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. INTRODUCTION

constraint inherent to an article, we cannot expamdl discuss
them all thoroughly. The references included atethé of the
text will serve as a perfect complement to the rimiation

described here.

Il.  THE COMMANDMENTS OF SCIENTIF WRITING

A. Be simple without becoming simplistic

W RITING well is hard but necessary. It is not rare for the This is the secret of technical writing. The idffausing a
writing of a report to become the slowest part of abfuscated style including complicated terms arabaiated

research task. Einstein wrote a lot slower thathbeght — a
little more than a page a week, when inspired.

expressions is appealing to many. We may use
unconsciously, in order to make an impressionhatope of

Writing is an unloved, even scorned, task by manyecoming more serious and more important. Neversiselt is

scientist and engineers that would rather use timeé in other
activities considered more useful. Neverthelesis wrong to
think like that: writing is the most efficient wap organize
ideas and to communicate them to others. Besitdéglps to
order your thought and to build consistent models.

Writing quality is a determinant factor on the iropa
of the research. After writing it is easier to dp@ad expose
the issue before any audience. Writing serves alhgdo
communicate the results of your work: it may besehnhical
report, a review text or an article where you diescryour
discoveries. You may have had a brilliant idea oere
performed an excellent work, but if you exposeriatcally,
writing in a confusing way without any logical chaig, many
will not read it to the end but will also be suspis of the
truthfulness of what they have just read.

Hence, all efforts toward a good writing are
handsomely paid endeavor. Nevertheless, writingbgaquite
frustrating. In order to avoid the frustration, dwef correcting
your article for the thousandth time, you must usténd that
this task is an important component of your workl ahould
be allotted at least 10 to 20% of the project tbtaé.

| have written this small guide in the hope of liedp
those who may need to write a technical-scientifiork,
especially in the undergraduate level. The rulesdescribe
here are the most used in this kind of work butegithe space

a huge mistake! A pompous text is hard to readpygsithe
reader and renders the message less understandable.
Writing must be simple, objective and concise: raydg in
excess, irrelevant expressions, interjections anbiigs.
Nevertheless, no important details should be odhiteenong
the many possibilities to explain an idea, alwafsase the
simplest. Kill all signs of pomposity (which aresfartunately,
very common in our culture). Resist the temptatioh
impressing the reader with encyclopedia knowled§s/ou
want to show your literary skills, then you shouwldite a
novel.
Let us analyze the following example:
Incorrect
“As it is widely known, nowadays human kind
problems keeps on being, as it was in ancient yéars
find new energy sources that may attend to its sieed
Traditional fuels, besides being pollutant, areited
in their reserves. In this context, natural gas ntey
seen as one of the most promising forms of erfergy.
Better
“Given its available reserves, its low price and
small amount of pollution, natural gas is nowadays
one of the main energy sources that can be coresider
an alternative to oil.
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A. Think about the reader’s needs
When writing, think about your typical reader. lti§nwhat

that pleases you.

C. Be specific

he already knows about the theme and the additionalWhenever possible, use numbers to make your raagoni

explanations that may be necessary. The goal dinieal
writing is to explain what the issue is, how andywhsolution
works, what has been discovered or why the reswdte (or
were not) those expected. Adapt the depth degre¢hanevel
of your text to the kind of audience you expectdwe.

Unless your audience is composed solely of spetsali
never assume that your reader knows everything ybat
consider basic. If you are in doubt, use the lovbest For a
generalist reader, avoid technical terms and madtieah
expressions. Present only what he needs to knod, nat
everything you know. Use analogies that can pregent
message in a context that is familiar to the reader

If you are writing for a scientific journal in yowspecialty
field, the most important things are the methodd detailed
results. Nevertheless, if you are writing for aslepecialized
journal, you must explain your work further and lexp all
possible consequences.

If you are writing for a wide circulation paper,lyoust be
able to draw interest from unknowledgeable pedplerder to
do so, you must refer to high social impact apfpilices as well
as using some common strategies, such as stonmsorh
analogies with daily phenomena, cartoons and/oadive
figures. Here, imagery and graphical presentation \&ery
important.

