PHYS 410 S07, Linke

Individual Project

Background and purpose

A research paper is an essential part of this class. It has several purposes. First, it will support one of the two major objectives of this class, namely to help you appreciate some current biophysical research. Second, the interdisciplinary nature of this class leads to an unusually broad distribution of academic backgrounds among the students, and a research paper allows us to tailor the course material to the interest and capabilities of individual students. Third, it is well known that learning works best when new material is experienced with questions in mind, or with an explicit need to understand this material. Working on a paper throughout the course will hopefully provide you with a personalized red line through the material presented in the textbook and in class. Finally, you will learn or practice your skills in scientific writing – including literature search, referencing, etc.

Topic

You will choose a topic yourself, possibly from one of the suggestions provided below. There are two explicit, interrelated requirements that your paper should fulfil:

(1) A substantial part of your paper must directly relate to course material, for instance by addressing a scientific question or experimental method discussed in one of the chapters in the textbook (Nelson), and/or by using theoretical concepts discussed in class or in the textbook. 

(2) There must be significant physics content. For instance, a paper that addresses purely biological facts or questions is not sufficient. A substantial part of the paper must address a physical concept or method in some detail. For instance, your paper may discuss in some detail the theoretical background to a method of data analysis used in a scientific paper you write about. How much physics, and how detailed does it need to be? A fellow PHYS 410 student should be able to follow your explanations, and learn something from them.

The ideal paper will build on your own personal background skills and knowledge, and will challenge you to learn something new, related to course material.  

Level

The level of the paper should be such that your PHYS 410 peers will be able to read, understand and appreciate the paper. This means that material must be explained at the level of our textbook; exclusively stating facts without explanation or discussion is not sufficient. 

The paper must be self-contained. For instance, if you need an equation, you have to state it and define the symbols, and explain what it means or where it comes from, just as you would expect from a book. 

Length

Eight to twelve pages of text (including any equations) is probably a good length (double-spaced, 12 pt Times New Roman). Ten pages of text is an upper limit of what seems reasonable. Figures (if any) are extra. 

Don’t fall for the temptation of attempting a broad review of what is probably a big research field. Ideally, your paper has one very clear (small) focal point, for instance the data analysis (and the biophysics behind it) of a specific experiment. Your introduction should provide the context for this experiment (or theory, or a question posed by yourself), starting general and zooming in on your main question. Start by briefly describing what the field is about, what kind of questions people appear to work on, and use this background to motivate the experiment that you picked. Then formulate the question your paper addresses in particular. This is best done by a sentence that starts with: “Here I….” Probably you then need to talk a bit about how the work has been done (for example a brief overview of experimental methods – just the essence, not all details). Then get to the point: where is the biophysics here. Be sure to derive (or motivate otherwise) any equations you use as detailed as reasonably possible. The paper ends with a conclusion/discussion section. What has been achieved, what are the remaining questions. Any ideas how to tackle them?

Format

Double-spaced, 12 points. 

Equations, references and bibliography must follow precisely the style used in one of your key sources (original papers), or that of the Biophysical Journal (see last page).

References

The final version of your paper shall contain references to at least three relevant original research papers, which should not be older than 5 - 10 years, and to at least one review paper. Original papers are articles written by the researchers who performed the work, and they contain new, previously unpublished results. Note, however, that these papers are usually focused on details and difficult to read. To gain overview of a field, you probably want to start by reading book chapters or a review article. Review articles are often also written by active researchers, but they normally don’t contain original results. They are written to provide an overview over a field, and they can help you in finding relevant research articles.

It needs to be clear from your text what is the essence of references you cite. What information would the reader find there if she were to look them up? In what way are those references relevant to your paper?

See the format instructions at the end of this handout on how to cite references.

How to find sources

The topic suggestions in this handout provide some ideas for starting points. Another good place is the textbook: if a chapter discusses the topic of your choice, look at the reference cited there, as well as the “Further reading” at the end of each chapter. 

Excellent starting points for physics-related literature searches are the web-based search engines Web of Science or INSPEC. Both are accessible from the Science Library’s “Physics Research Guide” at http://libweb.uoregon.edu/guides/physics/ (scroll down to Finding Articles). For articles in biological journals try Medline, accessible from the UO Library’s Biology Research Guide at http://libweb.uoregon.edu/guides/biology/.

Google is good for surfing around to get ideas, or to find the website of a research group that you know about (which is often a good pathway to articles).

