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Abstract

Intended for students of Stanford’s Physics 107 course, this man-
ual introduces the issues of style and structure expected of a
technical journal article such as Physical Review Letters. We em-
phasize clear exposition of a central thesis with logically flow-
ing supporting material in a structure catering to the reader’s
expectations. These concepts are revealed through examples of
both student and professional writing.

1 Introduction

Technical writing is an art, and not an easy one. Poor examples of it are
easily found, and not just among student writing. Published literature con-
tains an unfortunately large amount of unclear, muddled prose.

However, good writing is a critical part of good physics. Published pa-
pers are the working currency for a modern practicing physicist. Journal
articles are often the only lasting result of research labor. They are an im-
portant product on which physicists are judged for funding grants and job
candidacy. Most importantly, journal articles are the most broad-reaching
and lasting means by which scientists reveal their ideas and discoveries
to the community. In physics and in most of academia, the quality of our
research is inevitably colored by the quality our writing.

So what makes technical writing good, and what makes it bad? This is
clearly a subjective question, but we may first approach it from extremes.

Consider first the structure of a paper. On one extreme, rambling from
one topic to the next without apparent logical structure, such as a “stream
of consciousness” novel, is clearly a poor choice for technical prose. But
the other extreme is an over-sectionalized, rigid document without any
natural flow, such as a tax form or a legal contract. While the critical in-
formation might be present in either form of paper, neither will be well
comprehended.

Consider now the style of a paper. Some bad writing is too colloquial.
Consider this sentence, which may have appeared in the conclusion of the
first published report of optically trapped atoms: “We trapped lots more
atoms than in other experiments, and made them much colder too.” Surely
this sentence strikes us as “informal,” but its real problem is that it is vague.
Some bad writing is not colloquial enough; the same sentence might be
written: “Trapping of a particular atomic species with manyfold improve-
ment in atom density and substantial reduction in atom temperature was
achieved, where the improvement is reported with respect to previous ex-
periments involving either the technique of magnetic quadrupole trap for-
mation or the use of radio-frequency alternating currents to form a stable
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potential for ionized atoms.” This sentence is not vague, and it is certainly
not informal, but it is nearly unreadable. The issue separating good from
bad writing style is not simply the degree to which it is formal or colloquial.

How do we find the “good” middle-ground for technical writing? In
our examples above, the first, colloquial sentence was too vague; it did not
deliver enough information to the reader. The latter sentence delivered too
much information, with language that was perhaps too formal, resulting in
a sentence that most readers have trouble understanding. “Good” scien-
tific writing must deliver sufficient and correct information, but must rely
on more than just formal structure and accurate language: it must actively
attempt to communicate that information to the reader.

How does one effectively communicate complex information? Again,
it is a difficult art learned by experience. However, a key concept to re-
member from the start is that one should write from the point of view of
the reader. Remember that the reader does not simply read; the reader in-
terprets what he or she is reading based on context.

In this manual, we will briefly outline some basic rhetorical principles
in both structure and style to help students write clear, flowing, logical,
communicative prose that caters to the expectations of the reader. Often,
these principles will be best demonstrated with several examples of techni-
cal writing, some from typical student lab reports, and some from a Nobel-
prize winning Letter from a former Stanford professor [S. Chu et al., Phys-
ical Review Letters 57, 314 (1986), hereafter referred to as the “attached Let-
ter”]. The sentences about atom trapping above, for example, were mu-
tations of the second sentence of paragraph 13 of the attached Letter. In
what follows, we follow a “top-down” approach to discussing structure
and style, as this is the approach in which actual writing is best accom-
plished. Correspondingly, we begin with the overall structure of a typical
journal article.

2 The Structure of a Scientific Article

On the largest level, the basic structure of “introduction, body, conclusion”
is essential for nearly all types of technical writing. In the presentation of
experimental physics research, a finer structure is expected.

The usual format in Physical Review, plus suggested length limits for a
Letter, is as follows:

1. Abstract. ( 1
2 pg.) A concise statement of the experiment’s goals, unique

methodology, and results.

2. Introduction. (1 pg.) Motivation, context, and theory necessary for the
understanding of the experiment.

3. Experimental Methods (2 pg.) Description of physical setup and proce-
dure, sufficiently detailed to allow the experiment to be repeated by
a reasonably knowledgeable expert.
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4. Results and Discussion. (2 pg.) The data obtained and quantitative
analysis of that data. The physical interpretation of the data should
be discussed, and the degree to which it agreed with the theoretical
hypotheses of the introduction.

5. Conclusion. ( 1
2 pg.) A restatement of the important results, as well as

applications or possible future improvements.

Before proceeding, we must address issues of length and typesetting.
There are no constraints to the minimum length in technical writing, and in-
deed, the more concisely one can convey the critical information, the better.
There are certainly constraints on the maximum length. For example, a Phys-
ical Review Letter is strictly limited to 4 single-spaced, two-column pages,
and nearly all Letters are nearly this long. The length guidelines presented
in the list above assume double-spaced, 12 pt. font on 8.5× 11” paper with
approximately 1 inch margins; this format is preferred for “preprints” for
ease of editing. The length limits are not strict, but if they are exceeded then
a more concise rewrite should be considered.

The reason a good paper follows the above structure is because the
reader expects this structure. Every sentence in a paper is read with a con-
text in mind; the same sentence can take on different shades of meaning
depending on which part of the presentation the reader believes he or she
is reading. If the results are presented before the experimental methods, for
example, then the reader will become confused as to what the results mean,
what was known before and after the experiment, and the relevance of the
ensuing discussion of methods. However, this structure is also not a strict
form. Occasionally part of the results are presented before the methods, in
order to clarify aspects of the methods section to follow.

In what follows, we describe the expected content of each section not in
the order of the final presentation but rather in the rough order in which
they should be written, or at least conceived.

The Thesis. This is not a section of the paper, but rather the overarch-
ing reason for it, and therefore should always be the first part planned
by the author. Deciding how to order material in a paper should always
follow the decision of what material to include in that paper in the first
place! Any publishable scientific experiment is extremely complex, and re-
quires the experimentalist to develop many ideas and technologies. Unfor-
tunately, very little of this work actually makes it into the published article.
(This work should still be written down in lab notebooks, dissertations,
and other forms of technical documentation.) The writer must choose a
thesis, a central argument of the paper to which all material in the paper is
somehow related.

