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Abstract

In this lab session, you will learn about the technical wordprocessor, 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 indeed any engineer faces, is that of writing
a clear, concise and complete report. This week, we introduce a tool that makes technical report
writing easy. Not only easy, but extremely elegant and professional in appearance.

The tool in question is called TEX. TEXwas invented by the famous Stanford mathematician,
Donald Knuth, to make mathematical typesetting simpler. Hestudied the arcane intricacies of
professional typesetting and discovered the rules that govern the spacing, size and arrangement
of characters on a page that produce the appearance we find in textbooks and other professionally
produced manuscripts. And he put all these rules into a program, gave it a programming interface
and released it to the scientific and engineering community.

It is not easy to use TEX. To create a document, you actually have to write a program.The
program describes the logical structure of your report. When compiled, the result is a profes-
sional looking layout of the report. Clearly not everyone iscompetent enough to create complex
reports using TEX. So a set of routines (or macros) were developed and called LATEX. Using these
macros, writing reports became very easy, and indeed a generation of scientists and engineers
have used LATEX to write their papers. Most scientific and engineering journals accept LATEX doc-
uments and publish “templates” (basically moremacros) that put the articles in the format they
require.

But even LATEX requires that you write a program. A simpler program, true,but still a pro-
gram. You do not get to see what you have created till you compile the program using the “latex”
command. In this day of WYSIWYG, that is very challenging formost users. So, a set of visual
editors have developed, that look like Microsoft Word or Wordperfect, but which save the file as
LATEX documents. The advantage of this approach is that you get the ease of use that a visual
editor provides, while retaining the unmatched quality that LATEX offers. LyX is one such visual
editor. In this week’s session, we will learn to use LyX and will learn to create a simple report.

All reports in this course must be submitted as LyX documents.

Note: This document itself (and all other lab manuals for this course) have also been written in
LyX.

1.1 WYSIWYG versus Typesetting Languages

What differentiates a visual editor such asMicrosoft Wordfrom LyX?
When we create a document inWord, we specify everything about the document. Essentially,

the editor provides us with a blank page, and some tools with which to write on that page. All
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editorial control is with us. We can use whatever font we wish, in whatever colour and make it
underlined, bold and italics at the same time. This is similar to the power thatassembly language
programming gives us.

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

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

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

2 Starting LyX

LyX can be launched from the command line by executing the command:

$ lyx [filename] &

The “$” is the shell prompt (it depends on your choice of shellprompt, and may look different
for each person). “lyx” is the command name. “[filename]” is the (optional) filename. If no
filename is given, LyX starts with an empty window. The “&” is adirective to the shell that the
program should be started as a child process and control should return 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 report1.lyx &

This starts LyX with an empty file calledreport1.lyx. We shall put things into this report as we
go along.

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

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

• There is no font selection menu.

• There is no point size selection menu.

• There is no ruler.

• There are no tab stops.
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Instead there is an all important “environment” menu, just below theFile menu button. Click
on the down arrow beside that menu. You will see a large numberof “environments” to choose
from.

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

3 Document Settings

First we set up the report as a report. Click onLayout→Document. This opens up a form with
many complicated settings.

• The most important of these is the “Class” field. Click on the↓ arrow and select the
“article” class (this is actually the default class so you didn’t need to do anything). The
“Class” setting sets all the major features of the document.It selects which macros are
predefined, and largely determines the layout of your document.

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

• Click on “One” in the “Page cols” menu. We have some wide tables, and wish to use single
column format. Normally, more than two columns is never used. To have more than two
columns, and to adjust these columns dynamically, you need some advanced commands
(look up themulticolstyle in the LATEX book).

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

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

• Select “OK” to close theDocumentform.

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

4 Adding the Title, Author, Date and Abstract

The first thing to do when creating a report is to put a title, add your name as author and add
an abstract of what the report is about. A date is added automatically. Go to the “environment”
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drop-down menu and select title (alternatively, pressAlt-p t, i.e., press theAlt andp keys simul-
taneously, release, and press thet key). Type in a title for the lab - put in the week corresponding
to this assignment, and the subject. Press theEnterkey. TheEnterkey separates paragraphs, just
as it does inWord. Any environment that consists of a single paragraph is terminated by this key.
So, when you press theEnterkey, LyX takes you out of theTitle environment and puts you in
the defaultStandardenvironment.