If you have a reference but don’t know how to get the text, use the library’s Find Text service http://breeze.uoregon.edu:9003/citation/findtext or talk to library staff.

Getting started and time line

Step 1 (Week 2)

Browse suggested topics, the textbook, and some of the suggested initial readings. Decide on a topic area.

Step 2: (Weeks 2 and 3)
Prepare the following for a meeting with Heiner that will be scheduled for week 3 or 4:

· Preliminary bibliography (including at least three original articles and one review paper).

· Tentative paper outline (headlines followed by bullet-point type content descriptions)

· A list of closely relevant sections in the textbook. “What will I need to pay particular attention to while working on course content?”

· Formulate three specific questions that your background reading will need to answer to enable you to write the paper.

Step 3 (Week 3 or 4)

Meeting with Professor. Bring the material described in step 2, as well as all sources you plan to use (copies of papers, printouts of relevant web pages, books if practical). 

Step 4 (Weeks 4 – 8)

Read and write. Submission of a full draft in Week 6, 7 or 8. 

This is not a “first draft”: it should be the best you can do on your own, fully formatted and finished.

Step 5 (Week 7 – 8): 

Feedback time. You will give feedback on another student’s paper, and you will receive feedback from that student and from Heiner. Allow at least a week between submission of your full draft and expecting feedback.

Step 6 (Week 9):

Implement all feedback and submit the final draft, a very brief summary of changes made, and the original first draft (with feedback notes). 

The deadline for the final draft is fix, non-negotiable, and the same for all students: Friday, June 1 at 3:00 pm. Deadlines for all intermediate steps will be set with students individually (via sign-up sheets, or in the meetings with Heiner). Once individual deadlines are set, they are also fix. 

Optional oral presentations will be scheduled for week 10 (and possibly finals week).

Example topics

The following is a list of topic ideas. Most of them are probably formulated far too broadly, and after some reading you will need to narrow down to a much more specific topic. Therefore it won’t matter if more than one of you happen choose the same topic – the final papers will probably quite different. You may choose one of the proposed topics or come up with your own idea.


Most suggestions come with a literature hint that may serve as a possible starting point for background reading. Many of these papers are available in the Course Documents/Articles on Blackboard, and most of the books mentioned are on reserve in the science library. Another good source for reading material are the literature hints at the end of each chapter in Nelson.
Traffic in an axon. Physical issues related to material transport along an axon and relation to diseases. 

Shah 2005
ATP logistics. Physics issues related to fabrication and transport of ATP in cells. 

Nerve impulses. We won’t get around to Chapter 12 in the book. If you are interested in the physics of action potentials, here is your chance.

Nelson, Ch. 12 and literature given at the end of the chapter. 

ATP synthase. This is a well-studied and fascinating machine that we won’t have time to discuss in class. You could discuss the operational principle in physics terms, or review a specific experiment and discuss the physics of the data analysis? 

Chapter 11 in Nelson and literature therein.

Papers or reviews by Kazuhiko Kinosita for experiments and protein structures. Papers by George Oster (Berkeley; see also his website) for physical models. 

Kinesin. We will talk about this well-studied transport molecule at the end of the term, but will in no way exhaust the topic. Read ahead, and discuss the physics of some particular experiment, or some model of its operational principle. 

Howard, Mechanics of Motor Proteins, Ch. 16 and preceding chapters, and references therein.

Myosin II: the swingin’ cross bridge model. The motor that powers your muscles! 

Howard, Mechanics of Motor Proteins, Ch. 16 and preceding chapters, and references therein.

Viral DNA packaging. A fascinating story: how does all that DNA get into the tiny virus? Review some of the physics behind recent experiments by the Bustamante group. 

Chemla2005 and references therein. Sources listed on Carlos Bustamantes’s website.

Flagella. The motor that powers E. coli (and others).

Berg 2005 is a starting point.

Single-molecule experiments using optical tweezers. The power house of modern, single-molecule biophysics. Review how tweezers work, how they are being used for some specific biophysics.

Bustamante2003N focuses on DNA-related experiments but has lots of references to more general stuff. See also Chapter 6.7 in Nelson. 
Magnetic tweezers. Another important single-molecule technique. Review how magnetic tweezers work and some biophysics that can be done with them. 

Look for reviews by David Bensimon and/or Vincent Croquette. Search Web of Science or Medline for “magnetic tweezers”.
Build your own optical trap. Analyze Brownian motion using a self-built set-up. Before you start on this, check with Heiner!

Nakroshis2003.