Carefully choosing the thesis is the most important and often the hard-
est part of writing a paper; we offer only brief advice here. Student lab-
oratory reports will usually describe an experiment which has been done
before, measuring a physical quantity that is already well known. For this
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reason, students make the assumption that the goal of the experiment is to
get as close as possible to the “right” answer. This situation is very differ-
ent from “real” physics, however, in which the “right” answer is seldom
known, and a thesis limited to describing how close the results came to this
answer will rarely result in an excellent report. Most measurements are
sufficiently rich that alert and thorough students may discover previously
unknown effects leading to error or imprecision; frequently, the best theses
focus on one such effect. There is always new physics to be found, even in
old experiments.

As one example, in a nuclear lab performed by Stanford students for
many years, students learned that the efficiency for detection via the pho-
toelectric effect decreases with increasing energy. Yet when studying emis-
sion from 57Co with a proportional counter, a peak at 14.4 keV invariably
had more counts than the 6.5 keV peak. For years students wrote off this
contradictory result as a statistical glitch or a result of absorption in air,
without understanding or testing their assumptions. Finally in 1997 three
students proved that the plastic encapsulating the 57Co source was pref-
erentially absorbing the 6.5 keV radiation, using a variety of experimen-
tal tests. Their report featured as its thesis this hypothesis and a series
of convincing results, indeed finding new aspects of an old measurement.
Students may not always be able to successfully discover the cause of ex-
perimental errors or anomalies, but careful awareness, study, and written
communication of them will have more ultimate pedagogical value than
repetition of old results.

The Title. The title should begin the paper by expressing the thesis as
completely and succinctly as possible. Both the goal of the experiment and
any technique or apparatus unique to the paper’s approach should be men-
tioned. Any excess words should be trimmed away, however, and the title
should be expressed as a fragment rather than a full sentence. If the title
runs more than two lines, it is likely that too much information has been
included or the thesis needs to be more narrowly defined.

Consider these example titles:

The Proportional Counter
The Proportional Counter and its Uses

Counter Resolution and Dependence of Gain on Bias Voltage

The first reveals nothing except one of the tools used in the experiment.
The second is equally unclear, and the vague word “uses” implies that the
thesis is still too broad for an effective paper. The third title is better, but
includes two different concepts that would be hard to tie together; one of
the topics should be dropped. The title

Energy Resolution of a Proportional Counter

however, immediately shows that the author has explored the energy reso-
lution of the counter, while
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Variation of the Energy Resolution of a Proportional Counter
with Bias Voltage

is even better, highlighting exactly what quantities were measured and
hinting at how this information could be useful (i.e., helping the reader
choose a voltage that optimizes energy resolution).

The Abstract. The abstract should also begin with a statement of the the-
sis, more detailed and less abrupt than the title. Any important results or
novel experimental techniques should also be included. The reader should
gather the paper’s important points from just the abstract, since in reality
this may be all that most colleagues will read. Nonetheless, the shorter the
abstract, the better.

If the author has not narrowed his or her focus to a clear thesis, the
abstract will reveal it. Here is an example from a student report:

Abstract
Using the 6.5-keV and 14.4-keV spectral lines of a 57Co source, I
found that the energy resolution of our proportional counter
varies from 6.8± 0.9% to 13± 4%. The resolution improved as
the energy of incident radiation is increased and also as the
voltage applied to the proportional counter is raised. The other
half of the experiment verified an inverse square theory that I
will propose in this paper. The experimental data indicated that
the radiation detection rate is approximately equal to a constant,
which represents the background radiation rate, plus a term
proportional to the inverse source-detector distance squared.

There are two theses in this abstract: the study of the energy resolution
of the counter, and the verification of the inverse square law. The two are
dissimilar enough that the student should concentrate on only one of them.
Since the student has done at least two useful sets of measurements for ∆E
(vary E, vary bias voltage), and since the inverse square law is nothing new,
the student may want to focus the whole paper on the energy resolution
studies, and cut out of the abstract everything after “voltage applied...is
raised.”

The Conclusion. The conclusion should echo but not directly copy the
abstract. It should restate the results cited in the abstract, but also sum-
marize the limitations of the experiment, such as the total uncertainty of
the results and the dominant source of this uncertainty. The author may
then wrap up the paper by discussing future work planned on the subject,
possible applications of the work, or suggestions for other techniques. All
of this information helps the reader quickly absorb the important quanti-
ties, determine if they are useful in his or her research, and decide if the
precision of the result can be improved by other techniques.
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The most important consideration in writing the conclusion is consis-
tency with the thesis. Here are the abstract and conclusion from a student
report on sodium iodide scintillators:

Abstract
We explain the origin of the hitherto unexplained 662.71 keV
peak in the scintillation spectrum of 60Co. Experimental
measurements of the peak conform perfectly with the theoretical
expectation for the energy absorbed when one of the annihilation
photons from the 1.173 MeV pair production event escapes
detection. We present similar explanations for other features in
the 60Co spectrum, and verify them within experimental error.
Conclusion
Notable features in the 60Co spectrum can be predicted based on
interactions of radiation with matter inside the scintillation
detector. Certain features which are expected are shrouded due
to Bremsstrahlung radiation and require a source with better beta
absorbers. The spectrum of 60Co has several effects superposed
on each other, therefore, it would require a detector with
superior energy resolution than 10% in order to fully verify the
more subtle features expected.

This example was written by a harried student attempting to write a re-
port straight through in one sitting. As new ideas occurred to her, her focus
changed midstream. The abstract puts the most emphasis on explaining an
anomalous peak at 662 keV as a single escape peak from pair production.
As she wrote, however, she realized that her evidence was not as convinc-
ing as she first believed (in fact, the peak was from a 137Cs source sitting
nearby). By the time she wrote the conclusion, this topic had been dropped
entirely. Furthermore, the vagueness of both paragraphs (no other partic-
ular feature is discussed) makes the rest of the paper even more difficult
to read. This example should emphasize the importance of planning: one
should begin by choosing a clear thesis and making an outline for the pa-
per with a logical structure to support that thesis. Having done this, some
might choose to write the abstract and conclusions first.