For instance, the fact that the Sun produces aruaimuf
power equivalent to ¥® W may mean nothing for your
readers, even if they have good technical knowlegahge to
mention those readers not familiar with power riotgt

more precise: measurements, estimative, statistes,
Numbers present information and make the text etediry to
avoid terms such as “much”, “a lot", “substantial’,
“considerable”. Though they are adequate to languag
juggling, they should be used sparely inn scientiffiting.

Avoid generalities and platitudes, such as “pdiatis a
threat to the planet cause by mankind”. Specify tifpee of
pollution you are referring, present values and gara them
with data generated by to other studies.

Be careful with your conclusions — in complex issusich
as the impact of pollution in a ecosystem, it iwagls very
hard to prove cause-effect relationships, even vthen seem
obvious to us. Don't fall into the temptation ofnsimg to
conclusions without being able to prove them eroglly. In
doubt, be less ambitious and assume more specific
conclusions.

Here, you should be as careful as can be. Avoickmd or
biased opinions. If you are in doubt, instead ofefgone”,
write “almost everyone” or “most”. For instancestead of
writing “affluent pollution have damaged the enfirejo river
ecosystem”. Say before “in the last three yeams,pillution
level in the Tejo River has almost tripled and fisttime
period there was a strong decrease in fish popuakatihat live
in this ecosystem. Some of those species, sudied3dvel, are
probably extinct, and we have not found a singtividual”.
These terms can be used in more generalist préisesta
when there is irrefutable proof or the fact has nbee
demonstrated.

It does not harm to write this number — that may be Always present clear definitions of the used terpfsthe

advisable, for formalism sake. Nevertheless, aftgting it,
you must put it in perspective explaining, for arste, that this
value is so high that the amount of power the Swdyrces in
a second would satisfy mankind needs for ten thuligears.
Even in technical presentations it is always coiemnto put
matters in a context, especially if they are difficto
understand.

B. Create your own style

The depth of someone’s knowledge on something @n
evaluated only after this person describes the ledye with
his own words. It is a mistake to try to copy somes style,
no matter how good it may seem to you.

Do not be afraid to write with your own words. Vifig well
is an art that takes time to perfect, but if youn'ttry it, you
won't nail it. Use words that you know well, that ihto the
spirit of the message and that respect the readeeds.

It is normal for the first draft to come out quitad with
several mistakes in it. Nevertheless, with the halpnodern
text editors and thorough reviews made either by go by
someone you trust, your work will certainly endiom format

symbols that are inside the equations as well @apthcision
inherent to each value or the sources where thme deom.
You must also make it clear what are the foundatiofyour
arguments. If they are incorrect, conclusions mayhave any
weight. Also make it clear how you got your data & what
conditions and explain the limitations of your work

Specify the probable sources of error. Whenevesiples
quantify them. For instance, do not limit yourstlf stating
“the room was quite noisy, and this disturbed tkpegience
that measured the sound intensity of a speakerli 3wuld
Pather state, “as there was a lot of backgroundenivi the lab,
we measured the sound value with the speaker adfv&tified
the average noise value of 50 dB with peak valamf60 dB
to 65 dB.

Don't start writing whenever you feel the urgeransmit an
idea. Think thoroughly if you have anything impottao say:
an idea, a successful experiment, an activity teporopinion.
Only write after you have consolidated your knowjed the
issue and possess a well formulated idea on whatrite
about. Practice the writing because it is a mighsgrument
that will help you structure your thought.

23



Vieira, A/ Revista de Sistemas de Informacédo dsl&ASh. 8 (2011) pp. 22-30

You must remember to focus the reader’s attentiorhe
relevant aspects,
collection of technical data. Avoid at all costspresent more
information than the strictly necessary to justifyour
argument. All remaining data must be referred tmdequate
bibliography.

