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| ecture aim

| want to give you a brief tour of how to write scientific*
text and how scientific* publishing works.

« Think of this as a crash course in scientific writing.

« This is derived from my own experiences, so it's useful
advice and tips not just some theory.

*For scientific read Engineering, Biological, Medical etc..
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* By the end of the lecture | want you to understand that:

Scientific writing/publishing is very

different to other forms of FREDDIE STARR

writing/publishing.
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» The process of knowledge dissemination
* What's the point of references

o Clarity of writing

e Figures and graphs

 How to write a scientific paper

 How to write a scientific report

 How to write a thesis

 How do do a literature review
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* The process of knowledge dissemination
* What's the point of references

e Clarity of writing

e Figures and graphs

 How to write a scientific paper

 How to write a scientific report

* How to write a thesis

 How do do a literature review
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ldea/New exciting data

 This is the problem we need to solve.
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How do you get your good idea I Nottingham
out to the world?

* Facebook

* Whasapp

* E-mall
 Youtube

* Periscope

* A random blog
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* These are pretty good ways to decimate inform
about dancing kittens and south Korean pop music.

* However, the problem with them is that nobody
checks if what you are saying Is correct.

* It Is therefore not taken seriously.
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Step 1: Performing the experiment

I
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e The first step Is to gather data and understand the results:
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* Once you have your data or new theory you write it up in draft
paper (which we will talk about later).

Combining Plasmonic Trap Filling and Op tical Backscattering for Highly [ Genera”y Speaklng thIS IS a. normal
e e Grerion kel MS Word (Libre office) document,

Chen WErg®, Yijun Gao®, Shanpemq WEn°* Pengfei Mo, Roderick C. I MicFenze:*®

B which is double spaced so people
can write on it.

Abstract
Metal oxide contact layers such as 2n0 and Ti0x are commonly used inthird generation solar

cells as they can be solition processed and have a relatively high conduct ivity. B is well knowm, that
by light soaking such devices overall device efficiency can be boosted. This improvement in
efficiency is due to high energy TV light exciting hot carriers which then fill trap states in the metal
oxide film. Unfortunately, UV causes degradation of the active layer and thus must be filter out if
long lifetimes are to be achieved. In this work, we use nano-structures embedded inthe Zn0 metal
oxide layer to generate hot charge carriers from wisible light alone, thus remeoving the heed for UV
light soaking. Using this approach, we demonstrate that the power comversion efficiency of a low-
bandzap thieno[s,4-blthiophenebenz odithiophene (FTET) based solar cell can be increased from

7.91% to3.36%.

Introduction

Plasmonic manostruchures such as metallic nanoparticles (BIMFs) have recently attracted
considerabls interest for their ability to support localized surface plasmon resonances (LSPR)." By
exploiting size-function relationships the optical properties of the nanoparticles can be easily tuned™
, making them suitable for optoelectronic applications such as photo-detectors” and solar cells™”. In
particular, the highly c onfined LEPR modes provide a feasible strategy for bulk het erojunction (BHI)
oganic solar cells (05 Cs) to achieve better optical abserption without increasing the thickness of

omganic layer" I is well known that when integrated into 0SCs, these metal nano-particles can act
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Chen Wang®, Yajun Gao®, Shanpeng Wen®,* Pengfei Ma® Roderick C. I. MacKenzie‘,*

Shengping Ruan”

 1°: The person who did the work*
2" The person who helped in the lab.
e Other people who helped a bit

e Second last: Co supervisor or someone fairly important
but did not get the money for the experiment.

e Last: The person who funded the work*

* *These are the most important places to have your name, and
you can upset people a lot by insisting you hame has to be in
a set position!
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THE AUTHOR LIST: GIVING CREDIT WHERE CREDIT (S DUE

The first author
Senior grad student on
the project. Made the
figures.

The third author ;
First year student who actually did
the experiments, performed the
analysis and wrote the whole paper.
Thinks being third author is “fair”.

The second-to-last
author

Ambitious assistant pro-
fessor or post-doc who
instigated the paper.

Michaels, C., Lee. E. F., Sap, P. §., Nichols, S. T., Oliveira, L., Smith, B. S.

The second author

Grad student in the lab that has The middle authors
nothing to do with this project, Author names nobody
but was included because

he/she hung around the gf

meetings (usually for the

really reads. Reserved
o0 for undergrads and

00d). technical staff.

WWW.PHDCOMICS.COM

The last author

The head honcho. Hasn't

even read the paper but, hE\{'. :
he/she got the funding, and their
famous name will get the

paper accepted.



phdcomics.com

JORGE CHAM B 2010

MARRIAGE vs. The Ph.D,

Typical Length:
Begins with:

Culminates in a
ceremony where
you walk down
an aisle dressed
in a gown:

Usually entered
into by:

50% end in:

Involves
exchange of:

Until death
do you part?

Marriage
7.5 years

A proposal

Vg

Foolish young
people in love

Bitter divorce

Vows

If you're lucky

Ph.D.

7 years

A thesis proposal

Vg

Foolish young
people without
ajob

Bitter remorse

Know-how

If you're lazy

P
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If you look at this list, you can see a star above some names.

Yajun Gao, Roderick C. I. MacKenzie,* Yang Liu, Bin Xu, Paul H. M. van Loosdrecht,*
and Wenjing Tian*

 These are the corresponding authors

* These are the people you can e-mail if you have questions
about the paper — they may even respond to e-mails about
their work (if the questions are intelligent/polite).

* In UK academic culture people generally, don’t care who is
corresponding author. And it's often the person who just
has the job of writing letters to the editor.

 In other academic cultures, corresponding author matters and
even the order of the corresponding authors matters (China).
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e Be patient with them but firm.
* They are very busy people.

