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Abstract

In this lab session, you will learn about the technical woodpssor, LyX. You will use

LyX to create a simple report.
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1 Introduction

One of the commonest tasks any student faces, and indeedhgimger faces, is that of writing
a clear, concise and complete report. This week, we intreduool that makes technical report
writing easy. Not only easy, but extremely elegant and @msifenal in appearance.

The tool in question is calledeX. TpXwas invented by the famous Stanford mathematician,
Donald Knuth, to make mathematical typesetting simpler.stdelied the arcane intricacies of
professional typesetting and discovered the rules thagmowthe spacing, size and arrangement
of characters on a page that produce the appearance we fextliobks and other professionally
produced manuscripts. And he put all these rules into a praggave it a programming interface
and released it to the scientific and engineering community.

It is not easy to usegX. To create a document, you actually have to write a progréhe
program describes the logical structure of your report. Wbempiled, the result is a profes-
sional looking layout of the report. Clearly not everyoneasnpetent enough to create complex
reports using gX. So a set of routines (or macros) were developed and c#llgi{ LUsing these
macros, writing reports became very easy, and indeed a gmeiof scientists and engineers
have usedAIEX to write their papers. Most scientific and engineering jals accep®IpX doc-
uments and publish “templates” (basically monacrog that put the articles in the format they
require.

But even ATEX requires that you write a program. A simpler program, troet still a pro-
gram. You do not get to see what you have created till you clentipe program using the “latex”
command. In this day of WYSIWYG, that is very challenging foost users. So, a set of visual
editors have developed, that look like Microsoft Word or dfoerfect, but which save the file as
IATEX documents. The advantage of this approach is that you getdke of use that a visual
editor provides, while retaining the unmatched qualityt thg=X offers. LyX is one such visual
editor. In this week’s session, we will learn to use LyX andl ieiarn to create a simple report.

All reportsin this course must be submitted as LyX documents.
Note: This document itself (and all other lab manuals fos tourse) have also been written in

LyX.

1.1 WYSIWYG versus Typesetting L anguages

What differentiates a visual editor suchMgrosoft Wordfrom LyX?
When we create a document\Wvord we specify everything about the document. Essentially,
the editor provides us with a blank page, and some tools witiciwto write on that page. All



editorial control is with us. We can use whatever font we wishwhatever colour and make it
underlined, bold and italics at the same time. This is sintddahe power thahssembly language
programming gives us.

When we create a document in LyX however, we specify relbtilrtle about the layout.
We just type. The font selection and style is mostly deteedihy the environment we choose.
A section heading has a font that goes with it. It has a styleedks

The advantage of the WYSIWYG approach is that one can crebiteasty documents. We
can put the table of contents in the middle of page 3, with pagebers on the left.

The advantage of the LyX approach is that we make very fewsthieg decisions, and all
our decisions are related to our own material. Thus, doctiereation can be extremely fast.

2 Starting LyX
LyX can be launched from the command line by executing theroand:
$ lyx [filename] &

The “$” is the shell prompt (it depends on your choice of spetimpt, and may look different
for each person). “lyx” is the command name. “[filename]’ e t(optional) filename. If no
filename is given, LyX starts with an empty window. The “&” idaective to the shell that the
program should be started as a child process and controlgsheturn to the shell. This permits
you to enter further commands in that console session.

For the purpose of the next few paragraphs, start LyX as

$ lyx reportl.lyx &

This starts LyX with an empty file callegportl.lyx We shall put things into this report as we
go along.

The LyX window is very similar to that of other GUI wordprosess. There is a set of
drop-down menu buttons. Below that is a list of icons thaewo# quick way to perform com-
mon actions. Below that is the text window itself. At the lbottis the status line which gives
information about the LyX editing session.

However, the LyX window is quite different from your standavordprocessor too:

e There is no font selection menu.
e There is no point size selection menu.
e There is no ruler.

e There are no tab stops.



Instead there is an all important “environment” menu, jusiolv theFile menu button. Click
on the down arrow beside that menu. You will see a large nurob&nvironments” to choose
from.

The reason for the absence of the font and size menus is tratdhe clear rules about which
font and which size to use where. The environment pretty ndictates the choice of font and
size. The “ruler” and “tab stops” are made obsolete by thegmee of environments.

