Q%V\ &Y o

ISSN 1800 - 1300

Volume : 13

PROCEEDINGS OF
JAFFNA SCIENCE ASSOCIATION

PRESENTED
AT THE
13" ANNUAL SESSIONS
HELD ON
APRIL 6\, 7, &, 8, 2005

JAFFNA, SRI LANKA
2006






>

e
[

Volume : 13

PROCEEDINGS OF
JAFFNA SCIENCE ASSOCIATION

PRESIDENTIAL ADDRESS
THEME SEMINAR
CHAIRPERSON'S ADDRESSES
REVIEW LECTURES
POPULAR LECTURE

PRESENTED
AT THE
13" ANNUAL SESSIONS
HELD ON
APRIL 6, 7, &, 8, 2005

JAFFNA, SRI LANKA
2006



JAFFNA SCIENCE ASSOCIATION

Executive Committee - 2005 - 2006

President

Prof. A. Sanmugadas
 President Elect
Prof. A. Kandasamy
Immediate Past President
Prof. S. Rajadurai
General Secretaty
Dr. G. Mikunthan
Asst. General Secretary
Ms. S. Arulanantham
Treasurer
Ms. R. Yogendrarajah
Asst. Treasurer
Mr. R. Vijayakumar
Chief Editor

Dr. K. Visakaruban
(April 2005 - October 2005)

Dr. (Ms). S. Sivapalan
(November 2005 - April 2006)

Chairperson, Section A
Dr. N. Sivayogan
Chairperson, Section B
Dr. C. Elankumaran
Chairperson, Section C
Dr. P. Lukumar
Chairperson, Section D
Dr. K. Ragunathan

© Jaffna Science Association
ISSN 1800 - 1300

ase “lgme,
x4



- S

L

This volume represents a record of the proceedings of the thirteenth Annual Sessions of
the Jaffna Science Association. It comprises the Presidential Address, Theme seminar
(three papers), Addresses of the Chairmen of sections A and C, two Review papers and a

Popular lecture presented at the thirteenth Annual Sessions of the Association held at the

University of Jaffna from 6" to 8" April 2005.

I express rhy sincere thanks to the President Prof. A. Sanmugadas, Director, Media
Resources & Training Centre, University of Jaffna, for his kind encouragement
and support. I also wish to extend my special thanks to the General Secretary

Dr.G.M ikunthan for his kind assistance.

Unit of Siddha Medicine

Dr (Mrs).S.Sivapalan, University of Jaffna,
ChiefEditor. | Jaffna, Sri Lanka.
April 2006



CONTENTS

Presidential Address

Role of Media in Popularization of Science
Prof. A. Sanmugadas
Theme Seminar

Economic Welfare

Ms. S. Arulanantham
Cultural Welfare

Ms. Kohila Mahendran
Health and Social Welfare

Dr. P. Lukumar

Chairperson’s Address
Section - (A)
Understanding Chaos
Dr. N. Sivayogan
Section - (C)
Health of Young People

Dr. K. Sivapalan
Review Lecture

Subfertility :Recent advances
Dr.S.Navaneethan
The Physics of Tsunamis

Prof. R. Kumaravadivel

Popular Lecture

Crm FusATE HTTELEUTUIS HLLIPD evmmnsulsd
SIS HTHEB(LPLD
Dr. A. S. Sosai

01-06

07-11

12-14

15-18

19 - 32

33-38

39-43

44 - 57

58 -61

&0

o ol



Ty

ROLE OF MEDIA IN POPULARIZATION OF SCIENCE

A. Sanmugadas *
Media Resources & Training Centre
University of Jaffna,
Jaffna, Sri Lanka

INTRODUCTION

People do not question traditional practices that are
handed down from one generation to the next. Similarly,
there is a general lack of awareness about the scientific
basis of many natural phenomena. In view of the rapid
strides being made in the field of science and technology,
and their influence on day to day life of the people,
inculcating a scientific temperament and a rational
outlook in them has become all the more important. This
would help them to make the right choices. It is in this
context science popularization efforts assume
significance. The role of media in this useful task is very
much needed. Both printand electronic media all over the
world are striving to popularize science. Every one must
know the basics of science. Media can play amajorrole in
this venture.

I have chosen three countries, namely India and Pakistan
in South Asia and Italy in Europe, to show how various
modes have been used to popularize science. The role of
media in this effort is highlighted.

India

In India, an autonomous body called Vigyan Prasar under
the Department of Science and Technology of the
Government of India has been making a lot of efforts to
popularize science. Vigyan Prasar though set up in 1989
started functioning effectively from 1994 when it
undertook science popularization activities on a large
scale through the media. From the time it was set up, it has
published popular science books and periodicals. It has
brought over 100 titles authored by experts and well
known science communicators in English and other
Indian languages. The topics covered in these
publications are: India's scientific heritage, natural
history, health, environment and biographies of scientists.
It has also brought out some books in Braille for the
benefit of the visually handicapped.

Vigyan Prasar has been utilising fully the print and the
electronic media. Itis reported that newspapers India are
not reluctant to cover science and technology but the
inflow of information to the print media, particularly the

regional and language newspapers is scarce. Vigyan
Prasar has made available ready-to-print science pages to
the print media and promoted regular columns in
newspapers, organized science quiz programmes and
supplied articles on contemporary topics. It also issues a
monthly newsletter titled Dream 2047.

Vigyan Prasar has also been utilising the services of All
India Radio and Doordarshan by rendering a number of
phone-in-programmes on various scientific phenomena
for All India Radio to broadcast in different languages
through the regional stations and video films on eclipses,

comets,sc ientific institutions to Doordarshan.
Vigyan Prasar has produced video films and

documentaries on Science & Technology-related topics.
One such production was a three-part programme in
Hindji, “Ananth Yatra”, commemorating 100 years of the
golden decade of 1895-1905 when major discoveries that
changed the face of the world were made. Vigyan Prasar
has also produced documentaries on the life and work of
eminent Indian scientists, besides projecting the
development of India's scientific capability through the
country's historical and heritage sites.

Vigyan Prasar in order to popularize S&T uses the
worldwide satellite digital radio system, “WorldSpace”,
and the FM radio network of the Indira Gandhi National
Open University, “Gyan Vani”. Schools in India have
been used for producing programmes. Schools and
various scientific organisations are helping Vigyan Prasar
to produce a variety of software that would be of interest
to students, teachers and the general public. The main
objective is to introduce teachers and students to the
power of digital satellite transmission.

Ham radio is another important tool that Vigyan Prasar is
using to popularise science. It has been organising
workshops and other programmes for those interested in
radio. It has also conducted awareness programmes for
the benefit of schoolchildren and the general public.

The goal of inculcating a scientific temperament and
rational outlook among the people could be achieved
easily if science as a subject is made interesting for the
younger generation. Vigyan Prasar has been promoting

* President, Jaffna Science Association 2005 - 2006
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the establishment of science clubs all over the country to
make science learning joyful and meaningful. Its network
(VIPNET) consists of 6,000 science clubs. If 10 persons
get together they can form a science club and get it
affiliated to VIPNET. It has also been involved in
designing and developing activity kits and other source
materials for VIPNET clubs. The activities of these clubs
are highlighted through a monthly newsletter titled
VIPNET News. The State S&T councils have shown a
keen interest in VIPNET in order to popularise science in
rural areas. VIPNET clubs through World Space Digital
Radio disseminate and market S&T software in rural
areas. These clubs have not only disseminated
information but also mobilised the community for action.
It has been reported that the VIPNET clubs in the Ratlam
region had successfully mobilised the community to build
water-harvesting masonry.

The home page of Vigyan Prasar Information System
(VIPRIS), www.vigyanprasar.com, is one of the most
comprehensive websites on S&T popularisation in India.
It also runs the country's first on-line popular science
magazine, titled Com-Com, and organises frequent chat
sessions with experts in different fields. VIPRIS has
proposed to set up easily retrievable data-bases on topics
as varied as S&T in India, space, atomic energy and

environment. It has also been developing websites for -

other scientific departments and bringing out CD-ROMs
and other educational software on S&T in India.
Producing quality software for S&T communication
requires a good understanding of the subject matter,
creativity and imagination on the part of the producer to
ensure that it has the right combination of information and
entertainment that will trigger an interest in science.
Vigyan Prasar played a leading role in developing such
software for transmission through EDUSAT, the Indian
Space Research Organisation's educational satellite.
Vigyan Prasar brings out a fortnightly compilation of S&T
news from over 100 newspapers, titled "VIPRIS Clip sets'.
It has designed and set up information kiosks at the
Department of Science and Technology and at its own
office.

The activities undertaken by Vigyan Prasar have had a
positive impact in India. For instance, public awareness
about the scientific aspects of eclipses is found to have
improved. Itbrings out publications on a variety of topics
in all the Indian languages and had developed its monthly
newsletter, Dream 2047, into a popular science magazine.
It hopes to get 50,000 science clubs under VIPNET in the
years to come and have them connected through satellite
radio and television network. Efforts had been made to set
up small FM stations that are dedicated to the creation of
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scientific awareness in remote areas. The number of
training programmes has been increased and learning
material, including kits, software, charts, posters and
slides on different aspects of science have been
developed.

Vigyan Prasar make use of Major scientific events to
spread scientific awareness. For instance, the transit of
Mercury on May 7, 2003 was a rare phenomenon, which
takes place only 13 to 14 times in a century. Vigyan Prasar
made use of the occasion during which Mercury comes
between the Earth and the Sun, to spread awareness
among the public. Arrangements were made for the public
to view the celestial event through a telescope with the
image of the Sun projected on to a screen. An online
demonstration was organised at the Office of the
Department of Science and Technology and on the Vigyan
Prasar's website. During the phenomenon, which lasted
five hours, the web site recorded 3,000 hits. A lecture
demonstration was also organised to make the public
familiar with different aspects of the transit.

On August 28, 2003, when Mars came closest to the earth,
arrangements were made to enable the public to view the
red planet through a telescope. Vigyan Prasar launched a
nation-wide programme of science awareness in
collaboration with the National Council for Science and
Technology Communication when transit of Venus
occurred on June 8, 2004. The National Science Day,
observed every year on February 28, is another occasion
to popularise science.

Science city is another landmark in popularizing science.
Gradually, a notion developed in some quarters that
science museums and science centres were meant
primarily for the students and children, perhaps also for
adults directly involved in the centres affairs in some way
or the other. To dispel this misconception the science
centres are constantly devising newer and novel
approaches to suit the tastes of a wide cross-section of the
people. A remarkable achievement in this direction has
been the establishment of Science City in Calcutta on July
1 1997. In the first two months over 32 lack people have
visited it.

People visit Calcutta Science City, with their families and
friends for a fun-filled outing. The major attractions
include the Science Park comprising large, outdoor
exhibits on physical sciences which invite hands-on
interactions, sprawling gardens with a myriad of flowers,
birds, butterflies, cacti and bonsai as well as the musical
fountains. It has also an array of aquaria with exotic fish
and other aquatic animals, a well-planned 'insectarium’
rearing various live insects in their recreated natural
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habitat and a series of working and interactive exhibits on
diverse principles of motion, transformation of energy,
natural calamities and others. Visitors have the chance of
flying on a simulated time machine back in the age of
Pharaohs of Egypt and their pyramids. Dinosaur Alive
exhibition comprising several life size animated dinosaur
models attract many visitors. Science City also has the
Space Theatre, the only one of its kind in the country,
comprising a state-of-the-art planetarium with a multi-
image projection system coupled with a large format
movie projection device; the projection of the
hemispherical dome aided by a dynamic sound system
creates the illusion of one actually being present within the
projected scene.

Pakistan

Science journalism in Pakistan is a continuation of a
process that began before independence. Popularizing
science is not an easy task. Pakistan has faced several
barriers in this venture. One of the prevailing maxims
about science Journalism in Pakistan is “If you want to
commit financial suicide, launch a popular science
journal.” The country has seen regular launches of new
science magazines, but almost all of them have faltered
after a fairly short existence. The first popular science
magazine in Urdu was Sa'ins (Science) launched in 1928
by Anjuman Taraq in Delhi. Publication was suspended in
1946 because of riots. In 1952, he re-launched the
magazine from Karachi, but by 1954, it had ceased
publication.

At around the same time, the newly founded Scientific
Society of Pakistan launched Jadeed Sa'ins. Despite the
society's overwhelming technical and financial support,
Jadeed Sa'ins remained irregular periodical till it ceased
publication in 1998. In 1964, the Pakistan Council for
Scientific and Industrial Research launched Karwan e
Sa'ins (Science) edited by Azmat Ali Khan.
Simultaneously, the council launched two other popular
science magazines, namely Science Chronicle (English)
and Vigyan Prakrati (in Bangla, Published from Dhaka, in
what was then East Pakistan). In January 1972, the
Scientific Society of Pakistan launched the bimonthly
Sa'ins Bachchon Kay Wan which was published until
1991.

In January 1985, Sayyed Qasim Mehmood brought out the
monthly Talib e Ilm (The Student), renamed Magazine in
1987. In 1988, it became a weekly, but low sales soon
forced a return to monthly publication. Following a long
period without an editor with a scientific background, the
magazine folded in 1995. In July 1988, the Association for
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the Promotion of Knowledge and Awareness launched
Dunya e Sa'ins (The Scientific world). With a number of
advertisements and colour pages, it seemed to have a
jumpstart, but by the end of the first year of publication,
the magazine only being published irregularly and, in
1991, it too vanished. Electro-Computer Today, a
bilingual (Urdu and English) publication appeared in the
early 1990s but survived for ten issues. Electronics Digest
(in Urdu), launched in the mid 1990s, survived for just a
few months.

In 1997, a couple of science enthusiasts decided to launch
Global Sa'ins. The first issue came out in January 1998.
Like its predecessors, Global Sa'ins also suffered a lot of
hurdles, but has survived and prospered. InJanuary 2002,
the Urdu Science Board started the quarterly Urdu Sa'ins
Magazine. So far, it is a continuous publication, but it
remains an in-house journal sent only to relevant
organisations. The short life expectancy of these popular
science publications seems to be the result of a
combination of factors. The following could be
considered to be the real challenges for science journalism
in Pakistan.

(1) The first problem is a lack of government support,
both financial and policy-related. Despite accepting
that science is vital for the country's development,
the government still treats the public communication
of science as 'non-developmental’ activity that does
not contribute to the country's social and economic
development. As aresult, science remains merely as
something belonging to the classroom. Little
support is provided to those who seek to address a
wider audience, and their work is given little priority
in government policy at every level. A government
official has gone one step further to state that
popularization of science is a waste of government
funds. Only one government body, the Pakistan
Science Foundation, has any responsibility for
communicating science to the public. A lack of
government interest in communicating science and
technology to the public is reflected in comments
made by the former Minister of Science and
Technology and renowned scientist, Atta ur-
Rahman, who said in 2001 that publishing popular
science magazines is less important than enabling
young people to become IT-literate. It has been
pointed out that even influential policymakers seem
equally reluctant to distinguish between popular
science journals and primary research journals. This
situation contrasts with that in India, where the
government encourages popular science journals by
providing grants to help ensure their financial
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viability. The difference between the two policies is
reflected in the abilities of students and scientists the
two countries produce every year, with India
considerably outperforming Pakistan, according to
international measures of scientific achievement.
Every industry in Pakistan owes its existence to
science and technology. Despite this, the executives
of private companies and state-owned organisations
seem reluctant to acknowledge the importance of
supporting the media's efforts to popularise science,
and avoid advertising in science magazines.

(2) Another problem faced by science journalism in
Pakistan is the attitude of mainstream media.
Among 158 newspapers and 87 periodicals Daily
Dawn is the only Pakistani newspaper with a long
and sustained tradition of publishing science pages
and supplements. Publishing inaccurate science
features and reports is another problem. This is less
often the case for science articles published in
English-language newspapers, which frequently
reproduce articles by international news agencies
such as Reuters and Agence France Presse.
Misreporting political issues can cost a journalist
their job, but incorrect science reporting carries no
such risk. This creates little incentive for accuracy.
Writings on Pakistani academia say that though
public universities, and many private institutions,
offer degrees in journalism, they limit their scope to
‘general newspaper journalism'. Science journalism
remains an alien concept in Pakistani academia.

(3) Another problem identified is that good scientists and
researchers in both the government and the private
sector in Pakistan tend to be unwilling to share
knowledge with the public. Neither the government
nor research organisations in the private sector offer
anincentive to do so.