Now select the “Author” environment (Alt-p Shift-A). Enter your name, roll number and de-
partment. To put these one under the other, useCtrl-Enter. Enter would take you out of the
“Author” environment.Ctrl-Enter inserts a line break while keeping you in the same environ-
ment. PressEnterwhen done.

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

5 Adding an Introductory, Theory Section

Start a section (Alt-p 2), and name it “Introduction”. Under it enter the text on page10.

5.1 Handling Mathematical Equations

LATEX is at its best when handling mathematical equations. UsingLyX, you can get those perfect
equations with relatively little effort. There are two waysof entering equations. The first is to
use the menus. The “math” submenu in the “insert” menu contains everything you need. The
only problem is that it is clumsy, and only suitable for very beginning users. Far better is to
use the keyboard. TheAlt-m key sequence gives you pretty much everything you need to create
equations. Let us try to create the following equation:

∂A
∂z

+vG
∂A
∂t

+ iD
∂2A
∂t2 = γ|A|2A (1)

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

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

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

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

3. The second term involves a subscript. This is done by typing “_”. So the second term is
entered as:

+ v_G Alt-m f Alt-m p A <down arrow> Alt-m p t <space>
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The “v_G” entry createsvG.

4. The third term involves superscripts. This is done by typing “^”. So the third term is
entered as follows:

+ iD Alt-m f 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 the second derivitives.

5. The term on the right involves a Greek letter and vertical bars. These are entered as follows:

= Alt-m g g |A|^2 A

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

6. Finally, we want to give the equation a number. By default,LyX does not number equa-
tions. If you want to add a number to an equation, just put the cursor into the equation
and typeAlt-m n. The equation number is automatically generated, and is guaranteed to be
in proper sequence, with proper respect paid to style. If youwant to remove an equation
number, just typeAlt-m Shift-n.

However, the only real reason to number an equation such as Eq. (1) is to refer to it in the
text. In that case, we can’t just add a number, we have to give that number a meaningful
label. This is done by placing the cursor in the equation, andtyping Alt-i l , which opens
up a dialog box where you can give the name of the label, say “eq:maineq” (by default,
LyX will put “eq:” as part of an equation label to keep it from being confused with a
section label or a figure label or any other label). Once you have done 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 creating matrices, integral signs etc.
But the essence of the math mode in LyX is what we just did. But look at the result (typeAlt-x
p) and see the quality of the typesetting that we have painlessly obtained. TheAlt-m keyboard is
summarized below for quick reference:

LyX Description LATEX LyX Description LATEX

Alt-m f fraction \frac Alt-m s square root \sqrt
Alt-m u ∑ symbol \sum Alt-m i

R

symbol \int
Alt-m d start eqn on

fresh line
Alt-m m start eqn inline

Alt-m p ∂ symbol \partial Alt-m r √ symbol \root
Alt-m n add eqn num-

ber
Alt-m S-n remove eqn

number
Alt-m 8 ∞ symbol \infty Alt-m g Greek key-

board
\alpha etc
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5.2 Enumerated Text

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

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

First attempt:

1. A sample line. Ended by pressing<Enter>

2. The next para corresponds to item 2.

3. This para corresponds to item 3.

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

Second attempt

1. A sample line. Ended by pressing<Enter>

(a) The next para corresponds to item 1(a).

2. This para corresponds to item 2.

Now, change the sub-environment to “standard” (Alt-p s). Type in the line. When you now press
<Enter>, you go back to the outer nesting level, but without enumeration:

Third attempt:

1. A sample line. Ended by pressing<Enter>

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 pressing<Enter>

The next para corresponds to text under item 1.

2. This para is item 2.

With a little practice, lists and enumerations are extremely convenient and easy to do under LyX.
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5.3 Typing in the Introduction

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

6 Entering the Experimental Details

Select the “section” environment (Alt-p 2) and give a heading. PressEnter. Now add text below
to describe the simulation runs.

Further sections can be added as needed. To add a new section at any point, just pressEnter
(this is the universal means of starting a new environment),and select the “section” environment
(Alt-p 2). Numbering is automatically adjusted to keep the sectionsnumbered appropriately. To
add a subsection, such as the one below for adding a table, select the “subsection” environment.