3 Document Settings

First we set up the report as a report. Clicklosmyout—Document This opens up a form with
many complicated settings.

e The most important of these is the “Class” field. Click on tharrow and select the
“article” class (this is actually the default class so yodrdi need to do anything). The
“Class” setting sets all the major features of the documénselects which macros are
predefined, and largely determines the layout of your doecume

e Click on “Font Size” and select “12”. By default the font si®e'10”, which is too small
for reports. “10” point font is used in books, and is the staddor the publishing industry.
For reports, “12” point is much more readable.

e Click on“One” in the “Page cols” menu. We have some wide tsjdad wish to use single
column format. Normally, more than two columns is never usealhave more than two
columns, and to adjust these columns dynamically, you nestesadvanced commands
(look up themulticol style in the ATEX book).

¢ Click on the “Paper” tab at the top of the form. Select “A4” tbe paper size.

e Also click on “Very small margins” under “Special (A4 poritanly)”. This makes better
use of the page and does not waste paper.

e Select “OK” to close th®ocumenform.

The “article” class is used in most scientific and engingggommunications. For example,
articles submitted to scientific journals use the “artick#yle. In this style, different sections
start on the same page. This is unlike the “book” style, faregle, where different chapters
start on fresh pages. The article style, in fact, does not lebnapters. It starts with sections,
sub-sections, etc.

4 AddingtheTitle, Author, Date and Abstract

The first thing to do when creating a report is to put a titled gdur name as author and add
an abstract of what the report is about. A date is added autceiig. Go to the “environment”



drop-down menu and select title (alternatively, prafisp t, i.e., press thélt andp keys simul-
taneously, release, and presstley). Type in a title for the lab - put in the week correspomdin
to this assignment, and the subject. Pres&titerkey. TheEnterkey separates paragraphs, just
as it does inMord. Any environment that consists of a single paragraph isiteatad by this key.
So, when you press tHenterkey, LyX takes you out of th&itle environment and puts you in
the defauliStandardenvironment.

Now select the “Author” environmen#(t-p Shift-A. Enter your name, roll number and de-
partment. To put these one under the other, @s&Enter. Enter would take you out of the
“Author” environment. Ctrl-Enter inserts a line break while keeping you in the same environ-
ment. Pres&nterwhen done.

Finally, select the “Abstract” environmenAlt-p a). Type in the text on page 10.

5 Adding an Introductory, Theory Section

Start a sectionAlt-p 2), and name it “Introduction”. Under it enter the text on pade

5.1 Handling Mathematical Equations

IATEX is at its best when handling mathematical equations. Usytxg you can get those perfect
equations with relatively little effort. There are two wagkentering equations. The first is to
use the menus. The “math” submenu in the “insert” menu cosataverything you need. The
only problem is that it is clumsy, and only suitable for vemginning users. Far better is to
use the keyboard. Tha&lt-m key sequence gives you pretty much everything you need tiecre
equations. Let us try to create the following equation:

0A  OA . 0°A 5

1. First enter the “Descriptive Math Mode” by pressiAti-m d which starts an equation on
a separate line.

2. The terms on the left side involve fractions. A fractiorergtered by typindAlt-m f (“f”
for fraction). To enter th@ symbol, typeAlt-m p(“p” for partial). So type

Alt-m d Alt-mf Alt-m p A <down arrow> Alt-m p z <space>

The <down arrow> takes you to the denominator field, whiletbpace> leaves the frac-
tion and allows you to enter the next term.

3. The second term involves a subscript. This is done by typif. So the second term is
entered as:

+ v_G Alt-mf Alt-mp A <down arrow> Alt-mp t <space>



The “v_G” entry createsg.

. The third term involves superscripts. This is done byrgpi*”. So the third term is
entered as follows:

+ iD Alt-mf Alt-m p”2 A <down arrow> Alt-m p t"2 <space>
Notice the “Alt-m p”*2” and the “t"2” entries. These create gecond derivitives.
. The term on the right involves a Greek letter and vertieatbThese are entered as follows:
= Alt-mgg |A|"2 A

Here the “Alt-m g” sequence selects the Greek keyboard, evhabcde...” become
“apxode...”. The vertical bar is just directly typed in as seen above