For a more positive example, compare the abstract and final paragraph
of the attached Letter, further discussed in Sec. 4.

The Introduction. The introduction must, like the abstract and conclu-
sions, eventually declare the thesis clearly. Sometimes it will do so using
the same language as the abstract; this is acceptable. But the introduction
should do more than this: it should give the “why” of the experiment, its
purpose and theoretical motivation. In most articles, a summary (and sub-
tle judgement) of other related research is a critical component of the in-
troduction. Key equations and concepts necessary to understand the rest
of the paper are highlighted here. The section should be summed up with
a restatement of the thesis, and possibly a sentence or two on the plan of
action as a smooth transition to the experimental methods.
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The introduction must not dominate the paper, however, as it usually
presents work not originated by the author. Concision and clarity can
be made consistent here by first minimizing the concepts to those strictly
needed for what follows in the paper, and citing the other papers and texts
from which the presented concepts and equations originate. An introduc-
tion which rederives well-known results or delves too far back into the his-
tory of a line of research will take up too much of a paper’s two most valued
resources: space, and the reader’s attention.

How much knowledge of the reader should the author assume? In pro-
fessional writing, this question can be difficult to answer. For reports in
Physics 107, students should consider their audience as their peers, so if
the student knew a given concept before preparing for the lab, then they
should assume that the reader knows that concept when reading the re-
port.

For an excellent example of an introduction, see the first two para-
graphs of the attached Letter, further discussed in Sec. 4.

In contrast, consider this example from a student laboratory report about
measuring the linearity of a proportional counter:

Introduction
The proportional counter is one of the most commonly used
devices for recording the energy of X-ray radiation. The anode
wire in the center of the counter is kept at a high bias voltage,
and in the case of the RSG-61 proportional counter, the
maximum voltage is 2 kV. However, if the voltage does not fall
within a certain range, the proportional counter will not behave
proportionally. Ion-electron pairs will not be accelerated enough
to create the collisions that produce more ion-electron pairs, and
the pulses coming from the counter will not be proportional to
the energy of incoming particles.

Because a proportional counter that is not in its proportional
region is next to useless for gathering meaningful data, it is
important to understand what levels of bias voltage will yield
proportional results. 57Co is a radioactive isotope with
well-known spectra, producing X-rays with energies of 6.4 keV
and 14.4 keV. If the counter is behaving proportionally, the ratio
of energies recorded by the counter at its peaks should be
14.4/6.4, or 2.25. By altering the bias voltage, and recording the
output, we are able to see whether the counter is in a
proportional region.

The first paragraph has little purpose other than to define proportion-
ality. Unfortunately, the language suffers from constant repetition of the
word “proportional,” not approaching a physical definition until the last
sentence, in which “proportional region” is only indirectly defined. Details
such as “. . . in the case of the RSG-61 proportional counter, the maximum
voltage is 2 kV” are not appropriate for this introductory paragraph. In
particular, more background material could be added to this introduction;
in particular the reader may be wondering what physical processes limit
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the proportional range. The reader might also wish to know whether the
current results are limited to the RSG-61 counter or whether they are more
general; if they are specific to one kind of counter, perhaps the scientific
relevance of that specific counter could be more explicitly discussed.

The second paragraph provides an appropriate summary of why the
student makes the measurement, why 57Co is chosen for it, and how the
measurement will be made. Further details are not needed for this part
of the discussion; indeed this paragraph transitions nicely to the ensuing
methods section. However, precise language is always important; in par-
ticular the words “see whether” are vague and informal, whereas a more
precise phrase such as “test the lower limit of. . . ” would better clarify the
scope of the experiment for the reader.

Experimental Methods. The experimental methods section contains de-
scriptions of both the experimental setup and the types of measurements
made. Some explanation of why certain measurements are made (what
specific effect the experimenter hopes to study) is also appropriate. A good
rule of thumb for the methods section is to include just enough detail to
allow an expert reader to repeat the experiment. Excessive description of
common equipment will waste space; in a published paper, it will often be
only those ingredients that are new or novel that will be described with any
detail. Certainly, only those experimental ingredients that are relevant to
the thesis should be described at all.

A frequent problem with student writing is the use of time-order words.
Writing “first we did this, then we attached that” makes the section sound
like a recipe, with no concern for why the procedure was done this way.
Also, chronological order is often not the best way to understand a process.
A sentence such as, “First we connected the preamp to the amplifier, then
linked the amp to the MCA, then hooked up the proportional counter,” has
no logical flow. If the writer instead follows a signal through the system,
as in the sentence, “An x-ray triggers a current in the counter, which is
enhanced by the preamp and amplifier and read by the MCA,” the reader
sees more clearly the purpose of each piece of equipment in the procedure.

Further improvements require more subtlety. Diagrams, for example,
are almost always useful to clarify a complicated setup, but two issues
must be kept in mind. First, if parts of the diagram will be discussed in
the text, always refer the reader’s attention to the figure first. Otherwise
the reader is confused and must scan the text again to connect it to the dia-
gram. Second, if the setup is easily described in words, a diagram becomes
unnecessary. For the sample sentence in the previous paragraph, an ac-
companying diagram would only consist of four boxes labeled “counter,”
“pre-amp,” “amp,” and “MCA,” connected in series by straight lines. This
diagram neither adds to nor clarifies the text, and should not be included
in the paper.

Taking all of the above suggestions into account, we can examine a real
methods section written by a Stanford student:
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Experimental Methods
We used a Reuter-Stokes RSG-61 x-ray proportional counter tube
to measure the x-rays produced in the decay of the radioactive
cobalt. The signal produced by an event in the detector—a burst
of current proportional to the energy of the radiation causing the
event—was passed through a series of amplifiers, which
converted the current pulse to a voltage pulse, and amplified it to
a measureable size. This pulse was then directed to a
multi-channel analyzer (MCA), which measured the number of
signals at each of a range of voltages. Using an MCA, we
measured the shifts in the number of x-rays of each energy
recorded by the detector. Figure 1 shows our experimental setup.

Radioactive decay of 57Co produces gamma rays at 136.5
keV, 122.1 keV, 14.4 keV, and 6.4 keV; our detector, however, was
only able to detect the latter two of these. The higher energy
gamma rays are presumed not to have had any effect on our data
and were ignored.

