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Abstract

The step-by-step self-teaching approach through audio-
video tutorials, known as Spoken Tutorials, has been very
successful. About 3.4 million students in India have taken
at least one course during the past 6-year period, of which
1.6 million students have attended the rapidly expanding
course programme during 2016. This programme has now
been expanded by a newly developed course in Model-
ing and Simulation with Modelica using the OpenModel-
ica open source tool, primarily via the OMEdit graphical
user interface. The spoken tutorial programme is exclu-
sively based on free and open source software. This paper
gives an introduction to the spoken tutorial approach and
presents the recently developed spoken tutorial series for
Modelica using OpenModelica. Feedback of participants
shows that this series is an effective tool for self-learning
of OpenModelica. The paper also presents a new web
version that generalises the interactive DrModelica course
material, OMWebbook: it enables students to learn Mod-
elica, do text-based modeling exercises, and run simula-
tions without needing to install a Modelica tool. OMWeb-
book is also planned to be covered in a future update to
the spoken tutorial course on Modelica.

Keywords: Spoken Tutorial, tutorial, Modelica, Open-
Modelica, teaching, self learning, modelling, simulation

1 Introduction

Modelling and simulation is the most cost effective way
for a developing country like India to become a developed
one. For example, the warning issued by the Indian Space
Research Organisation (ISRO) saved 10,000 lives recently
(Laxman, 2016). It is well known that satellites help locate
arable land, help predict locations in seas with fish popu-
lation, etc. India’s advances in the satellite technology are
rooted in modelling and simulation. ISRO’s interplanetary
missions are said to be most cost and time effective, one
of the reasons being the extensive use of simulation (Eco-
nomicTimes, 2013). Improving the modelling and simu-
lation ethos amongst the academics can help derive such
benefits in other sectors also.

Free and open source software (FOSS) is equally im-

portant to a developing country like India. Use of pro-
prietary software results in an outgo of $ 1 billion every
year, in education and police sectors alone (De, 2009).
This precious foreign exchange can be more usefully spent
in priority sectors like poverty alleviation and infrastruc-
ture development. Because of this, the Indian govern-
ment has made the use of open source software manda-
tory, whenever it is of comparable capability to commer-
cial software for the tasks at hand (Govt. of India, 2015).
As OpenModelica implements the complete Modelica lan-
guage (Modelica-Association, 2012) and is an open source
implementation, we have selected it to promote the mod-
elling and simulation culture in India. The award win-
ning Spoken Tutorial method is selected for this promo-
tion (Google, 2015; QS&Wharton, 2015).

This paper is organised as follows. We begin with a
brief explanation of the Spoken Tutorial methodology in
sections 2 and 3. We list the Spoken Tutorials created on
OpenModelica in section 4. We then explain in section
5 how to use these tutorials for effective learning without
experts. In section 6, we explain the cloud environment
OMWebbook In the final section, we conclude the paper
with a discussion on future work.

2 Spoken Tutorials

A Spoken Tutorial is a ten minute long audio-video tuto-
rial, created using the Screencast technology. It is well
known that the optimal time for a video tutorial is about 9
minutes (Guo, 2013).

Here we use the tutorial concept in a slightly different
way from a conventional 2-3 hour lecture-based tutorial.
Spoken Tutorial is a smaller modular piece of active learn-
ing: A typical student following such an audio-video tu-
torial is expected to pause/replay the video and reproduce
every command. To enable this, all the files used in the
video are also seamlessly made available to the learner. As
the software covered is open source, the student can down-
load it, and practise the tutorial side-by-side. There are
also exercises to perform. A beginner could easily spend
half an hour to practise a 10 minute Spoken Tutorial, while
an advanced learner may complete it in less time.

Spoken Tutorials are created to explain general IT con-
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cepts. Although only a small amount of information may
be covered in ten minutes, one can cover advanced topics
as well through a series of tutorials. The following factors
distinguish this methodology:

1. Spoken Tutorials are created for self learning. We
write the script before making the video. The script
has to be certified as understandable by a beginner,
before it is taken up for recording.

