A note to the student:

This file is a template for your written reports. To create a document using this template, the first thing you should do is choose the "Save As" command from the "File" menu to save a copy of this file with a name relevant to the report you want to write.  From then on, you should work on your saved file, inserting text and making changes as necessary, and leave the original untouched so that you can use it again for each report you write.  Eventually, you will want to delete this section (including the page break that comes just before the Title), but first a little orientation to what follows.  

This document specifies the Senior Lab formatting for a written report with Microsoft Word.  The title, by-line, and section headings are all formatted and can be customized to your purposes.  Simply highlight the words to replace, and start typing your own.  

The motivation is two-fold.  First, it is my hope that this will simplify for you the sometimes daunting task of writing a serious scientific report.  With the formatting in place, you can have an idea of what it is supposed to look like before you start and you can put all your time and attention into the content.  To guide you in selecting and organizing the content, each section is currently filled with what I hope will be useful comments.  Again, to replace it with your content, simply highlight and start typing.  

A second motivation for this assignment style is to facilitate the handling and evaluation of your reports.  Because writing is really only learned by trial and error, a key feature of this assignment is the opportunity you will have to read and give comments on each other's reports.  Feedback from an anonymous refereeing process can be extremely valuable to the author, and the exercise of refereeing often gives the referees insight into themselves as authors.  Having all assignments in an identical electronic format makes collection and anonymous redistribution easy and efficient.  

That said, please keep in mind that this is the first time we are administering an assignment this way.  Your initiative in overcoming and informing us of glitches is greatly appreciated. 









– Prof. Fygenson
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In general, the abstract of a scientific paper is a single paragraph that constitutes a concise summary of all and only what is learned in the paper.  If the topic is obscure, the first sentence may give history, motivation, or context for the work.  If the method is novel or critical, it should be mentioned.  The rest of the words relate what was found (the observations) and what it was taken to mean (the conclusions).  As a rule of thumb, the abstract should be less than 200 words.  Also, keep in mind that literature searches often probe the abstract for keywords, so word choice may make the difference in whether the report reaches your desired audience.  

Introduction

The first paragraph usually gives the big picture for the subject you will report on.  It tells what is known, and refers the reader to the source of that knowledge.   The last sentence or two present(s) the general question to which the work reported in the paper pertains, in other words, the big picture.  After reading this paragraph, the reader should be able to decide if the subject interests them.

Other paragraphs may be needed in order to develop the specific questions the paper will address.  Often, this requires that existing works on the same or related questions are summarized and referenced.  After reading to this point, the reader should have a good sense of the angle from which this paper will illuminate the big picture.

The final paragraph states what the rest of the paper will describe and prepares the reader for the conclusions.  Sometimes, for exceptionally long papers, for example, it makes sense to break it down section by section, like a sort of table of contents.  After reading this paragraph, the reader should be able to decide if the paper as a whole or which, if any, part of it interests them.

Theory/Background

This section introduces the reader to the specific logic that motivates the experiment and/or its design.  It gets into a level of detail that is inappropriate for the introduction but essential for understanding how and why the work was done.  Ask yourself, what did you need to brush up on or learn in order to understand what you were doing?  Lay it all out here to give the reader a hand.  

Exactly how much detail is appropriate?  As a rule of thumb, you shouldn't assume that the reader has read or understood the articles and books you referenced in the introduction, but later, in the discussion section, you can and should assume that they've read and understood this section.  Since they have demonstrated enough interest to read beyond the introduction, they deserve an escort through the material.  On the other hand, this doesn't mean that they need you to do algebra in their face.  

Recognizing the right balance is easiest taught by trial and error experience.  You write one, you read someone else's, you write another, you get the idea.  It's an important part of what you're here to learn:  how to participate in the exchange of scientific ideas and knowledge.  

Materials and Methods

This section lays out exactly what you did, with which materials and equipment, in sufficient detail that someone else could reproduce it.  

Here again, you have to show judgement in the selection of details.  Ask yourself, why did you use each instrument you used?  What specifications of those instruments were key?  Letting the reader know the make and model of a key piece of equipment is a shorthand for listing its specifications, but is only necessary if the common sort of whatever it is would not suffice.  