First we placed the cobalt source on the window of the
proportional counter. Then we hooked up the pre-amp,
amplifier, and MCA. We set the RSG-61 bias at 1700V and ran for
five minutes. Then we increased the voltage to 1750V and ran for
another five minutes. We repeated this process up to 2000V. Each
time we saved the spectrum to the MCA’s memory for later
study.

The above example suffers from a lot of unnecessary information. In the
third paragraph, the order in which the equipment was hooked up is a
less informative echo of the first paragraph, and the voltages used can be
expressed without specifying which was tested first. The workings of a
proportional counter and an MCA, while new to the student, should be
known to peers, so an explanation of how they work and why the higher
energy x-rays are ignored is not needed. Finally, as we mentioned before,
Figure 1 in this instance will probably add nothing to the paper. Thus this
sample section could be trimmed to the following:

Experimental Methods
A Reuter-Stokes RSG-61 proportional counter tube was used to
measure the 6.4 and 14.4 keV x-ray decays of 57Co. The detector
signal was processed by a pre-amplifier and shaping amplifier
and read out by a multi-channel analyzer (MCA). The source was
placed on the center of the detector’s beryllium window. Spectra
were measured in five minute intervals for bias voltages from
1700 to 2000 volts in steps of 50 volts.

Results and Discussion. The results section follows naturally from the
methods. It is natural for a reader to ask, after the description of the exper-
iment, “so, what happened?” The discussion section answers the naturally
ensuing question, “and what does it mean?” In these sections a crucial con-
sideration is the maintenance of a logical flow, directed by the central thesis.
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Unordered lists of data, even if explained with verbose discussion, will be
insufficient if the reader does not follow the logic of its presentation.

In the presentation of numeric data, tables are very important. Mea-
sured numbers should almost never appear in the text of the paper; a string
of numbers is difficult to digest in one read and not as revealing as when
they are placed side by side. Consider the following student example:

Peaks were apparent around 1240 and 2700 channels,
corresponding respectively to the 6.4 keV and 14.4 keV emission
lines. Their ratio was found to coincide (within the uncertainty of
the measurements) with the anticipated value of 2.25 (14.4/6.4).
Although it was encouraging to find the peaks so well related,
the resolution was disappointing after the results of our
calibration; the 6.4 keV line had a ∆E of 17%, the 14.4 keV peak
10%.

Here it is difficult to tell which numbers are data and which are conclusions.
In this case, the calculated ratio of 2.25 is the important number. The other
values, even though there are only 6 of them, should be set off in a table,
and the text should simply cite the table and state the inferred result:

The counter output for the two prominent 57Co X-ray peaks are
listed in Table I. The count ratio was found to coincide (within
the uncertainty of the measurements) with the anticipated value
of 2.25. Although it was encouraging to find the peaks so well
related, the resolution (∆E) found after calibration was
disappointing. . .

Channels Corresponding Energy Resolution (∆E)
1200 6.4 keV 17%
2700 14.4 keV 10%

Table I: Prominent 57Co X-ray peaks.

The use of a table not only simplifies the accompanying text—it also pro-
vides the opportunity to visually offset the key results from the related dis-
cussion. Tables should appear with well-labeled headings, all units labeled
at least once, and a short, descriptive caption or title.

Figures For the presentation of data, a table is better than text and a graph
is better than a table. This important point is best revealed by a simple
example. Consider this exciting passage:

As we heated the temperature of the resistor from 300 K to 305 K,
the RMS voltage increased from 12.86± 0.05 µV to 12.9±0.04 µV.
As expected, the RMS voltage continued to increase as we raised
the temperature, reaching 13.15± 0.07 µV at 310 K, continuing to
13.18± 0.04 µV at 315 K, and ending up at 13.30±±0.06 µV at
the highest temperature we went, 320 K.
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Figure 1: Johnson Noise vs. temperature

While the principles of story-telling can help in the construction of clear
prose, it is rarely effective in the presentation of data. In this case, a table is
more concise but still not illuminating:

Temperature (K) RMS Voltage st. dev.
300 12.86 0.05
305 12.90 0.04
310 13.15 0.07
315 13.18 0.04
320 13.30 0.06

Table II: RMS Voltage measured at five temperatures

Most people have trouble seeing even the simple pattern in a list of num-
bers like this. However, even a poorly drawn graph, as shown in Fig. 1,
shows the point of the data. There are, however, many problems with the
graph in Fig. 1, and all of them may be seen in student writing and (unfor-
tunately) in too many professional presentations. The problems include

1. The axes are not labelled; both the physical measurement and the
units should be clearly labelled.

2. The caption does not explain the graph; although it provides a title
that gives us some idea of what is being shown, it should briefly let
us know what this data is and what measurement yielded it (without
being too long or redundant to the text.)

3. The lines through the points are inappropriate and undescribed. Is
this a fit? Is this a spline? A fit would be most appropriate; curved
lines to “guide the eye” should be used sparingly.
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4. Error bars, though known, are not featured on the plot.

5. Superfluous material irrelevant to the information presented (“Se-
ries 1”) is included.

In addition to these, it is wise to begin making figures that work well when
printed: Fig. 1 is unnecessarily filled in, rather than leaving a white back-
ground, and it includes a superfluous box around it. An improved version
of this graph is shown in Fig. 2.
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Figure 2: The average RMS voltage measured across the 10 MΩ
resistor is shown against the temperature of the resistor. For this
data, the bandwidth is 1 kHz. The error bars show the standard
deviation from five independent measurements. The dashed
line is a linear fit to the data, showing a slope of 22.0±0.1 nV/K.

For more examples in the use of figures, consult the attached Letter. In
the methods section, for example, the authors present as Fig. 1 graphs of
the expected potentials experienced by atoms due to applied laser fields.
These pictures are surely more valuable than a written description; they
are also easier for the reader to understand than a mathematical formula.
Note that all axes are clearly labelled with titles and units.

Do not hesitate to clarify the presentation with figures. Besides graph-
ing physical data and mathematical functions pertinent to the discussion,
diagrams may be used in the introduction and discussion sections to ex-
plain concepts, while schematics are often the clearest way to describe an
apparatus in the methods section.