2. Spoken Tutorials are released through Creative Com-
mons Attribution Share Alike (CC-BY-SA) license
from our website (Spoken-Tutorial-Project, 2017b).

3. Spoken Tutorials are created on open source software
only. As a result, anyone who wants to learn using
Spoken Tutorial, can download and practise with the
corresponding software.

4. We make available all the code, data files, etc., that
are required in a tutorial, see Figure 6. This allows
the learner to reproduce all the commands shown in
the tutorial. This also allows a learner to start learn-
ing from any tutorial, obviating the need to go in a
particular sequence.

5. We use the side-by-side method of learning through
Spoken Tutorials. A schematic of the arrangement
is given in Figure 7. This arrangement reduces the
cognitive overload of learners (Moudgalya, 2014).

6. We dub the spoken part of Spoken Tutorials into all
22 official languages of India. For this, we time the
script, which needs to be done only once. The fact
that the video is in English helps from the employ-
ment perspective of our students. We have dubbed
some of our tutorials also into some languages of
the Middle East, South East Asia, Latin America and
Africa. As our tutorials are available under the CC-
BY-SA license, these are available to everyone.

7. We have about 800 tutorials made into English, cov-
ering about 40 topics, such as, C, C++, Java, Python,
PHP, Perl, Ruby, Scilab, I&TEX, LibreOffice and
DWSIM. We have about 5,600 dubbed tutorials. This
is the largest collection of IT training material in In-
dian languages.

3 Large Scale Training with Spoken
Tutorials

We now briefly explain the way we have used Spoken Tu-
torials to promote IT literacy:

1. We initially offered 2 hour free training to college
students and faculty, to be done outside college
hours. As Spoken Tutorials are created for self learn-
ing, presence of an expert is not necessary. Any inter-
ested person could organise a training session, using
the resources at the college.

2. As it was difficult to find free slots, we mapped Spo-
ken Tutorials to lab courses and encouraged learn-
ing during lab hours. As they do not have access to
good teachers, most students in India find this a valu-
able resource that helps them understand the subject,
score well in exams and get jobs.

3. We convinced university authorities, curriculum
boards and syllabus committees to use Spoken Tu-
torials officially in their lab courses. More than 100
universities, each of which has about 50 to 500 af-
filiating colleges, have accepted the Spoken Tuto-
rial methodologies, and have sent circulars recom-
mending the use. At present, there are about 20,000
semester long lab courses that officially use Spoken
Tutorials.

4. We now insist that we work only with colleges that
agree to train ALL their students through Spoken Tu-
torials. This and the previous point have helped us
train a really large number of students in the first full
year of implementation, which is 2016, see Figure 1.
We have trained a total of 2.8 million people in the
past five years, reaching 1.6 million in 2016 alone.
200,000 people have already enrolled for our train-
ing during the first 20 days of this calendar year.

5. We provide online tests and certificates to college
students who pass them. These are offered free of
cost, thanks to the funding from our government.

6. Our website (Spoken-Tutorial-Project, 2017b) also
receives a large number of visitors. In Figure 2, we
present the statistics of visitors to our web page. It
should be noted that most of our learners using the
offline learning material, created using the facility
described in Figure 4, which has increased the num-
ber of learners 50 times, as reported in Figure 2.

7. The web statistics are good from the view of other
parameters as well. For example, the average
time one spends on our web page (Spoken-Tutorial-
Project, 2017b) is about 10 minutes and the bounce
rate is about 30%, as can be seen from Figure 3.

We can use the procedure presented in this section to teach
and thereby promoting OpenModelica and the Modelica
language.