Especially in an oral presentation, your miss®nat to tell
everything you know, but to captivate your audiercet the
details be revealed by the questions or by theimgadf a
written article that can be made available throtinghinternet.

D. Attention to the following issues

» Clarity: clarity of exposition is one of the begtteria to
evaluate whether the theme was well understootidwatthor;
» Obijectivity: whenever possible, use numbers tantfy a
concept or reinforce an argument. Instead of “marsgy
exactly how many or present an estimative.

» Completeness: the text must transmit a messageletely,
that is, must contain everything necessary to baerstood.
Each sentence must be complete and the argumerds

» Be conservative: use a common font, such as “Fiiew

not numb him with an encyclopedRoman”, do not use color, avoid abusing underlirdng bold.

Do not use uppercase or “cute” fonts. Foreign naiues
expressions must come either in italics or betwegeotation
marks.

» Avoid parenthesis.

» Prefer short sentences, but avoid writing inlegeaphic
style.

* Verb must agree with the subject, no matter whidrds
are between them.

On content

» Avoid alliteration;

e Avoid technical jargon and use
parsimoniously. It is irritating for the readerfiod references
to abbreviations or terms he does not know.

» Avoid terms in foreign languages if there is amoaon
expression in your language that will render thenesaffect.
For instance, instead ohutatis mutantisuse “in a similar
way”.

MU Define and explain the meaning of all symbolsdyses well

follow an order that leads to the conclusion, Witho a5 the origin of all equations. Do it immediatelgea they

exaggerating in the details.
» Coherence: any assumption, extrapolation or gdization

appear in the text.
» Avoid using unnecessary words and do not be rdaiomn

must be based on sufficient evidence. Avoid worhkat t * Avoid idioms’ p|atitudes and popu|ar Sayingsy tq]_gs’
assume as proved that something that is not, suw&h gneralizations, colloquialisms and rhetorical ¢oes.

“obviously”, “for sure”, “it is clear”, etc.

* Honesty: no one can know everything on all suisjebut
you must be sure to understand everything you ayieg. Do
not write something that you don’t understand hestause it
seems important or nice. If you copied it from s teefer to it
explicitly.

» Order: the reader will understand better yoursags if it is
presented in a logical order. Remember that yopepés a
tool for communicating ideas and that a large shudrgour
readers will use it to learn more about a spedfibject.
Therefore, didactic is a fundamental part of yoapgr (see
section Il for more details).

» Rigour: avoid errors either technical and ortqdpia.

» Versatility: do not get conditioned to what youer&

* Finally,
modesty.

remember that exaggerations are worsan th

Ill. HELP THE READER

A. Decide what the reader needs to know.

Try to know a lot about your readers, especiallyghiéy are
specialists or the general public. For a more gdistmpublic
you must spend a lot of your presentation time igeaeral
overview for them to put your work into context.nsetimes,
this requires a radical change to the text.

Consider the following example. In order to presemvork
for a specialist in astrophysics, we could sayttitls work we
show that when we remove the restriction of thestamt value

expecting from the experiment. The assumptions I® ¢ the speed of light, we are taken to a new sgation of

theoretical model may not be valid. Never stop nigyito
explain, or at least fix, a discrepancy betweerotpheand
experiments.

E. Respect the following rules

On form

* Use active voice. Instead of “the thermometer tries
read”, prefer “Read the thermometer”.

* Write in the present tense. Avoid specially tladitional
form.

» Write in positives. Instead of “One cannot expeie
temperature increase to have any effect on the ureragnts”,
you should prefer “the measurement should be inuhbgre
from temperatures”. Denying a negation has a ogikl effect.
» Use specific language. Instead of “a bad wheathsued”,
prefer “it rained all week”.

» Keep related terms close.

the Lorentz invariant that implies the discretiaatiof time-
space in the picture of Einstein equations”.