Combining Plasmonic Trap Filling and Optical Backscattering for Highly

Combining Plasmonic Trap Filling and Op tical Backscattering fox Highly

Efficiency Third Generation Solar Celk.
Chen Wang?, Yejur] Gac', Shanpenq Wen* Pengfei M, Roderick_C. I MacKsnzie' * e
N I think you had betier double
Chen Whng?, Yajun Guo', Shanpenq VERS* Pengfei Me2, Roderick C. I MucKenzies* Shengping Ruan’ checkwith Shanpeng ?
Rod
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g s Abstract
Abstract Metal oxide contact layers such as ZnQ and TiQx are commonly used in third generation solar
Mstal oide contact layers such as 200 and Ti0z are commonly used inthird gensration solar - cellsas they can be solution picessed and have a relatively high conductivity. It is well known, that
Gt carriers are jus ik normal
by light waking such devices overall device efficiency can be boosted. This improvement in ~/ chemEecarriars ocept vith more

cells as they can be solution processed and have a relatively high conduct ivity. I is well known, that
/ ‘energy | think amthing that's
/' hitwath 4eV of energy anbe
s

efficiency s due to high eneigy UV light exciting hot carriers gohich then fll trap states in the metal __/ e

by light soaking such devices overall device efficiency can be boosted. This improvement in
- N . . e
efticiancy &s dus to high energy UV light exciting hot carriers which than ill rap states in the mstal > oxide film Unfortumately, UV causes degradation of the active layer and thus must be fiker out if oo
ide film. Unfortunately, UV degradat: f the active 1 d th ust be filter out if od
axide el Y causes degradation of the active faper and fhus must be lter long lifetimes are to be achieved. In this work, we use nang:structures embedded in the ZnQ) metal osnzons 1223 =
Tifet: to be achieved. In this rk, structure: bedded in the Zn0 metal
long lifetimes are to be achieve ok, we use 1y s embedded in fhe 200 me oxide layer to generate hot charge cariers from visble light alone, thus removing the pee: P R e
oxide laper to gensrate hot charge carriers from visible ight alone, thus removing the heed for UV - " recae
light soalking. Using this approach, we demonstrate that the power conversion efficiency of a low- L )
light soaking. Using this approach, we demonstrate that the power conversion e ficiency of a low: A | think mentioning traps in the
bandgap thieno[3,4-blhiophenebe izodithiophene (FTB7) based slar cell can be increased from btrect might put peopie off
bandgap thiznof,4-bithiophene benzodithiophene (FTE7) based solar cell can be creased from m
7.81% 109.36% e =
031972016 12:26

Contradictory

Introduction
FPlsmonic panostructures such as metallic panoparticles (MIPs] have recently aftracted

.
Phsmonic nanestructures such as metallic nanoparticles (MNPs) have recently attracted
considerable interest for their ability to support localized swface plismon resonances ILSPR). " By

considerable interest for their ability to support localized surface plasmon resonances (LSER). " By
exploiting size-function relationships the optical properties of the nanoparticles can be easily tuned

exploiting size-function relationships the optical properties of the nanoparticles can be easily e d**
malring them suitable for optoele ctronic applirations such as photo-detectors” and solar cells™. In , making them suitable for gpipe lectionic applications such as photo-detectors” and solar cells™. In
I I I O re particulas, the highly confined LSBR modes provide a frasible strategy for bulk heterojunction (BHJ)

particular, the highly canfined LSPR modes provide a feasible strategy for bulk heterojunction (BEJ)
oganic solar cells (05 Cs) ta achieve better optical absorption without increasing the thickness of

oganic lager I is well knovn that when integrated into OSCs, these metal nano:particles can act m e aS l I re m e n tS

organic solar cells (OSCs] o achieve better optical absorption without increasing the thickness of

* They will then send you back changes and suggestions to the
paper using track changes.

 Your paper can go back and forth quite a few times.



Once you are happy with your paper you
select a journal to send it to.

e Journals are judged to some extent by their
Impact factor:

« Nature 38.138 (Science journal)

e Cell 28.710 (Science journal)

 Journal of Physical Chemistry A 2.8
(Engineering)

* Physical Review B 3.7 (Engineering)

* |IEEE Journal of Quantum Electronics 1.8
(Engineering)

ldeally you want to put your paper
somewhere where it will be read by people
In your field.

I
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The University of

Nottingham

UNITED KINGDOM - CHINA » MALAYSIA

» With the paper you usually need to write a cover letter

College of Electronic Science and Engineering
Jilin University

Changchun 130012

P R. China

e-mail: sp wen@ilu.edu.cn

12% September 2016

Dear Editors,

We would very grateful if you could consider the attached manuscript “Combining
Plasmonic Trap Filling and Optical Backscattering for High Efficiency Third Generation
Solar Cells”, for publication in Energy and Environmental Science.

High efficiency third generation solar cell often use transparent metal oxide contacts
such as those made form TiOx. It is common to light soak these layers using high energy
(U") light, this significantly increases device efficiency by generating hot charge cairiers,
which fill trap stats in the oxide layer. However, U% is well known to degrade both organic
and inorganic materials, and thus this process is not compatible with the search for longer
device lifetimes.

In this manuscript, we demonstrate the general result, that by tuning the shortest side of
metal nano-particles to generate hot charge carriers from visible light, then by embedding
these nano-particles in the metal oxide contact layer of a solar cell; the benefits of U/ light
soaking can be gained from visible light alone. We then tune the longest dimension of the
metal nang-particles to promote light trapping in the device. Using this general strategy we
demonstrate that a state-of-the-art low-bandgap thieno 3, 4-b]thiophene/ benzodithiophene/
Phenyl-C70-butyric acid methyl ester (PTBE7:PCBM) cell, can have it's efficiency boosted
from 7.91% to 9.36%.

 The cover letter should tell the
editor why he should publish
your paper.

* Why his readers will be
Interested in it.

« And why your paper will get
cited and thus increase his
journals impact factor.



The University of

Send the paper/letter to the journal I Nottingham

UNITED KINGDOM - CHINA - MALAYSIA

= 5 =
- S S
.« \Vait for the E  Editor sends E 3 reviewers
| : the paper to make i
—editortoread —p the _>recommen q Reject?
the paper reviewers ations

Reject (Some
" journals reject 70%

1 month l 6 month

of papers at this You change the
stage) paper according to
e o the reviewers
ErgineevingUkmLungChargeCarrievLifetimesinOrganic recommenda‘[ions_
§
Accept?

Overall acceptance rate for

Nature: 7% _
Type setting and

- final paper
published on line.

Typical is about 50%
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e This process takes about a year+ from
start to finish.

« Key to this process is peer review, where
three experts in the field will assess your
paper on quality and novelty.

* It is not like a newspaper where you can i
publish any old rubbish gl "

@ = || © BeCause Of this process a

| . paper published in a
reputable journal probably
contains reasonable
science.

