Physics 81/82 Lab Report Guidelines

Why write lab reports?

The purpose of writing the lab report is threefold: to give you the opportunity to further develop
your scientific writing skills, to deepen your understanding of the physics involved in the
experiment, and to demonstrate your understanding to your instructor. (In order to write an
effective lab report, you really have to understand what you did!)

Who are you writing for?

Write for a (fictitious) fellow Physics 81/82 student who has not done this lab or read the lab
manual. You may assume your reader has taken the same courses that you have, so you do not
need to explain basic concepts covered in other courses. However, in the theory section you do
need to outline the derivations of the key theoretical results to which you are going to compare
your data, even if those same results have already been derived in one of your classes. (See the
discussion of the theory section for more specifics.)

(Of course, your actual reader is your instructor — but your report needs to demonstrate your
understanding of the lab to the instructor.)

General good practices for scientific writing

1. Consult the section of the AIP Style Manual provided on the advanced lab web site,
particularly “Before beginning to write.” It is well worth reading the entire document, which is
section II of a larger style manual. You can find the rest of the manual at
http://www.aip.org/pubservs/style/4thed/toc.html; many of the other sections will be useful
also.

2. To avoid unintentional plagiarism, keep your references (lab handouts, textbooks, etc.) closed
while you write, and provide proper references in your report. You are welcome and encouraged
to discuss the ideas of the lab report with your lab partners or other fellow students, but each
student must write his or her own lab report independently.

3. Use the active voice rather than the passive voice whenever possible.

4. Use consistent verb tenses throughout.

5. Be as specific as possible. For example, “the work done” is not very specific (unless context
supplies what is missing); “the work done by the bow on the cart” is specific

6. Be concise. Shorter is almost always better except if it comes at the cost of clarity or
specificity. Use diagrams whenever it is difficult to accurately describe something with words
only.

7. All graphs and tables, and all numerical values reported in the body of the text, must have
units.

8. Avoid repetition from section to section as much as possible, while remaining clear. The
abstract and conclusion should each summarize the rest of the report, but otherwise, there should
be little repetition within the report.




Sections of the lab report:

1. Abstract: The abstract should be a very concise, one- or two- paragraph summary of the key
ideas and results. It should explain the purpose of the measurement and the key points of how
it was accomplished, and give the main results and their interpretation. It should not recount
every detail of the experiment. The abstract must be self-contained and not refer to the main
text; its purpose is to allow an expert reader to grasp the essential points of the report quickly.
Consequently, the abstract is written assuming that the reader understands all of the theory
behind the experiment, and is familiar with the types of experimental methods used.

2. Introduction: The introduction provides context for the theory and experimental methods
sections that come later. For example, if you were writing about the Thevenin’s theorem lab
from Physics 8, you would say something about how analyzing complicated networks of
resistors and voltage sources is made simpler with Thevenin’s theorem. The introduction also
commonly provides a general summary of the experimental approach taken, but not nitty-gritty
details; those will be provided in the Experimental Methods section.

The introduction is usually pretty short, and is likely to repeat some of the information that is
in the abstract. It is nice to motivate why the experiment you are writing about is interesting,
but don’t stretch too far for this (don’t try to make this sound like a cure for cancer or the next
great technological breakthrough).

3. Theory: In this section, derive the key theoretical results that will be compared to your
measurements. Derivations should not show every step of algebra, but should provide enough
motivation of how to get from one step to the next that your reader could fill in all the missing
steps without any additional references. Mathematics should be interspersed with prose
commentary in the same manner as in a physics textbook; explain the steps you take in the
derivations and comment on the physical significance of the results.

Equations should be numbered and symbols used in them should be defined explicitly when
introduced. If a diagram will help make your derivation clearer, as is almost always the case,
include it. It is fine to hand-draw diagrams as long as they are clear and neat.

4. Experimental methods: Give a detailed description of the method you used to measure your
data. This section must include a diagram of the experimental apparatus unless it is identical
to a diagram you used in the theory section, in which case you can refer back to it. If you refer
back to a diagram in the theory section, you must indicate what equipment was used for
idealized things (i.e. “A function generator served as the ac voltage source”). You should
describe what you actually did: “We measured the voltage across the capacitor on channel 1 of
an oscilloscope and simultaneously measured the voltage across the function generator with
channel 2. To find the amplitudes of these voltages, we used the “Measure” function of the
oscilloscope. We then used the “Math” menu on the oscilloscope to calculate the voltage
across the resistor as the difference between channel 2 and channel 1, and used the cursors to
determine the amplitude of the voltage across the resistor.” (You could use symbols for these
voltages, i.e. Vi and Vy, if you previously defined them in the theory section.)

Your methods section and results section together should convince your reader that you have
used sound scientific methods, and you have guarded against inadvertent sources of error.
You do not need to explain how to use standard laboratory techniques (i.e. how to assemble
circuit components on a breadboard, how to use an oscilloscope) or teach the reader how to
use the apparatus. This section should be written so that another person can duplicate the
specific experiments you performed, assuming that they know how to operate the apparatus.