Let us see how this hermetic sentence could bettemin
order to be understood by the layman: “EinsteinédaRvity
theory assumes that a ray of light always reaclsestuthe
same speed, no matter the speed we are currentlvah
though this theory was successful, it raises somgoitant
difficulties, one of which is to explain why theiuerse is so
universe, knowing that there are regions that caowt have
interacted since its inception. In this work we \shitnat the
hypothesis that the speed of light was higher wheruniverse
began could explain this observation. We will shoow this
takes us to a new theory, more general than Ritjatheory
and will study some of its surprising implications”

Adjust the level of detail in the exposition. Soimets you
need to inclusive an exhaustive explanation ofyherg, but,
in most cases, the writing essential is centeredthe
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foundations of the new things presented, in therpretation
of results and in the conclusions and implicatiohshe work
performed.

If you are writing a review article, you must elasi@ on all
the details on the theme, including a brief histalrreview. In
an investigative work, you must concentrate on tiesvly
discovered issues and refer to literature on ekigngtrelevant
but already known. If it is a technical reportuymust present
only the essential on the experience and the eeschieved,
being careful to verify whether the report is coetel In order
to know that, ask yourself the question: “if | givg work to a
specialist, would he be able to understand evergthdid?”

Never leave unjustified sentences that are not culsyi
being careful to define every new term of concéfglp the
reader establish a logical rhythm between all swes,
paragraph and sections in your text.

Even though writing should be concise,
understandability of your text must be the supreniterion. If
you need to explain a difficult concept, do notrféa add a
paragraph, a section or a concrete example. Ifthok that
something may be unacceptable to the reader, prpseofs
or results that are enough to justify it. Neveruass that your
point of view is obvious to others.

B. How do | start?

The first sentences are the most important in yext; whether
to guide the reader through the rest of the readargto
capture his attention. Hence, you must staterstt ithat you
did and the conclusions to which you came.

A common trick is the inversion, that is, to pmsgour
conclusions in the beginning. Do not waste the fires: use
them to make it clear to the reader what is youstrimaportant
message, your central ideal or what you discoveesdn if
you have already done that in the abstract. Yoluhaitdly be
able to capture the reader’'s attention by startimgwrite
banalities or following a mere chronological sequeerof
events or wandering through well established caighs.

2.3 Capture the reader’s attention.

A common mistake when writing a technical reporttas
assume that the reader is interested to read dusgyte has to
say. Do not commit this mistake! Make all necessdfyrts to
capture the reader’s attention and as quickly ascem.

The beginning and ending are the most importaitedo
emphasize in a text. The first and last paragréipfroduction
and conclusions) are the ones that will most priybhbé read.
Inside each paragraph the first and last lines thee most
important. Hence, you should not finish your paagdr with
expressions, words or interjections that are noessary. End
it with the conclusion of the idea it exposed, eaethe risk of
repeating yourself.

Inside each phrase, the first and last wordsl@enhes that
receive more attention. For instance, if you wanémphasize
the word “automatic”, instead of writing “we areoposing a
method for the automatic analysis of several sasfiplgou
should prefer “we propose a method that can anadgzeral

thé®

samples automatically” or “an automatic analysishoé is
proposed to analyze several samples”.

Choose a more intense language, using adjectivsnare
pronounced expressions to support your most impbptaints.
Do not disperse the reader’s attention with irrafevdetails,
information that they already know or aspects thattoo
technical or too formal (for instance, uncertaiatalysis). In
this last case, put all those topics in an apperfbcus your
text on the message doing whatever possible to tkeepeader
attentive.

Table 1. Avoid the following sentences that could be
interpreted as shown.

Introductory Sentences Possible Interpretation
| think

| think

s it is widely known
It is evident that

It also may be true | don't know what to think

Everybody knows that Some people think that

For obvious reasons I have no proof

There is no doubt that | am convinced that

As stated above This is superfluous

A typical example The most adequate example

As far as we know We may be wrong

As we know We probably don’t know

C. Style and Rhythm

Some scientists wrongly believe that style is magpartant in
technical writing, but it is an integral part ofetllext. Let us
see some important topics on that.