Often, the explanation of figures provides the clearest and easiest logi-
cal structure for the text. This occurs in the results section of the attached
Letter. Starting with paragraph 7, the results section has the general form
of explaining what each figure shows, and then discussing what it means.
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This structure is very convenient for both the writer and the reader. When
structuring a section this way, always refer the reader to figure first.

Nearly all papers would benefit from more figures, but unfortunately in
a Letter they take up much space and must therefore be judiciously chosen.

The structure of the results and discussions section can vary greatly de-
pending on the nature of the paper’s thesis. Indeed, the internal structure
of any section may be written quite differently depending on the nature
of the work. Common to all papers, however, is the style in which these
sections should be written, a subject to which we now turn in more detail.

3 Style

Our discussion of the general structure of an article has emphasized logical
flow; such flow does not come automatically from the structure, however,
but rather from the construction of paragraphs, sentences, and even indi-
vidual word choice. In this section we offer helpful suggestions for main-
taining a clear, flowing style.

Students should be reminded that writers are often the poorest judges
of their own writing. Meaning is lost to the reader for two reasons: first,
and most obvious, the reader does not have the prior knowledge possessed
by the author. Second and more subtle, however, are the contextual inter-
pretations added by the reader. Each sentence presents an expectation for
the next, and this expectation can color the meaning of that next sentence.
The same system of expectation is true within a single sentence. This effect
can be detrimental or advantageous, depending on the author’s rhetoric.
Often, stylistic problems can only be detected by a reader separate from
the author, emphasizing the importance of finding someone to read your
writing before final editing.

3.1 Simplifying Subjects and Verbs

The first rhetorical principle that cannot be sufficiently emphasized is sim-
plicity. The concepts to be explained in physics are sufficiently complicated
that complex, flowery language is more likely to hinder communication
than help it. The author of a physics paper should seek the most direct,
simple way of stating his or her meaning.

Joseph Williams (see Sec. 5) has argued that the most effective writ-
ing follows the basic principles of narrative prose. While technical writing
should not sound like a story written for children, it does tend to be most ef-
fective when composed as “characters” that perform “actions.” In technical
reports, those characters are rarely people; they may be instruments, sam-
ples, or even ideas or theories. However, whatever they are they should be
identified and, if it is reasonable to do so (bearing in mind Sec. 3.2), made
the subject of the sentence. The “actions” these characters perform should
be the verb of the sentence. Keeping characters and actions clear in writing
leads to very readable prose. A related concept is to ask what the important
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stress is in each sentence, and make sure it is presented in an appropriate
part of the sentence for the reader to perceive it as such.

Consider this abstract we already saw in the section on structure on
page 6. Try to follow the long second sentence:

Experimental measurements of the peak conform perfectly with
the theoretical expectation for the energy absorbed when one of
the annihilation photons from the 1.173 MeV pair production
event escapes detection.

Cutting the unnecessary words “experimental” (already implied by “meas-
urements”), and “perfectly” is not enough to make this readable. The real
problem here is the presence of five prepositional phrases, all acting as very
long-winded nouns: “Experimental measurements of the peak,” “the the-
oretical expectation for the energy absorbed,” “one of the annihilation
photons from the 1.173 MeV pair production event.” These overblown
phrases are called nominalizations, and they obscure the reader’s ability to
identify characters or actions, and the important stress of the sentence.

What is the subject of our sentence? It seems to be “experimental mea-
surements,” but are “theoretical expectation” and “one of the annihilation
photons” both objects of “measurements?” No, the latter is the object of
“theoretical expectation;” the theory predicts something for the photon.
And what does it predict? The “measurement.” So if we let “theoretical
expectation,” or more simply just “theory,” be our subject “character” and
open our sentence, the other two nouns can follow as objects.

Our “action” verb will be whatever our subject, “theory,” is doing, which
in this case is “predicting” a result. The main object, the thing being pre-
dicted, was originally written as “experimental measurements,” but is there
a better way to phrase this? What is being predicted? The answer is the en-
ergy measurement given at the end of the first sentence, 662.71 keV. So we
can simplify our first object to just “this energy,” referring back to the pre-
vious sentence.

Now let’s place our problem sentence, with the subject, verb, and main
object more clearly defined, back in the abstract:

Abstract
We explain the origin of the hitherto unexplained 662.71 keV
peak in the scintillation spectrum of 60Co. Theory predicts this
energy when one of the annihilation photons from a 1.173 pair
production event escapes detection. We present similar
explanations for other features in the 60Co spectrum, and verify
them within experimental error.

The abstract can now be digested in one pass.

3.2 Old, then New

The second important rhetorical principle in constructing sentences and
paragraphs is that that new concepts should follow previously presented
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concepts. Although this principle sounds obvious, it is frequently aban-
doned even in professional writing.

What is the problem with this introductory paragraph?

Radiation from 60Co interacts with matter via both photoelectric
absorption and Compton scattering. All of the energy of an
incident gamma is absorbed by an electron, causing a
scintillation, during photoelectric absorption. The full energy
peak, or “photopeak,” of the spectrum corresponds to the energy
absorbed by these electrons. A broad range of energies, however,
may be transferred from the gamma to the electron, depending
on scattering angle, during Compton scattering...

When we read, we try to link each new piece of information with what we
saw previously. In this case, after digesting the topic sentence our brain is
looking for descriptions of the two main objects, “photoelectric absorption”
and “Compton scattering.” But in the later sentences, these familiar names
are not mentioned until the end. When we reach the final few words of
each sentence, we realize that what we just read, already partially forgotten,
was important in relation to the topic, and we are forced to go back over
the sentence again to forge this link properly. Astute writers always begin
sentences with known information before introducing ideas, signaling the
reader immediately as to how these new facts are connected to the old. See
how simply placing the topical terms first in each sentence smoothes the
flow of information:

Radiation from 60Co interacts with matter via both photoelectric
absorption and Compton scattering. During photoelectric
absorption all of the energy of an incident gamma is absorbed by
an electron, causing a scintillation. These electrons correspond to
the full energy peak, or “photopeak,” of the spectrum. During
Compton scattering, however, a broad range of energies may be
transferred from the gamma to the electron depending on
scattering angle.