» Editors/reviewers do this
for free so be nice to them!
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* They are a very raw form of knowledge and represent the
latest thinking In a field.

 Information in papers may later be found out to be wrong or
iIndeed contradict other ideas which were published later.

e S0, you should always be critical of things written in papers
and judge for your self if they are correct.

o i)

e Carrier Lifetimes in Organic
ature
H
e H
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ldea/New exciting data

* But papers are a very raw form of knolage, how Is
this distilled and refined.....
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« After 10 years or so when lots of papers have been published
In a given field and there has been a body of knowledge been
generated.

« Somebody will write a book on the topic.

Wb

HJYvisay

Bela Gipp

Citation-based
Plagiarism Detection

Book
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@ Springer Vieweg

» These first books are generally
hard to understand and complex.
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« Often the contents of these early academic books, is mainly
correct but there can be errors and mistakes in the filed.

e They should also be treated with caution.

HOY4V3IS3y

* In general after about 10-15

e years there will have been
itation-based ] i
JHEeuEss - enough books written on a topic
and enough papers published
that we have a good idea of
what is correct/not correct in a
field.

Bela Gipp
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Lectures Book
* Time scales can vary, these are just to give you an idea.
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| ecture outline

» The process of knowledge dissemination
 What's the point of references?
o Clarity of writing
» Good figures and graphs.
* How to write a scientific report
e Abstract/Method/Discussion/Conclusion
 How to write a scientific paper.
« Abstract/Introduction/Results/Discussion/Conclusion
» \What editors look for in a paper.
 How to write a thesis
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1 Introduction

Organic solar cells have recently shown great promises as a
low cost source of low carbon electricity, their efficiencies have
rapidly improved from 3% in 2007" to over 10% today.” There
has been much work done on optimizing all aspects of organic
photovoltaic devices (OPVs) including; development of narrow
bandgap polymers to improve light absorption;® developing
better contacts®” to replace expensive Indium Tin Oxide;*’” and
development of faster production technologies to reduce the
fabrication cost.®*'® However the cost per Watt of energy
produced with an organic solar cell is still not competitive to
silicon”!! and for OPV devices to become commercially viable,
improvements still need to be made in both efficiency and cost.

L U, U A [ U (RN DU R JE I Y R}
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Grounding everything you say to I | Rottingham
the literature.

1 Introduction

°
Organic solar cells have recently shown great promises as a Can you See that every
low cost source of low carbon electlricity, their eﬂiciencigs have time | Say SomEth | ng IS
rapidly improved from 3% in 2007 to over 10% today.” There
true, | put a reference to

has been much work done on optimizing all aspects of organic
photovoltaic devices (OPVs) including; development of narrow b aCk |t u p i
bandgap polymers to improve light absorption;® developing

better contacts* to replace expensive Indium Tin Oxide:*” and e |f people don ’t be“eve Wh at

development of faster production technologies to reduce the

fabrication cost.® ' However the cost per Watt of energy I am Saylng, then they can
produced with an organic solar cell is still not competitive to go and flnd the references

silicon®!" and for OPV devices to become commercially viable,

improvements still need to be made in both efficiency and cost. to co nVInCe them SEIVeS

O o o e [ g R e S . J 'S

* If they disagree with me, they not only have to disagree with
me but also the author of the other paper.

* They also provide a jumping in point for people who are new
to the subject.
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» Generally in science/engineering you are not allowed to
make statements without a reference backing them up.

e For example you can not write,

« “| think solar energy Is the fastest growing form of

energy”
» because that is what they do in the sun -> Ser

e You must back it up with a reference.

Solar energy is the fastest growing form of
energy'
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 Web references are bad, this is
because your written work will
be read by other long after you

ON THE MOVEMENT OF SMALL PARTICLES SUSPENDED IN STATTONARY
LIQUIDS .
are dead . q REQUIRED BY THE MOLECULAR-KINETIC THEORY OF HEAT

by A. Einstein

. ThIS means that |n 200 years’ | [4nnalen der Physik 17 (1905): 549-560]
someone needs to be able to
find the reference you are citing.

B
-- K1 Je T gp,...dpy = - 8 1g 3.

Let us now imagine a liquid enclosed in the volume F; let the partial
volume /* of ¥ contain n dissociated molecules or suspended bodies,
which are retained in the volume F* by a semipermeable wall; this will
affect the integration limits of the integral J entering the expressions for
S and F. Let the total volume of the dissolved molecules or suspended bodies

In this section it is assumed that the reader is familiar with the author's
papers on the foundations of thermodynamics (cf. Adnn. d. Phys. 9 (1902): 417
and 11 (1903): 120). Knowledge of the papers cited and of this section of

the present paper is mot essential for the understanding of the present
paper's results.
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* There are lots of different forms of referencing, which
should | use?:
(1) Emmott, C. J; Urbina, A.; Nelson, J. Effects of Annealing and

Degradation on Regioregular Polythiophene-Based Bulk Heterojunc-
tion Organic Photovoltaic Devices. Sol. Energy Mater. Sol. Cells 2012,

97, 14—-21.

[1] M. A. Green, K. Emery, Y. Hishikawa, W. Warta, and E. D.
Dunlop, Prog. Photovolt: Res. Appl. 20, 12 (2012).

14. Cabanillas-Gonzalez, ]., Grancini, G. & Lanzani, G. Pump-probe spectroscopy
in organic semiconductors: monitoring fundamental processes of relevance in
optoelectronics. Adv. Mater. 23, 5468-5485 (2011).

* It does not matter at all, but do stick to one style!

| suggest you use a reference manager, to do the hard
work for you (See H14ERP).
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| ecture outline

» The process of knowledge dissemination
» \What'’s the point of references
 Clarity of writing
» Good figures and graphs.
* How to write a scientific report
e Abstract/Method/Discussion/Conclusion
 How to write a scientific paper.
« Abstract/Introduction/Results/Discussion/Conclusion
» \What editors look for in a paper.
 How to write a thesis
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 Scientific English should use short sharp sentences
which say exactly what you want to with the very
minimum of words.

« An example of a bad sentence would be:

“To do the experiment we all
got together in the lab on

"'w R et Tuesday and measured the
Oscilaing pacdle | waves in the wave tank many

----- A times.”
/
74

£ |llumination
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£ lllumination

Using a ripple tank (with an
"T" oscillator running at 10 Hz), the
Oscllatng pacide | Interference pattern was projected
aw oo onto the desk (see diagram). We
| /1 then used a ruler to measure the

/ 4 peak-to-peak distance which was
| |7 found to be 1.5 cm.