Prefer short sentences. A sentence should nairget that
20 words because longer sentences make it morieudtiffo
read the text. Nevertheless, do not abuse thisddehat you
do not break the reading rhythm. Sometimes a langwll
built sentence is superior to several short seetené&or
instance, do not write “We cultivated a bacteritwre. We
waited 20h. After that period the number of baetetbubled.
All cells died in the next day. The bacteria cuturecame
brown”.

The subject of the sentence should be close tovéhnb
without interjections or other elements in the neddf you
intend to say something else, write another septeldse few
verbs in the same sentence.

Change paragraphs when you change ideas. It igheot
aesthetics of the text that commands the inclusiébna
paragraph, but yet the need to separate ideas.

Use punctuation to determine the writing rhythm. Dat
abuse commas spreading them uniformly throughekieats if
plowing a field! In order to verify the rhythm obwr writing,
read it aloud.
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Watch out for repetitions and excessive use ofcidggs:
those do not reinforce the idea you want to trapsimit yet
they annoy and confound the reader.

Be consistent with verbal tenses. If you startrémort with
a verbal tense, you should keep it to the endhénsame way,
you should be consistent with the subject: if y@artsto write
in the first person of plural (we), you should ebange to the
first person of singular (). Many years ago it wasule to
write all technical text in the first person of @y even if a
single person was the sole author. Nowadays, thés is in
disuse being common the use of “I".

When you are addressing a bigger audience, uséalrig

and imaginative sentences. Establish curious aresognd

Excessive use of technical jargon tends to hidaability to
communicate or, worse, ignorance.

Nevertheless, use specific terms with well defingghning
in place of vaguer terms. For instance, words fiketinct”
and “libido”, even though they have a specific niegnhave
been so overly used that they became overly vagudsaand
their use should be avoided. Vague terms, usedhins all
context, create the illusion of understanding shingtthat we
know nothing about.

C. “Verborrea”
Unfortunately, the use of superfluous words, ponspou

spice the text with some humor. The simples andtmo@XPressions and complicated terms is an habit thatdeep

effective way to send a message is to tell a semanecdote,
if possible dramatic, that is in some way relatedhie theme.
For instance, Richard Feynman, when he wanted pdaiex
what happened to the Space Shuttle, used a glass ahd a
piece of rubber. When he put the rubber into teeiidbecame
less elastic and this way everyone understoocthiegproblem
was caused by the loss of elasticity of the Oriofshe fuel

deposit of the Space Shuttle.

IV. THE CORRECT USE OF WORDS

Writing is a powerful instrument of persuasion. Aherent
message presented in a well written text can hagérang
impact on readers. The form in which they are wemitis as
important as the ideas. The choice of words mustdveful
with the sense as close to the usual as possildeityds the
supreme criterion of writing.

A. Writing is not the same as speaking

If you tried to transcribe an oral conversationgrevamong
cultured persons, you rarely would get a good pragbough
the goal is the same, writing is very differeninfrgpeaking.

In oral language, you can emphasize an idea throug

repetition or introducing more words than necess@hat is
due to the fact that the person we are communigatith is
right in front of us and his attention is guaradtewie can
always check whether he is following what we aggéng to
communicate. In writing, those strategies are fiabh. Here,
the emphasis is obtained from the use of adequatding,
punctuation and through the structured organizatimhn
paragraphs.

B. Words in excess

Using superfluous words is a much more common kasta

than the use of wrong words. Short and conciseereat
elucidate the reader while unnecessary words cenflistract
and annoy him. A short sentence must contain dréyords
that are strictly necessary; each of them withearchoal, as
described in [7].

Use good English, but do not confuse it with “eteid
English”. As long as text clarity is not comprondseuse
vernacular expressions to replace overly technieams.

roots in scientific culture. Even though it is ma@mmon in
Law and Economics, this nefarious habit impregnatpslly a
large number of engineers and scientists.