4 OpenModelica Spoken Tutorials

We created ten Spoken Tutorials on OpenModelica, as
shown in Table 1. In this Table, we have listed the title
of these tutorials and their learning objectives. The aver-
age time of these tutorials is about 13 minutes, with the
minimum of 8 minutes and a maximum of 15 minutes.
Although these are the first set of tutorials we created on
OpenModelica, we have numbered them from 4, because
of reasons to be explained next.
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Number of students/teachers trained in their colleges/schools

1,600,000

Table 1. Summary of Spoken Tutorials on OpenModelica

400000 No. | Name Learning Objectives
o 4 Developing | Create a new Modelica class, vari-
1200000 an  equa- | ables, parameters and equations.
1,000,000 tion based | Assign initial, minimum and max-
800000 model imum values. Simulate model and
600,000 see results.
400,000 5 Control Explain if-else statements, time
200,000 flow and | and state events, when statement,
0 event and reinit function.
2,011 2,012 2,013 2,014 2,015 2,016 handling
Figure 1. Growth of students/teachers trained. Our insistence | 6 Functions Define functions, data types, input
that every student should be trained on at least one topic, and and types and output variables, assignment
mapping to course content, have resulted in a large growth in statements, and the algorithm sec-
2016. The total number trained until now is about 3 million. tion. Evaluate a polynomial.
. 7 Arrays in | Define vectors, vector indexing,
= Modelica array variables, for and while
B — loops, and nested for loop.
. Mo 8 Array func- | Explain OMShell, array construc-
tions and | tion function and perform arith-
R e operations | metic operations on vectors and
10872 a0 | = matrices.
meoEomEmEme o Ee e 9 Modelica Create a package of classes, refer-
Figure 2. Growth of visits to ST website (Spoken-Tutorial- Packages ence classes in a package, import
Project, 2017b). This can be obtained by visiting (StatCounter) statement, and using Modelica li-
and choosing Yearly data brary.
10 | Annotations | Specify an annotation and define
in Modelica | a record. Explain through exper-
In a recently held workshop (FOSSEE-Team, 2017), all iment, model and documentation
the participants were asked to self-learn OpenModelica annotations.
using Spoken Tutorials. We received the following feed- [{1 [ [con  and Specify icon and diagram views
back from the participants about the use of Spoken Tuto- diagram of a class, insert a polygon and
rials: views an ellipse in icon/diagram view.
Introduce coordinate system, grid
o ... the detailed step-by-step descriptions made it easy and components. Explain origin
to learn the basics of OpenModelica. and extent concepts, and line and
fill styles.
e Is is good for beginners. I suggest you to showcase [15 Component | Instantiate classes. Define com-
more application use cases for the advanced use. oriented ponent orientation, acausal con-
modelling nectors, resistors, sources and the
e ... very good , we have learned much from spoken ground. Connecting classes and
tutorial. pins.
13 | Block Define blocks and connect them.
o Spoken Tutorials are easy to Understand. component | Use MISO blocks and Modelica
modelling libraries. Define Reallnput and
«, spoken-tutorial.org ’.@ RealOutput connectors. I.nstanti—
——— ate sum and product functions.
Total Visits ® Engagement
(ZJ[J On deskiop & mobile web, in the last 6 months o — 110”875
@ Avg Vit Durat 00:10:06 ® ... up to some extent this tutorial make learning eas-

ier but we should make some more basic tutorial on
OpenModelica.

. [ Pages per Visit  9.72789512818...

#> Bounce Rate 32.03%

e [n my opinion side by side tutorials are the best way
to start learning a new software. In order to master
anything it will take a lot of practice of course but

Figure 3. Analysis of visitor statistics of Spoken Tutorial, given
by SimilarWeb (Team)
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Table 2. Summary of New Spoken Tutorials on OpenModelica

No. | Name Learning Objectives
1 Introduction | Introduction to OM, OMEdit,
to OMEdit | opening a class from libraries
browser, simulating it and see-
ing the results in plots. Explain
through a heat transfer example in
thermal library.
2 Examples Expose learners to models from
through electrical and mechanics libraries,
OMEdit using rectifier and double pendu-

lum classes. Simulate and see the
results in plots.