It was against this background that the monthly magazine
called Global Sa'ins was launched in January 1998. It
devised a two-point strategy focusing on increasing
circulation and appealing to readers. As well as working
with bulk distributors in major cities, a list of hundreds of
small street vendors (booksellers and hawkers) was
compiled and urged them to stock Global Sa'ins. Several
hundreds of readers read this magazine.

Reports point out that the political leaders, policymakers,
intellectuals and scientists of Pakistan should rethink their
stance on the dissemination of scientific knowledge. The
media has to play a major role in popularizing science.
Strengthening public understanding of science must, in
principle, help education and knowledge grow and evolve
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and improve the economy as well. And science journalism
has a vital role to play in orchestrating efforts to achieve
this national goal.

Italy

In Italy, the first popular Science magazine Biblioteca
fisica d'Europa was published in 1788 in Milan by doctor,
chemist and naturalist Luigi Valentino Brugnatelli (1761
1818). It was created in order to “acquaint the Italian
public with the most important papers of foreign
scientists”. The great interest in various fields of natural
philosophy, characteristic of that time, along with the
keenness to present progress in natural sciences led
Brugnatelli to the creation of another popular science
periodical called Giornale di fisica. Chimica e storia
naturale (1808-1818). It was so successful that each issue
sold more than 500 copies.

In southern Italy as well a young doctor and manufacturer

from Teramo, Vincenzo Comi (1764 1839) founded the
bi-monthly Commercio scientifico d'Europa col Regno
delle Due Sicilie (1792 1793). Comi's publication was
aimed at “every learned man” and featured a wide range
of disciplines and stories often linked to current events
written in comprehensible language. In both magazines,
scientific papers and reports were summarised in less
technical language. The most interesting points of the
scientists' work were gathered and disseminated beyond
the limits of the academic world, providing science
communication to a larger sphere of learned men,a mateur
scientists and entrepreneurs who were involved in
industry and were interested in “progress”. Commercio
discontinued its publication in February 1793 because of
the lack of subscribers. Even other Italian popular science
magazines published in Southern Italy at the beginning of
the 19th century were equally short-lived.

The period between the second half of the 19th century
and the beginning of the First World War was one of the
flourishing periods for Italian science popularisation.
During this period, twenty-eight new magazines
appeared. This unprecedented flourishing of science
periodicals in the second half of the 18th century is to be
understood in the light of the new scientific discoveries
and theories, the technological progress in the years of
slow industrial development and the rise of positivism.
New magazines appeared in Italy only as late as 1924
when Scienza e tecnica pratica a popular science
magazine was published and later two magazines namely,
Mondo d'oggi (1934) and Sapere (1935) appeared in the
early 1930s. In 1937, a fully illustrated popular science
magazine, Il Giornale delle Meraviglie, was published
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and three more magazines appeared between 1940 and
1944,

In 1979 new popular science magazines appeared
following the publication of Scienza e vita nuova and Test
(later Scienza 2000) which inaugurated the golden period
of popularised science journalism in Italy. Between 1979
and 1988 thirteen magazines appeared. The publishing
sector allocated funds to periodical publications. In those
years of economic prosperity, science journalism was
supported financially by companies operating in the field
of science and technology.

Chemistry and medicine were among the disciplines
which most frequently appeared in the first popular
science magazines, followed closely by industry-related
news. According to the analysis of Biblioteca fisica
d'Europa and of Commercio scientifico d'Europa con il
Regno delle Due Sicilie, what we now call physics and
natural philosophy didn't appear regularly but their
presence was nonetheless significant. This is accounted
for by the fact that the founders of the first popular science
magazines were chemists and doctors like Brugnatelli,
Comi and Todde, a pharmacist from Sardinia, whose
Compilatore delle cognizioni utili expressed the hope that
Italy, too, could become an- industrially developed
country. In the medical field, the most frequent items were
information on surgery techniques, principles of hygiene
and news related to public health. News reports where
scientific innovations played a significant role often
appeared.

A Science Journalist studied closely forty-two magazines

published between 1864 and 2002 in order to examine -

their contents has given his findings. In the second half of
the 19th century articles and news on electricity were
extremely widespread. Towards the end of the 19th
century, photography and cinematography appeared and
in the middle of the 20th century, technological
applications in home and leisure activities had particular
appeal to readers. Since popular science magazines
devoted a great deal of space to current issues, the latter
were all gathered together in a special category which
includes current events and articles on aspects of social,
political and economic life.

From his analysis we find that industry, medicine and
physics receive constant attention. Astronomy remains for
practically more than a century among the most frequently
covered disciplines due to its permanent appeal to the
public. Zoology and nature in general have received
growing attention over the years whereas other topics
fluctuated considerably over time. For example,
electricity was among the most extensively covered topics

Role of Media in Popularization ...................

during the entire second half of the 19th century.
However, attention to this topic wavered considerably in
the period between the two world wars. Other topics, such
as agriculture and meteorology equally lost their interest
while new topics, such as computer science, space and the
environment, gained appeal in popular science magazines
in the second half of the 20th century.

Science news reporting was adopted by the very first
popular science magazines in Italy. Along with scientific
papers on the latest theories and discoveries, brief news
items were published. In 50 years' time news items
became the pillar of a large number of popular science
magazines. They were often presented in the form of very
short articles written in everyday language. Rather than
popularise science, the aim of those magazines was to
inform readers and bring them up to date with the latest
news from the world of science and industry.

The popularisation aspect was emphasised in the years
that followed the unification of Italy when a large number
of popular science magazines were published. Those
publications were full of news and information, including
information of commercial interest, on new products,
inventions, technological procedures useful to industry
and objects of various natures which closely concerned
everyday life. If one browses through the popular science
magazines circulating in the second half of the 19th
century, the importance of reporting as many news items
as possible becomes evident.

From the second half of the 19th century on, some popular
science magazines opted for another form of introducing
readers to scientific topics: they published short stories,
whose style was very similar to that of novels, describing
scientists'l ives and discoverers. They were based on the
lines of popular books written by famous British and
French writers who popularised science such as Emile
Rengade's La vita normale e la salute or Camile
Flammarion's La terra e il cielo (Dans le ciel et sur la
teree). Their works appeared in the form of serial novels in
La Scienza per tutti, a popular science magazine which
alsoran aserial feature on the “Martyrs of science”.

Some popular science magazines such as La Scienza e la
fede adopted dialogue between teacher and student as an
approach used mainly in order to analyse theoretical
topics such as the relation between science and faith of the
nature of scientific knowledge.

Dialogue was one of the least used communication modes
in popular science magazines although it never ceased to
exist completely. Almost 100 years after the appearance
of La Scienza ¢ la fede, other popular science magazines

Proceedings of Jaffna Science Association, Vol. 13, No. 2



A. Sanmugadas

still used dialogue in order to introduce and explain new
terms and, above all, new concepts, just as Scienza e
lavoro did in the 1940s and 1950s.

After the Second World War part of the popular science
press continued cultivating the image of a science which
provides certainties, truths and social well-being. That
tendency is confirmed by the way in which fear that
scientific research was being used to construct lethal
weapons such as the atomic bomb was dealt with positive
images of a future when technology would be the pillar of
an advanced society were often presented. “In 2000 we
will be young at 100 years of age” claimed La Scienza
Illustrata in 1955. It was one of the many dreams of that
time with reference to the mythical 2000 when it was
imagined there would be nuclear railway engines and cars
that could travel at sea or in the air (Scienza e vita, 1965).
In addition, the dividing line between scientifically
grounded forecasts and pure imagination was very subtle.
In fact, particularly in the 1950s, it was possible to read on
the front cover of a popular science magazine: “Flying
saucers exist for real” and find an illustrated report on the
inside with the title “Flying saucer mystery revealed”.

Sri Lanka

In the Internet we find that The National Science
Foundation of Sri Lanka is responsible for popularization
of Science.” In ifs own way it has contributed to the
Science Education in Sri Lanka. It has brought out more
than 147 titles of Journals, books and monographs. It has
the following publications:

1. Journal of The National Science Foundation of

SriLanka

Sri Lanka Journal of Social Sciences

Vidurava (Science Bulletin) ceased from 2003.
Social Science News

NSF Monographs

MAB Publications

NSF Newsletter (Vidya)

Science Education Series

Posters.

o 00 s O th B WD

The NSF has not collaborated with any type of media to
popularize science in this country.

In the print-media articles on scientific topics use to
appear. But we see no conscious attempt has been made to
use the media to educate the public at least in basic
scientific topics.

In Sri Lanka, the setting up of a Planetarium was the first
attempt to popularize science. Similar attempts have not
been made. But there are Associations and Clubs that pay
an attention to this useful task. For example Jaffna

Role of Media in Popularization ...................

Science Association from its inception has been making
effort to popularize science by its annual exhibitions.
Some of the members of the Association have been
making use of the regional print media to publish articles
that enlighten the public on certain scientific matters.

Let us take a closer look at the situation prevailing in the
media industry with reference to popularization of
Science in Tamil. Comparing with English and Sinhala
media, the Tamil media has made only a little effort. But
we cannot forget the effort made by the print media to
educate the farmers especially youngsters in identifying
the new types of paddy and the use of various types of
fertilizers and insecticides. Regional papers devote some
space for science education. Tsunami disaster has forced
some of the scientists to write on the technical aspects of
Tsunami, earth quake, etc. These writers were genuinely
indulging in educating the public on the scientific aspects
of the natural disasters. Like Vigyan Prasar, a centralized
media body has to be set up to popularize science.
Independently some creative literary writers have written
stories, novels and poetry to give simple explanations to
scientific concepts.

In conclusion, let me reiterate that media has an important
responsibility. It has to educate the people. Today
science education is the primary one. Every man and
woman has to know and understand simple scientific
truths. This argumentation consists of three steps:

1. The well being of the society in any respect- is
depending on science. Scientific knowledge is
superior to other forms of knowledge, especially
to those of the lay public. Butunfortunately not all
see the cases like that. So precautionary, a crisis of
science has to be proclaimed.

2. To solve this pretended crisis the lay public has to
be educated about the scientific progress in order
to “understand”, that means to accept it and
support it. Terms like “science literacy” and
“public understanding of science” are used to
measure how far the public is already enlightened.

3. The media is declared to be responsible for the
popularization of science. In other words: The
communication problem of science becomes now
a communication problem of the media.
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Ms. S. Arulanantham,
Library,
University of Jaffna,
Jaffna, Sri Lanka

Respected Chairman of the session,
Prof.C.Sivagnanasundaram, The Distinguished Chief
Guest , Prof. Eric H. Karunanayake, The President and
other members of Jaffna Science Association, friends and
Colleagues,

Itis really a grateful opportunity of being invited to talk on
the most crucial topics on Social welfare in an
environment where the Tsunami has wiped out completely
the rest of the things that were left by the ongoing war in
our society.

My part is here to focus economic aspects of social
welfare which is the base for any development and I feel it
is better to think in a way by answering many questions for
the achievement of social welfare through economic
ladder. I can start from pointing out the major social
problems faced by humanity, and defining the term “what
is social welfare?” in general.

Social Problems

The answers for the question what are the major social
" problems faced by humanity may be varied. To some, the
high rates of crime may be the major problem.. To some,
the state of the economy. To some use of the children for
sexual enjoyment. A student's responses tend to mirror
everything highlighted by the mass media particularly
AIDS, Child abuse, poverty, war, famine, racism, sexism,
crime, riots, the environment, abortion, etc. Some of the
above issues are environment related. Some are
interlinked with culture and some are interrelated with
economics. Encyclopedia Britannica denotes that the
basic concerns of social welfare are poverty, disability and
disease, the dependent young and elderly and these are as
old as society itself. The most common welfare programs
are elder, disabled, mothers, unemployed. The objective
of social work is to help individuals, family, community
and group of persons who are socially disadvantaged and
to contribute to the creation of conditions that will
enhance social functioning and prevent break down.

Whatis social welfare

When we talk about the definition of social welfare it can

be briefly defined as the total well being of a community.
When we refer to someone's well being we are referring to
whether they are healthy, happy, etc. so that life is
enjoyable and worth living. It is believed that every
technological advance contributes to the well being of
mankind.

In British context, the term social welfare is used in the
sense of social security means government payments to
people who are unemployed, ill, disabled etc. In most
countries social welfare services or personal social
services are often attached to other major social services
such as social security, health care, education and
housing.

From the above definition we could understand there are
two types of population in any society i.e. Independent
and dependent. Though youth and the adult are considered
as independent population the ongoing war and country's
economic policies have inevitably made majority of
independent population as dependent. To explain the
both types of population it is prerequisite to ask the next
question what is the present condition of our society in
terms of independent and dependent population.

Present condition of the society

The world is now surrounded by poor productivity due to
deteriorating environmental conditions, natural and man
made disasters, poor security conditions, inaccessibility
to resources, denial of basic rights etc. Despite the
positive steps taken after the peace process major
economic problems such as poverty, unemployment,
inflation, macro economic imbalances, and vulnerability
of external shocks and ,at present, major sociological
and economic set backs of Tsunami continue to threaten
the country's ability to move along a long term sustainable
growth path. Every one agrees that peace is essential for
economic development and the war creates a huge
economic burden. The cost of the war has been very clear
during the last two decades resulting low per capita
income, lower employment opportunities high inflation,
low productivity, destruction of infra structure facilities
weakening of market confidence, discouraging
investment from inside as well from outside.

* Theme Seminar
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Stumbling blocks of social welfare
Internal Displacement

Depending upon state government officials and other
authorities for protection and assistance Internally
Displaced People (IDPs) have been described as the single
largest at risk population in the world. They are the people
in desperate straits enjoying a little international
sympathy or protection. Often destitute and marginalized,
IDPs are likely to have their fundamental rights and
freedom compromised, their economic and political
opportunities denied.

There are almost certainly more internally displaced
persons in the world than refugees. The most reliable
estimates indicate that in addition to 12 Mn refugees,
approximately 25Mn people are internally displaced
within their own country. Sri Lanka has one of the largest
IDP populations in the world. The estimate in mid 2001
shows that 1 of every 25 citizen in Sri Lanka are displaced
and 1of 3 persons is an IDP in Northern Province.

However, we cannot ignore the fact that they are the
people who have been left out to be remembered on
humanitarian ground. These are the people in an extreme
state of distress getting no assistance in their long
displaced life. It has been estimated that even though
49,000 families have returned back to Jaffna peninsula
nearly 18,000 families are still living in welfare centers
and out side the welfare centers. In addition to this another
20,000 families are expected to come back from other
districts if the situation permits. Most of the IDPs in
coastal areas do not even have proper water and sanitation
facilities.

Poverty

The problem of poverty expresses itself in many ways.
Uneconomic holdings, large family to support, poor
housing facilities, lack of amenities like education
sanitary etc., malnutrition, poor health, illiteracy..... All
these make people economically poor, socially weak and
politically vulnerable and open for exploitation. Hunger
leaves scars on which some are visible and some are not
visible. Invisible scars are the long term effects of hunger
that run in families through succeeding generations. The
most obvious birthmark of hunger is the size and weight of
a new born. Food deprived children carry a great risk of
neurological deficiencies that result in poor vision,
impaired educational attainment, cerebral problems.

Personal distress

Personal distress may be the first enemy for the happiness

Social Welfare

of mankind. Human development report records that
among the countries categorized under medium human
development, Sri Lanka records 44 people inevery 1lack
of population committed suicide whereas India, the
another medium development country has only 11.4
committed suicide.

Incompetent education

Insufficient opportunities for higher education create
serious economic social and political problems and lead to
social unrest among youth. Though our country marks
extraordinarily high rates of literacy and place herself
among other developed countries this high rates of
literacy has not been translated to satisfactory learning
achievements gearing towards sustainable economic
development. Regional disparities in service delivery,
legislative constraints preventing private sector
participation, inadequate teacher deployment,
excessively centralized education management, acute
shortage of quality inputs in class rooms, insufficient
attention to the role of education in promoting social
harmony have been identified as quality constraint in
education. Serious inadequacy in tertiary education
opportunities as well as skill and competency gaps among
university graduates has also been a serious problem.
Above all every youth has been brought up in a way to
think about government oriented employment is his
ultimate aim and not be proud of being a self employed
person unemployment rate of educated youth are ever
increasing.

Unemployment

The following issues could be taken into consideration
with regard to unemployment.