Wave patterns on a viewing screen or table

« Notice every part of this sentence tells me new
Information, it is sharp, short and accurate.
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Deadwood phrases

a majority of -- most give consideration to -- consider, in the vicinity of -- near
examine

a sufficient amount of -- enough in this case -- here
give indication of -- show, indicate,

suggest in view of the fact that -- because,

since

according to our data -- we find

accordingly -- therefore, so happen(s) to be - am/is/are

is capable of -- can

after the conclusion of -- after has been proved to be — is

is found to be -- is

along the lines of - like if conditions are such that -- if

is in a position to -- can

. ) in a number of -- several, many
as is the case -- as is true

it has been found that -- (nothing)

in all cases - always
ascertain the location of -- find In M1 cases -- always

it has long been known that --

at such time as -- when in case -- if (nothing)
at the present time -- now in close proximity to -- near it is a fact that -- (nothing)
in excess of -- more than it is evident that -- (nothing)

at this point in time -- now

http://www.pnl.gov/ag/usage/deadwood.htm
I



Deadwood phrases

prior to -- before

provided that -- if

put an end to -- end

reach a conclusion -- conclude

serves the function of being -- is

subsequent to -- after

the question as to -- whether

there can be little doubt that --
probably

utilize or utilization -- use

with reference to -- about

with the exception that -- except
that

future predictions -- predictions

general rule -- rule

green colored -- green

increase in increments -- increase

initial prototype (model) --
prototype

joint cooperation -- cooperation

major breakthrough --
breakthrough

modern science of today -- modern

science

most optimum -- optimum

necessary requirement —-
requirement

The University of

UNITED KINGDOM -

Nottingham

r._“l‘\.l'.t "

MALAYSIA
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» Describe this experiment
In as few words as
possible.

 Then discuss this with
your partner.

 We will read these out a
bit later.

https://www.youtube.com/watch?v=p4Mql1B1-XO
w


https://www.youtube.com/watch?v=p4Mq1B1-XOw
https://www.youtube.com/watch?v=p4Mq1B1-XOw

The University of

Scientific writing in English. I Nottingham
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 Finally, in English, when you write Science and Engineering
documents.

« Don’t try to show the reader how clever you are by using long
words, or fancy language, just keep every sentence to the
very minimum.

« Try to avoid acronyms (TLASs!) they just make stuff much
harder to understand.

* Always, try to write as if you are trying to explain what you are
doing to a clever child.
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| ecture outline

» The process of knowledge dissemination
» \What'’s the point of references
o Clarity of writing
* Figures and graphs
 How to write a scientific report
e Abstract/Method/Discussion/Conclusion
 How to write a scientific paper.
« Abstract/Introduction/Results/Discussion/Conclusion
» \What editors look for in a paper.
 How to write a thesis
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Good figures and graphs

 What's this about?

Tom (named "Jasper" in his debut appearance) is a grey and white domestic shorthair cat. ("Tom" is a generic name for a male
cat.) He is usually but not always, portrayed as living a comfortable, or even pampered life, while Jerry (named "Jinx" in his
debut appearance) is a small, brown, house mouse who always lives in close proximity to Tom. Despite being very energetic,
determined and much larger, Tom is no match for Jerry's wits. Jerry also possesses surprising strength for his size,
approximately the equivalent of Tom's, lifting items such as anvils with relative ease and withstanding considerable impacts.
Although cats typically chase mice to consume them, it is quite rare for Tom to actually try to consume Jerry. Most of his
attempts are just to torment or humiliate Jerry, sometimes in revenge, and sometimes to obtain a reward from a human for
catching Jerry. By the final "fade-out" of each cartoon, Jerry usually emerges triumphant, while Tom is shown as the loser.

However, other results may be reached. On rare occasions, Tom triumphs, usually when Jerry becomes the aggressor or when
he pushes Tom a little too far. In The Million Dollar Cat Jerry learns that Tom will lose his newly acquired wealth if he harms any
animal, "including a mouse;" he then torments Tom a little too much until he retaliates. In Timid Tabby Tom's look-alike cousin
pushes Jerry over the edge. Occasionally and usually ironically, they both lose, usually when Jerry's final trap or attack on Tom
backfires or Jerry overlooks something. In Chuck Jones' Filet Meow, Jerry orders a shark from the pet store to scare Tom away
from eating a goldfish, but finds himself entirely intimidated as well. Finally, they occasionally end up being friends, although
within this set of stories, there is often a last minute event that ruins the truce. One story that has friendly ending is Snowbody
Loves Me.
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* \What'’s this about?
* \What’s happening?

 All we need to understand
what Is going on is good
pictures/figures and a little
bit of text or figure
captions.
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* And let’s face it what you write will be pretty
dull so people are not going to read the text
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« Communicate through pictures

assume this!
 Examples of good and bad graphs/figures...



Examples of wonderful figures.
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FIG. 8. (Color online) Normalized modal profiles of the probe
light for photon energies of 2.3 (blue), 2.6 (green), and 3.0 eV (red).
[t can be seen that as photon energy is increased the photon density
on the left-hand side of the device increases. Thus at low photon
energies the EA measurement will only be sensitive to band bending
on the right-hand side of the device, while at higher photon energies,

the EA measurement will be able to measure average band bending
over the whole device.
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FIG. 9. (Color online) The average carrier density corresponding
to free (hot) and trapped (cool) electrons during the measurement.
Initially all photogenerated carriers are free but as they cool they
become trapped. It can be seen that during the first 10 ps there are
more free carriers than trapped carriers; this is the reason for the
initial fast separation of the charge packets. It can be seen that past
10 ps most carriers are trapped and thus do not move; this is the
reason for the second slow phase to the charge separation transient.
At long times the number of trapped carriers decreases; this is due to
recombination.
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Voting intentions of major UK political parties: May 2005 - March 2010
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®\What has the author done to make the figure more clear?
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Surface Charts: come in handy if you are to determine the optimum combination

between two sets of data.
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Electoral Prediction Map

Which candidate will win each state and reach 270 electoral votes first?
Hover your mouse over the states to see the number of electoral votes,