6.1 Adding a Table

The main thing that the report has is a table containing the measurements. Insert a table via
Insert→float→table. The effect of this command to insert a place for a table to be added. Add
a caption by typing in the space after “Table #:”. PressEnter. Now insert the table itself by
clicking on the table icon, or viainsert→tabular material.Type in the data from Table 1.

To enter the numbers, go into Math mode (Alt-m m) and then type in the numbers. The×
symbol is obtained by typing “\times”, or selecting it from the “math panel”.

You will notice that the inserted table is “left aligned” rather than centered. To correct this,
you have to change the alignment. Do this by placing the cursor just outside the table and
selectingLayout→paragraph, and then clicking on “centered” in the paragraph form. By default,
LyX works in “block” mode, which creates justified text. For objects such as tables and figures,
this usually needs to change to “centered”, which is what we did above.

A peculiarity of the “floating” table is that LyX decides where to place it. LyX, or rather TEX,
has a very sophisticated set of algorithms that decides hyphenation, line- and page-breaking
and float placement. By and large, you should not tinker with these algorithms. In almost
every situation, Knuth’s default arrangement is superior to our taste. We are not professional
typesetters, and our tinkering rarely produces an improveddocument. Thereare 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 figure, you must have a graphic file.
Downloadfig1.psfrom the site. Insert a floating figure usingInsert→float→figure. Insert a
label in the caption usingInsert→label. Type in a caption. PressEnter, and insert the file using
Insert→graphics. The figure is now inserted. It may or may not show in LyX itself- that depends
on the graphics rendering in your version of LyX. But it will show up in the compiled output.
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Table 1: Cumulative error due to different split-step algorithms for an optical link of 100 Km.
Algorithm 1 calculates the contribution from nonlinearity(NL) first, and then uses the result to
compute the contribution from dispersion (D). Algorithm 2 calculates NL and D based on the
original signal. Algorithm 3 computes NL for a half step, andthen computes D and NL, each
centered about the other, with a final half step of NL. Algorithm 4 computes D for a half step,
and then computes NL and D, each centred about the other, witha final half step of D.

dz ε1 ε2 ε3 ε4

(Km)

10 1.824×10−8 2.393×10−8 2.589×10−12 9.099×10−14

20 7.17×10−8 9.396×10−8 4.150×10−11 1.467×10−12

30 1.341×10−7 1.812×10−7 2.052×10−10 7.260×10−12

40 2.137×10−7 2.959×10−7 6.111×10−10 2.143×10−11

50 4.206×10−7 5.651×10−7 1.643×10−9 6.069×10−11

60 4.229×10−7 6.063×10−7 2.662×10−9 8.902×10−11

70 4.930×10−7 7.524×10−7 5.306×10−9 1.768×10−10

80 6.545×10−7 1.000×10−6 1.033×10−8 3.636×10−10

90 9.507×10−7 1.500×10−6 1.813×10−8 7.003×10−10

100 1.500×10−6 2.200×10−6 2.830×10−8 1.235×10−9

Figure 1: Scaling of Error for different split-step algorithms. The points correspond to the data
in Table 1. The lines correspond to best power-law fits as indicated in the legends. As can be
seen, algorithms 1 and 2 scale asdz2, while algorithms 3 and 4 scale asdz4.
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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 it. That is done byView→pdf (or
Ctrl-x g). LyX generates apdf file, which can be viewed byxpdf. LyX automatically callsxpdf
and shows you the output. Note that you can do this at any stage, not only at the end of report
creation.

A printable version of the output can be obtained byFile→Export→postscript. If you want
to getpdf output instead, useFile→Export→pdf.

8 Material for the Assignment

8.1 Abstract

This report presents a study of various split-
step fourier methods applied to the problem of
wave propagation down a dispersive, optical fi-
bre. It is found that the algorithms that cen-
tre the dispersion and the nonlinearity compu-
tations about each other converge much better,
i.e., the cumulative error scales as∆z4. Of such
algorithms, the algorithm that takes a first half
step (and last half step) of dispersion is found
to be superior to the algorithm that starts and
ends with nonlinearity half steps.