1. The first one is to overcome the nagging problem
of educated youth unemployment. According to
2002 statistics 31.6 % who have completed their
O/L and above are unemployed. Though
there are initiatives by the country for integrated
package of employment oriented training which
includes Leadership, English, Computer and
Information Technology, productivity and career
guidance, Vocational training and others until we
are prepared to freed ourselves from the
conservative concept of seeking government
oriented jobs and being proud of government
servant the total contribution of youth in the well

being of the society is notreach out.
2. Unemployed graduates are another major issue

and Higher education institutions have failed to
train their educated citizens to get down to self
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employment activities. Nearly 25 thousands
unemployed graduates are waiting and the state is in a
position to minimize the mismatch between the human
resource needs of the private sector and the
qualifications of these graduates produced by state run
universities by providing computer training and
English language training.

Under employment and Women welfare

Down below the economic ladder, at the bottom most
rung, is a whole group of working women in the informal
sector, who are mere coolies, left uncared for, with no
support or social security at the work front. This neglected
lot works hard and without respite, at home and out of it,
only to earn a pittance and live a life of drudgery. Lack of
education, apathetic government policies, a faulty social
system and erroneous beliefs and dogma are the culprits.
“uplifting the woman at the grass root level would alone
help society flourish”

There is a need of educated social workers who will be
able to go to the slums and speaks of hygiene, small family
norms, mother and child care, literacy or social evils.
People from among the poor should be selected and
trained for this purpose. Otherwise having been blessed
with everything in life have-nots will never respond the
advises of haves. In the year 2002 there are 619,704
widows and orphans in the Northeast.

Small loans at nominal interest rates would help them to
develop their own small business, be it vegetable vending
or weaving. "Even if a woman has no experiences about
any business she can be trained through vocational
training centers to take up a small business of her choice
and loan can be provided.

According to the statistics in 2000 there are nearly 110
small industries training centers in Northeast. These
includes coir center, handloom textiles, pottery making,
cane product, brass center, dye centers sales center and
others. Jaffna representing highest number in handloom
textile in which there are 92 centers in Jaffna.

Collective welfare for dependent population

Social life particularly in the complex forms of civilized
societies creates many dependencies among members of a
community. The welfare of each member depends upon
the exercise of restraint and precaution by others in the
pursuit of their legitimate activities as well as upon
cooperation towards certain common objectives. These
matters of collective welfare involve many kinds of
interests that may be said to be processed by the
community. The last half century has witnessed an
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expansion in the role of every state as a guarantor of public
well-being and every country is now expected to play the
leading role in the planning and provision of human
services.

The assumption of greater public responsibility for
human needs may have proceeded to the point where we
have lost sight of the substantial role that informal care
giving and mutual aid still play in the daily lives of clients
and those who manage not to become clients. We may
forget that family members, friends,n eighbors,c lergy and
others who might be labeled as “just plain citizens” often
comprise an informal circle of helpers for a person
experiencing problems and that formal help from
agencies and trained professionals is sought only as a last
resort. Considering the two sides of arguments regarding
the responsibility for care one side emphasizes the need
for family and community responsibility and other side
calls for state intervention and public responsibility.
However, it seems clear that due to the scarcity of
resources, no one source of care- public, private, or
voluntary- can by itself adequately meets the needs of
dependent population.

Like other developing countries, formal services in Sri
Lanka are generally under resourced and the traditional
networks of informal care are the main source of
assistance. High rates of migration and unplanned urban
growth, however, have weakened this network in
impoverished rural areas and overwhelmed the limited
public services in cities. Indigenous overcrowding and
poor housing, unemployment and over wages, inadequate
sanitation is not responsive to western methods of
personal social service intervention. In the poorest rural
areas where the majority of people live at or well below
subsistence level, disaster relief is heavily supplemented
by international aid agencies such as UN and charities -
such as save the children fund.

Present social realities in terms of the exploitation,
abuses, addiction and child prostitution that we see in our
midst. It exposes the problems of the elderly, the struggles
of the refugees, and the needs of the slum dwellers. It calls
on social workers to reflect on the role of the profession
towards such issues.

Family welfare

Throughout history the family has been the most effective
and primary transmitter of values beliefs and behaviors
for good or ill. Social welfare and case workers generally
regard family life as the real context for the promotion of
social welfare. Family welfare programs seek to preserve
and strengthen the family unit through both economic
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assistance where available and personal assistance with a
variety of services.

National and International help

In Sri Lanka Janasaviya, Samurthi, the food stamp and
mid day meal schemes are existing govt. sponsored
poverty alleviation programs. The major scheme
Samurdhi, which commenced in June 1995, was the major
strategy of state intervention in alleviating poverty at the
national level starting with the family unit and uplifting
the economic status of the marginalized poverty groups.
The main objectives of the Samurdhi program is to
improve the living standards of the poor with direct
assistance to vulnerable groups and to assist in various
other programs such as small scale infrastructure
development training and financial and social security to
raise the income level of poor. The implementation
strategy of the Samurdhi is basically two fold.: the income
supplement program, and the social and economic
infrastructure development program increasing
employment opportunities. nearly 50% of the population
or total 2.1 Mn family units were covered under this
program. Samurdhi relief ranges from 250/= to 1000/=.
Amparai, batticaloa Trinco and Vavuniya have quite
number of beneficiaries under social services assistance.

Working for the upliftment of the marginalized and
releasing them from the clutches of poverty and
exploitation are the main focus of international and
national humanitarian agencies.

- Housing construction is an important economic activity.
The national housing development authority implemented
seven major housing programs namely Janaudana, rural,
urban, estate, direct construction, disaster housing and
fisheries housing.A mong these disaster housing has been
designed especially to provide houses to displaced
families in the northeast provinces. Under this program

2351 houses were completed ata total cost of 25mn.
we have to mention the UNHCR's Quick impact projects

in Jaffna for vanni returnees. Under these projects 2205
IDPs were relocated and resettled through out Jaffna
district, and 41,141 families are awaiting resettlement.
Providing shelter is the major concern of the QIP since it is
the heart of life . Nearly 65% of the allocation was devoted

to shelter program. Under this program 1080 families -

were relocated with other communities through out Jaffna
district with an intention to strengthen the community
through social integration of the returnees with the local
population.. Ilavalai and Kudathanai are the best
examples for the successful implementation of emergency
shelter with effective commumity participation. No one
can deny the fact that though they are still landless, lost
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their own land in army occupied areas, and are under the
poverty line working hard for their daily bread, certainly
the collaborative efforts of each and every family, their
day and night hard work and the will to live made these
simple temporary emergency shelters as lovely camp like
their own dwellings. When analyzing the nature of these
families it became apparent that every individual of these
families have “we™ feelings which marks them off as
coherent communities living together in a same place.

Child welfare.

A paramount concern in all family welfare programs is the
welfare of children. Usually children services are
rendered within the setting of home life. Income
assistance to parents may help to ensure that the basic
security of the family structure. maternal, prenatal and
child health care pfograms are important in all societies
but especially so in those affected by widespread disease
and malnutrition; infant and maternal mortality rates are,
in fact, the most basic indexes of child welfare. The
increasing number of working mothers worldwide has
given rise to day care services from simple custodial
supervision to educational and health care programs.
Totally 50 day care centers are in northeast and number of
beneficiaries are 2214 for the year 2001. Amparai has
recorded highest percentage on which 29 day care centers
are functioning.

According to the statistics of Dept of Social welfare there
are 31 children homes comprising 1695 children in
Northeast in 2001 Ramakrishna mission, Boys home in
batticaloa, Ghandhi nilayam, Kurukulam, Punith pumi,
Barathi illam, centhalir in Vanni thayakam, karuna
nilayam in Jaffna are important to mention.

Welfare of the elderly

The elderly now constitute the largest single client group
using personal social services worldwide. In all advanced
industrial societies the proportion of infirm elderly is on
the increase. And although they constitute only a small
minority of the retired population the claim on social
services is disproportionately heavy. Because social care
for the elderly is often labour intensive. In Tamil society
elders are still considerate as important custodians of
homes there are homes for elderly in North east.
According to the statistics though 409 elders are cared in
home for elders

Welfare of the sick and disabled

The new term for the disabled differently able falls into
two major groups; those who are too handicapped ever to
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have earned a livelihood such as children, the mentally
disturbed and defective, the blind and those who although
disabled have had a record of earned income.

Serious illness and disability account for many of the
problems addressed by social services. In addition to the
need for adequate primary care, the ill and disabled also
frequently face disruption or loss income, inability to meet
family responsibilities, the long term process of recovery
or adjustment to handicaps, and ongoing care in the form
of medication, therapy, and the observance of dietary or
other precaution. In Sri Lanka aid to the disabled is
accomplished imperfectly through a combination of state
and local aid.

According to the statistics of Dept. of Social welfare there
are 308 disables in northeast in 2001. Nuffield and
Valvakam in Jaffna, Victory home, Iniya valvu illam in
Vanni, Dharisanam, Osanam and Eastern Islamic disabled
welfare in Batticaloa, School for Hearing impaired in
Trinco are some of the important homes to be mentioned
here. The equipments like Tricycle, wheel chair
spectacles, earphones crutches, white cane Artificial leg
are issued for the handicapped. Most of these homes are
aided by national and international NGOs and individuals
from abroad also considerably help in this regard.

Social Welfare

- Total well-being of a society

As a concluding remark I wish to point out that the total
well being of the society is possible when the independent
population of a community must be in a position to help
the dependent population.. Unless the welfare of each
person in a community is achieved, the welfare of a
community as a whole is impossible. If we argue the
money and the materials are the most important factors for
the well-being, we should not forget the present realities
in front of us in which foreign income has to some extent
considerably changed the rural areas.
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What is culture? You can get a large number of definition
forit. g

An early definition is that, 'a particuiar society at a
particular time and place’.

It was also said that “The taste in art and manners that are
favoured by a social group or all the knowledge and values
shared by a society'.

In biology culture means 'the raising of micro organisms,
plants and animals'. If we say 'the culture of oysters' for
example, you know all of them are alike in many features.

Here it self a question arises? Are we Sri Lankan Tamils
alike in many features where ever we live in this earth?

We may try to define culture as follows, ' culture is the
accumulated habits, attitudes, beliefs, customs, tradition,
values, way of dealing with their problems, goals, art,
literature, religion, philosophy, food, clothing, buildings,
tools, machines, roads and canals and everything of a
group of people that define for them the general behaviour
and way of life that is the total set of learnt and shared
activities of a group of people and transmitted from one
generation to the other. Some scientists view culture very
broadly as the beliefs and values, tastes and interests,
knowledge, behaviour and even the very ways the
individual conceive of their selves. Culture in short has
come to be seen as the fabric out of which the social is
made.

In another way you could also say that culture is the
equivalent and complementary meaning approximately
shared by members of a society. Feelings and behaviour
related to sexuality are also a part of a larger system of
culture.

So, culture is the sum total of the ways of life of people
includes norms learned behaviour, patterns and artifacts
how people feel and interact the means by which they
order and interpret the world ways of perceiving, relating
and interpreting events based on established social norms
a system of standards for preceiving, believing, evaluating
and acting.

People learn culture.and that is cultures essential feature.
Many qualities of human life are transmitted genetically.
An infants desire for food is triggered by physiological
characteristics determined within the human genetic
code. An adults specific desire for milk and "Thosai' in the
moming on the other hand can not be explained
genetically rather it is a learned response to morning
hunger.

Culture as a body of learned behaviours common to a
given human society, acts rather like a template. That
means it has predictable form and content, shaping
behaviour and consciousness with in a human society
from generation to generation. So culture resides in all
learned behaviours and in some shaping template or
consciousness prior to behaviour as well. That is a culture
template can be in place to the birth of an individual
person.

The primary concept of a shaping template might be
further broken down.

i. Systems of meaning of which language is
primary

ii. Ways of organising society from kinship
groups to states and multinational co-
operations.

iii. The distinctive techniques of a group and
their characteristic products.

Because the relationship between what is taught and what
is learned is not absolute, some of what is taught is lost
while new discoveries are constantly being made culture
exists in a constant change.

Meaning systems consists of negotiated agreements
members of a human society must agree to relationships
between a word, behaviour or other symbol and its
corresponding significance or meaning. To the extent that
culture consists of systems of meaning it also consists of
negotiated agreements and process of negotiations.

So we have the sense that there is much disagreement
about the word and concept of culture and we realize that
any definition is part of an on going conversation about
what we should take culture to mean.

* Theme Seminar
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Mathew Arnold a pre eminent poet of the Victorian era
saw culture 'contact with the best which has been thought
and said in the world'. His view of culture as involving
such characteristic as 'beauty'. ‘intelligence' and
‘perfection’is a 'Neoplatonic' one. These values exist in the
abstract and are the same for all human societies. But the
common idea is that values, behaviours and ideologies are
different from people to people.

This is a view in which all the love of our neighbour, the
impulse towards action, help and beneficience, the desire
for removing human error, clearing human confusion, and
diminishing human misery, the noble aspiration to leave
the world better and happier than we found it, come in as
part of the grounds of culture and the main and pre eminent
part. Culture is then properly described not as having its
origin in curiosity but as having its origin in the love of

perfection. It is a study of perfection.

The Greek idea of a finely tempered nature gives exactly
the notion of perfection as culture brings us to conceive it
a harmonious perfection a perfection in which the
characters of beauty and intelligence are both present.

At the same time, culture is ordinary. Every human society
has its own shape, i ts own purpose and its meanings.

So a culture has two aspects.

i. Theknown meanings and direction which its
members are trained to

ii. The new observation and meanings which
are offered to tested.

So, culture is always both traditional and creative
The Greek culture and the ancient Roman culture are

famous in the world. If we come to the Tamil culture, the
external manifestation of Tamil culture may be found in
our folk songs, and dances, un the food and dress forms.
But as always, the external go with the internal.

In 1996, a series of articles written by C. Kumarabarathy
of Wellington, New Zealand looked at Tamil culture from
the stand point of an expatriate Tamil in an emerging post
modern world. His reflection provided food for our
thought.

If culture is the distilled essence of the way of life of
people, them in the case of Tamil people, the distillation
process has covered a time span of more than 2000 years.
And to-day the Tamil people living in many lands across
distinct seas acquire strength from the richness of their
own cultural heritage not only because that culture has
something to do with their our roots and their way of life,
but also because they believe that culture has a significant
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contribution to make the world.

As the Czech Prof. Dr. K. V. Zvelebil said, "There is no
doubt that the culture of the Tamils belongs to the great
and immortal treasures of the world civilisation'.

So, now it is the main task of the academics of Tamil
culture to acquaint the worlds' cultural public with the
most important contributions of Tamil culture to the
worlds civilisation because most of the population are not
aware of it.

As far as literary works are concerned, it is necessary
before all to make them accessible to a wide public of
readers by means of artistic translations in to the world
great languages.

With regards to the works of art and architecture it is
necessary to make them a common treasure of the world
with the help of publication giving detailed and perfect
reproduction. This may be achieved through the
UNESCO as well as through the work of individual
scholars and local institutions.

The following works should be made familiar to the
whole world.

i.  The ancient Tamil lyrical poetry.

ii. The Thirukkural

iii. The epical poem 'Silappathikaram'.

iv. The school of Bakthi, both Vaishnave and
Saiva, specially the works of Manivasagar,

Sampanthar, Nammalvar ~ and Andal.
v. The philosophic system of Saiva

Sidhdantha.
vi. The Dravidian temple Architecture of which the

chief representatives are from the temples of
Thanjavoor, Chithamparam and Madurai.

With all the classical dances of the Ancient Tamils, both
Sri Lankan and Indian, the poetic works of Barathy should
be taken care of.

And today the internets and the world wide webs have
rendered that task hopefully less difficult.

So far we have thought about some things that we have to
preserve. Are there anything that we have to change? Yes
alot.

As Isaid in the very beginning, we the Sri Lankan Tamils
or the Tamils in common should try to maintain many
features alike. Where ever we live in this world.
Otherwise culture may loose its meaning in our future
generations.

And as we said earlier, culture is a system of meaning of
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which language is primary. We all know the fact that the
language skills of our society is falling fast even in our
country. In the other countries, we are in doubt whether the
next generation would know to read and write the
language. So we have to put a 'stop loss' order at some
point.