Note that one reason the passive voice exists, and the reason it is so popu-
lar in scientific writing, is that it allows old information to be shifted to the
front more easily. Active sentences like “A broad range of energies char-
acterizes Compton scattering” can be shifted to passive sentences such as
“Compton scattering is characterized by a broad range of energies.” Many
students are told to avoid the passive voice in grammar and high school;
surely excessive use of it will muddle any writing, but complete avoidance
of it will prohibit clearly flowing technical writing.

3.3 Less is More

Many writers fear that their work sounds too simple or naive when their
sentences are too short. This defensiveness backfires when too many long,
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complex sentences render a text unreadable. When we struggle to fin-
ish reading a sentence, it is most often because we get lost in wordiness
halfway through. There is nothing inherently wrong with long sentences;
if the characters and actions are matched to objects and verbs, as discussed
in Sec. 3.1, even long sentences can be readable. However, most long sen-
tences in student writing are decorated by unnecessary material which only
lengthen the gaps between concepts.

We use more words than we need in several ways, and good writing
requires scanning all of our sentences and removing the fluff. We can
demonstrate many of these bad habits with the following paragraph from
the methods section of a scintillation lab:

As noted earlier, our experiment was basically composed of three
physical elements: the radiation source, the absorption material,
and, of course, the detector. From the detector, the given signal
was amplified and captured using a standard amplifier and
multi-channel analyzer, where each and every energy was
assigned to one of 4096 discrete bins to be subsequently
analyzed.

Meaningless words. There are many words we use automatically to soften
the abruptness of information flow in our sentences, but which have no
real meaning. Words such as “virtually,” “basically,” “practically,” “vari-
ous,” and so on, give some shape to spoken language but are out of place
in scientific writing. In the example above, we could cut words from “was
basically composed,” “and, of course, the detector,” “the given signal,”
and “to be subsequently analyzed” without loss of content.

Repeated words. English includes several phrases consisting of two words
with identical meanings connected by an “and.” A few are “First and fore-
most,” “one and only,” and “various and sundry.” In almost all cases only
one of the words is needed; in our above example, “each and every” should
be reduced to just “each.”

Richard Feynman tells a story of a writing exam on “The Importance of
Science in Aviation” in his high school days:

I was about to write a simple theme about this dumb question when
I remembered that my literary friends were always “throwing the
bull”—building up their sentences to sound complex and sophisti-
cated. I decided to try it, just for the hell of it. . . So I wrote stuff
like, “Aeronautical science is important in the analysis of the eddies,
vortices, and whirlpools formed in the atmosphere behind the air-
craft. . . ”—I knew that eddies, vortices, and whirlpools are the same
thing, but mentioning them three different ways sounds better! . . . The
teacher who corrected my examination must have been impressed by
eddies, vortices, and whirlpools, because I got a 91 on the exam.

–Richard Feynman, What Do You Care
What Other People Think?, 1988.
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Feynman went on to explain that his high score may have been due to his
English teacher’s lack of ability to fully understand the topic. “Throwing
the bull” to either unnecessarily decorate or even obfuscate a topic is highly
discouraged in technical writing.

Unnecessary modifiers. Many words imply others, yet we include both
words in our sentences and overburden the reader. Often these extra de-
scriptive words take the form of adjectives or adverbs: “completely finish,”
“final outcome,” “future plans.” The best example in our passage above
is “physical elements”, where “elements” is clearly sufficient. A slightly
trickier situation is when unnecessary modifiers appear as nouns or prepo-
sitional phrases, as in “patient manner” or “rectangular in shape.” Omit-
ting these words usually requires altering the modified word in some way.
“Absorption material,” for example, can be changed to simply “absorber.”

Throat-clearing. Many tired phrases exist to help ease the transition of
starting a new sentence. “In addition,” “and therefore,” “in a manner of
speaking,” and “I would like to mention” are a few common examples.
This throat-clearing in preparation for writing is unnecessary in a scientific
paper; just get to the important information. Thus, “As noted earlier” can
be lifted from the above paragraph.

Combining all of these suggestions give us a leaner, clearer opening
paragraph:

Our experiment was composed of three elements: The radiation
source, the absorber, and the detector. From the detector, the
signal was amplified and captured using a standard amplifier
and multi-channel analyzer, where each energy was assigned to
one of 4096 discrete bins to be analyzed.

These sentence-level examples of repetition are fairly easy to avoid or
edit away. A more difficult problem occurs when the writer unnecessarily
repeats concepts in order to fix improperly structured flow. Recognition,
diagnosis, and correction of this kind of repetition can be challenging, but
is a critical skill for preparing technical documents.

We demonstrate with an example from a student introduction concern-
ing atomic energy levels:
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Introduction
Through measuring the wavelength of emitted light, it is possible
to determine both the energy level of the orbiting electron and
the specific substance emitting the light. When an electron
circling an atom’s nucleus changes from a higher energy orbit to
a lower energy orbit, the atom emits electromagnetic radiation of
a specific wavelength or color. This emitted wavelength depends
only on the change in energy level. As a reminder, under the
Bohr model, electrons can remain only at certain quantized
energy levels when they are orbiting a nucleus. Elements and
their isotopes can be differentiated since each has unique energy
levels at which the electrons are stable. In this experiment we
found four wavelength ranges emitting light, α, β, γ, and δ, each
range consisting of a hydrogen and a deuterium peak (a heavy
isotope of hydrogen with two neutrons instead of one). These
peaks correspond to the energy transitions as an electron moves
from a higher energy level, n = an integer, to a lower energy
lever, n = 1. α, β, γ, and δ ranges of wavelength match with
transitions starting from n = 2, 3, 4, and 5. This quantized range
of emitted wavelengths of light is called a Balmer series.

Balmer and other founders of quantum mechanics have
discovered mathematical relations to describe the wavelengths of
hydrogen spectral lines. Using these equations, it is possible to
calculate the ratio of the mass of an electron to a proton based on
the reading for the wavelength difference between hydrogen and
its isotope deuterium.

∆λ

λ∞
=

1me

2mp

From the wavelength difference (or isotope shift) and a
calculated value of the wavelength of light emitted from a
particle of infinite mass, this ratio can be determined. It makes
sense that masses are related to the change in wavelength, since
this isotope shift is simply the result of an additional atomic
weight. For a more in depth coverage of these principles, any
introductory text on modern physics may be of use.