3 OM Con-
nectors

Train how to compose exist-
ing objects to create a new cir-
cuit. Concept of connectors intro-
duced. Explain through resistor,
capacitor, inductor, voltage source
and ground.

having the basics right makes practice a lot easier.

o Tutorials are excellent. If you could include tuto-
rials on popular extensions available on Modelica,
it would be a great help. For example, the device
drivers library.

Tutorials in Table 1 were created as per the pedagogy
we use in classes: teach the underlying language first. But
this is not necessarily the best way when it is offered for
self learning. Students who depend on commercial sim-
ulators are used to the plug and play method of learning,
which is possible in OpenModelica if one uses the pre-
defined models that come with the distribution. This will
also reduce the fear of first time users.

To address the above issue, we created two more tutori-
als. The first one explains how heat transfer modelling can
be done. The second tutorial is concerned with examples
from Electrical Engineering and Mechanical Engineering.
These two tutorials are created for the absolute beginners,
who would like to learn how to use the already available
models.

We created one more tutorial to explain how to connect
predefined models. Such a facility is generally available
in commercial simulators. Introduction to this capability
right at the beginning increases the value of the simulator
in the opinion of the learner. In this tutorial, we show how
to connect the preexisting blocks to build a new model.
We now ask new learners to practise these tutorials, before
starting with the ones in the previous section.

These new tutorials are listed in Table 2. Although cre-
ated later, they are numbered from 1, as we recommend
these to be practised first, before proceeding to the ones
listed in Table 1.

S Method to Use OpenModelica Spo-
ken Tutorials

We now explain how to use OpenModelica Spoken Tutori-
als. One should remember that our method should be such
that any volunteer can conduct these workshops. As vol-
unteers may not know answers to questions the learners
may have, we insist on only reproducing what is shown
in Spoken Tutorials: the learner does not know anything,
so why not first do the things suggested in the tutorial?
The pros and cons of this approach are summarised in
(Moudgalya, 2011). We also offer a timed forum that
will help the learner to go through the answers of previ-
ous questions and to ask new questions (Spoken-Tutorial-
Project, 2017a).

The first thing to do is to create an offline version using
the create the cdcontent utility, as shown in Fig-
ure 4. Of course, this has to be done only by the organiser
of the workshop. This will create a zip file, which has to
be unzipped and copied on to every computer thereafter.
We now summarise the recommended way to use Spoken
Tutorials to conduct an OpenModelica self-learning work-
shop:

1. Open the file index.html using Firefox or
Chrome. Internet Explorer may not work correctly.
One gets the page as shown in Figure 5. From the url
inside the red box in this figure, one can see that the
learning content comes from the file system.

2. Listen to the side by side spoken tutorial that
appears on this page. This tutorial explains how the
learner has to use this method. After that, one has
to Select Foss Category and then Select
Language and then Submit - these options are en-
closed in a green box in Figure 5.

3. The learner has to learn all the tutorials in the result-
ing play list one by one. From the play list, one can
select any tutorial. If one scrolls down, one can see
if any code file comes with that tutorial. In Figure 6,
one can see where the code files are available.

4. Figure 7 shows how to open the Spoken Tutorial and
the OpenModelica software side by side. Using the
side-by-side method (Moudgalya, 2014), the learner
has to reproduce every command described in the tu-
torial. The learner has to do the assignments also.
As a result, the learner ends up spending a lot more
time, even though the tutorial itself may only be of
ten minute duration.

5. Using the method explained above, one has to learn
learn all Spoken Tutorials in the play list.

The above given explanation is for the offline user. The
same procedure will work for online use of Spoken Tuto-
rials.
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In the six month time since we created Spoken Tuto-
rials under discussion, we have trained more than 5,000
people on OpenModelica. As this is achieved through the
self learning of already created Spoken Tutorials, there is
a potential to train many more.