There are several reasons to write this way. Gnéhé
ignorance of the exact meaning of words; the ottmnes
from a confusion of ideas or the mere inability woite
correctly. But there are other deeper reasons tofytile
words in a text. Some people believe that writirgngnwords
is explaining an idea, while others are afraid titevexactly
what they thing, and many simply have nothing tn sa

“Verborrea” results from an unconscious effort teoid
simplicity, as if the latter would take merit awfpm the
author. The belief that long and difficult words ewren Latin
expressions confer higher authority and wisdomhto duthor
is deeply rooted in our culture. Foreign words gpressions
are pretentiously inserted in the text to confeidéion to it.

“Verborrea” is a plague that makes it difficultuaderstand
the message and created an unnecessary distangeebet
author and read, showing lack of respect with e,

D. Advices

» Writing in the positive (prefer likely for not likely).

» Avoid using metaphors or other figures of speech.

Never use a big word when there is a short oae would
fit.

 If you think that you can cut a word from the ttedo it
without thinking twice.

* Avoid the excess of adjectives, such as “very” big
“remarkable”, “admirable” or “extremely interesting

» Avoid words such as “really”, “obviously”, “clelgt,
“evidently” and “naturally” as well as expressiaggh as “it is
logical” and “it is natural”.

» Be reasonable, avoiding positions that are eitberstrong
or extreme.

E. Examples of bad writing
As an example of bad writing, here goes the folimntext:
“The last years have seen changes in teaching in
an unprecedented scale when compared to all

previous period in the history of our educationcibu
advances required a monumental expenditure of
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money and resources, and it is interesting to meali
that in other countries, such as the United Statés.

Mistakes:
* Years do not see.
« “..inany previous period in the history of @ducation” is
a tautology. It should read “in the history of edticn”.
» Changes are later referred as advances.
» Avances do not require.
» Expenses cannot be monumental.
e ‘“jtis interesting to realize” is superfluous.
* Is there another country such as the United S?ate
» The period of time referred is not explicitly ntiemed.

V. HOW TO WRITE A COLLEGE TECHNICAL REPORT

In this section | will present some tips on howwnte a lab
report for college student. This is not a list mfid rules but
only suggestions that | consider to be useful.

A. Paper description

When writing a report, you must present the follogvi
topics:

ease of use are not enough. For those using Wmdthe
Origin program can be used and in Unix the arefrbewares
xmgr andgnuplot— which is harder to use, but very effective.
For Windows and DOS environments, there is a vanplg
and practical software called Easyplot.

The graph axis where the data are presented nwaysa
have units. If you cannot present units or if they irrelevant,
explain it in the subtitle. You must explain theaning of all
curves in the own graph or in the subtitle. In orde
distinguish several lines you can use dotted ofemdiht
thickness lines — avoid color, for several readersiot posess
color printers.

There are several ways to present experimentatpai a
graph. The simpler one is a linear graph of the’ ‘kind. If
you are presenting measurements, then each record
corresponds to a point that must be quite readatadla. must
make all efforts to find the error measurement @issed with
each measurement. Usually, graphical programs mpirésese
errors as vertical lines centered in the point vathaength
equal to the double of each value error.

There are several programs that draw automatisafigoth
lines that pass through all point in the graphigli(es). Be
careful to include those lines because usually thee no
meaning. In case you want to draw a smooth linemjast fit

*  Introduction or summary, where you make clear veryye points. For instance, the linear fitting cotssidn

shortly the goals of your work.

determining the parametessandb such thaty(x) = ax + b.

*  Exposition of the theoretical concepts of mode& th gxplain int eh figure that this line is fitted virig in the

will be tested.

subtitule the fitting coefficients. If this curveresponds to an

*  Description of the experimental arragement useel: tynalytical function, then you must make it explidts
type of equipment used, referring only to the moshathematical expression in the text or in the sebti
important technical aspects (precision, sensitivity Graphs with semi-logarithm scale are used whenaree

quality and purity of materials, etc).
» Presentation of graphs and tables obtained.
»  Calculation of uncertainties.
e Critical analysis of the results and comments.
* Conclusions.