. Finally, we want to give the equation a number. By defdylX does not number equa-
tions. If you want to add a number to an equation, just put tivear into the equation

and typeAlt-m n The equation number is automatically generated, and isagteed to be

in proper sequence, with proper respect paid to style. Ifwaat to remove an equation
number, just typ@lt-m Shift-n

However, the only real reason to number an equation such aflkr to refer to it in the
text. In that case, we can'’t just add a number, we have to gaertumber a meaningful
label. This is done by placing the cursor in the equation, tgpahg Alt-i |, which opens
up a dialog box where you can give the name of the label, sayrf@geq” (by default,
LyX will put “eq:” as part of an equation label to keep it froneibg confused with a
section label or a figure label or any other label). Once yaeltone that, you can refer
to that equation elsewhere by typing

Eq. Alt-i r and selecting “eq:maineq”

That is pretty much it. There is much more you can do, like tongamatrices, integral signs etc.
But the essence of the math mode in LyX is what we just did. Bok lat the result (typalt-x
p) and see the quality of the typesetting that we have paiglessained. TheAlt-m keyboard is
summarized below for quick reference:

LyX | Description | I&TEX | LyX | Description | IATEX
Alt-m f | fraction \frac Alt-m s | square root \sqrt
Alt-mu| 5 symbol \sum Alt-mi | [ symbol \int
Alt-md | start eqn on Alt-m m | start egn inline

fresh line
Alt-m p | 0 symbol \partial || Alt-mr v/ symbol \root
Alt-m n | add egn numj Alt-m S-n| remove  eqn
ber number
Alt-m 8 | co symbol \infty Alt-m g | Greek key-| \alpha etc
board




5.2 Enumerated Text

Very often in reports, we have to present information asta ksr example, in the text given in
the next section, the four algorithms are described in ammemated list. The way to do this is
to use the “enumerate” environment,Alt-p e This puts a number in front of every paragraph.
Often, we require a sub-list within a list (again see the gxantext below). To increase the
“depth” of the enumeration, click on the “increase envir@mtal depth” icon. This will create a
sub-list, enumerated by (a), (b), etc.

It will not be required in this assignment, but we sometimesdto continue text in a second
paragraph within a single enumeration. For an example,tsee 6 of section 5.1. When we
press<Enter> to start the next paragraph, a new number gets added, asheliws example:

First attempt:

1. A sample line. Ended by pressirgnter>
2. The next para corresponds to item 2.
3. This para corresponds to item 3.

To prevent this happening, click on the “increase envirom@ledept” icon. This will still put a
number, but it will look like (a):

Second attempt

1. A sample line. Ended by pressirgnter>
(&) The next para corresponds to item 1(a).
2. This para corresponds to item 2.

Now, change the sub-environment to “standaiit-{ ). Type in the line. When you now press
<Enter>, you go back to the outer nesting level, but without enunnemat

Third attempt:

1. A sample line. Ended by pressirgnter>
The next para corresponds to text under item 1.

This para is in standard text.
To get it all right, typeAlt-p eonce again in the next paragraph:
Final attempt:

1. A sample line. Ended by pressirgnter>
The next para corresponds to text under item 1.

2. This parais item 2.

With a little practice, lists and enumerations are extrgneehvenient and easy to do under LyX.

7



5.3 Typingin thelntroduction

Type in the text on page 10 following the above guidelines.

6 Enteringthe Experimental Details

Select the “section” environmenAlt-p 2) and give a heading. PreEsiter. Now add text below
to describe the simulation runs.

Further sections can be added as needed. To add a new sedion@oint, just presEnter
(this is the universal means of starting a new environmaunig,select the “section” environment
(Alt-p 2). Numbering is automatically adjusted to keep the sectmmbered appropriately. To
add a subsection, such as the one below for adding a talkdet se¢ “subsection” environment.

6.1 Adding aTable

The main thing that the report has is a table containing thasomements. Insert a table via
Insert—float—table. The effect of this command to insert a place for a table to lkdd Add

a caption by typing in the space after “Table #:”. Pr&sger. Now insert the table itself by
clicking on the table icon, or vimsert—tabular material. Type in the data from Table 1.

To enter the numbers, go into Math moddt{m m) and then type in the numbers. The
symbol is obtained by typing “\times”, or selecting it frohmet“math panel”.