Total number of Electoral College votes: 538
Total needed to win: 270

3 ”igﬁ% m ETSE 4&

M Strong Obama Leaning Obama Toss-up Either M Leaning Romney M Strong Romney

* -
ik
HI '

Based on data from CNMN.com the morning of November 5, 2012, using SAS/GRAPH software

You should think of every figure as a work of art.
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The physical meaning of charge extraction by linearly increasing voltage
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The Iintroduction:

Paragraph 1

Organic solar cells offer the potential of a low-cost,'
low-carbon source of electricity. Within the last five years,
power conversion efficiencies have increased from 3% to
over 10%° today. However, to further increase energy con-
version efficiencies, a larger proportion of the photogener-
ated charge carriers need to reach the contacts of the cell.*
To achieve this, the lifetime () and the mobility (u) of the
materials charge carriers must be maximized.! Researchers

often use the Charge Extraction by Linearly Increasing
Voltage (CELIV)*® method to measure mobility’* within
research devices to guide both device and material develop-
ment. However, since Juska®® first pioneered the CELIV
method, our understanding of organic semiconductors has
considerably improved.”!" In particular, our understanding
of charge transport in these material systems has consider-
ably developed.'! In this letter, we examine the underlying
theoretical assumptions made by Juska® in the derivation of
the CELIV measurement technique and hold them up to
scrutiny against today’s knowledge of organic semiconduc-
tor materials.” The ability to accurately measure mobility in
organic semiconductors is essential if the material systems
used in organic solar cells are to continue to be developed.

In Juska's® original paper, he derived the now well
known equation to extract mobility from CELIV transients,

ar]

"= -, (1)
A
a2 (1 +(].36—J)

max j({])

where, A describes the ramp rate (V/s) of a negative triangu-
lar voltage function applied to the cell; this voltage ramp
usually starts at around 0V and decreases to typically -1V
to =5V of applied bias within 10-20pus; d is the thickness of
the device; Aj/j(0) is the ratio of the current due to charge

being extracted from the organic semiconductor divided by
the current due to the geometric capacitance of the device;
and t,,, is the time at which the maximum current is
observed in the transient. A typical CELIV transient is
depicted in Figure 1. In the derivation of Eq. (1), Juska
described the most mobile carrier species as a uniform sheet
of charge of carrier density n (m_g}‘ which extends across
the device. As the voltage ramp is applied, Juska describes
this charge sheet being uniformly swept to the extracting
contact leaving a region of length /(x), depleted of charge
behind it. Juska assumed band like transport, neglecting the
presence of traps. Today, however, it is well known that up
to 90% of charge in a working organic solar cells resides in
deep trap states; '>'* and the deeper the trap the longer it will
take for a carrier to be released. Thus, rather than a well
defined sheet of charge being swept out of the device, it is
far more likely that the charge sheet will become spread out
and distorted by carrier trapping and escape events.
Therefore, it may not be possible to neglect carriers traps in
the derivation of the CELIV method. Furthermore, Juska
assumed that the material had one constant free carrier mo-
bility. However, today it is well known that the mobility is a
strong function of carrier density and in turn carrier density
is known to be a strong function of applied voliage:'* thus
the mobility of the material will change as the CELIV volt-
age ramp is applied to the device to extract the carriers. The
relationship between mobility within a device and potential
applied to it can be described by the equation,

A V)

} 1 |~ 0 /b
el = efh free; 1n trapped ;1
d Jo ., (x, V) 4 n/ (x, V)

dx, 2)

where 4, is the mobility of free carriers, nf.:-';:' is the density
of free carriers, nfﬁf”m is the density of rapped camiers, V' is
the applied voltage, and d is the device thickness; this equa-

tion explicitly states that the mobility of trapped carriers is
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The Iintroduction:

Paragraph 2

Organic solar cells offer the potential of a low-cost,'
low-carbon source of electricity. Within the last five years,
power conversion efficiencies have increased from 3% to
over 10%° today. However, to further increase energy con-
version efficiencies, a larger proportion of the photogener-
ated charge carriers need to reach the contacts of the cell *
To achieve this, the lifetime () and the mobility (u) of the
materials charge carriers must be maximized.* Researchers

often use the Charge Extraction by Linearly Increasing
Voltage (CELIV)™>® method to measure mobility’® within
research devices to guide both device and material develop-
ment. However, since Juska™® first pioneered the CELIV
method, our understanding of organic semiconductors has
considerably improved.”!'" In particular, our understanding
of charge transport in these material systems has consider-
ably developed.'! In this letter, we examine the underlying
theoretical assumptions made by Juska® in the derivation of
the CELIV measurement technique and hold them up to
scrutiny against today’s knowledge of organic semiconduc-
tor materials.” The ability to accurately measure mobility in
organic semiconductors is essential if the material systems
used in organic solar cells are to continue to be developed.

In Juska's® original paper, he derived the now well
known equation to extract mobility from CELIV transients,

2 d*

w== -,
3 Aj
A2 [ 14+ 036——
m( * f(n))

()

where, A describes the ramp rate (V/s) of a negative triangu-
lar voltage function applied to the cell; this voltage ramp
usually starts at around 0V and decreases to typically -1V
to =5V of applied bias within 10-20pus; d is the thickness of
the device; Aj/j(0) is the ratio of the current due to charge

being extracted from the organic semiconductor divided by
the current due to the geometric capacitance of the device;
and t,,, is the time at which the maximum current is
observed in the transient. A typical CELIV transient is
depicted in Figure 1. In the derivation of Eq. (1), Juska
described the most mobile carrier species as a uniform sheet
of charge of carrier density n (m_g}‘ which extends across
the device. As the voltage ramp is applied, Juska describes
this charge sheet being uniformly swept to the exiracting
contact leaving a region of length /(x), depleted of charge
behind it. Juska assumed band like transport, neglecting the
presence of traps. Today, however, it is well known that up
to 90% of charge in a working organic solar cells resides in
deep trap states; '>'* and the deeper the trap the longer it will
take for a carrier to be released. Thus, rather than a well
defined sheet of charge being swept out of the device, it is
far more likely that the charge sheet will become spread out
and distorted by carrier trapping and escape events.
Therefore, it may not be possible to neglect carriers traps in
the derivation of the CELIV method. Furthermore, Juska
assumed that the material had one constant free carrier mo-
bility. However, today it is well known that the mobility is a
strong function of carrier density and in turn carrier density
is known to be a strong function of applied voliage:'* thus
the mobility of the material will change as the CELIV volt-
age ramp is applied to the device to extract the carriers. The
relationship between mobility within a device and potential
applied to it can be described by the equation,
nf’::-f (x,V)

1 I“ 0
e == | Mo —Frem - - —dlx, (2)
el =4 0 Hef ”i:‘n (x V) + nf:i.f'm‘f[.\'. V)

where 4, is the mobility of free carriers, nf:;: is the density
of free carriers, nfffwd is the density of trapped carriers, V is
the applied voltage, and d is the device thickness; this equa-

tion explicitly states that the mobility of trapped carriers is
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« Explain to an expert in
the field why this is
important.