B. Graphs, figures and tables

Tales help summarize information. They must beiexphnd
if possible be interpreted without reading the .téxformation
contained in tables and graphs should not be regdatthe
text. Tables too long should be in an appendix.

Whenever necessary include figures that illustrsdene
aspect of the work used such as, for instancegxperimental
device used. You should worry more about claritgnttwith
the fidelity of the sketch: a simplified sketch lwithe main
components well illustrated is almost always mdteidative
than a color photo.

Graphs are a condensed form of presenting alexesults.
Besides, they help the reader understand the ctsbeiter.
Think of the best way to present your data and tty
concentrate the values in the smaller possible eunds
figures. However, you should be careful aboutchees where
you want to focus on a particularly relevant aspedh this
case you should present a separate graph.

You must use a program that creates scientific lgcapwith
acceptable quality. Even though some spreadshéetase,
such as Excel, allow you to create graphics, italiuand

representing variables whose values present vamitiof
several orders. For instance, the number of bacte colony
can grow exponentially:

N(t) = N
wherea is the growth rate antlis the time. If we apply the
logarithm to both sides of the equation we get:

IN(N/N,) =at.

If the coordinates axis is logarithmic then wal get a
linear graphic. When both axis encompass sevedsrsrof
magnitude then we should use a graph where botkssese
logarithmic.

We also have parametric graphs wherandy are both a
function from a single parameter~or instance, the parametric
equations of an ellipse are= a sin(t), y = b cost).

In order to represent a function of two variabfesy) it is
necessary to use a software with tridimensiongblgcs. You
can choose among the following hypothesis:

« Building a tridimensional surface with polygons ttha
adjust continuously;

» Bidimensional representation using
contour graphs;

Sequence ofzlines for several values &f

Please notice that to transform a set o poipiinto a 3D
graph, the program needs to preprocess the datader to
build a continuous smooth curve that passes thraligthe
points.

level curves or
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Notes:

read and interpret. Three dimensional graphs astulus
when you want to present a more qualitative viewhef
data.

number smaller by increasing the number of measeméesiV:
to reduceo to half we must quadrup.When working with a

Prefer bidimensional graphs because they are etsiersmall number of measurements (smaller than 3@)dbimmon

to useN-1in the denominator instead Nf
In most cases we have two measurementn(y)
and we want to know the uncertainty associated dqoiantity

2. Always prefer graphs in black and white becausagusithat is a function of these two variablés,y). Its calculation
colors leads to many problems: after making copiies is based on the derivatives rule of a function oéngn
reader cannot interpret the graph anymore and thigh variables. Hence, if we have two measuremggtandy, with
passage of time the colors dim, besides being mog@certaintiesAx and Ay, the uncertainty of the function is
expensive to print. iven by:

3. Bar or pie graphs are seldom used in scientific an%l
technical communications. Avoid them.

4. Number and write subtitles to all figures (belowrtt) and P of
tables (above them). You must make an effort tp e AF (X, y) = || —| Ox| +|—| Ay
reader to interpret the figure and/or table with@fierring Xo Yo
to text.

For instance, imagine that we want to knowuheertainty

C. Uncertainties

Any measurement has as associated error. Exadiersmare
an abstraction that exists only in textbooks. Reddi always
associated with plus or minus “something” that states our
inability to perform the measurement with more rigorhis
“something” can mean a precision in the first dediplace or
even in the first ten decimal places. There arexas which
the values are so hard to find that we are only \égth
estimations.

A physical quantity must be written with the numbs
decimal places equivalent to its precision, neveigger one.
For instance, writing 3,983 means that we haveigimtis
four digits. Hence, writing 1,00 is different fromriting 1, for

the former means that we have a precision in twaemo®

decimal places.

When adding, subtracting, dividing and multiplyityo
numbers, the result has the precision equivalethedowest
one of the terms. For instance, when dividing 152840 the
result is not 12,345 but yet 12,34.

There are many causes of uncertainty in measutesigsh
as errors when reading the scale, random and system
errors.