You will notice that the inserted table is “left aligned” Ingtr than centered. To correct this,
you have to change the alignment. Do this by placing the cytst outside the table and
selecting.ayout—paragraph and then clicking on “centered” in the paragraph form. Bfadé,
LyX works in “block” mode, which creates justified text. Fdpjects such as tables and figures,
this usually needs to change to “centered”, which is what ideatove.

A peculiarity of the “floating” table is that LyX decides wlesto place it. LyX, or rathergX,
has a very sophisticated set of algorithms that decides dngtion, line- and page-breaking
and float placement. By and large, you should not tinker whtbsé algorithms. In almost
every situation, Knuth’s default arrangement is supemoodr taste. We are not professional
typesetters, and our tinkering rarely produces an impralemiment. Therare ways to force
our preferences on LyX, but these are to be used with care.

6.2 Adding Figures

The table is also plotted, as shown in Fig. 1. To create a figuoe must have a graphic file.
Downloadfigl.psfrom the site. Insert a floating figure usimgsert—float—figure Insert a
label in the caption usinsert—label. Type in a caption. Pred€snter, and insert the file using
Insert—graphics The figure is now inserted. It may or may not show in Ly X itsdtiat depends
on the graphics rendering in your version of LyX. But it wih@w up in the compiled output.



Table 1: Cumulative error due to different split-step altjons for an optical link of 100 Km.
Algorithm 1 calculates the contribution from nonlinear{tyL) first, and then uses the result to
compute the contribution from dispersion (D). Algorithm &aulates NL and D based on the
original signal. Algorithm 3 computes NL for a half step, ahén computes D and NL, each
centered about the other, with a final half step of NL. Algaunt4 computes D for a half step,
and then computes NL and D, each centred about the otheraMiitlal half step of D.

dz €1 € €3 €4
(Km)
10 || 1.824x10°8]2.393x 108 | 2.589x 1012 | 9.099x 1014
20 || 7.17x10°® | 9.396x 10 8 | 4.150x 10 11 | 1.467x 1012
30 [[1.341x107 | 1.812x10 7| 2.052x 10 10| 7.260x 1012
40 | 2.137x10 7| 2.959x 10 7 | 6.111x 10 10| 2.143x 1011
50 | 4.206x10 7 |5.651x10 7| 1.643x10°° | 6.069x 10 11
60 | 4.229x10 7| 6.063x10° 7| 2.662x 10°° | 8.902x 1011
70 |/ 4.930x10 7| 7.524x 10 7| 5306x 102 | 1.768x 1010
80 |/ 6.545x10 7| 1.000x 10 ® | 1.033x 108 | 3.636x 10 10
90 || 9.507x10 7| 1.500x 10 ® | 1.813x 108 | 7.003x 10 10
100 || 1.500x 10 ° | 2.200x 10 ® | 2.830x10°® | 1.235x10°°

Figure 1: Scaling of Error for different split-step algdnihs. The points correspond to the data
in Table 1. The lines correspond to best power-law fits ascatdd in the legends. As can be
seen, algorithms 1 and 2 scaled®, while algorithms 3 and 4 scale dg*.
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6.3 Typing in the Results and Discussion Section
Create Table 1 and Figure 1, and type in the text on page 11.

7 Creating the output

Having created the report, you need to compile and view itatTit done bywiew—pdf (or
Ctrl-x g). LyX generates @df file, which can be viewed bypdf LyX automatically callsxpdf
and shows you the output. Note that you can do this at any ,stag®nly at the end of report
creation.

A printable version of the output can be obtainedHile— Export—postscript If you want
to getpdf output instead, uséile—Export—pdf.

8 Material for the Assignment

8.1 Abstract Equation (2) is a nonlinear partial differen-
tial equation (PDE) of the hyperbolic, and is

Tthls frep(_)rt pretshergs a s}_u%yt ofthvarlousl spl herefore difficult to solve. In the absence of the
Step fourier methods applied o th€ probiem g, ,inear term (the term on the right), Eq. (2)

wave propagation down a dispersive, optical 5 awave equation that can be solved by fourier

bre. Itis found that the algorithms that C€Mhhethods. In the absence of the time derivitive

tre the dispersion and the nonlinearity compyérm, Eq. (2) reduces to an ordinary differen-

f[atlons about eaph other converge much bet&% equation, though a nonlinear one. Such are
i.e., the cumulative error scales&%'. Of such