Another important thing to observe is that we are
gradually changing to an aggressive culture. There is a
common opinion in the world that Sri Lankan tamils are
very aggressive and without manners. We have to observe
closely this criticism and develop ourselves. The way of
dealing with problems is a part of culture. We have to
study a bit about it from other cultures.

We still belief in Ghosts and offering animal blood to God.
We have a custom of dowry. We have a tradition of
listening to the voice of lizard. We believe in caste system
even now at least in marriages. We perceive things more
negatively when empared to the other cultures. We don't
trust people and we don't behave in a way so that others
would trust us also. We belief money and power are the
only important factors to live happily in this world. So,
these sre some of the many things where we need changes.

Cultural Welfare

We should not allow other cultures to mix in our rituals.
For example our way of during a funeral is very healthy.
Phychologists are of opinion that we give a lot of chances
to grief and mourn. The chances are less to became
depressed after a loss if we go through our cultural
process. We have to keep them up.

We said that culture exists in a constant state of change. So
the changes in food, clothing, buildings, tools, machines,
roads and canals I hope that we may have to accept the
changes because there is no harm in accepting the
changes in these parts. We have to try and add some good
aspects of other cultures to ours. For example the sitting
method on the floor while doing some work at home in
Japan is something we could take in with our culture. In
European culture people get together for dinners in the
week ends. We may follow it.

I wish to finish this article by saying, 'culture consists in
the way that help certain thoughts are used to others think'.
So thank you very much for this opportunity for giving
some of my thoughts to arouse your thoughts.
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President of JSA, the Chairperson, distinguish guests and
friends! First of all I thank the JSA for inviting me to
participate in the theme seminar.

Health and Welfare are the two terms often go hand in
hand. Health comes as a priority issue whenever we
discuss about welfare. Health of an individual is defined
by world health organization as physical, mental, social
(& spiritual) well being and not merely the absence of
disease. Welfare of an individual is defined as physical,
social, and financial well being: the physical, social and
financial conditions under which somebody may live
satisfactorily. Health and welfare of a society is much
broader than what is defined for an individual. Welfare of
a society is a multidisciplinary thing. There are many
partners involved and responsible for social welfare.
There is no absolute or perfect health whether individual
or society can achieve. Gold standard healthy society is
an imaginary thing. When we talk about health and
welfare we talk about improvements from the current
situation. Even the well developed countries are trying to
improve the health and welfare of their citizens.

My discussion will be based on some of the future demand
on welfare services on health aspects in Sri Lanka.
Currently, Sri Lanka is in demographic transition (change
in age structure of the population) and epidemiological
transition (change in disease pattern).

Demographic transition

Improvement in diagnosis and treatment facilities,
improvements in living conditions have contributed to
reduction in death rates in all ages and increased life
expectancy at any given age. Increase female education,
acceptance of family planning, increase age of marriage
and many other factors have lead to reduction in the birth
rates.

Figure 1: Age structure of the population in 1981
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As a result of reduced birth rates and death rates the
population is fast ageing. Projected age structure of the
population at the end of first quarter of 2 i* century is
described in figure 3. We will be having more elderly
population than before. Among the elders females will
be slightly higher in number than males. Now there are
about one in ten people are above the age of sixty years.
This figure will increase in two folds in 2030 where one
out of five people will be above the age of sixty. Aged
dependency ratio (ratio between the +60 age group and
15-49 age group) will increase from 15.4% in 2001 to
36% in 2031. Middle age people (15-49 years) will
have to look after more elders than youngsters. One
working person will have to look after six elders in
future where as now one working person is looking after
only three elders.

Figure 4 Disease projections for diarrhoeal diseases
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still morbidity (disease burden) due to communicable
disease is a public health problem.

As our population is fast ageing and our life styles have
changed non communicable disease like hypertension
(high blood pressure), diabetes mellitus, heart diseases,
cancers,e tc in our population are on the increase.

Apart from this communicable diseases and non
communicable diseases, accidents are on the increase.
Road traffic accidents kill nearly 2000 people on the road
every year in Sri Lanka. There are no reliable data on
home accidents and industrial accidents. This situation is
described as triple burden of diseases ie: communicable
diseases, non communicable diseases and road traffic
accidents.
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Nearly 25% of the present population is comprised of
adolescents and young adults. In actual number there are
more than five million young people. This cohort of
people will become will be the future working group for
the next three decades and will become elders in 50 years
time. Taking care of this young people will result in
healthy working group for the next 30 years and active
ageing group in 50 years time.

Epidemiological transition

Improvements in the preventive health care and
advancement in treatment options have lead to reduction
in mortality (deaths) due to communicable disease, but

Therefore our welfare services need to focus on
preventing communicable diseases like improvement in
living conditions and sanitation; addressing the issues of
non communicable diseases like lifestyle changes; and
programmes to prevent accidents mainly on the road.

As we will be facing more number of elders in the
population our welfare services also need to address the
needs of the elders. As our family types have changed
from extended family to nuclear family taking care of the
elders will be a problem. This will be further aggravated
by the fact more and more younger generation willing to
migrate to other countries. This will result in greater
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demand for elder's homes. Doctors need to be specialized
in geriatric care because they will be seeing more elders
than youngsters. Elders need specialized clinics. Health
insurance schemes have to be developed to cater the health
demands of the elders. Day care centers can play an
importantrole in welfare of the elders. Day care centreisa
place where the elders can come during the day time, chat,
read news papers, do exercise, have lunch and relax. This
type of day care centers are plenty in the western world,
but we need to think of developing one to suit our own
culture.

Health & Social........

We have a group of adolescents and young adults in our
population (nearly five million in Sri Lanka). This young
people will be middle age working group in 2030 and will
represent the elderly population in 2050. This cohort of
adolescents have to be looked after well so that we will
have a quality working age group in the future. If the
lifestyle changes and risk factor modifications are made at
early stage future elders will be more healthier than we
expect.

In conclusion our population is fast ageing and the disease
pattern also have changed a lot. Therefore our services

future nation.
Diabetes Mellitus projections showing different scenarios
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Traumatic Injuries projections showing different scenarios

Health & Social
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UNDERSTANDING CHAOS

Nagalingam Sivayogan *
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1 Introduction

You are watching a cricket match either in a play ground or
in a television. The batsman hits the ball, the crowd roars
as the ball heads towards the boundary. As soon as the ball
leaves the bat, one of the fielders starts running in a
predetermined direction and speed. Player and ball
converge on the same spot and the player either stops or
catches the ball or even misses it out. This is a very usual
phenomenon in which the cricket ball follows Newton's
laws of motion and its flight is predictable.

Now, if you are at a wedding or birthday party, you
observe a different but very usual phenomenon. A child
pick up a balloon, blows it up, hold it out and releases it.
The child laughs delightedly as the balloon sputters and
darts around the hall. Again and again the child fetches the
balloon, blows it up, and releases it. Each time, the balloon
races around the room in a different crazy path. Here too
the balloon follows the Newton's laws of motion but its
flight is erratic and unpredictable.

How can the same laws produce such different results?
The motion of the cricket ball through air is said to be
stable system whereas the motion of the balloon buzzing
wildly around the hall is an unpredictable system. The
motion of the balloon is one of the simple examples of
chaotic systems. The world chaos usually means a place of
total disorder and confusion. However, if the term chaos
really implied total disorder or randomness, there would
probably be no point in studying the phenomenon.
Technically, the term chaos means something that appears
to be random and disordered but is actually deterministic
in nature. It means that the system is precisely controlled
by natural laws. The apparent disorder arises from an
extreme sensitivity to initial conditions, much like the
path of the balloon described above.

In 1970s, a few scientist in the US and Europe began to
find a way through disorder. Physiologist found a
surprising order in the chaos that develops in the human
heart and causes sudden death. Ecologist explored the rise
and fall of gypsy moth populations. Economist dug out old
stock price data and tried a new kind of analysis. The
insights that emerged led directly into the natural world

the shapes of cloud, the paths of lightning, the
microscopic intertwining of vessel, the galactic clustering
of stars. A decade later chaos has become a new science.
The new science has spawned its own branches: fractals
and bifurcations, intermittencies and periodicities,
folded- towel diffeomorphisms and smooth noodle maps
etc.

Now chaos seems to be everywhere. A rising column of
cigarette smoke, a flag snapping back and forth in the
wind, behaviour of weather, behaviour of an airplane in
flight, behaviour of cars clustering on a highway, the
behaviour of oil flowing in underground pipes etc. are all
examples of chaos. No matter what the action is, the
behaviour obeys the same newly discovered laws.
Therefore, we can say that the chaos is a science of global
nature of systems. Chaos poses problems that defy
accepted ways of working of science. It makes strong
claims about the universal behaviour of complexity.
Chaos, as some scientist say, has become the last century's
third great revolution in the physical sciences next to
relativity and quantum mechanics. As one physicist put it,
“Relativity eliminated the Newtonian illusion of absolute
space and time; quantum theory eliminated the
Newtonian dream of a controllable measurement process;
and chaos eliminates the Laplacian fantasy “of
deterministic probability”. In fact, the chaos applies to the
objects at human scale, that is, to the universe we see and
touch.

Understanding chaos would definitely be of great benefit
to mankind or in another way, we can say that it may be
critically important to understand chaos in order to sustain
our own existence. Modern discussions of chaos are
almost always based on the work of Edward N. Lorenz
[1]. He defines a deterministic sequence as one in which
only one thing can happen next and randomness as being
identical to the absence of determinism.T he deterministic
chaos is then something looks random, but is really
deterministic.

This can happen because we could only know the initial
situation approximately. Although in principle we can
predict how a system will behave to an arbitrary level of
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precision, in practice, we can't find the initial starting point
of the system accurately enough to be able to persist in
detail what will happen beyond a short period of time.
Small mismeasurements eventually add to a big
discrepancy between calculated and observed behaviour.

2 History of Chaos

The roots of chaos theory goes back to Henri Poincare
(1854 - 1912) who discovered 'strange' properties when
trying to solve the two Suns and a single Earth system
(Three body problem) at the end of the 19th century. This
problem is a two step problem. First using the Newton's
law (in fact Newton failed to find the solution to this three
body problem) calculate the acceleration of the earth from
its position and velocity. Secondly, find the new position
and velocity and determine the new acceleration. It was
shown that the trajectory of the earth will never repeat
itself, even if we let the time go to infinity. Figures
1, 2 and 3 shows the trajectory of the Earth in the presence
of two Suns at different times. We can note that the
trajectory after an infinite time is an infinitely long line ina
finite volume. This simple gravitatiohal system is the first
example of a chaotic system.

Figure 1: Path of the Earth in the
presence of two Suns after certain
time elapse.

Figure 2: Path of the Earth in the
presence of two Suns at a different
time elapse.

Understanding Chaos

Figure 3: Path of the Earth in
the presence of two Suns after
very long time.

Although, the chaos theory was first discovered more than
100 years ago, it got momentum only during 1070s due to
Edward Lorenz (1917- ). He found that extremely small
changes in initial conditions had a significant effect on the
weather. Lorenz plotted phase space (velocity versus
position plot) and observed that it look like the wings of a
butterfly (Figure 4). This was called Lorenz butterfly. An
appropriate example of small perturbation affecting the
weather is that 'butterflies flapping their wings in Sumatra
may resultina Tsunami in Sri Lanka',

Figure 4: Lorenz attractor
(looking like the wings of a
butterfly).

Later it was found that these strange attractors are integral
part of chaos. These attractors are not new to anyone and
all are quite familiar with many usual phenomenons
which contain different type of attractors. As a simple
example, release a ball from the brim of an inverted corn.
No matter what the initial velocity is, the ball will draw
different path and finally will settle down at the vertex of
the cone. Here the vertex of the corn is an attractor. As a
different type of example consider the heart beat. One
must have noticed that the heart beats very fast while
doing exercises or running. But when stopping the
exercise one can notice the heart beats start to settle down
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onto aregular beat.H ere the regular beat is another kind of
attractor.N o matter how fast the heart beat it always settles
down to a regular beat. Remember the attractors
mentioned here as examples do not give rise to chaos.

MichaelHenon (1931~ ) discovered [2] another kind of
strange attractors in 1962. He discovered a 'banana
shaped' attractor while working on star clusters (Figure 5).
In 1960s Stephen Smale (1930 - ) discovered that the
phenomenon of strange attractors can be explained by a
topological transformation in phase space. Robert May
(1936- ),in 1970s, using logistic equations, showed that
the biological population could become chaotic. While
doing his analysis, Robert May discovered the "Logistic
Attractor'. This Logistic Attractor is produced through a
process known as Bifurcation process. This simple and
interesting process is discussed in detail in the
Section: 3.1.

Figure 5: Banana shaped Henon attractor.

Although Robert May observed chaotic behaviour in his
system, Mitchell Feigenbuam (1944 - ) discovered an
order in the chaotic system observed by May. Feigenbuam
further investigated the system and found that the route to
chaos was universal and there is a universal constant
(~ 4.66920160) involved in the Bifurcation process.
Investigation on chaotic system continued and a few years
later, the relationship between chaotic theory and Fractal
theory was forged and incidentally it was found that all
strange attractors are fractals [3].

Investigating solar systems in the late 1970s, Jack
Wisdom showed that the gaps in the asteroid belt of our
solar system are due to chaos. With this discovery, more
and more astronomical phenomenons were explained
using the chaos theory. As an example, Saturnring, galaxy
clusters, super clusters (clusters of clusters of galaxies),
black holes are found to be related to chaos theory [4].

Understanding Chaos

Some of the very interesting phenomenon occurring in
nature also has been explained using chaos theory. As an
interesting example, one must have noticed that birds fly
in a 'V' shaped pattern without colliding with each other.
How does a flock of birds fly in that fashion without
colliding with each other? To explain this phenomenon,
Frank. H. Heppner, in 1997, used chaos theory. Assuming
following initial conditions he was able to formulate a
triangle of birds. The initial assumptions he made were:

The birds are attracted towards a focal point.

They are attracted to each other.

They want to maintain a fixed speed.

Flight paths are altered by random occurrences,

such as gusts of wind.

e o

When he modelled a triangle of birds in his computer and
varied the intensities of the above initial assumptions, his
triangles indeed flock in a bird like fashion. Many other
similar models were used to explain many other similar
phenomenons such as the movement of vehicles in a high
way, movement of people in a crowed place (e.g.
movement of devotees in a temple car festival.

Presently, chaos has become a booming area of scientific
interest and in future we certainly can see more and more
physical phenomenon get explained by chaos theory.

3 Properties of Chaotic Systems

In order to understand chaos, it is important to first
understand the properties that all chaotic systems exhibit.
Therefore, in this section, we take a few examples of
chaotic systems and try to build up the properties common
to all chaotic systems.

First of all letus consider a very simple technical example.
Consider a simple experimental system as shown in
Figure 6. It consists of two fixed magnets along the x- axis
and another magnet, fixed at the bottom of a pendulum, is
hung directly above at the centre of the two magnets and is
free to swing. Hence we have a system with two possible
equilibrium positions. If the pendulum is pulled aside °
along the y- axis and released; it quickly begins to execute
an extremely complicated motion. Since the magnetic
force is a strong function of the relative distances between
the magnets and therefore the magnetic force can provide
acceleration, deceleration and damping and the damping
is also possible due to friction of the pendulum support on
the supporting rod and also due to induced currents. Due
to the damping the pendulum is eventually forced to move
towards one of the magnets (equilibrium position). Butto
which magnet it will go depend on the initial conditions.
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Figure 6: Experimental arrangement of
two fixed magnets and a pendulum
with a magnet at the bottom.

Figure 7 explains the complex path ot the two possibilities
of reaching any of the magnets. But due to the complexity
in the initial conditions and there are infinite number of
ways in which the pendulum can be released, it is nearly
impossible to determine which equilibrium position the
pendulum will choose. Although the motion of the
pendulum is completely governed by the Newton's laws of
motion, but the motion is complex and cannot be
determined. Therefore, this experimental set up is a
perfect example of chaotic motion.

Figure 7(a): Path of the
magnet fixed with the
pendulum orbiting near
one of the equilibrium
positions.

Figure 7(b): Path of the
magnet fixed with the
pendulum orbiting near
other of the equilibrium
positions.