Error when reading the scale is associated with the

measurement equipment and is half of the smalkde saf the
measurement instrument.

Systematic error may be related to defects ireth@pment
or incorrect proceedings performed by the scienfikts type
of error must be eliminated verifying carefully athe
experimental device.

Random error is due to the fact that there arersévactors

over which we have no control and that can infleence

measurements. Its value is estimated by the vaianc

wherey; are the performed measuremenis, their average

associated to the functiofi (X, y) = X/ y* at the pointx, =

1,75,y = 2,3), when we have an uncertainty in both védesb
given byAx = 0,02 and\y = 0,01. The value is then given by:

1 > (2x175
(E O’OZJ +[—2,33

For more information on this specific theme, pleser to the
online paper [7].

Af

2
0,01} =0,01

D. Analysis of the results

Issues to consider when analyzing the results:
Present the results in a logical sequence, that not
necessary reflects the one that actually happéreirab.

The relevant values must not come in the middl¢hef
text, but appear in a graph or table.

Coment the resuts:

Verify that the values found are those expected by
theory, within the margin of error.

Remember that the experiment is the master of the
truth. If the values are different from the ones
expected by the theory, one of the situations must
have occurred (in order of probability): either yeme
making one (or several) mistake(s); there is atyaul
equipment. The theory is not adequate or you have
discovered a new phenomenon.

Reference all negative results: if an experimergsdo
not lead to the expected results, present thetsesul
and try to find an explanation for this fact.

If possible, compare your values with other measergs

in order to evaluate the consistency of your raesult
Differences that are not statistically relevantigtianot be
described as insignificant. Improbable does not rmea
impossible.

E. Conclusions

Write the conclusions in order to help the readalize the

value ancN is the number of measurements. We can make thig,qt important things done. That is, the conclusishould
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describe the most significative findings of yourrtwoRefer to
what you could measure and the results you could ¢auld
not) prove based on the measurements taken. Hethdts are
not conclusive or contradict the expected resuly it
explicitly.

Propose new explanations or new models, but alwags
solid and plausible arguments as foundations fouryo
affirmatives.

F. Bibliography

Bibliography appears at the end of your report endt come
numbered or ordered either by the moment when dpeipis
referred in the text or by alphabetical order oa #uthor’'s
names, depending on the standard defined by thieleghat
is going to publish your work. There are severahmothat are
slightly different, but the most common is the Am@axon
that reads as follows:
Book: Author,
Example: C. Bishop,Neural
University Press, Oxford (1998).
Article: Author(s), name journal, volume (“bold”),
stating page, year (between parenthesis) Example:
Vieira and C. Fiolhais, Phys. Rev. B4, 1134
(1998).

Web page: use the complete address Examp
http://cfc.fis.uc.pt/roteiro

title (italics), editor, city, year.
Networks Oxford

the latter case the comma is used to separate rtite u
from the thousands.

Never add ars to a symbol (m means either meter or
meters).

Do not leave a space between the prefix and théalym

(ms = millisecond)

Vectorial amounts are represented in italic bolat fo

(force =F), or with an arrow above itF ).

Symbols and mathematical expressions must be wiitte
italics, except the functions: sk)(

Number and units are written in normal style.
Centralize and number the equations at the right.

If possible, present all numbers with the sameipi@,.

CONCLUSION

This paper intended to show the importance of mgitin the
creation and presentation of works of technical acidntific
nature. We showed that the writing must be an naiguart of
the effort developed by the student or researcbethat his
work can be better accepted by the scientific comitywand
have the expected impact. We approached severglidge,
form, style and content issues in order to makepteeentation
clearer, more logical and more understandable. cdmeepts

present were consolidated through several presextatples.
le:
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corresponding unit (50 W).
Do not use a point after the unit unless it is ¢he of a
sentence.

separates units from decimals, while in the Anghoes,
the separation is made by the point. Please nthitein

Leave a space between the numerical value and the

In the Portuguese and French systems the comma
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