. ) ; sy to solve using a standard differential equa-
algorithms, the algorithm tha_t takeg a f_|rst haffan solver such as the fifth order, adaptive step,
step (and last half step) of dispersion is foqu?J

0 b ior to the alaorithm that start 3 nge Kutta solver.
0 be superior to the aigorithm that starts and 4 jake progress, we consider solving the
ends with nonlinearity half steps.

equation over a very small stepm It is easy
to show that the two terms are additive in their
8.2 Introduction effect in this limit. That is to say, first solve the
_ _ ) linear equation (which represents “dispersion”)
This report presgnts fourQn‘ferent algorithms Bom zto 7+ dz Use that as initial condition
solve the following equation and solve the nonlinear ODE fromto z+dz
A B2A In the limit of dz going to zero, this is equiva-
3 +IW = |A]“A (2) lentto s_olvmg the full equation exactly.
In this study, we try four different ways of
which appears in the theory of optical wavegarrying out this approach:
uides. In this equatiorg represents position 1 - perform the following steps, using the re-
in the “wave frame”, and botlz andt have sult of each as the initial condition of the
been scaled to eliminate the constants usually
present. HereA is the complex amplitude of
the transverse Electric field of the wave. () Solve the linear equation fromto

next.
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z+dz (b) Now solve the nonlinear ODE from

(b) Solve the nonlinear ODE fromto ztoz+dz
z+dz (c) Solve the linear equation from+
(c) Solve the linear equation from+ dz/2 toz+3dz/2.
dztoz+2dz (d) Solve the ODE fronz+dzto z+
(d) etc. 2dz
(e) etc.
2. Perform the following steps: () Solve the linear equation frorh —
dz/2 toL.

(a) Solve the nonlinear ODE fromto

z-+dz Save the result.

_ _ 8.3 Resultsand Discussion
(b) Solve the linear equation fromto

Zz-+dz Save the result. The four algorithms described in the Introduc-
gon were implemented irC. The simulation
t . . .
was carried out for a fixed length of waveguide,
using differentdz As this particular choice of
coefficients is theoretically tractable, the exact
(d) etc. solution was also known.
. _ Table 1 presents the error in each algorithm,
3. Perform the following steps, using the reor different dz values. Figure 1 presents the
sult of each as the initial condition of th%ame data in a |Og_|og p|ot Each series was
next. also fitted to a power law fit of the form

(c) Average the results of (a) and (b)
obtain the initial condition for the
next step.

(a) Take a step afiz/2 first, on which ad?

the nonlinear ODE is solved.
and the corresponding bestdiindb were ob-

(b) Now solve the linear equation frorrIained. These are indicated in the legend in the

ztoz+dz figure.
(c) Solve the ODE fromz+ dz/2 to All the algorithms performed better aiz
z+3dz/2. is reduced. This was expected, since the al-
(d) Solve the linear equation from - gorithms are all exact in the limit adz going
dzto z+2dz to zero. It is clear from the results, however,
that the first two algorithms are inferior in that
(e) etc.

the error improves slowly adz is decreased.
(f) Solve the ODE fromL —dz/2toL. The third and fourth algorithms improved as
dZ, while the first two improved only adZ.

4. Perform the following steps, using the reFhis is a clear indication that the interleaving
sult of each as the initial condition of thef nonlinearity and dispersion manages error in
next. a much better fashion.

While both algorithms (3) and (4) scaled
(a) Take a step ofiz/2 first, on which the same, there was a clear two orders of im-
the linear equation is solved. provement in error when using algorithm (4).
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The difference between the two algorithms tse taken to implement the algorithm correctly.
merely that the third algorithm uses a first anthe reward is an enormous reduction in com-
last half-step of nonlinearity, while the fourthputational time. For example, if an accuracy
algorithm uses a first and last half-step of disf 10~1? is required, algorithms 1 and 2 would
persion. It is clear that the nonlinear term isr@quire extremely small steps of the order of
delicate term that is susceptible to error if it i8.06 Km to hope to achieve the result. Algo-
carried out in a “non-centered” manner. Thusiitthm 3 would require a step size of between 5
always has to be sandwitched between dispand 10 Km. But algorithm 4 would require a
sion computations. step size of 20 Km, thus reducing the computa-
To conclude, itis clear that not all split-stefion by a further factor of 3.
fourier methods are equal. Great care has to
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