Just understanding what the author is trying to say probably took more
than one read. We will see that much clarity may result from simplification.
This introduction distills into the list given below:

1. Spectrum tells energy level and atom type
2. Energy level determines wavelength
3. Wavelength depends on energy level
4. Bohr model says electrons are in energy levels
5. Energy level depends on atom type
6. We saw four lines
7. Lines depend on energy level
8. Called Balmer series
9. Balmer predicted lines

10. ∆λ/λ∞ = me/2mp
11. From ∆λ, can find me/mp
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12. This makes sense

Now we can more clearly see some of the problems. There is much repe-
tition; lines 3 and 7 echo line 2, and lines 1 and 5 are also similar. There
are concepts out of order, such as the definition of an energy level (line
4), which should come before energy levels are discussed. Finally, there is
some unnecessary information about Balmer which does not directly affect
the measurement. By removing the redundant and unnecessary lines and
rearranging the rest, we can make a much stronger argument while still
preserving the original author’s voice:

1. (Prev. 4) Bohr model says electrons are in energy levels
2. (Prev. 5) Energy level depends on atom type
3. (Prev. 2) Energy level determines wavelength
4. (Prev. 10) ∆λ/λ∞ = me/2mp
5. (Prev. 11) From ∆λ, can find me/mp

To this restructuring, the original text has also been edited to follow the
principle of “old, then new.” A possible introduction now reads:

Introduction
Under the Bohr model, electrons can remain only at certain
quantized energy levels when they are orbiting a nucleus. These
energy levels are unique to each isotope of each element. When
an electron circling an atom’s nucleus changes from a higher
energy level to a lower energy level, the atom emits
electromagnetic radiation of a specific wavelength or color. This
wavelength depends only on the change in energy level,
allowing different isotopes to be distinguished.

This Bohr model allows the calculation [citation] of the ratio
of the mass of an electron to a proton based on the observed
wavelength difference, ∆λ, between hydrogen and its isotope
deuterium. In terms of a calculated value of the wavelength of
light emitted from a particle of infinite mass, λ∞, this ratio can be
determined from

∆λ

λ∞
=

me

2mp
.

The author’s discussion of the taxonomy of Balmer spectral lines is more
appropriate for the methods section of the text, rather than this introduc-
tory section. Further discussion of the equation is not really necessary, since
it may be found in an appropriate citation.

3.4 Other Bad Habits

Over-selling. A typical problem with introductions and conclusions is
the use of sweeping gestures and grand language to describe the impor-
tance of the paper. Many students feel that every scientific paper must
include a result of earth-shattering importance to be worthy of publication.
But even the most important papers are written in so matter-of-fact a style
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that without the benefit of hindsight, the reader would never know their
historical importance. The writer should present his or her findings and
possible applications, and leave the reader to decide the value of the re-
sults.

Over-hedging. Physicists try to avoid absolute statements, especially in
their conclusions. Feigning 100% confidence that your results are incon-
trovertible can antagonize colleagues, leaving them even more skeptical of
your report. But students can tend too far in the other direction, resulting
in sloppy sentences: “We believe that it is possible, under certain circum-
stances, to carefully align the source in such a way that the observed effect
may partially disappear....” One or two of these hedging words is almost
always enough to express caution without needlessly complicating a sen-
tence.

Colloquialism. Words like “see,” “look at,” and “check” are part of our
spoken language, but are not useful if they alone describe an observation.
Imagine a methods section that stated, “The signal was plugged into the
amplifier.” Where? In the bipolar or unipolar output? If this is a critical step
if the experiment is to be successfully repeated, more precise information
is necessary than “plugged in.” If not, the sentence need not be present at
all.

Some academics believe that the use of the first person (“I” or “we”)
is too colloquial. Over the centuries the direct use of the first person has
slowly diminished in scholarly writing. In modern physics literature, how-
ever, the first person plural (“we”) still appears frequently, and it should
therefore be used as the subject when the authors are the appropriate “char-
acter” of the sentence. A more difficult issue is the case when a paper
has only a single author. Should the author use “I”? Few modern single-
authored papers do, instead employing either “we” (presumedly referring
to the author and the reader) or avoiding the issue altogether with pas-
sive voice. Our advice is to not let this awkward element of scholarly style
impinge on clarity, but rather to use the most appropriate subject for the
message of the sentence.

Repetition for Clarity or Emphasis A common problem in student writ-
ing, especially in the results section, is when the author attempts to em-
phasize or clarify a point by repeating the same idea using different words.
Attempting to explain a concept multiple ways is useful for writing a draft,
but of these ways only the clearest should remain in the final draft.

3.5 Improving Your Writing

Ultimately, clear writing cannot be reduced to a finite list of rules. The gate-
way to being a good writer is to first be a good reader. A student can greatly
improve his or her own writing ability by taking note of when material they
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are reading is particularly clear or unclear, and rereading critically to find
out why.

4 A Professional Example

We have discussed the attached Letter some above; we now take a closer
look. Written by former Stanford professor Steven Chu and coworkers, this
paper is the first published report of the optical trapping work that led to
Chu’s Nobel prize. Comments in italics are from Chu himself about this
paper.

Title. Descriptive, simple. The quality of this title is perhaps revealed by
counterexample: the previous Letter describing the generation of “optical
molasses” which made the trapping work possible had the complicated
title “Three-dimensional viscous confinement and cooling of atoms by res-
onance radiation pressure.” Chu writes that this title is not a good title be-
cause it is too convoluted. A better title would be “The demonstration of ‘Optical
Molasses.’” It would have attracted more readers and would have been better for
historical purposes as well.

Abstract. The abstract can be slightly technical, but remember it is the part of
the paper that wants to lure the reader into reading more, so if it is too specialized,
it will tend to scare away all but the few experts in the field.