6 Cloud Environment OMWebbook
to Ease Learning of OpenModelica

DrModelica (Lengquist-Sandelin et al., 2003) is an in-
teractive electronic document for learning Modelica text-
based modeling and simulation using the OpenModelica
tool OMNotebook. It is structured like a book, with chap-
ters, sections, model examples, exercises, formulae, and
figures (Asghar et al., 2011). The recent versions of Dr-
Modelica contain most of the model examples in (Fritz-
son 2014) in an editable and executable form, including
plots of simulated models. DrModelica is intended for
self-learning and includes exercises with solutions, where
the solutions are temporarily hidden while the student is
working on a problem. Thus, it is extremely useful to
everyone, and especially to the beginning learners of the
Modelica language and the OpenModelica tool.

Recently we have developed a web-based ver-
sion of OMNotebook, called OMWebbook (http:
//omwebbook.openmodelica.org/) which enables
editing models, running simulations, and doing plots in a
web-page (Figure 8). The appearance is very similar to
the OMNotebook. Thus, the students need not install any
Modelica tool on their computer. They do not even need a
computer, the exercises can be done using a phone or pad.
OMWebbook communicates with a server that performs
the actual simulation and plots. Naturally, those who do
not have bandwidth to access the Internet can use OM-
Notebook.

OMNotebook, and also OMWebbook, have recently
been enhanced with support for typesetting Mathemati-
cal formulae using IATEX commands (Asghar et al., 2011).
These commands are associated with a formulae cell (Fig-
ure 9) but can be hidden (Figure 10) when editing is not

needed. Figure 10 shows a small part of a chemical en-
gineering course book in OMNotebook and OMWebbook
with some formulae that have been typeset using this ap-
proach.

We propose to develop Spoken Tutorials on DrMod-
elica, OMNotebook and OMWebbook in the near future.
This will help beginners to quickly learn how to use these
powerful tools and hence will further ease the learning of
OpenModelica. Given that modelling and simulation are
advanced topics for most students in India, we need all the
tools to make them accessible.

7 Conclusions and Future Work

In this work, we have outlined a procedure to improve
the modelling and simulation ethos in India and elsewhere
through Spoken Tutorial enabled self-learning of Open-

Modelica. Based on the user feedback, we are in the
process of increasing the offering of Spoken Tutorials on

other OpenModelica topics. Through this effort, the pow-
erful modelling paradigm of Modelica is expected to reach
many people in India.

In the companion paper presented by our group in this
conference (Jain et al., 2017), we have explained how the
features of OpenModelica have been extended to make it
useful to chemical engineers. We seek such contributors
in other domains too. We hope to promote the use of the
Modelica language and the OpenModelica tool with spe-
cific focus on different domains of application.

We also seek collaborators who would want to make
available this important technology in their countries.
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c Q search wBe ¥ & O =

(i) spoken-tutorial.org/cdcontent/

‘\Q Spoken Tutorial  Software Training ~  Creation ~

Selected FOSS List: ~ Total Size : 162.7 MB

Note: The maximum file size to download is 1 GB.

FOSS Languages Size
OpenModelica English 147.4 MB
Foss OpenModelica j Extra files 15.2 MB
Category: Please select FOSS
Level: All j
Please select the Level
Languages: English

For selecting multiple languages, please use <CTRL> + Click.

Add selected FOSS | Create ZIP file

Figure 4. Creating a zip file of all tutorials for offline use, using the cdcontent facility

‘, Search Tutorials | spoken-t... -

c Q search w B8 ¥ & QO

i) file:/f/Users/kannan/Downloads/spoken/index.html

>
‘\\v Spoken Tutorial

= Search Tutorials

Select Language j m

Select Foss Category j

Select Language for Side-by-Side method video j

« slide.pdf

Side-by-Side Method
to Learn Spoken Tutorials

Kannan M. Moudgalya
IIT Bombay

Talk to a Teacher Project
http://spoken-tutorial.org

National Mission on Education through ICT
http://www.sakshat.ac.in

17 August 2014

Kannan M. Moudgalya Side-by-Side Method

Figure 5. Unzipped content, opened in Firefox or Chrome. Internet Explorer may not work correctly. The URL inside the red box
points to a file. One has to first listen to the side-by-side method tutorial. After that, one selects the FOSS, then the language, such
as English, and then Submit. This will give a play list. One can then open any of the tutorials and practise side by side, as shown