The Figure 8 displays which equilibrium position the
magnet winds up on according to its initial positions as
projected on the plane containing fixed magnets and
horizontal. The dark and white regions show initial
positions which correspond to the magnet coming to
equilibrium around either the dark or white magnet.W hen
the region around the boundaries between dark and white
areas was explored, it was found that the boundaries are
not infinitely sharp but contain a complex structure termed
as a fractal. Fractals are shapes in which every piece looks
like every other piece and have fractional dimensions and
the unique property of self-similarity to all levels of

Understanding Chaos

magnification. Fractals will be elaborately discussed in
the Section: 3.3.

Figure 8: Regions showing the initial positions
corresponding to equilibrium around either dark
or white magnets

Now from the above example of a perfect chaotic system,
we can formulate two of the properties of chaotic systems.

1. All chaotic systems exhibit Sensitive
Dependence on Initial Conditions (SDIC).

2. Forallchaotic systems,t he trajectory never repeats.

Now we imagine another experimental set up to formulate
one more property of chaotic systems. Take a big hopper
of sands and allow grain of sand to drop one by one on the
floor at a time. You will observe a sand pile beginning to
form and the height of it goes up as the number of grains of
sand that are dropped onto it increases. One can work out
an exact relationship between the height and the number
of grains if some of the conditions like how the grains
pack together in the sand pile etc. are known.Then we call
such asituation as linear even if the height does not vary as
the number of grains. It may increase as the square or
square root of the number of grains. But the important
point is that the height increases slowly as the number of
grains increases. At some critical point we will observe
that even a single grain is dropped onto it, an avalanche
occurs and height of the sand pile collapses and is
reduced. One must have observed a similar behaviour
while downloading sand or stones from the trailer of a
tractor. As the angle of the trailer increases, at a critical
angle, all the sand or stones fall down rapidly. At this point
we should note two things.

(a). A small change in the input, i.e., dropping one more
grain of sand, has caused a huge change in the output,
i.e., height of the sand pile reduced. In this situation,
the system is said to exhibit Sensitive Dependence on
Initial Conditions as explained above.
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(b). At this juncture, the system is nonlinear, i.e., the
outputand input are not proportional to each other.

The second point we observed here too is shared by all
chaotic systems. Therefore now we have another entry in
to our list of properties of chaotic systems.

3. Allchaotic systems are nonlinear.
3.1 Logistic Map

Now we look for another property of chaotic system and
for that reason we should first learn the idea of Logistic
map. Let us imagine that we are trying to formulate a
model for the population of, say, rabbits in a forest. Let us
also assume a condition that the increase in the number of
rabbits is related to the number of rabbits we have. So we
can write down an equation something like:

Number (next generation) =L x Number (this generation)
Here, L is a constant representing the fecundity of the

rabbits.

Also we know that when there are too many rabbits in the
forest then the lack of food, overcrowding etc. will
suppress the number of rabbits in the next generation.
Suppose that if at a population of, say, 100,000 all the
rabbits die,t hen we need a term like:

Number (next generation) = 100,000 Number (this
generation).

Putting these two equations together we get:

No. (next generation) = L x No. (this generation) x
[(100,000 No.( this generation)]

This equation is called the Logistic.equation. Here it is so
over-simplified for easy explanation and in fact, it has
nothing to do with the actual dynamics of how a
population of rabbits (or much of anything else) changes.
But it teaches us an important lesson about chaotic
systems. As an example, let us start with two thousand
rabbits present at the moment, and that the value of the
constant L is 0.000028.

Then it is simple to calculate that the next generation will
have 0.000028 x2,000 x (100,000 2,000) = 5,488 rabbits.
The next generation after that will have 0.000028 x5,488
x (100,000 5,488) = 14,523 rabbits, and so on. We can
make a graph of the total number of rabbits in the
population as shown in the Figure 9.

Understanding Chaos

L = 0.000028
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Figure 9: Popul'ation fluctuation
of rabbits with L = 0.000028

Note that there are some initial small oscillations, but

eventually the population settles down to a constant value
0f 64,285

Now again assume that we start with two thousand
rabbits, and that the constant L is 0.000029. As shown in
the Figure 10, we see that there are some initial somewhat
larger oscillations, but eventually the population settles
down to a constant value of 65,517. So increasing L
increases the steady state number of rabbits in the
population.
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Figure 10: Population fluctuation
of rabbits with L = 0.000029
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Figure 11: Population fluctuation
of rabbits with L = 0.000031
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Again if we increase the fecundity of the rabbits by setting
L to 0.000031, something very interesting thing happens.
The population bifurcates and, in the "steady state", the
oscillation occurs between two different values as can be
seen in the Figure 11. Some ecologists now believe that
such a "boom-bust" ecological system is better than a
stable one. Increasing the fecundity factor, L, to 0.000032
increases the size of the swings in the population and is
shown in the Figure 12.

L = 0.000032
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Figure 12: Population fluctuation
of rabbits with L = 0.000032

Now, when we further increase the fecundity factor,
strange thing begin to happen. For example, say at L equal
to 0.000035 the bifurcated population values have
bifurcated once again, and the number is now oscillating
between four different values as shown in the Figure 13.
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Figure 13: Population fluctuation
of rabbits with L = 0.000035
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Figure 14: Population fluctuation
of rabbits with L = 0.0000395

Understanding Chaos

Further increase in the value of L, say, equal to 0.0000395,
the population values are weird and, in fact, the system
has now become chaotic as shown in the Figure 14. This
means that it exhibits all the properties of chaotic systems.

One can notice that a miniscule change in the initial
number of rabbits leads to radical changes in the number
of rabbits in each succeeding generation. It also means
that the trajectory shown above never repeats no matter
how many generations we calculate in the graph.

Now we calculate the "steady state" values of the
population as a function of the fecundity factor L, and plot
them in a graph. This type of graph is called the Logistic
Map and a result of such a calculation is shown in the
Figure 15.

1 2

0.2k

b2 1.2V7

Figure 15: Logistic map drawn by
calculating steady state population as
a function of fecundity factor.

One can notice from the logistic map (Figure 15) that, as
the value of L increases, the value of the population also
increases. Then the first bifurcation of the population
occurs, followed by the second, and finally the transition
to chaos (dark region). There are islands of stability for
some higher values of L. If we zoomed in on the region
just before the first transition to chaos, we would see
further levels of bifurcation occurring. It was found that
this bifurcation occurs to an infinite level of
magnification.

It is important to analyse about the Logistic Map in
somewhat detail and we can show that it can be defined by
the following equation:

_ 2
Xon = 1—(1Xn

This is a deceptively simple equation. Successive points
can be found through iteration. Plotting 200 successive
values of x for every value of o we notice that as the
nonlinearity increases we sometimes encounter chaos
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(Figure 16). The bifurcation diagram displays unexpected
properties. If we enlarge the small portion shown within
the box in Figure: 16, we will obtain an almost identical
diagram as in the Figure 17. If we continue to do so for
infinite time, we will observe that the logistic map repeats
itself over and over at smaller scales and, this behaviour
was found to be universal!

0.5

L 1
0 05

Figure 16: Logistic map drawn using the
equation x,,, =1-ax.. The rectangular

box inside the map shows the area to be
enlarged.

ol T T T ‘ 7|
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Figure 17: Logistic map showing the
area enlarged.

It was found that a very large number of systems behave in
the same way as the logistic map. Therefore studying the
'paradigm’ of the logistic map will provide insight into the
dynamics of large class of possibly much more
complicated systems. In fact, it can be shown that these
bifurcations occur to an infinite level and this leads us to
our next indicator of chaotic systems:

4. For all chaotic systems, the transition to chaos is
preceded by infinite levels of bifurcation.

Much of the early work on the logistic equations was done

Understanding Chaos

by physicist Mitchell Feigenbaum in the mid-1970s. He
tried to guess the value of L for which the next bifurcation
would occur. This led him to discover that the rate at
which the bifurcations were occurring was governed by a
constant number. Suppose that if, L(n) is the value of L for
which the nth bifurcation occurs, and L(n + 1)is the value
where the next bifurcation occurs, then at all levels
L(n + 1) divided by L(n) gives always a same value. It
turns out that this number, now is called as the
Feigenbaum number, and is irrational and approximately
4.6692016090... It also turns out that the Feigenbaum
number is associated with all chaotic systems. Therefore
we can state another property of chaotic system.

5. For all chaotic systems, the infinite bifurcations
preceding the transition to chaos are characterised by the
Feigenbaum number

3.2 The Lorenz Attractor

We have seen that this "attractor" has two points that
attract the trajectory (Figure 4). In the early days of
studying this Lorenz attractor everything about it seemed
strange and therefore, it is sometimes called the strange
attractor. Although it is very strange, many chaotic
systems that have been discovered so far are similarly
strange. We note that the trajectory around each attractor
is approximately in a plane. The two planes about the two
attractors are almost but not quite in the same plane. In
fact, we describe the dimensionality of the Lorenz
attractor as being just a bit larger than two. This non
integer or fractional dimensionality turns out to be another
characteristic of all chaotic systems. Sometimes such
objects are called fractals. Therefore, we have our next
property shown by all chaotic system.

6. All chaotic systems exhibit fractional dimensionality.
3.3 Fractals

At this juncture we shall briefly see about the Fractals.
Roughly speaking a fractal is a self-similar geometrical
object with a fractal dimension. Here, the word 'self-
similar we mean that if we put it under the microscope and
enlarge it as much as we can, it will always look exactly
the same and the word 'fractal dimension' means that the
dimension of the object is not an integer like 1 or 2, but
something like 0.63, a fraction. There are two famous
examples of fractals: The Cantor set and the Mandelbrot
set.

(a) The Cantor Set

Take a line and divide into three parts and remove the
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middle part as shown in the Figure 18 and repeat this
procedure endlessly for the resulting lines. Cantor set,
named after the nineteenth century mathematician George
Cantor, is the dust of points that remain in this process.
They are infinitely many,b ut their total length is zero. This
set was used by Mandelbrot, as a model for the occurrence
of errors in an electronic transmission line.

Figure 18: The Cantor set obtained
by removing middle third portion of
each line.

We shall try to calculate the dimension of this cantor set
and see whether it is a fractal dimension. For that reason
first we shall learn how to calculate the fractal dimensions.

Fractal Dimension

For easy understanding, let us first look at a regular line
and a regular square and see what happens when we copy
the these and then paste them at 1/3 of their original size
[Figure 19(a) and 19(b)].

¢ ® o> S

Figure 19(a): A line and the line
obtained by pasting it at 1/3 of its

original size.
& X 1

I |

S

Figure 19(b): A square and the square obtained
by pasting it at 1/3 of its original size.

We see that our original object contains 3 of the reduced
pieces as explained in Figure 19(a) and in Figure 19(b) we
see that our original object contains 9 of the reduced
pieces.

Understanding Chaos

We can write an equation for the above process in the
following form:
1

SD

a=

where a is the number of pieces, S is the reduction factor
and D is the dimension.

Therefore we have for the Figure 19(a)

Therefore the line shown in the Figure 19(a) has one
dimension.

Similarly for the Figure 19(b)

1

9=
1
CBj
D=2

Hence, the square shown in Figure 19(b) has two
dimensions.

Our common sense also agrees to these calculations as we
are well aware that a line has one dimension and a square
has two dimensions. By this example one can clearly see
that our equation is perfectly correct in determining the
dimensions of the well known structures. Now let us look
at the Cantor set (Figure 18) and apply the same equation.
We obtain:

1
2=——
@3y
D =1log2/log3 =0.6309
This is a fractal dimension, i.e., it is not a whole number as
we encountered in the above examples.

(b) TheMandelbrot Set

This set is defined as the collection of points ¢ in the
complex plane that does not escape to infinity for the
equation:

zZ =z +cC

n+l n
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Note that the actual Mandelbrot set (Figure 20) are justthe
black points in the middle of the figure. All the white
coloured points escape (but after different numbers of
iterations). The Mandelbrot set is strictly speaking not
self-similar in the same way as the Cantor set. It is quasi-
self-similar (the copies of the whole are not exactly the
same). What I'd like to illustrate here is not so much that
fractals can be used to generate beautiful pictures, but that
a simple non-linear equation can be surprisingly complex.
The Figure 21 explains what happens when we keep on
exploring the Mandelbrot set to an infinite level. One can
notice that after many fold magnification; we encounter a
similar object as the original one.

Figure 20: The Mandelbrot set.

Understanding Chads

3.4 Lyapunov Plot
Now we again go back to Lorenz attractor. To obtain

Lorenz attractor, he used the following three set of
equations:

8. serg

dt Y

d

—=-xz+rx—y
t

dz

—=xy—-bz

a Y

Here x, y, z are all variables, t is the time and a, r, b are all
constants. These equation are not simple to solve and can
be solved with the help of a computer. The result of such a
calculation gives the trajectory {x,y,z}as the time evolve
is called the Lorenz attractor and is shown in Figure 4. To
obtain this attractor, the Lorenz equations had initial
positions of x =0, y = 1 and z = 0. The constants were r =
28, a =10, and b = 8/3. The time t goes from 0 to 2048
seconds. Note that, not all solutions of the Lorenz
equations are chaotic; the crucial factor is the value of the
constantr.

Figure 21: Enlarging Mandelbrot set at different positions and obtaining an identical set.
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As stated here, the above solution was generated with the
initial value of y equal to exactly one. Now we calculate a
second solution with the initial value of y =
1.000000001and make a plot of the distance between
these two trajectories as a function of time. This plot is
shown in the Figure 22. We see that initially the distance
between the two trajectories is fairly small. Then, at some
point they diverge rapidly. This graph is called a Lyapunov
plot and it is a log-log plot. You can see that when the two
trajectories begin to diverge, the distance between them as
a function of time is almost exactly a straight line. This,
too, is a property of all chaotic systems. Therefore, one
more property of chaotic system has been identified.

10
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Figure 22: Lyapunov plot
obtained from Lorenz plot.
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Figure 23: Poincare section of
Lorenz plot.
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Understanding Chaos

7. For all chaotic systems, a Lyapunov plot of the distance
between trajectories versus time will exhibit a straight
line.

Now we take one of the solutions to the Lorenz equations,
and plot where the trajectory crosses the x-y plane, when
the value of z is 20 and increasing. This is called a
Poincaré section, and is shown in the Figure 23. The
section is a way of analysing complex motion by reducing
the amount of information we need to deal with all at once.

3.5 FirstReturn Map

For the Lorenz attractor, all the variables, such as z, go
through maximum and minimum values as the trajectory
cycles around the attractors. We can make a plot of the
value of a particular maximum value of z versus the value
of z for its previous maximum. This is called the first
return map and is shown in Figure 24. Also a dashed line is
shown which is at an angle of exactly 45 degrees with the
horizontal. We see that the points in the return map are
initially increasing and all lie above the dashed line. This
is yet another characteristic of chaotic systems.

8. Forall chaotlc systems the initial points of the first
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Figure 24: First return map (straight
line is drawn at an angle of 45 degree.
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Figure 25: Two different time series.
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4 Chaos and Randomness

Because of the similarity between the words chaos and
randomness and also due to the fact that the figures
looking similar, one may wonder whether there is any
difference between them to distinguish. In fact, the chaos
is NOT randomness though it can look pretty random. As
an example let us consider two time series as shown in the
Figure 25

Now look at these figures carefully and see whether you
can distinguish them? Suppose we use some of the known
techniques. For example, try to analyse these time series
by using, say, Power spectra or Histograms or even
Autocorrelation functions. You will not be able to find any
qualitative differences between these two time series. But,
now, try to plot Return map (plot x,,, versus x, ) and see
what happens. Here the return map obtained by Henon,
and known as Henon Map (x,,,=1.4-x’,+03yn ,y,,=
X,) is presented in the Figure 26.

Understanding Chaos

In studying the behavior of a gaseous system,
Edward Lorenz simplified the Navior-Stokes equations
and produced a set of three ordinary looking nonlinear
differential equations as described in Section: 3.4.

Choosing a suitable initial value and solving with a
numerical procedure leads to the well known butterfly.
Figure 27(a), 27(b) and 27(c) shows the X-Z, Y-Z, and X-
Y View of Lorenz attractor respectively.

We can see how the trajectory weaves back and forth
between the two lobes of the butterfly, never repeating the
same path twice. Also, the behavior in one time segment
doesn't really give a clue as to how it will behave in the
next time segment. Sometimes it spends the majority of
its time whirling around on just one side, while at other
times it weaves back and forth, sharing time on each side.
Yet at other times, it seems to find a nearly stable orbit and
stays so close for a while that it looks periodic and stable-
but not quite.

Figure 26: Return map of the time series.