Organic solar cells offer the potential of a low-cost,!
low-carbon source of electricity. Within the last five years,
power conversion efficiencies have increased from 3% to
over 10%° today. However, to further increase energy con-
version efficiencies, a larger proportion of the photogener-
ated charge carriers need to reach the contacts of the cell*
To achieve this, the lifetime (7) and the mobility (i) of the
materials charge carriers must be maximized.* Researchers
often use the Charge Extraction by Linearly Increasing
Voltage (CELIV)*® method to measure mobility”® within
research devices to guide both device and material develop-
ment. However, since Juska™® first pioneered the CELIV
method, our understanding of organic semiconductors has
considerably improved.”'” In particular, our understanding
of charge transport in these material systems has consider-
ably developed.'! In this letter, we examine the underlying
theoretical assumptions made by Juska® in the derivation of
the CELIV measurement technique and hold them up to
scrutiny against today’s knowledge of organic semiconduc-
tor materials.” The ability to accurately measure mobility in
organic semiconductors is essential if the material systems
used in organic solar cells are to continue to be developed.

» But still keep the
language simple and to
the point.

* Cite retentive literature.
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» Describe what you did in the experimental method.

* You must include enough detail so someone can
repeat your experiment

« Here’s the catch.... People don't like reading
experiential sections they are boring!

« So describe what you did in really brief terms. Maybe
a paragraph or two.

« Then put the rest of the text in the supplementary
information (SlI).

The physical meaning of charge extraction by linearly increasing
voltage transients from organic solar cells

Robert Hanfland'*%3, Martin A. Fischer!, Wolfgang Britting?, Uli Warfel', and Roderick C. I. MacKenzie353) View Affiliations

DOI: http://dx.doi.org/10.1063/1.4818267

¥ PDF ABSTRACT FULL TEXT FIGURES SUPPLEMENTAL  CITED BY TOOLS SHARE METRICS

supinfo.pdf (398 KB)



The University of

Results/Discussion " | Nottingham

UNITED KINGDOM - CHINA - MALAYSIA

« Some people/journals like to separate out the results section and
the discussion of the results section

e | don't.

APFLEDTIVSICS LETTERS 103,08 7000

el Prps. Lo 183, 05504 {2013

- ®

oassa Hertbndoral A P Lom 163, G4 (015)

Whese ¢ & B permitivity of fiee spce. ¢, is R © ot st CELIY e R e et e

i i h i i permitiviy of the medium, 5o : - O, o, e e s ooy o CELIY eami W oo i o e e B o
The physical meaning of by linearly voltage I e e L TR e — e s
transients from organic solar cells mvenstet of free carsiess, the ipolae deifl difision equ- iy (s uu"ﬂ":‘l:y g {2, which nchudes © é_ﬁ 4 100w s v vk et CELIV o b e 0
ol camice tap data. o — Vikin o et of i S sppeezizy g T——
Robert Hanfand. = Martn A, Facher. Welgang Brting.* Ui thirel thes == olind, As vas dixussed sbove, camiee mobility in arganic 10 ey — ot o v sl s f i s Al Nt Hgh et Canpai Pty
gl Foderik G | Eoare— Y semicomdcion is noun 0 chmge 5 3 funcion of spplied o7 koo sy e s CELIV i, We
2. 79140 Fraibur £ Geme Jo=aun =5 = qbu @ rias and a5 the CELIV technique intrinsically use s a vohage " ind that CELIV tends o messure fie mobily of e mos C 1 s A (. i e Sl Tty o 5o o 7,
v 8415 Ao . Germ = 0 ramp 10 exract charges from the device. An obviow ques- frctighinone gt MNPl e e
G (e ot
aor e 31 701 e, o Iy =amp =gt~ 4, (o
2RD, Vsised K E &
013 accepted 24 Jaly 2013 published oaline 9 Augast 313} h ree electron tholk) obilty. Evmer Eq (21, It can be soem
W W w umu, dependent potential of the LUMO

iy in rgmnic sobe cells is abnost excd determined with the Charge
caly ncre g Voltags (CELIV) tectmique: indeed.much, of o undersanding

s chismisms in orgamic solse cells is hased on CELIV
IV metd. our undecnding of
o eandocton eniicandy dvanced In i v, we criveslly csmine i

g
CELIV wamsieat and by up to 50% before
35 ek o i e

sty s applied voRage bot aflect the i
CELIY oo, e v Sl s b e [19.4 D975 s v 1. 1 s nesurany

et of mobilty is the CELIV metha in general? To 31+ L n bty o ciubacd s Do b i o ks Bt 11

n e w 7
Time s T ) HONON. D D =

e electsan, (hole) diffusion coel -
ot CELIV mesmemenss (o)  mon s con ma ) o (RNEIRSCERSEREY o parcies & fred
. L o« 5 ¢ | oneriton eyusoms nd v dexcrbe carir rmpoing snd
5wl e Rty o185 e