in7

DOI

Proceedings of the 12" International Modelica Conference
10.3384/ecp17132275

280
May 15-17, 2017, Prague, Czech Republic



Session 6: Poster Session

€0

spoken-tutorial.org/watch/OpenModelica/Developing%2Ban%2Bequation-based%2Bmodel/English/

¢ Q search w8 ¥ A

‘\§ Spoken Tutorial  Software Training ~  Creation +  News ~  Forums  About -  Statistics ~

Spoken-Tutorial [IT Bombay

\‘g [ » RCTITTN 8K

Instruction Sheet Report Missing Component / Post your Question on the Forum

Outline:

Introduction to OMEdit
Declaration of variables and equations
Simulation of a model in OMEdit

Changing simulation conditions using ‘Simulation Setup’ toolbox

Show video info

651 visits

D Pre-requisite

No Pre-requisites for this tutorial.

B Assignment

@ Code files

* Code Files/
¢ Code Files/freeFall.mo

S Script

& Slides

e Slides/

o Slides/FOSSEE.jpeg

¢ Slides/ST-logo.jpeg

« Slides/developing-an-equation-

Figure 6. In the selected tutorial, one has to scroll down to locate the code files. Its location is indicated by the red oval in the

above figure. Code files help the learner reproduce every command.

£ Developing an equation-ba... * New Tab x| +

eH -

¢ Q search &wa ¥ o0

spoken-tutorial.org/watch/OpenModelica/Developi
Lioraries Browser

i)
O

ModelicaReference

Developing an equation-based model - English e

BME - Bperadelica Eonmection Editr n FLERET Compl
TREECOIS#5E X" & 4'. emplex
> @ Modelica
and MxstersRis, June 1
1glass freeFall el

2 Real h(start = 30, unit = "n");
3 Real v(start = 0, unit = "n/s");
parameter Real g(unit = 'm/s2") = -9.81 "Acceleration due to

gravity';

5equation

6 [* Equations of motion */

7 der{h) = v;

8 der{v) = g;

end freefall;

-

e

Filter Classes L 4

o

|E|»\\»uvv»7»$ u

oo I
Text View | freeFall | /Us...mo | Line: 9, Col: 13

—
= ot @

o8

+AE O ‘Writﬂh\e

Class

Spoken Tutorial Libraries
b@ OpenModelica

1 class freeFall

2 Real h(start = 30, unit = "m");
3 Real wv(start = 0, unit = "m/s");
4 parameter Real g(unit = "m/s2") = -9.B81

"Acceleration due te gravity";

S equation
6 /* Equations of motion */
7 der(h) = v;

der(v) = g;
end freeFall;

w

006

Messages Browser

[2] 23:17:44 Seripting Notification
2017-01-21 23:17:43.805 OME(dit[1174:118978] modalSession has been exited prematurel

y - check for a reentrant call to endModalSession:

[3] 23:41:42 Scripting Notification

2017-01-21 23:41:33.611 OMEdit[1174:118878] modalSession has been exited prematurel
y - check for a reentrant call to endModalSession:

2017-01-21 23:41:41.992 OMEdit[1174:118978] modalSession has been exited prematurel
y - check for a reentrant call to endModalSession:

X:-198.24 Y: 104.16

Figure 7. Side-by-side method. On the left hand side, we have the spoken tutorial, developing an equation based model. On the
right hand side, OMEdit is displayed. The code file that came with the tutorial is opened in OMEdit.
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OMWEBbook > -+
€ O omwebbookopenmodelicaon 1| € Q, Search T B 4+ # &- » 3

First Basic Class

1 HelloWorld

The program contains a declaration of a class called HelloWorld with two fields and one equation. The first
field 15 the vanable x which is mnitializred to a start value 1 at the time when the simulation starts. The second
field 1s the vanable a, which 15 a constant that 15 imihalized to 1 at the beginning of the simulation. Such a
constant 1s prefixed by the kevword parameter in order to indicate that it 1s constant during simulation but 15 a
model parameter that can be changed between simulations.

