than that of your quizzes.
Just because homework is not part of your grade, however, does not mean we will not collect it. You can turn in your homework and select up-to-three problems on which you would like feedback. Identify these problems on the front page. These three problems will then be marked using the same standards as for quizzes providing you additional opportunities to get feedback on your work before taking a quiz. 
Since the entire point of homework in this class is simply to get feedback on your work learn the material, and does not impact your grade, relying too much on generative AI or other solutions will be counterproductive. 
Logistics of turning in homework
· Homework is due Wednesdays at 7:00pm (the start of the first quizzing session) in the box in the landing of Hasbrouck: typically Thursdays at the end of class at which point the solutions will be posted. 
· We will NOT accept emailed homework. We have done this in the past and it simply gets out of control.
· Similarly, we will NOT accept late homework for the same reason. Only homework that is in the box when the TA collects it will be given feedback.
· I will remind you, however, that homework is not part of your grade, so if you cannot get it in, you simply lose a chance at feedback but there are no negative impacts on your grade. 
· Please clearly identify the up-to-three problems on which you would like feedback on the first page. While you are encouraged to do all the problems to be ready for the quizzes, only the ones you indicate will be reviewed. 
· You may turn in fewer problems or identify fewer than three for feedback. 
· This could potentially be a good option if, for example, you have a really busy week due to other midterms etc. 
· Solutions will be posted after homework is due. 
 
What Do I Need to Earn an 'A' (Or Any Other Letter Grade)?
In this class, grades will not be averaged. Instead, you will need to pass specific thresholds to earn different letters: 
An 'A' Requires That You
· Pass Module-0 with two successful attempts. 
· Pass all 6 5 core objectives with two successful attempts. 
· Pass 3 out of 4 auxiliary objectives with one successful attempt. 
· Earn at least 3 sequential 'Satisfactory' or 'Exemplary' marks for the Quality Solutions objective, with at least one being 'Exemplary.'
· Successfully complete 75% of the prep assignments. 
 
A 'B' Requires That You
· Pass Module-0 with two successful attempts. 
· Pass 4 out of 6 5 core objectives with two successful attempts. 
· Pass 2 out of 4 auxiliary objectives with one successful attempt. 
· Earn at least 3 sequential 'Satisfactory' or 'Exemplary' marks for the Quality Solutions objective.
· Successfully complete 50% of the prep assignments. 
 
A 'C' Requires That You
· Pass 2 out of 6 5 core objectives with two successful attempts. 
· Pass 1 out of 4 auxiliary objectives with one successful attempt. 
· Earn at least 2 sequential 'Satisfactory' or 'Exemplary' marks for the Quality Solutions objective.
· Successfully complete 25% of the prep assignments. 
 
A 'D' Requires That You
· Pass 2 core objectives with two successful attempts. 
· Earn at least one 'Satisfactory' or 'Exemplary' marks for the Quality Solutions objective.
 
+/-'s
These will be for earning parts, but not all, of the next threshold. For example, if you meet the criteria for a 'C', but 
· Have also passed Module-0, you will earn a C+. 
· Have also passed Module-0 and a second auxiliary objective, you will earn a B-.
 
University Required Syllabus Statements - Links to an external site.
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