medods sbilly 1o povide sccure material dn B e gt of reent advances in our swer this quesion. » seses of CELIV simulstions were o
o derading of o st 2 hls iflence on ey i cegaic smiconducton. Wo o <, we s sk f the mobily of dhe moteril in the v fre ecaon £y} ol e sy 2t o CELIY s
oy s s 0w sand e s sl o dgraliion i ek sl the mesuremen, how doss this o =N © e g ayeg et T
cell [ ABI8267 elfect o valle of mobility a5 meswed by e CELIV 101 % 0 i 0 €XAAE (it b ide of Fige 5 i & bocanse durieg the wh;j;q bl s sy fecse. e sl R s e,
Vb N e he scrn ol s et il frm e CELIV oo s By 33 ased 0 g of e CELIV vltage ra e g Fermi v g el sy v B T,
. e alie b heimge . e CELIY method was devived for 5 msterial | s HOMO wlge £ are . s he effetive mobitty from the ok before the ([ e vl pragressively mave o lover Vi Sprims b cvaine 3 b ey B o S
Organic salar cells offer the potential of 3 kow-cos.  being extracied from the arganic semiconducior divided by T ) bt p " i lge; (CELIV wansient staried. This was 1 fox ense gt vadl 4 S iy I suring ity onnaly mepoed by I We co, Al T u\w.m.m, nspesn
Yow-casben sore of ekeewicity. Within the 1 five years,  the cumeat dus %o e geometric cagucnce of the device system where ane material b 2 very low mobility and the (- Slops wmsngies s £ 46 e distce from wesgis loeing ever murs decply trappid sbies 1 selesse mesuring by ofghally popoed by ks We con: 3 .U i
+ : s oher carrer species fad 3 high mobality. However, due ® | g A ful slope energies af SmeV. 2 meV. SomeV. s WOmeV. [ rrier in ander 10 move w et
pover comersion efficencies have incressed iom 352t snd I, i3 the time o which the mavimwm cumen & ! el At > Ritus 4 pita tha raclts Tha black Hioa 14 goida to tha o sty ot PRI o e 1 e v r
atacrnd 1 e wamslont A trpal CELIV trmeios & improved polymers,” today's high elliciency devices have | ety fersestion A - o vk e 2 e 10 he e oy tapped crries ke 3 ol s e e i ity b 5 0% -
- T s a1 ot e | ey e e eyes sepmescnting the cxse where wnld messure ot Losan sl dhan skteas ia seper i Thas rttes B iy et b LY i s
ier semmins mmobile and thus CELIV exaly e effcive device mobily ac gluen by Bq. £ gl uniform charge sheet being rermoved fom o -

¥ hokls. In the If Eq. (1) is & measure of free camier mobility & e i, ovever, e eri Wi 3 high iy

. S et & very sl g (5 e emoved progresively from deeper and O v st e sy et bl or el e, S M L0100 (o
{6 he by 1)1 he w'm-l g, e s s qusts 7. o s comi | decribed by sk in i deaton, e the ety of mobilty 8 extactd from the CELIY tsnsicat 5 within s 4 e T el ot i 2 - S,
o s ) e b o s Gy b sl 53 et | o s ottt g of the CELL anler of g e of the verage device mobdiy s more  [ree ‘o . mgion e o e CELIY deaon
i n Charge Exvaction by Linearly k oftiow CBLIV icanseats can heinierpreled. sieal To ket Jiska's appraximation. Figure 2 plot five dionse i invoduced ins the device by increasi wil
often use e Chang cin by Linesaly lneresing Ik-heterojunction devices were fabricaued with [Wggmulstert ORIV i o
Vonsge method 10 messuse mobiliy'® wihin | simubie tmnients with all device parameiers slope cxergy, it can be e becomes
. HT.PCEMPEDOTPS SiAw grid _srwcture. |5t cong st except fox the casries esp densities. It e b LS G e b T TV s e

W s P rai) POl | e rease in e density of carries tap states nol SR R

lowever, since Juika © lind pineered the eyl eser (FCBM ) were mixed in 3 R . . CEI
metiod our undersending of orgmic smicoducin b 090 af charge ina warking organi: mhr cells resides in B '““ of chuirge:(lial dalg Tubes. oo bant L

iyt | Shil

considerably improved.”” [ panticular, ow undenstnding  deep trap sates: ' and the deeperthe =0 e bger 4 il
e wanspert in these material systems hus comsider-  take for 3 camier 0 be rekeased e than & vell
cloped.'" In this letier, we examine the underlying  delined sheet ol charge b ot the device §

e CELIV pesk to the right. If one wes Eq, {1} to
S0mm) Laver | exteact the mobiliies, we obtain valws of 11 107 1o
were deposited by spin cosing The mets! grid was thermally |5 5 1 gt -y

evmporte. Dt e sansled o 130°C e 0

awing was o

S e R i ol s
hand sde of Figure 51

1 determine from this st the device, camiers in shalow traps can becane

extracted fromm the device faster thon carriers in deeper w3

esical aseumptions misde by Juska” in the derivation of  fxr
CELY messwsment wclnique and hold them up 0 s disored by camier wapping sl esape e
scruting sgaint soday's dnowledge of orgnic semicmdue-  Therelore, & may not be passible ta neg!

e sheet will hecome spread ou
e

3 UV sanirce equivalern to expo
!

Time

ks A0 16 o .45 € o el
ity af 6% for 1176 b The

hing CELIV wansicats
o L By prving B

i argc el e o s bl b vt iy 4wl v B b & 2 s e s . H

e oty of e mscril wil change s he CELTY vol

sraclation, we fist wse o device mael

iy pom i

i (108 £ CELIV irsiems. To model CELIV wamsienss from an or- | g Ideal CELIV CELIV extraction
o) applied ta i can be described by the suation, e T et o with traps
. where the LUMO kvl of the fullerene is oken 2 the £
i, A st i sang e (1) of s cgate o o tron sobilis edge and die HOMO level of the polymer is wol— = = = = (i e i o oy
nction pplied 1o 1 this volag T To calculae the electric o
wsaally starts 2t asoud 0¥ and decreases toypically - e within the device, Poisson’s equation is solved e v Wit g e e el ey T
105V of agplicd biss within 10-Dys; ' is the thickness of f e in ane dimension, 2 The mmce of camer g st o the CELIY e 2 cam e FIGL 1 T nhucce of e olege eamp o on te e oy |lecpee ad decps g s the <otk device T he o /)
T device: Au(0h s the i o the carsat doe 10 chrge WP oLy it the mobily of fee caries, 7 i the dersiy « Wil v e At WA, 3, T B i Wi [ IV Wy B oy ddacd. A CELY i
B offree camiens, n7™ s the demsity of trapped csnriers, V is 4 db = oty s i = 2

E the applied veliage, and d is e device icknes: this cqpus oo en 5 = s o e R

Sro——

gl .k tom explicitly dstes that e mobility of apped carmiers &

003625 | Z13HOB(0EH0N $20.00 108, 058041 2013 AP PuslidirgLLC

* | tend to merge the results/discussion into an interesting story.
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e 1 Paragraph max
« Summarize the key results