The Modelica program solves a trivial differential equation: x* = = a * :. The variable x is a state
variable that can change value over time, The x ' is the time derivative of x.

clasa HelloWorld
Real x(=ztart = 1, fixed=true);

parameter Real a = 1;
4 sguation
der(x) = - a * x;

end HelloWorld;

2 Simulation of HelloWorld

1 simulate | HelloWorld, startTime=0, stopTime=4 }

Plot the results.

1 plot{ x )

0.8

06

0.4

0.2 ——

Figure 8. Example using OMWebbook on the simple HelloWorld model in DrModelica
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[3 imagehtml X

& - C [ filey//C/Users/rain1_000/Desktap/image.html il

Chemical Reactions

When dealing with chemical reactions. molecules of one species of matter may react with the molecules of
second species. thus forming a third species 1.e.. a different substance. This has a number of mmplications for tl
behavior of systems including chemical reactions Traditionally, the literature of chemical reaction dynamics h
been divided info two main areas (not mentioning the large number of different application areas 1 chemustry)

1) Chemical reaction kinetics.

2) Chemical thermodynamics

Chemical Reaction Kinetics of Hydrogen Iodine

A chemical reaction represented by a reaction formula transforms the chemical species on the left-hand
side of the arrow. called reactants. to the species on the right-hand side of the arrow. called products:

reactants -= products
Consider a chemical reaction between hydrogen gas and iodine gas to form hyvdrogen rodine:

Hy+Iy =-=2HI
We can formulate the differential equations for the whole reaction system as below.

% (o) = ky. [HI*] = ky. [Hy] . [ 1]

%[12] — k. [Hﬂ] — Iy [Hy) . [I]

d 2
gt [H 1] = 2k [Ha) . [12] = 2. [P

Figure 9. Type-setting mathematical formulae in OMNotebook using IATEX commands

B oWNowooc@mrerr - o0
File Edit Cell Format Insert Window Help

H-ll=zrey (A= vyvy¥EiT O

1 Chemical Reaction Kinetics of Hydrogen Iodine

A chemical reaction represented by a reaction formula transforms the chemical species on the left-hand
side of the arrow, called reactants, to the species on the right-hand side of the arrow, called products:
reactants -> products
Consider a chemical reaction between hvdrogen gas and iodine gas to form hvdrogen iodine:
Hy+I; <> ZHI

We can fornmlate the differential equations for the whole reaction system as below.

% [Ho] = ky. [H?| = ky. [Hy] [ 1)

%[IQ] =k [HP]| = by [Hy) . [I]

d 2
g [H 1] = 2k [Ho] . [B 2k, [HP]

‘documentdass[12pt]{article}

‘begin{document}

\thispagestyle{empty}

\IVfrac{\mathrm{d} } {\mathrm {dt}} Veft [H_{2}\ight 1=k_{2}.Veft [HI~{2} ight]«_{1}.Yeft [H_{2} \ight ].Veft [1_{2} Yright 1
\DVfrac{\mathrm{d} } {\mathrm {dt}} Veft [1_{2}Vight1=k_{2}.Veft [HI~{2} \ight]-k_{1}.Veft [H_{2} \right 1.Veft [1_{2} Yright ]\
\IVfrac{\mathrm {d} } {\mathrm {dt}} Veft [HIvight 1=2k_{2}.Yeft [H_{2} \right ].Vleft [1_{2} Yight ]-2k_{2} Meft [HI~{2} Yright ]\]
‘end{document}

Ready

Figure 10. Example of finished typesetting of mathematical formulae in OMNotebook and OMWebbook
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