In this return map, one can easily see the difference
between the chaos system and random system. The figure
on the top shows a deterministic behaviour indicating a
chaotic behaviour and figure at the bottom shows non
deterministic behaviour indicating random behaviour.

5 Application of Chaos

5.1 Chaos inthe atmosphere

Lorenz attractor demonstrates how difficult even a
simplified gaseous system in a box can be. Imagine now
that we try to simulate the weather by breaking the
atmosphere into many millions of interactive little boxes
and attempt to predict conditions several weeks into the
future, keeping in mind that we don't know the initial
conditions at time t=0 very accurately. Now you will
understand why your local weather reporter isn't using
chaos theory on the evening weather report at the end of
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the news bulletin. However, progress is being made in
this area, and some day large scale simulations will be
possible.

Figure 27(a): X-Z view of
the Lorenz attractor.

Figure 27(b): Y-Z view
of the Lorenz attractor.

Driven Two

by SRS identical
c.haotlc chaotic
signals outputs

Understanding Chaos

Figure 27(c): X-Y view of
the Lorenz attractor.

5.2 Chaos inIndustry

Since chaotic systems are systems that only appear to be
random, but are really deterministic in nature, they
possess an underlying order. This underlying order leads
to the possibility of controlling chaotic systems. William
Ditto and Louis Pecora have been pioneering methods of
controlling chaotic mechanical, electrical and biological
systems. For example, Pecora and Thomas Carroll of the
U.S. Naval Research Laboratory realized that
synchronized chaos might be used for encoding private
electronic communications.

Chaotic systems are described as having an infinite
number of unstable periodic motions. This instability
means that no two chaotic systems can be built that
provide the same output.

———— > +signals

Pure signals

Figure 28: Block diagram showing the method of sending a secret signal.
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However, it has been shown that if two identical stable
systems are driven by the same chaotic signal, they will
generate a chaotic output, but their inherent stability
causes them to suppress differences between them. The
result is two identical chaotic outputs. At the sending
location, generate a chaotic signal and use it as the input to
a stable system to generate another chaotic output signal.
Mix the chaotic output signal with a message; the result is
another signal that looks chaotic but has a message
embedded in it. Now transmit two signals to the receiving
location: the original chaotic signal and the message-
carrying chaotic output. At the receiving location, feed the
original chaotic signal into a stable system identical to that
at the sending location; the result is the same chaotic
signal that was mixed with the message at the sending
station. Subtract this from the message-encoded chaotic
signal and you have the original message. This is
explained in the block diagram given in the Figure 28.

While the technique discussed above is a method of using
chaos, others are working on methods of controlling
chaos. Since a chaotic system is composed of an infinite
number of unstable periodic orbits, the key to controlling
the system is to wait until the system comes near the
desired periodic orbit and then perturb the input
parameters just enough to encourage the system to stay on
that orbit. This method-referred to as OGY after Edward
Ott, Celso Grebogi and James A. Yorke who developed the
system that has been used successfully in stabilizing lasers
and other industrial systems. But the techniques employed
in the OGY method are not limited to industry; they show
promise in controlling chaotic behavior in the human body
as well.

5.3 Chaos in the Human Body

It has been argued that some cardiac arrhythmias are
instances of chaos. This opens the doors to new strategies
of control. The traditional method of controlling a system
is to model it mathematically in sufficient detail to be able
to control critical parameters. However, this method fails
in chaotic systems since no model can be developed for a
system with an infinite number of unstable orbits. The
OGY method mentioned above was able to exploit the
properties of chaotic mechanical and electrical systems;
however, system-wide parameters in the human body can
not be manipulated quickly enough to control cardiac
chaos. Therefore, Garfinkel, Spano, Ditto and Weiss
developed a similar method which they called
Proportional Perturbation Feedback (PPF) and the
important point is that it worked well in controlling
induced arrhythmia. Similar efforts are being made to

Understanding Chaos

control epileptic brain seizures which exhibit chaotic
behavior. This technique, controls by waiting for the
system to make a close approach to an unstable fixed point
along the stable direction. It then makes a minimal
intervention to bring the system back on the stable
manifold. An important benefit is the minimal amount of
intervention required to control the chaotic event.

5.4 Some latest research work in chaos

Here I am listing some of the latest research work carried
outin chaos.

a. Quantum Chaotic Transport in the Energy Bands
of Semiconductor Superlattices.

b. Chaotic Ray Dynamics and Electromagnetic
Interferences in Optical Fibers.

c. FractalResistance in Microtransistors.

d. Quantum Chaos for Ultra-cold Atoms and Bose-
Einstein Condensates in Optical Lattices.

e. Transition to Chaos for Hot Electrons in a Wide

Band Quantum Well.

f. Resonant Tunneling Studies of Quantum Chaos
in Quantised System.

g. Chaos and Quantum Transport in Mesoscopic
Cosmos.

6 Conclusion

So far we have discussed a few chaotic systems but there
are many systems that can become chaotic. A few
examples include:

a. A pendulum whose support point is oscillating up

and down.
b. Adoublependulum.
A dripping faucet.
A billiard ball on a perfectly reflecting billiard
table with two parallel sides connected by two

semicircles. This is called a Bunimovich stadium.

&0

For physicists who, like me, were educated in a more-or-
less traditional way, we were tacitly taught that we were
going in a straight line from ignorance to understanding.
Inretrospect, our path was not even close to straight, as we
had to avoid the swamps and craters of chaos that appear
nearly everywhere we look. Previously we had to avoid
those swamps and craters because they are often not
analytically solvable, and solving problems analytically
used to be our only major technique.

For some other systems, such as the logistic equations,
solvability is not an issue; the calculation requirements,
however, largely preclude their study with only a pencil
and some paper. Computers have allowed an explosion in
our understanding of chaotic systems in the past 35 years
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Orso.
We have discussed some but not all of the properties that

all chaotic systems share. These include:

Sensitive Dependence on Initial Conditions.

The trajectory never repeats.

They are nonlinear.

The transition to chaos is preceded by infinite levels
of bifurcation.

5. The infinite bifurcations preceding the transition to

chaos are characterised by the Feigenbaum number.
Fractional dimensionality.
A Lyapunov plot of the distance between

trajectories versus time will exhibit a straight line.
8. The initial points of the first return map always lie

above a line making an angle of 45 degrees with the
horizontal.

caladl e

N

Since it is virtually impossible to know the initial
conditions, i.e. the temperature, density, wind, humidity,
etc., with perfect accuracy, Sensitive .Dependence on
Initial Conditions implies that a long-range weather
forecast is impossible in principle. (“Long range" here
means a week or more.)

A recent re-interpretation of Quantum Mechanics by
David Bohm and his group introduces the notion of a
quantum potential. This potential is non-local, which

Understanding Chaos

accounts for some of the strange "influence at a distance"
that Quantum Mechanics predicts and that has been
experimentally confirmed. But in Bohm's interpretation
the motion of objects such as electrons going through an
array ofslits is governed by this quantum potential and the
trajectory turns out to be chaotic. Thus to Bohm quantum
systems are another deterministic chaotic system.
Therefore in summary we conclude the following:

e[l Many things in our world are chaotic, yet order is

also everywhere.
o[l Understanding this dichotomy is not only a

fabulous challenge but also has profound

implications for how we perceive the world.
o[l The study of Chaos has implications for probably

all academic fields.
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HEALTH OF YOUNG PEOPLE

‘K. Sivapalan, *
Department of Physiology, Faculty of Medicine,
University of Jaffna,
Jaffna, Sri Lanka

This presentation contains information obtained from
WHO publications and documents obtained through
internet and no local information except a few personal
experiences or opinions. It is felt that the health status of
our young people is yet to be studied and documented.

Definition of young people

World Health Organization defines young people as
follows on the basis of age:

Adolescence 10-19 years
Youth 15-24 years
Young people  10-24 years.
Puberty 11-16 years in boys and

9-14 years in girls

The definition of youth on chronological basis is relative
and varies. It could be more constructive to identify youth
with a state of mind, a level of psychosocial development
dominated by imagination, the desire for adventure, and
the urge to question all established standards in order to
establish and assert one's individuality. It is a period of
transition from dependence of childhood to independence
of adulthood.

Problems of Young People

Young people have two sentiments: the will to create
better world without discarding fundamental values and
the fear that they will make things worse.

Circumstances associated with the growth and upbringing
of the infant in the family or social environment may well
determine the ability to function both as an individual and
as a member of society. Young people's behavior is
conditioned by biological, psychological and social
pressures to which they are subjected before puberty.
Early deprivation of emotional, nutritional or social well
being may threaten the normal physical and psychological
development.

With better health and nutrition and social conditions,
children's height and weight are increasing and age of
puberty is decreasing. But the social maturation remains
same or diminished: example- crimes are committed with
adult techniques but childish motivation.

For many adolescents, puberty may be the start of a
vicious circle of disturbed behavior proceeding from
insecurity to anxiety, from anxiety to aggression, and to
increased insecurity. This may go to pathological
intensity and lead to social maladjustment and
delinquency.

Physically, growth spurt and establishment of
reproductive capacity occurs during puberty.

Family is the source of basic necessities of life and health
such as love and tenderness, food, water, rest, clothing,
and sanitation. Traditionally, the family provides variety
of role models preparing the way for adulthood. Now the
families are split and spread all over the world and the
family structure is very week. If the home fails to provide
concrete foundation, then unknowingly it sows the seeds
of problems now facing the youth of today. The father
who always comes home late and is always trying to find
fault here and there soon creates a state of insecurity in his
growing children. In the long run, these young people
will resort to something else while searching for
happiness. ‘

The technological revolution in communication and
travel has produced new challenges. Experience of the
older people has become irrelevant to modern concepts.
The role of family is now played by the educational
institutions and cinema. The role played by the friends
could be significant.

Youth and education

As more young people attend school expectations have
increased and more youth are unhappy about
employment. Many adolescents who have to go to work
early have to combine school with work or unable to go to
school. They suffer from fatigue and work related
accidents.

For young people in industrialized societies, the extension
of education into adolescence, with prolongation of social
childhood far beyond puberty is a new phenomenon with
which educators have to come to terms. Majority of
schools and colleges are still dominated by the

* Chairman, Section C, Jaffna Science Association 2004 - 2005
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assumption that the students do not have sufficient
capacity for self direction to be trusted to work out
educational programs and daily life patterns in genuine
collaboration with elders. Even junior teachers are treated
by the senior teachers like that.

The new view implies that education should not be used
simply as a social classifying device based almost entirely
on intellectual talent and ignoring a wide range of relevant
human talents and individual needs. Where the traditional
approach is still applied, there is an increasing sense of
irrelevance and futility among a large number of young
people, who are coming to regard education as merely a
sortof academic game.

When educators are asked to help in the adjustment of
youth, they must ask, “Adjustment to what?” Is it
proposed that the youth should be adjusted to the miseries
and injustices on the world, the hunger and poverty in the
midst of plenty? Or do we wish them to conform to the
comforts of a secure routine job and a narrow routine
existence in a small closed community?

Status and role of youth

In most countries there is neither clear-cut definition of a
young person nor any commonly accepted view of youth's
role in society. The gap between attainment of
physiological and sexual maturity and the moment when
the maturity of the individual is socially acknowledged is
becoming increasingly wide. Not surprisingly, therefore,
many symptoms of disturbance, both individual and
collective, are observed among students, not only because
they are the most articulate and audible section of youth
but also because, paradoxically, they are regarded as the
most “socially illiterate”

The norms of the society

By abandoning or questioning traditional value systems
without replacing them, we are exposing our children to a
sort of suicide through disgust and discouragement.
Society itself appears to demonstrate, by its scale of
financial rewards, that grater value is attached to those
who are successful in industry and commerce than to
teachers,so cial workers,a nd ministers of religion.

Insecurity may be engendered by the fact that schools
present a single, absolute, and rigid pattern of behavior
and ethical norms and leave it to young people to discover
on their own the actual relativity of principles of behavior.
The discovery may result in a painful emotional crisis
leading to cynicism and moral nihilism.

Health of Young ...............
Health problems and the behavior of young people
Conditions originating in childhood and early life:

Inadequate nutrition and infections can lead to failure to
obtain full growth, full psychological and mental
development, and make less productive at work. Girlsare
more likely to give birth to low birth weight babies.
Tuberculosis and rheumatic heart disease cause disability
and death.

Toxic exposure, birth trauma and perinatal anoxia leads to
minimal visual, hearing, speech, and brain damage and if
not corrected early may cause serious defects in learning
ability, school performance, self esteem, general
behavior, and subsequent personality.

Child abuse can lead to serious behavioral and mental
health problems.

Problems that arise in adolescence:

Health of young people has been neglected because they
are less vulnerable to disease. Changes in social and
sexual morals has increased the risk of unwanted
pregnancy, sexually transmitted diseases [AIDS],
tobacco, drugs and alcohol, accidents, injuries, disability
and bad eating habits. Competition for jobs and education
is causing mental stress. Mortality is lowest in this group
but the deaths that occur are mostly preventable-
accidents, suicides, violence, and pregnancy related
deaths. Also tuberculosis and respiratory diseases are
leading in many countries.

Inadequate diet leads to defective physical growth and
maturation leading to physical stress. Inappropriate
decisions about behavior and lack of support can lead to
health risks. Mumps or polio leads to severe disability
and infertility if not immunized properly. Iron deficiency
and anaemia causes serious disability in girls. In sport or
work, with heavy tools designed for adults, excessive
stress on immature bones can cause permanent damage.
Inadequate stress on bones and muscles can impair
achieving maximal growth.

Differently abled young people experience psychological
and social stress because of the strong need for peer
approval.

Eating behavior:

Malnutrition can occur due to lack of food or unbalanced
diet. Food fad and taboos can result in unbalanced diet.
Processed fast food which attracts young people can be
the cause of improper nutrition and development.
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Sexual behavior and reproductive health:

Expression of sexual urge of young people is often greeted
with anxiety or anger by adults and with fear, guilt and
shame by the young people. The sexual impulses are on
one hand denounced as impure and on the other
encouraged by commercial exploitation of eroticism
through the mass media. Anomalies in social attitudes
may arise in relation to the awakening of sexuality in the
adolescent, with its accompanying conflict of pleasure
and guilt. These drive sexual feeling and behavior
underground and make healthy development of sexuality
within affectionate and responsible relationship more
difficult.

Premarietal sex, teenage pregnancy and childbearing at
young age can have adverse consequences in educational
and economic activities and maturity. Adolescent fertility
is high and marriage at young age increases family size.
Unwanted pregnancy and abortion are serious health
problems for females.

Sexual problems:

Young people may have sexual problems like sexual
dysfunction, sexual variation like homosexual feelings,
sexual harassment or sex abuse. These may be frightening
for young people before they are experienced enough.

Alcohol and drug abuse:

Substance use is a social rather than solitary behavior in
adolescence. Most often drug abuse starts as a result of
“seduction” within peer group. Unemployment is a major
course of alcohol and drug abuse. The reasons for
continuing drug taking are: reinforce the experience; earn
the approval of the others in the group, or to satisfy
continuing feeling of aggression against society, parents
or others. Pattern of pathological drinking is laid in
adolescence. Consequences and dependence may occur
several years later. It increases risk taking behavior and
causes death due to violence and accidents. Problem
behaviors like substance use, tobacco and alcohol are
interrelated. One leads to others. They cluster together.

In US,

o[l Underage drinking is a factor in nearly half of
all teen automobile crashes, the leading cause

of death among teenagers.
oLl Alcohol use contributes to youth suicides,

homicides and fatal injuries the leading cause

of death among youth after auto crashes.
o[l Alcohol abuse is linked to as many as two-

thirds of all sexual assaults and date rapes of
teens and college students.

Health of Young ...............

e[l  Alcohol is a major factor in unprotected sex
among youth, increasing their risk of
contracting HIV or other transmitted diseases.

Violent and destructive behaviour:

The transition to adulthood is often painful with several
stresses. Disruption of normal family relations is one of
the most frequent causes of suicide: others include
migration, isolation, intense competition and
unemployment. In many instances no causes can be
identified.

The manifestations of mental disorders in adolescence
very often follow a common pattern of antisocial,
psychopathic-like behaviour. Psychiatric conditions as
paranoid tendencies, schizophrenia, depressive
maladaptive personality traits,a nd somatic complaints.