In conclusion, we have applied a modem model and
understanding of organic semiconductors in combination
with experiments to evaluate a method of experimentally
measuring mobility originally proposed by Juska. We con-
cluded that; (a) carrier trap states change the shape of the
CELIV transient significantly; (b) the CELIV measurement
itself changes the average carrier mobility by up to 50%; (c)
the mobility as measured by CELIV can provide a good esti-
mate to the mobility of the most mobile charge carrier for or-
dered materials, however, for materials with a high density
of trap states, the estimate may be less reliable. For typical
organic solar cells the accuracy of CELIV is within one or

« Keep it short, punchy, and tell the reader what you found out.
Don’t tell the reader again what you did.
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 “All objectives were achieved” - the reader does not care.
* “The work was a success” - leave that up to the reader to decide.
» “We performed measurements on 100 solar cells” - no one cares.

* “We had highly efficient devices” - let the reader decide.
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 I'm afraid usually that’s it.
* S0 make sure these parts are really good
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| ecture outline

» The process of knowledge dissemination
» \What'’s the point of references
o Clarity of writing
» Good figures and graphs.
* How to write a scientific paper
 How to write a scientific report
 How to write a thesis.
 How to do a literature review.
» Abstract/Method/Discussion/Conclusion
« Abstract/Introduction/Results/Discussion/Conclusios
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Lab reports

Generally lab reports take the same form as a paper:

* Title « Results %/

 Obvious « We have discussed this
* Abstract _ . Discussion%/u
 We have discussed thle/ « We have discussed this

. Introduction_ _  Literature cited
 We have discussed this e We have discussed this

 Methods
* This is what you did. i.e. your
method used for doing the
experiment

* You do generally however have more space in a lab report and they are in
general more relaxed. You don’t necessarily have to use so many
references

* They are generally under 10 pages long and in size 12 text with
diagrams/pictures/equations.
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» The process of knowledge dissemination
» \What'’s the point of references

o Clarity of writing

» Good figures and graphs.

* How to write a scientific paper

* How to write a scientific report

 How to write a thesis

 How to do a literature review.
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How to write a thesis

You guessed it the structure is pretty much the same:

+ indicates that the chapter
e 1 page: Title can span multiple chapters.

* 1 page: Abstract

e Chapter 1: Introduction
e Chapter 2+: Methods

e Chapter 3+: Results

« Chapter 4: Discussion
e Chapter 5: Conclusion

e S0 now you really know how to write any type of scientific
document!
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« Write a mini paper with a few
sentences in each section.

 With one figure.

* | will come around and give
you feedback.

P »l ) 0:12/6:07

https://www.youtube.com/watch?v=UtHM
eeJUKdo

« This should only take 5 min.


https://www.youtube.com/watch?v=UtHMeeJUKdo
https://www.youtube.com/watch?v=UtHMeeJUKdo
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» The process of knowledge dissemination
» \What'’s the point of references

o Clarity of writing

» Good figures and graphs.

* How to write a scientific paper

* How to write a scientific report

 How to write a thesis

 How to do a literature review.
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Literature review

* This part of a paper can be though of as a mini literature
review.
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* Literature reviews, can be of any length
e This is a short one, they can be multiple pages
e Or even whole books
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Literature review

 What is a literature review?
It is a summary of all the key literature published in a field.

» Why write a literature review?

* To show your reader (your supervisor) that you have read,
and understand the main published works in your field.

 They are also very useful to read if you are just getting into a
fleld (They are sometimes called review articles).

e Coursework 1: will be to write a 3000 word (minimum)
literature review on the topic if your MSc project.

 Due date on the last day of this term (Friday 7" April).
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 \WWhat a literature review should not be:

» A description of what others have published in the form of a
set of summaries

 \What should a literature review be:

* It should be a critical discussion, showing insight and an
awareness of differing arguments, theories and approaches.

* It should analyze of the relevant published work, linked at all
times to your own purpose and rationale.
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Compare and contrast different authors' views on an issue
Group authors who draw similar conclusions

Criticise aspects of methodology

Note areas in which authors are in disagreement

Highlight exemplary studies

Highlight gaps in research

Show how your study relates to previous studies

Show how your study relates to the literature in general
Conclude by summarising what the literature says

The purposes of the review are:

» To define and limit the problem you are working on

To place your study in an historical perspective

To avoid unnecessary duplication

To evaluate promising research methods

To relate your findings to previous knowledge and suggest further research

In summary: A good literature review, therefore, is critical of what has been
written, identifies areas of controversy, raises questions and identifies areas
which need further research.
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You will need to group together, compare and contrast the varying
opinions of different writers on certain topics.

What you must not do is just describe what one writer says, then describe
what the next writer says and so on ...

Your structure should be dictated instead by topic areas, controversial
Issues or by questions to which there are varying approaches and
theories. Within each of these sections, you would then discuss what the
different literature argues, remembering to link this to your own purpose.

If there is disagreement in the field, you need to indicate clearly that you
are aware of this.

At the end of the review you should include a summary of what the
literature implies.
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» Decide what you need to read, your supervisor may suggest one or two good
papers to start with.

» Before you start reading it may be useful to compile a list of the main areas and
guestions involved, this list may change as you read.

Make sure that:

* You include a clear, short introduction which gives an outline of the review,
iIncluding the main topics covered and the order of the arguments, with a brief
rationale for this.

« Split your review up into relevant subsections based around topics in your field.

* Include a short summary at the end of each section.

* You always acknowledge opinions which do not agree with.

* If you ignore opposing viewpoints, your argument will in fact be weaker.
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 When I'm learning about a new topic | try to find easy to
understand things first.

* | always start with Wikipedia and general articles on the web
(for an hour or so)

* | then use scholar.google.com to search for key words and try
to identify key papers which look interesting.

* Then, try also to identify key people or groups working on a
topic and find what they are doing.

 Figure out who you respect in a field and who you don’t
respect.

 Follow references at the bottom of papers.
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* The process of knowledge dissemination
» \What'’s the point of references

o Clarity of writing

» Good figures and graphs.

* How to write a scientific paper

* How to write a scientific report

 How to write a thesis.

 How to do a literature review
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