8.2 Introduction

This report presents four different algorithms to
solve the following equation

∂A
∂z

+ i
∂2iA
∂t2 = |A|2A (2)

which appears in the theory of optical waveg-
uides. In this equation,z represents position
in the “wave frame”, and bothz and t have
been scaled to eliminate the constants usually
present. Here,A is the complex amplitude of
the transverse Electric field of the wave.

Equation (2) is a nonlinear partial differen-
tial equation (PDE) of the hyperbolic, and is
therefore difficult to solve. In the absence of the
nonlinear term (the term on the right), Eq. (2)
is a wave equation that can be solved by fourier
methods. In the absence of the time derivitive
term, Eq. (2) reduces to an ordinary differen-
tial equation, though a nonlinear one. Such are
easy to solve using a standard differential equa-
tion solver such as the fifth order, adaptive step,
Runge Kutta solver.

To make progress, we consider solving the
equation over a very small step inz. It is easy
to show that the two terms are additive in their
effect in this limit. That is to say, first solve the
linear equation (which represents “dispersion”)
from z to z+ dz. Use that as initial condition
and solve the nonlinear ODE fromz to z+ dz.
In the limit of dzgoing to zero, this is equiva-
lent to solving the full equation exactly.

In this study, we try four different ways of
carrying out this approach:

1. Perform the following steps, using the re-
sult of each as the initial condition of the
next.

(a) Solve the linear equation fromz to
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z+dz.

(b) Solve the nonlinear ODE fromz to
z+dz.

(c) Solve the linear equation fromz+

dz to z+2dz.

(d) etc.

2. Perform the following steps:

(a) Solve the nonlinear ODE fromz to
z+dz. Save the result.

(b) Solve the linear equation fromz to
z+dz. Save the result.

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

(d) etc.

3. Perform the following steps, using the re-
sult of each as the initial condition of the
next.

(a) Take a step ofdz/2 first, on which
the nonlinear ODE is solved.

(b) Now solve the linear equation from
z to z+dz.

(c) Solve the ODE fromz+ dz/2 to
z+3dz/2.

(d) Solve the linear equation fromz+

dz to z+2dz.

(e) etc.

(f) Solve the ODE fromL−dz/2 toL.

4. Perform the following steps, using the re-
sult of each as the initial condition of the
next.

(a) Take a step ofdz/2 first, on which
the linear equation is solved.

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

(c) Solve the linear equation fromz+

dz/2 toz+3dz/2.

(d) Solve the ODE fromz+ dz to z+

2dz.

(e) etc.

(f) Solve the linear equation fromL−
dz/2 toL.

8.3 Results and Discussion

The four algorithms described in the Introduc-
tion were implemented inC. The simulation
was carried out for a fixed length of waveguide,
using differentdz. As this particular choice of
coefficients is theoretically tractable, the exact
solution was also known.

Table 1 presents the error in each algorithm,
for different dz values. Figure 1 presents the
same data in a log-log plot. Each series was
also fitted to a power law fit of the form

adzb

and the corresponding best fita andb were ob-
tained. These are indicated in the legend in the
figure.

All the algorithms performed better asdz
is reduced. This was expected, since the al-
gorithms are all exact in the limit ofdz going
to zero. It is clear from the results, however,
that the first two algorithms are inferior in that
the error improves slowly asdz is decreased.
The third and fourth algorithms improved as
dz4, while the first two improved only asdz2.
This is a clear indication that the interleaving
of nonlinearity and dispersion manages error in
a much better fashion.

While both algorithms (3) and (4) scaled
the same, there was a clear two orders of im-
provement in error when using algorithm (4).
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The difference between the two algorithms is
merely that the third algorithm uses a first and
last half-step of nonlinearity, while the fourth
algorithm uses a first and last half-step of dis-
persion. It is clear that the nonlinear term is a
delicate term that is susceptible to error if it is
carried out in a “non-centered” manner. Thus it
always has to be sandwitched between disper-
sion computations.

To conclude, it is clear that not all split-step
fourier methods are equal. Great care has to

be taken to implement the algorithm correctly.
The reward is an enormous reduction in com-
putational time. For example, if an accuracy
of 10−12 is required, algorithms 1 and 2 would
require extremely small steps of the order of
0.06 Km to hope to achieve the result. Algo-
rithm 3 would require a step size of between 5
and 10 Km. But algorithm 4 would require a
step size of 20 Km, thus reducing the computa-
tion by a further factor of 3.
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