Suicidal behaviour is the most tragic among the violent
behaviours because it leaves unfulfilled promise of a
young life and feelings of anger, grief and guilt in those
close to the dead person. Females attempt more but
commit less leaving permanent impairment. Ratio of
attempted to committed is 40:1 in most industrialized
countries.

Young people are increasingly the victims of violence and
themselves physically violent towards others. One major
cause is war. Social violence is in the increase. Causes
may be poverty, unemployment, overcrowding and
reduced control over upbringing. Contributory factors
are drug and alcohol abuse, sense of failure, frustration
and hopelessness, and frequent exposure to violence in
streets and television.

Promotion of young people's health

A healthy environment providing both support and
opportunities for young people is a necessary, but not in
itself sufficient condition for healthy development. Much
of the responsibility for health enhancing behavior falls
on young peoples themselves who must increasingly take
and act upon decisions of an educational, vocational, and
personal nature with major consequences for the present
and future. Educational institutions can provide healthy
supervised physical exercise and can be major source of
education and guidance about major health issues.

DUELike Project.- Universitas Indonesia

The University of Indonesia got funding under
the project 'Developing Undergraduate Education' which
is a special project to be implemented for entire
University and not for individual study programs. The
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program aims at changing the attitude towards learning
and they have included compulsory credits in either sports
or performing arts.

DUELike Project.- Universitas Gadjah Mada, Indonesia.

The program in Gadjah Mada University aims at future
leadership. They are providing staff training to promote
student performance and teach senior students to be good
big brothers and sisters and the fresh year students on
leadership skills. This program aims to convert the
students with lack of self confidence, lack of decisiveness,
mild risk taking, lack of adversity, lack of communication
skills, and very low competition values into students with
Vision, insight, commonsense, decisiveness, belief,
courage and teamwork.

School Health:

National Center for Chronic Disease Prevention and
Health Promotion has developed a coordinated school
health program. It involves Health Education, Physical
Education, Health Services, Nutrition Services, and
Health Promotion for Staff, Counseling and
Psychological Services, Healthy School Environment and
Parent/Community Involvement

Parents:

State should provide parents and the family members with
adequate information and support to enable them to
respond to the health needs of youth.

Community organizations:

Community programs should provide opportunities for
young people to give expression to their new found
physical, mental, social and moral capacities. They
should act as link between family, school and health sector
and provide guidance to minimize risks involved in new
experiences.

Policies and legislation:

Laws that deal with minimum age for marriage, alcohol
consumption, the purchase of cigarettes, acquiring a
driving license, doing military service, conditions of
obtaining contraceptives, termination of pregnancy, and
minimum age for leaving school should be reasonable,
made known and enforced.

Health education:

Health education reduces risk of cardiovascular diseases
in later life. It can promote reduction in starting smoking,
better eating habits, better body mass indexes, cholesterol

Health of Young ...............

levels and increased physical activity. Peer leaders as
facilitators gave better results than teacher led program.
Teachers can be trained to identify stress and suicidal
behavior of young people in addition to simple health
problems. ‘

Youth and Education:

“Attendance at school is increasing but several young

people never go to school or dropout at various levels of
schooling. Attendance of females remains lower than that
of males. Young people outside school could be educated
by suitably designed programs. “Streetwise” is a comic
designed for youngsters in Australia in 1984 by the federal
government; stories not about supermen and women but
disadvantaged and disabled, young and recognizable; the
characters are fromreal world. They are true and familiar
stories.

Anactive role for young people.

Involving young people in Primary Health Care as a
strategy for improving their own health and that of their
communities is gaining recognition. The reasons are:

e Young people always help their families and

communities.

e Contribution to the welfare of the society,
experiencing the rewards of it and achieving
social recognition are essential parts of
growing up.

o Young people are generous, open, and willing

and enthusiastic.
e Young people are ready to respond physically,

emotionally, intellectually, with freshness of
approach, idealism, creativity, and boundless
energy.

Youth and Employment:

Employment conditions that are subject to rapid change
may call for new faculties of individual adjustment. They
require a high degree of social mobility and mental
flexibility. Generalschool education, vocational training,
and socio-cultural norms have to focus on developing the
above in young people.

Community Medical and Social Resources:

The conflict between youth and society takes place at
many levels- athome, at school, in the university, at work.
The frustration of youth is further aggravated when
friction is compounded by the anxiety, irritation and
intolerance of adults who are key persons in the social
system. Both groups can benefit from explanation and
counseling. Many cities now have youth advisory centers
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which provide informal services of advice and guidance
on a whole range of problems of concern to young people.
Public health authorities and general practitioners should
also be involved in community youth services that co-
ordinate all social and psychological resources in the area.

Health of Young

Health Objectives for young people 2010 American
Medical Association.
The objectives of American Medical Association for the

young people in US gives a good guidance to the research
and activities we have to undertake to promote the health
and wellbeing of the young people here.

Objective

Reduce deaths of young people-
10-14 years
15-19 years
20-24 years

Baseline (year)

21.5/100,000(1998)
69.5/100,000(1998)
92.7/100,000(1998)

2010 target

16.8/100,000
39.8/100,000
49.0/100,000

Unintentional Injury:

Reduce deaths caused by motor vehicle
crashes.

25.6/100,000(1998)

Reduce deaths and injuries caused by
alcohol and drug related motor vehicle
crashes.

13.5/100,000(1998)

Increase use of safety belts.

84% (1999)

92%

Reduce the proportion of adolescents who
report that they rode, during the previous
30 days, with drivers who had been
drinking alcohol

33% (1999)

30%

Objective

Baseline (year)

Violence:

2010 target

Reduce the suicide rate.
10-14 years
15-19 years

1.2/100,000(1999)
8.0/100,000(1999)

Reduce the rate of suicide attempts by
adolescents.

2.6% (1999)

1.0%

Reduce homicides
10-14 years
15-19 years

1.2 /100,000(1999)
10.2/100,000(1999)

Reduce physical fighting among adults.

36%(1999)

32%

Reduce weapon carrying by adolescents.

6.9%(1999)

4.9%

Substance use and Mental Health:

11.

Reduce the proportion of persons
engaging in binge drinking of alcoholic
beverages. 12-17 years.

7.7%(1998)

2.0%

12.

Reduce past-month use of illicit
substances. 12-17 years.

8.3% (1998)

0.7%

13.

Reduce the proportion of young people
with disabilities who are reported to be
sad, unhappy, or depressed.

14.

Increase the proportion of children with
mental health problems who receive
treatment.

Reproductive health:

15.

Reduce pregnancies among adolescent
females

68/1000(1996)

43/1000

16.

Reduce new HIV infection among
adolescents and adults

16479 (1998)

17.

Reduce Chlamydia trachomatis infections

18.

Increase the proportion of adolescents
who abstain from sexual intercourse or use
condoms if currently sexually active.

85% (1999)

95%

Chronic diseases:

19.

Reduce tobacco use by adolescents.

40%(1999)

21%

20.

Reduce children and adolescents who are
obese or overweight.

11%

5%

21.

Increase the proportion of adolescents
who engage in vigorous physical activity
that promotes cardio respiratory fitness 3
or more days per week for 20 or more
minutes per occasion.

65% (1999)

85%
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Principles for promoting the healthy development of
young people:

Programs to promote the healthy development of young
people should aim at achieving the following:

o]

oll

ol]

ol

el

o

olJ

A supportive environment over a long period,
with graded steps towards autonomy, enhancing

self esteem and promoting a healthy life style.
Good communication between young people

and the key adults and peers in their lives.
Approaches based on a sound understanding of

young people's beliefs and behavior within any

given culture.
The use of people who respect the young, have a

sound knowledge of their needs and are trained

in communication skills.
The focusing of programs on total lifestyle rather

than on individual aspects of behavior.
An inter-sectoral approach to programmes, with

the full involvement of key groups who deal with
young people, including the school, the family,
the health system, religious and community

leaders and community organizations.
Involvement of young people themselves in the

planning and implementation of programmes.

Conclusion:

Health is a state of complete physical, mental and social
well being and not merely the absence of disease or
deformity. Health at young age is health for all ages.
Health of young people is health for all people. Can we

Health of Young ...............

get alls ectors concerned with young people together to
promote their health?
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SUBFERTITLIY : RECENT ADVANCES *

S.Navaneethan
Department of Obstetrics and Gynaecology
Teaching Hospital Jaffna,
Jaffna, Sri Lanka

Reproduction is a basic and essential feature of every
living being. Failure to conceive is a stressful and
depressing condition in married couple. Especially among
Tamil community this is considered as social stigma.
Families separate, and even go to the extent to the suicide
of one or both of the couple.

There have been many inventions and changes in the
management of sub fertility in the recent past years
offering some hope to these unfortunate couple. The first
break through in management of sub fertility was in fact
made some 30 years ago with the birth of first invitro
fertilization of baby the test tube baby. Since the
introduction of 1st test tube baby now more than a million
babies are born with IVF .Now it is said that 1%of the
Babies are born by IVF Techniques in Western Countries.
Various new techniques has been invented and introduced
for the last few years with improvement in management of
subfertility. At the mean time there are concerns in safety
of these techniques. “

The IVF( invitro fertilization) simply means handling the
egg and sperm outside the body and replacing the
fertilized egg inside the body again.To be fertile a woman
shouldovulate, and should have a patent genital tract.

The male should have adequate and quality sperms.

Any abnormalities in any of these will impair the chance
of conceiving. Among the subfertile couple around 40
percent are due to male factor and 30 percent due to female
factors. In 15 percent cause of the subfertility cannot be
identified and named as unexplained subfertility. A recent
study has shown an increase in male subfertility, this may
be due to changing environments and due to behavioural
changes in men.

Causes of Female Subertility

Around 30% of the subfertility cases are due to Female
factor. Among these prime causes are ovarian factor and
tubal factor.

Ovarian factors

Ovary may not function properly or fails completely

sometimes. Ovarian stimulating drugs have been in use
for many years but GnRH analogues revolutionized the
ovulation induction techniques. In complete ovarian
failures pregnancy has become possible with techniques
of ovum donation and surrogacy.

Tubal factors

When tubes are blocked pregnancy will not be possible by
normal means. When tubal reconstruction is not possible
IVF is the option

Blocked tubes

Endometriosis

* Review Lecture
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Male factors

Sub fertility due to male factor has been difficult area until
the IVF techniques were invented. Following the
innovation of ICSI techniques pregnancy has become a
reality in couples with Azoospermic/Oligospermic.

IVF Techniques

Invitro fertilization means handling the egg outside the
body, but nowadays this term is used vaguely for all the
modern subfertility treatments.

IVF techniques are basically used when the natural
mechanism of conception is not possible due to various
problems.

Indications for IVF
Tubal blockage/damage
Need of ovum donation
Seminal fluid problems
Unexplained sub fertility

BasicstepsinIVF.
1. Ovulation induction
This is achieved with the usage of clomephene and

hormones to promote super ovulation.

AHyper stimulated ovary

During the course the growth of ovarian follicle is
monitored with the use of ultrasound scanner. When the
ovaare ready it is aspirated through ultrasonic guidance.

Transvaginal Ultrasound Guided Ovum Aspiration

Subfertility :Recent advances
2. Fertilization

Retrieved ovum and the processed sperm are kept in the
culture media and allowed for fertililzation.when eggs
are fertilized good embryo are selected for implantation
and the other embryos are frozen for future u se.

i

AFertilized Egg

Embryos are selected
3.Embryo Transfer

Embryos are transplanted into uterus and usually 2
embryos are selected for implantation.

The frozen Embryos and sperms could be kept for many
years and used later. Buts eggs are difficult to handle, like
women. A science breakthrough recently =~ made this
possible and now the eggs also could be frozen and kept
for years. This had helped in women who are under going
treatment for malignancies to preserve their eggs and to
use them later.

Hire aMum

When the couple can't produce egg/sperm pregnancy is
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achieved with the help of donors. People who donate
eggs/carry another woman's baby is called surrogate
mother.

Internet Egg donors

Now this has become a booming business in the western
world and you may have seen many adverts of surrogate
mothers. Egg from one sperm from another and the 3rd
may carry the “tailor made baby".

Fig; Advertisement on internet for egg selling

Grandmas become pregnant

"With the development of hormones now it has become
possible even post menopausal women pregnant at heir
sixties.

ICSI: a one man's show

The invention of Intra Cytoplasmic Sperm Injection was a
major break through in management of Male sub fertility.
In this technique a single sperm is enough to achieve
pregnancy. A selected sperm is injected into egg by
drilling it. (Minimum of 20 million sperms are needed for
natural conception.) This has helped many men with
sperm production problems.

Problems with IVF
Costly Matter

IVF is not within reach of a poor couple as the costs may
go above 2 million Rupees. But we have seen people

Subfertility :Recent advances

selling their properties, borrowing loans as they feel its
worth trying.

Poor success rate

It will be disappointing to know that the success rate even
atthe best of its centre is less than 25%. That is only one in
4 or 5 will become pregnant .So the couple who goes for
IVF needs extensive counseling prior to the treatment.

Spermbeing injected to Egg
Cloning

Even though cloning has been started in plants and
animals years ago cloning in humans has not started
openly. Many claims on human cloning has been reported
in media are said to be fraudulent. Many countries have
banned human cloning.

Photocopy of living beings

In cloning genes from any cell of a living being is
replicated using modern technology, giving a replica of
the individual, even the finger prints will be the same.

i

Dolly
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Subfertility :Recent advances

1st cloning in animals was performed from a cell of a sheep by Prof Ian Wilmut in Scotland, Named Dolly.

Apart from making babies cloning is being used to make
cell lines, for example to produce an organ which is
needed in a human being because his/her organ is
diseased.

God of the Goat

An Ttalian professor and many others have claimed that
they have produced cloning babies.Prof Antenorio has
said that he will continue to work on making human clone

utenen Uoahsa Curgid Bl @  man BeneL

The first cloned baby Prof Antenorio yeranGeutid
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"Cloning also could be used in cloning /creating people
with exceptional talents such as Einstein. It also may help
grieving parents to bring back their child who was killed in
an accident. People wonder whether this could be
compared to a state of Immortality.

Many concerns also have been expressed about cloning,
Like creating Einstein some might create Hitler also.
Safety of such methods is yet to be proved. The 1st cloned
mammal The Dolly died prematurely, the cause was
unknown.

Subfertility :Recent advances

Are we going against nature's selection theory? Will this
end up in a population of unhealthy generation? A study
published recently found that there is an increased
incidence of sex-linked disorders among IVF
babies. Thereis also increased incidence of gene deletion
disorders resulting in mentally retarded children. * There
is a theoretical risk for the male gender also arises with the
cloning because the offspring could be made and reared
ona female,thereby obviating the need of a male!
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THE PHYSICS OF TSUNAMIS *

R. Kumaravadivel
Department of Physics, University of Jaffna
Jaffna, Sri Lanka

1. Introduction:

On December 26, 2004, a massive underwater earthquake
off the coast of Indonesia's Sumatra Island rattled the
Earth in its orbit. The quake measuring 9.0 on the Richter
scale is the largest one since 1964. Dozens of aftershocks
with magnitudes of 5.0 or higher occurred in the following
days. But the most powerful and destructive aftermath of
this devastating earthquake is the tsunami that it caused.
The death toll has reached higher than 280,000, and
coastal dwellers suffered devastating property damage.

The devastation of this tsunami overshadowed the
devastation of any other tsunami we've seen in recent
history, but scientifically, the course of events followed
the same basic sequence of a typical tsunami. In this
review, we shall look at what causes tsunamis, the effects
of a tsunami strike and the physics that drives them. We
will also examine scientists' worldwide efforts to monitor
and predict tsunamis in order to avoid disasters like the
one that occurred on 26th December 2004.

1.1 What is a tsunami?
Tsunami

%

LY

i

Fig 1 Tsunami - A Japanese word

Tsunami is the biggest, most feared waves of all. It passes
mostly unnoticed across the open sea, then rears up and
strikes the shoreline with devastating blows. The country
with the most detailed history of these killer waves is
Japan, and the waves are known by the Japanese word
tsunami with the English translation, "harbor wave".
Represented by two characters (Fig. 1), the top character,
"tsu," means harbor, while the bottom character, "nami,"
means "wave". The reference to 'harbor' waves
emphasizes the greater heights that waves reach in inlets
and harbours because the narrowed topography focuses
the waves into smaller spaces.