5. Results: Here you provide your measured data as graphs or tables and narrate the results in the
main text (“Figure 5 shows the force on the cart (measured with the force probe) vs. the
acceleration of the cart (measured with the motion detector. These data represent the average
of many (25 — 75) data points measured while the cart was undergoing steady acceleration; the
error bars represent the standard error of each average.”). This section will most likely be a
sequence of descriptions of tables and figures, held together by text explaining how and/or
why you went from one measurement to the next. Again, look at the textbook or the lab
manual for examples. Provide captions for all graphs and tables; captions are somewhat
redundant with the labels and the main text.

The conventional distinction between “Results” and “Discussion” is that data are presented in
the “Results” section and analyzed in the “Discussion” section. That said, you can use some
Jjudgment for exactly where to draw the line between “data” and “analysis,” and you should
avoid redundancy. For example, it is not necessary to provide two separate figures displaying
the same data, one displaying the raw data without a fit to the theory and one adding the fit to
the theory; just provide one figure, explain what the fit is when you first introduce the figure,
and then discuss the significance of the fit and how well it matches the data in the
“Discussion” section. In dividing material between “Results” and “Discussion,” it is primarily
important that the report has coherence and logic to its overall presentation, and that it is
complete.

6. Discussion: Here you analyze your data, compare your results to the theory both qualitatively
and quantitatively (in figures as well as in text/tables if at all possible), and discuss the
physical significance of your results. Be sure to consider experimental uncertainties. When
there is disagreement between data and theory, you should give physically plausible
explanations of the discrepancy (and consider whether the discrepancies arise from systematic
or random error). For example, if the measured values of the heat capacitor of copper agree
well with theory at the highest temperatures but gradually become higher than expected as
temperature decreases, a plausible explanation could be that your temperature measurement is
accurate at high temperatures, but at low temperatures, the sample is actually warmer than
your measurement indicates. If you felt that the method used to find the data was inadequate to
obtain good results, do your best to suggest an improved way to obtain the data, and explain
how this alternate method could address the shortcomings.

7. Conclusion: This will almost certainly repeat a lot of what is in your abstract (often it’s good
practice to write the conclusion next-to-last and the abstract last, when writing your report). Be
quantitative and concise. This section should focus on the core result and not on minor issues.

8. References: Provide references for everything you consulted in writing the lab report.
Probably this will just be the lab handout, the manual for the apparatus (if consulted), and
relevant textbooks.

9. Appendices: Tabulated data that are given in graphical form in the lab report, details of
derivations too long to include in the theory section, numerical simulations, etc. may be
included in appendices when appropriate. It is not always necessary to provide appendices.

For further guidance, consult American Institute of Physics (AIP) Style Manual. The entire
manual or sections may be downloaded from http://www.aip.org/pubservs/style/4thed/toc.html.



Format of the lab report:

Prepare your lab reports in either a word processing program with equation typesetting capability or
LaTex. Before writing your first lab report, look at a published journal article in Physical Review
with particular attention to how figures and tables should be formatted and captions provided.
Your lab reports should adhere diligently to the following format (when submitting an article to a
scientific journal, the report must be provided in a standard format or it will not be considered).

The first page should be formatted as follows:

Title in Fourteen Point Bold Text
Skip two lines after the title.

Name of author
Names of author’s lab partners
Date lab report turned in
Skip two lines after the date.

The abstract is indented and justified.
Skip two lines after the abstract. (Do not insert a page break before the main body of text.)

I. Introduction
Skip one line after bold, 12 point, Roman-numeral-indexed section titles.

Indent all but the first paragraph of each section by about 0.25 inches. Do not leave blank lines
between paragraphs. Use twelve point Times or Times New Roman font in the body of the text
except for symbols; use double-spaced text for draft sections, single-spaced for the final version.
Number pages on the bottom center.

Skip two lines before new sections.

Format of figures and tables

Numbered figures and tables include captions and must be discussed in the main body of the text
(referred to as Table 1 and Fig. 1). Axes must be labeled with the quantity shown as well as with
numbers on the tick marks. Figures and tables must be embedded in the main body of the text as
near as possible to where they are discussed. However, if it will save you time to put each figure on
its own page, rather than placing them into the main flow of the text, that is fine.

Skip two lines before embedded figures or tables, then place the caption directly below the figure or
table, then skip two lines after the caption before resuming the text.

Format of equations

Mathematical symbols are generally italicized, as E for energy. Avoid beginning sentences with
symbols. Equations (as opposed to individual symbols) should be typeset (as in Word’s Equation
Editor or LaTex’s equation typesetting), appear on separate lines, and be numbered as shown
below. Grammatically, equations are part of the text and should be punctuated as such. For
example, if the equation constitutes the end of a sentence, a period should appear after the equation:

E = mc*. (1)

If the sentence is continued after the equation, the word after the equation should not be capitalized
(and a comma may be needed after the equation).



Format of references

Important information from sources like the Lab Manual [1] is cited with square brackets in the
text, and the references supplied as endnotes in the last section, entitled “References” (for
examples, see any Physical Review article).

Typical references will follow the format below:

[1] Department of Physics and Astronomy, Nuclear Magnetic Resonance Advanced Laboratory
Manual, Spring, 2006, Swarthmore College, Swarthmore, PA (1997).

[2] N.P. Longley et al., “Ultra High Energy Cosmic Ray Composition from Simultaneous Surface
and Deep Underground Muons at Soudan 2,” Phys. Rev. D 52 2760 (1995).

Further details on the format of references is provided in section 10 and Table II of part II of the
AIP Style Manual.