Note the extremely direct language of the abstract. (e.g. ”We report the
first observation. . .” instead of the passive voice. ) Note also the order-
ing of concepts. For example, the second sentence could have been written
”A dipole-force optical trap created by a single, strongly focused, Gaussian
laser beam tuned several hundred gigahertz below the D1 resonance tran-
sition captured sodium atoms cooled below 10−3 K in ‘optical molasses’.”
This is the same material as in the original sentence but it is extremely dif-
ficult to read because the “action” of the sentence, “captured”, is buried
among long clauses. Here, using the passive voice clarifies the action of
the sentence; it also emphasizes the topic “atoms,” which is the topic of the
next sentence as well.

Introduction. Before proceeding, we note that there are no headings in a
Letter; the introduction is not labelled as such. This absence is in contrast
to regular articles in Physical Review; it is a matter of style with origins in
space limitations. Sufficiently good writing should flow through section
divisions regardless of the presence or absence of heading labels; further,
the nature of the section should be obvious to the reader without headings.
Headings should only be present to act as navigational guides to locate
material in a longer article.

Even without headings, it is obvious that the first paragraph of our ex-
ample Letter begins an introduction. After repeating directly the thesis of
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the paper, it provides the scientific context of the work. This disclosure
of previous research often serves three goals: first, it clarifies the problem
or question that the research is attempting to solve; second, it references
the important work of colleagues that led to the present result; and third it
“dismisses” previous work, showing why the present results are different
or even more significant.

The second paragraph continues to be introductory; it is a description
of why previous workers had trouble trapping atoms and what new developments
have contributed to the success. Notice the space limitations do not allow us to
describe the details of how optical molasses works. Beyond its content, this is
a well structured paragraph; the first sentence provides a clear topic for
the ensuing discussion. After reading the three reasons that trapping is
difficult, the reader expects to hear resolution to each reason in order, and
the authors deliver on this expectation, leading the reader smoothly into
the subject of optical molasses as an evasion of the third difficultly.

Experimental Methods. The third, fourth, fifth, and sixth paragraphs pro-
vide a detailed description of the actual trap used, and why we chose this trap ver-
sus others that have been proposed. This section describes the workings of the trap,
the basic physics ideas, and the all-important damping (laser cooling) of the atoms
in the trap. Note that previously derived equations are only referenced and
parts of the apparatus detailed in a previous paper are only briefly dis-
cussed. The sixth paragraph describes the working procedure, and is the
most quantitative of the paper.

Results and Discussion. Paragraphs 7-11 provide a description of the di-
agnostics of the trap. This part of the paper answers the questions (1) how did
we know it was working, (2) how does the trap performance compare to what we
expected, (3) how hot were the atoms in the trap, and (4) how many atoms were
trapped.

Recall that the thesis of this paper is the demonstration of a physical
effect, so the primary results expected by the reader should be evidence
that the physical effect occurred. A short topic sentence such as “Several
tests were made to confirm trapping,” at the head of paragraph 8, combined
with the reader’s expectation for such a topic, efficiently clarifies the logic
of the presentation.

Paragraph 12 is very short, but the first mention of the “optical tweezers”
aspect of the trap. This is mentioned last since it is not primarily a “result”
related to the central thesis, but rather an indication of important future
developments.

Conclusion. Many conclusion sections begin with “In conclusion,” “In
summary,” “To conclude,” or similar, and paragraph 13 is no exception.
Although the first sentence sounds repetitious to the abstract and the in-
troduction, this is permissable as it reinforces the central thesis. This para-
graph summarizes what has been done, how things can be improved, and mentions
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where this work might lead in terms of applications. Note the tone in which the
authors comment on the importance of the results; the degree to which this
result exceeds previous ones is listed quantitatively, while the speculative
comments for the future are stated with neither excessive certainty nor ex-
cessive doubt.

5 Further Reading

This guide has been intended only to help students begin thinking about ef-
fective technical writing. However, the perfection of such skills is a lifelong
pursuit. We recommend several references for further advice:

• George D. Gopen and Judith A. Swan, “The Science of Scientific Writ-
ing,” American Scientist 78, 550–558 (1990). This article (currently avail-
able online) is an excellent place to start to read modern thoughts
about scientific writing. Much of the current guide has been based on
this article, whose emphasis is explained by its subtitle: “If the reader
is to grasp what the writer means, the writer must understand what
the reader needs.” This article is specifically about scientific writing;
it is based primarily on the work of Joseph Williams, which is our
second recommendation.

• Joseph M. Williams, Style: Toward Clarity and Grace, University of
Chicago Press, 1990. For issues of style in any kind of writing, this
book is extremely valuable. The writing examples—first showing
problems, and then the solutions—allow one to understand with ac-
curacy exactly what makes muddled, verbose writing so difficult to
read. The first chapter on the causes of bad writing, including a “Very
Short History of Bad Writing,” is well worth a read.

• Scott L. Montgomery, The Chicago Guide to Communicating Science, Uni-
versity of Chicago Press, 2003. More tailored to science than Williams,
this text offers useful advice for structuring scientific writing. Chap-
ter 2 is particularly interesting, showing how scientific writing has
changed through history and providing an insightful analysis of Wat-
son and Crick’s paper on the structure of DNA.

• The AIP Style Manual and the APS Style Manual. The American Insti-
tute of Physics and the American Physical Society both provide style
manuals for authors who submit articles to their journals. Besides
basic expectations for the style and structure of prose, these manuals
also detail expectations for correctly typesetting equations and deal-
ing with matters such as physical units, technical abbreviations, and
the like.

Many more references are of course available, and do not forget the most
valuable: your professors and teaching assistants.
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6 Conclusion

We conclude by first acknowledging that clear, concise writing is very dif-
ficult, but not impossible, to generate. As an attempt to generalize and
simplify the principles discussed in this guide, we suggest to the student
author to write with several questions constantly in mind. First, when or-
dering material through the paper or even in a single sentence, ask “What
is the reader expecting to hear at this part of the text?” The reader is ex-
pecting material that supports the thesis, with certain kinds of material in
appropriate sections. Second, when choosing the order of words and con-
cepts, ask “What does the reader already know, and what new information
am I delivering?” Third, when composing a sentence, ask ”Who is doing
what in this sentence?” and whether the sentence could be phrased more
clearly to reveal the answer. Finally, when editing the paper, ask yourself
for each sentence, ”Is there a simpler way to present this material?” If your
writing correctly conveys the complex information appropriate for a pub-
lishable physics article but seems simple and straightforward, then you may
call it a success.
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