Ask yourself, why did you do each step that you did?  What information gained or preparation obtained was useful later on?  Let the reader know so that they can decide for themselves if it is necessary in their laboratory.  

And don't rely on words alone.  A picture is often helpful when describing how several pieces of equipment were used together.  

Remember, you can not reference the Senior Lab Manual.  It is not a published document, so it isn't reasonable to assume that the reader will have access to it.  Also, you may not simply quote/reproduce (i.e., plagiarize) the Manual here.  The entire report must be in your own words.  Anyway, the Manual is usually too detailed because it relates the quirks of our equipment, which are by no means essential to the physics you are probing and so need not be reported.  

Results

This section presents the fruits of your labor in a completely objective manner.  The goal is to document exactly what occurred as concisely and precisely as possible.  You need to know the difference between raw data and result, and between result and interpretation.  Sometimes the raw data is the result.  Sometimes the result must be extracted from the data (e.g., an average over several trials, a function of several measurements, a trend).  Results are usually quantitative (measurements), sometimes qualitative (observations), but never a matter of opinion or interpretation.  You are sure to have opinions and interpretations about your results, but they should be relegated to the next section.  Dividing it up this way facilitates healthy scientific debate by helping the reader form their own opinion about what Nature is revealing in your experiment.

Results are often most concisely presented in a graph, table, chart, or other figure.  The text should make reference to and describe the figure, pointing out what is most important (e.g., the slope decreases by half in the upper 10% of the temperature range).  It should also place the results in their experimental context (e.g., The magnetic field was ramped slowly and down, several times, each time to a higher final value.  Each time the resistance of the sample... ).  

Always, the level of accuracy should be discussed.  The measurements you make are not error free.  Don't present them as if they are.  On the other hand, don't devalue them any more than absolutely necessary.  Overestimating error is the easiest way to see only what you expect.  That makes for bad science.  Think carefully about what source of error dominates in your experiment, mention it, and take care to propagate it properly through all calculations that you use to get from raw data to result.  Leave any in depth discussion of why it's there and how to improve upon it for the next section, though.

Discussion

This is the section in which you get to get personal.   It will, in general, be the longest section of your report.  Certainly, it will require the most thought.  Here is where you lay out your understanding of what your observations mean.  A typical paragraph might begin with a recap of one of the results, followed by a statement of what you think should be concluded based on that result, and then your reasoning.  Or it can be the other way around:  result, reasoning, conclusion.  As with all writing, you have to find your own style.  

Having trouble getting started?  Ask yourself, what did I learn?  Make a list.  These are your conclusions.  Then ask, how do I know it is true? Fill in the answers under each of the items in your list.  This will be a combination of results and reasoning.  The reasoning may draw heavily on the framework laid in the theory/background section, which need only be referred to here.  

Scan over your list.  Is there a natural order to the items?  For example, do some conclusions depend on others?  Do some come from raw data and others from data manipulations?  Organize the results and discussion section in a logical and similar order.  

Again, figures can be helpful in getting your message across.  You will certainly refer back to figures of results introduced in the previous section.  You may need to create new figures to communicate some of your conclusions.  Always, figures need to be referred to in the text.  

Ask yourself, how do my results look in light of the published works of others, and vice versa?  Give a sense of the specific scientific context that your work enriches.  This can be done following the relevant conclusions, or after them all together.  The excercise will probably involve some of the references you used in the introduction, and may introduce new references.  In all cases, the discussion here is specific and well developed, whereas in the introduction it was necessarily brief. (e.g., "This is consistent with the work of Colleague [8], who found the peak splitting in Xenon also increased linearly with field strength.")

Besides the phenomenon you were studying, you may have learned something about the way you went about studying it.  These lessons can be explained here as well, although they are usually subordinated to the physics itself.  For example, if the error in your measurements was interesting, because of its size, its origin, its systematic or stochastic nature, etc., it might be worth discussing. 

Conclusions

This section closes the report.  It may begin by restating what was done and what was observed.  It is sure to include a summary of the conclusions drawn in the discussion.  Finally, any speculations about further experiments, suggested improvements to the present experiment, or ramifications for the big picture belong here. 
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