
Homework assignment
Due Date: 03/31 by 11:59 pm

Fill in your solutions in the Pluto notebook provided below. Once completed, execute the notebook
and export it as a PDF. Upload the PDF to Gradescope for grading, and assign the pages to the
respective exercises. Please ensure that all of your solutions, including the code you wrote, are visible
and legible in the exported PDF before submitting it to Gradescope. Keep in mind that adjustments
to assignments after the submission deadline will not be accommodated.
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Research Proposal - Part I
In this assignment, you will begin developing a one-page research proposal. Your goal is to identify a
topic of scientific interest and merit, and to ground your proposal in the methods we've explored in
class—such as Hartree–Fock theory, Green’s functions, configuration interaction, Rayleigh–
Schrödinger and Møller–Plesset perturbation theory. You are also encouraged to consider methods
we will cover later in the course, such as coupled cluster theory, as well as techniques beyond our
syllabus, including density functional theory (DFT), density matrix embedding theory (DMET),
dynamical mean-field theory (DMFT), and auxiliary-field quantum Monte Carlo (AFQMC), among
others. Begin by conducting a literature review to understand the current state of research in your
chosen area. Then, select a topic that genuinely interests you and has the potential for scientific
contribution.

Exercise 1: Identify and Justify a Research Topic

a. Explore areas of interest: From the methods we have discussed, as well as those not covered in
class, choose one research area that interests you.

Your answer goes here ...

b. Identify a gap or question: Within that area, find a specific question or gap in current knowledge
that you would like to explore.

Your answer goes here ...

c. Write a short paragraph explaining why this topic is scientifically valuable. Be sure to mention how
it connects to the broader fields of quantum chemistry or condensed matter physics and why it
merits further study.

Your answer goes here ...

Exercise 2: Conduct a Focused Literature Review

a. Gather at least five relevant references (journal articles, reviews, or seminal papers) on your chosen
topic. Make sure they are reputable sources in the field.

Your answer goes here ...

b. Briefly summarize each reference: For each of the five, provide one or two sentences about their
key findings or contributions.

Your answer goes here ...
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c. Highlight the connection to your chosen research question: Explain how each paper informs or
supports your topic, either by pointing to an open question, providing a theoretical or
methodological framework, or offering data relevant to your intended proposal.

Your answer goes here ...

Exercise 3: Draft a Preliminary Proposal Outline

a. State your research question or hypothesis in one or two concise sentences.

Your answer goes here ...

b. Discuss the methods, approaches, or techniques you plan to use. Explain why these methods are
suitable and what advantages or challenges they may present.

Your answer goes here ...

c. Propose potential outcomes or impacts: In a brief paragraph, describe what new insights or
contributions your project could provide to the field.

Your answer goes here ...
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