In the past, tsunamis were sometimes referred to as "tidal
waves" by the general public and as "seismic sea waves"
by the scientific community. The term "tidal wave" is a
misnomer; although a tsunami's impact upon a coastline is
dependent upon the tidal level at the time a tsunami
strikes, tsunamis are unrelated to the tides. Tides result
from the imbalanced, extraterrestrial, gravitational
influences of the moon, sun, and planets. The term
"seismic sea wave" is also misleading. "Seismic" implies
an earthquake-related generation mechanism, but a
tsunami can also be caused by a non-seismic event, such
as a landslide or meteorite impact.

A tsunami is a wave train or series of waves generated in a
body of water by an impulsive disturbance that vertically
displaces the water column.

1.2 Tsunamigenic Events

The natural occurrences capable of causing a tsunami are
referred to as tsunamigenic events. The tsunamigenic
events are:

o[l earthquakes

o[] submarine volcanoes

o[ submarine landslides

o[ impact of cosmic bodies (meteorites)
o] man made explosions

Often the second / third events accompany major
earthquakes, adding to the overall power of a tsunami or
creating additional tsunamis.

Generation of Tsunamis is a seismic activity. But the
propagation of the waves and their behaviour is
understood via wave theories. Therefore to understand
tsunamis, we have to firstreview,

(a) the structure of the earth and the science
behind the occurrence of phenomena like

earthquakes and volcanoes and
(b) the anatomy of waves

2. The Layered Structure of the Earth

The Centre of the earth is a solid core the Inner Core (Fig
2A, 2B). The density of this core is about 13 g cm’. Its
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thickness is about 1300 km. The temperature at the Centre
of the earth is about 4000°C and the pressure is nearly 4
million atmospheres.

_ INSIDE THE EARTH

Fig 2A -Structure of the earth

Avmospheres mou

Crusts os0iom
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! nner Core:s 1o
Cyclone oo

Fig 2B -Structure of the earth

The Inner Core is surrounded by an Outer Core of about
2080 km. The Outer Core appears to be molten.

The Outer Core is surrounded by the Mantle which has a
thickness of around 2900 km. The Mantle is a shell of red
hot rock. It is composed of silicate minerals rich in
magnesium and iron. The upper portion of the mantle,
about 250 km thick, is called the Asthenosphere. In the
Asthenosphere the rocks are partially melted, with thin
films of liquid distributed between the mineral grains. The
red hot nature of the lower mantle and the partially melted
nature of the upper mantle (4Asthenosphere) combine to
make the whole mantle plastic or yielding.

The Mantle is topped by the Crust of the earth. The Crust
is also called the Lithosphere. It comprises the oceans,
ocean floor and continents. The thickness of the Crust
varies between 12 (deep oceans) and 60 km (mountains).
The lithosphere is distinguished from the Asthenosphere
by the fact that it is cooler and therefore more rigid.

The Physics of Tsunamis

2.1ThePlates of the Lithosphere:

A new concept of geology is the theory of . Plate
Tectonics. Tectonics simply means the study of rock
structures involved in earth movements. Plate Tectonics
deals with such structures as are in the form of plates.

Earth’s Layered Structure

Fig 3 - Plate Tectonics

Plate Tectonics (Fig. 3) tells us that the Lithosphere (the
top crust of the earth) is not an unbroken single shell of
granite and basalt, but is a mosaic of several rigid (curved)
segments, called plates. These plates 12 or 13 or more in
number (Fig. 4) - include not only the Earth's solid upper
crust but also parts of the Asthenosphere (upper portion of
the mantle). The thickness of these plates varies between
50 and 100 km. These plates float on the thick treacle mass
of (plastic-like) molten rock (the upper mantle of the
Earth) and move together and apart like pieces of jigsaw
puzzle.

COPACIFIC

LRLATE

INDQ L AUST
C rERTe

TUANTARCTIC T,
PLATE

. ¢

(e

Fig 4-ThePlates

(Like a pie cut into 12-13 slices, the pie crust would be the
lithosphere and the hot, sticky pie filling underneath
would be the asthenosphere).
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These plates carry the continents and oceans on their
backs like giant rafts and float on the Asthenosphere and
move slowly and continuously over the interior of the
earth against one another approaching / meeting in some
areas and separating in others - with the relative velocity
between adjacent plates lying in therange 1to12cma
year. Also like other floating bodies the plates seeks an
equilibrium riding deeper where it is heavier and rising
higher where itis lighter.

Fig SA

Fig 5B

Fig 5C
Plate movements

The curved line where two plates come into contact is
called a Plate boundary. When two plates come into
contact at a plate boundary, a heavier plate can slipundera
lighter one. This phenomenon is called subduction
(Fig.5C).

Fold ;, .
mountaing 7

Faules

Fig 6-Formation of mountains

The Physics of Tsunamis

In some places, patches of continental crust collide as one
plate pushes up another. The Indian sub-continent was
once separate from the rest of Asia. The force of the
collision pushed rocks upwards to make mountains (Fig.
6). This is how the Himalayas were formed. This
movement is continuing and the Himalayas are still being
pushed very slowly upwards and Mount Everest is getting
higher!

2.2 Earthquakes:

When rocks, mostly situated in the deep interior of the
earth undergo compression due to very strong pressure
exerted on them by some geological processes, rupture
occurs with the release of a large amount of energy, often
equivalent to the energy released when atom bombs are
exploded. As a result a sudden oscillatory and sometimes
violent motion or trembling in the earth, called the
earthquake takes place. The devastation caused by this
release of energy during earthquakes is well known. The
energy can bereleased by either

(a) asudden dislocation of segments of the crust
(Fig. 5) (called tectonic earthquake) or

(b) avolcanic eruption or

(¢) aMeteoric impact

(d) aman made explosion.

The theory of plate tectonics explains the occurrence of
tectonic earthquakes as follows:

The vast majority of all big earthquakes occur at tectonic
plate boundaries. This is because a floating plate
sometimes move underneath another plate or slip past
another plate at the boundaries (Fig. 5). (The interior of a
plate tends to be stable and less subject to earthquakes). As
the plates move strain accumulates and eventually
slippage can occur near plate boundaries causing a fault.
A fault is a fracture in the earth's crust along which two
blocks of the crust have slipped with respect to each other.
One plate can slip or move with respect to the other
horizontally or vertically causing a rupture of the earth's
crust.

Fig 7-SanAndreas faultin California

Proceedings of Jaffna Science Association, Vol. 13, No. 2

46



R. Kumaravadivel

Fig. 7 shows the most famous strike-slip fault in the world
the San Andreas fault in California, USA.T his right lateral
fault is more than 1300 km long. On 18 April 1906, a 430
km long segment of this fault ruptured and moved
horizontally as much as 6.5m in 60 seconds. The great
burst of energy generated by the fault movement was
actually the release of elastic energy that had built up and
been stored in the rocks for decades.

Earth’s Surface ~ EPICENTER
Vel il
7
: :
; v 1 Depth of Focu:

Fault ——s )
:
FOCUS \ '
‘ f
1

Fig 8 -Epicentre and Focus of an earthquake

When plates slide past each other strain energy is suddenly
released. Even though the amount of movement is very
small, the energy released is colossal. It is transferred into
shock waves. This results in an earthquake. The focus of
the earthquake is the point within the Earth where the
rupture first occurs, rocks break and the first seismic
waves are generated. (Fig. 8) The fault rupture begins at
the focus of the earthquake.

The Epicenter is the point on the earth's surface directly
above the focus. The focal depth of an earthquake is the
depth from the Earth's surface to the focus where an
earthquake's energy originates. Earthquakes with focal
depths of 60 km or less are classified as shallow. Those
with focal depths from 60 km to 300 km are classified as
intermediate or deep. The earthquakes tend to occur along
faults in plate margins, which reflect zones of weakness in
the Earth's crust. The fact that a fault zone has recently
experienced an earthquake offers no assurance that
enough stress has been relieved to prevent another quake.

2.3. Seismic Waves:

Two general types of vibrations caused by earthquakes

are
surface waves - which travel along the earth's

surface and

body waves - which travel through the earth.

These seismic waves which propagate at speeds of more
than 15,000 km per hour cause extensive damage to
buildings.

The Physics of Tsunamis
2.4. Measurement of Earthquakes:

The seismic waves are detected, recorded and measured
by instruments called Seismometers which can sense
earth motion.

Fig 9-Asimple Seismograph

A seismograph combines a seismometer with recording
equipment. A simple form of seismograph is shown in Fig.
9. This provides a permanent continuous record of the
motion and the record itself is called a seismogram.
Seismogram is a zigzag line made by a seismograph,
which will provide information needed to determine
epicenter, depth of focus, magnitude and estimates about
energy released.

The magnitude is related to the amount of seismic energy
released at the focus of the earthquake. To fix the
epicenter, readings from at least three observatories are
needed.

2.5. Magnitude of the Earthquake - The Richter
Scale:

The Richter Scale was developed in 1935 by Dr. Charles
F. Richter of California Institute of Technology. This is the
best-known scale for measuring the magnitude of
earthquakes.

The magnitude scale has neither maximum nor minimum
values, the highest magnitude ever calculated was greater
than 9. It is a mathematical device to compare the size of
earthquakes. The magnitude of an earthquake is
determined from the logarithm of waves recorded by
seismographs. Adjustments are included in the magnitude
formula to compensate for the various seismographs and
the epicenter of the earthquakes.

On the Richter scale, the magnitude M of the earthquake is
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generally expressed as
M =log (A/T)

where A = the maximum amplitude (measured in
microns) of ground motion

and T=the dominant wave period in seconds

Various types of magnitude (Surface Wave, Body Wave,
etc.) are computed by various institutions and the Surface
Wave Magnitude (Ms) for shallow earthquakes calculated
by the United States Geological Survey (USGS) is
considered to be more reliable and given by the following
formula:

M, = log (A/T) + 1.66 log D + 3.3

where T = the dominant wave period in seconds
A = the maximum ground amplitude (measured

in microns) of the vertical component of
the surface wave within the period range
22>T218

D = distance in geocentric degrees (station to

epicenter) with D in the range
20°< D<160°

On the Richter scale, the magnitude of the earthquake is
expressed in whole numbers and decimal fractions.
Because of the logarithmic basis of the scale, each whole
number increase in magnitude represents a 10-fold
increase in measured amplitude. As an estimate of energy,
each whole number step in the magnitude scale
corresponds to a release of about 31 times more energy
than the amount associated with the preceding whole
number.

Earthquakes of magnitude
M< 2 are called micro earthquakes (At M 2,

a person on the ground will feel a tremor.

Earthquakes of magnitude
M > 4.5 are called strong earthquakes: strong

enough to be recorded by sensitive
seismographs all over the world.
(AtMR 6, buildings would be damaged)

Earthquakes of magnitude
M< 8.0 arecalled greatearthquakes.

2.6. The countries vulnerable to earthquakes:

The countries that lie close to the plate boundaries are
vulnerable to earthquakes. Japanese Islands, The
Philippines, The Indonesian island of Sumatra are a few
examples.

The Physics of Tsunamis

Sri Lanka lies in the large Indo-Australian plate
seemingly far away from any of the plate boundaries.
Many of us therefore believe that this fortuitous scenario
makes Sri Lanka safe from earthquakes. Recent
geological studies however give convincing evidence for
a long suspected geological phenomenon that the Indo-
Australian plate is splitting (Fig. 10). The split is just
about 300 km from the southwest coast of Sri Lanka (Fig.
11).

Fig 11 - Sri Lanka and the nearest plate boundary

The cause of this Indo-Australian split is thought to be the
stress suffered by the very large Indo-Australian plate as it
smashes into Asia pushing up the Himalayas and the Tibet
plateau.

Therefore the vulnerability of Sri Lanka to earth tremors
is certainly greater than before and a disastrous
earthquake hitting Sri Lanka cannot be ruled out.

2.7. Volcanoes:
Active volcanoes are found in areas where

(a) new oceanic crust is squeezed up from deep

inside the earth (ex: in Iceland) or
(b) the crust is disappearing down beneath the

continents ( ex: Andes mountains of South
America)
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A volcano is a vent (or hole) in the Earth's crust (Fig. 12).
Through the vent hot molten rocks from deep in the Earth
pour out onto the surface. A volcano acts as a 'safety valve',
releasing pressure that has built up below the earth. Inside
the Earth, molten rock is called magma. When it flows
onto the surface as a result of a volcanic eruption, it is
called lava. Molten lava is almost white-hot, reaching a
temperature of 12000C. On the surface, it cools and
hardens.

Fig 12 - Section through volcano

Almost all the world's active volcanoes, numbering 500-
600 are located at convergent plate boundaries. Yet far
greater volcanic activity continues unnoticed and without
cessation at mid-ocean ridges where magma from the
upper mantle is quickly being extruded on to the ocean
floor to create new crust material.

3. Anatomy of a Wave

In order to understand tsunamis, it is necessary to get
accustomed to the technical terms used to describe waves
in general. Most of us are familiar with waves from days at
the beach or local ponds. Waves are made up of (Fig. 13)a
crest (the highest point of the wave) and a trough (the
lowest point of the wave). .Waves are measured in two
ways:

e[| The wave height is the distance between the

crest and trough.
o] The wave length is the horizontal distance

between two consecutive wave crests.

}‘M s Wavalength m..,,_,,,j

Crest i

Wavellmigh

Fig 13 - Anatomy of Waves

The Physics of Tsunamis

The wave period of a wave is the time taken by two
successive wave crests (or wave troughs) of that wave to
cross a given point. The reciprocal of the period is called
the frequency of the wave.

3.1 The Normal Ocean Waves:

Waves in the ocean are created by a number of things
(gravitational pull, underwater activity, atmospheric
pressure), but the most common source for ocean waves is
the wind.

Diraction ¢! wave ave!
e e

Fig 14B When deep water waves enter shallow water it
rises higher

© When the wind blows across a smooth water surface, the

air molecules grab water molecules as they are carried
across the water by the wind. The friction between the air
and water stretches the water's surface, creating ripples in
the water known as capillary waves. The capillary waves
move in circles (Fig. 14A). This circular motion of water
continues vertically underwater, though the power of this
motion decreases in deeper water. As the wave travels,
more and more water molecules are collected, increasing
the size and momentum of the wave. The most important
thing to know about waves is that they do not represent the
movement of water, but instead show the movement of
energy through water. '

As a wave moves into shallower water, it rises higher.
Circularly rotating water touches bottom, causing a
flattening into a back-and-forth motion (Fig. 1 4B).

Many of us may have observed the wind generated waves
ona lake or at a coastal beach. The wind-generated swell
one sees at Point Pedro beach, for example, spawned by a
storm out in the Indian Ocean and thythmically rolling in,
one wave after another, might have a period of about 10
seconds and a wave length of 150 m.
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In normal waves, the wind is the source of that energy.T he
size and speed of wind waves are dependant on the
strength of the wind.

3.2. Differences between tsunamis and other water
waves

Tsunamis and normal waves have the same physical
features and the physical parameters and are measured in
the same way. But there are many differences between the
two. Tsunamis, unlike wind-generated waves are shallow-
water waves, with long periods and wavelengths. A
tsunami, unlike the wind generated waves, can have a
wavelength in excess of 100 km (Fig. 15) and period of the
order of one hour.
Normal and Tsunami Waves

Regular wind-generated wave
Spend: 1020 mph

Tsunami in deep ocean
Spued: 450-650mph

Fig 15 - Normal & Tsunami Waves

As a result of their long wavelengths, tsunamis behave as
shallow-water waves. A wave becomes a shallow-water
wave when the ratio between the water depth and its
wavelength gets very small.

Shallow-water waves move at a speed (expressed in

ms’") given by
Speed= V(gxd)

where g = the acceleration due to gravity on
earths surface =9.8 ms®
and d = the water depth (expressed in m) For

example in an Ocean where the water
depth is about 4 km, a tsunami travels
at about 200 m/s or over 700 km/hr.

The chart below shows some of the differences.

The Physics of Tsunamis

Since the rate at which a wave loses its energy is inversely
related to its wave length, tsunamis not only propagate at
high speeds, they can also travel great, transoceanic
distances with limited energy losses.

The primary differences between tidal waves and tsunami
waves are in their size,sp eed and source.

3.3. The Birth of a Tsunami

3.3.1. The Birth of a Tsunami during underwater
earthquakes

The most common causes of tsunamis are underwater
earthquakes.

As has been mentioned earlier, the tectonic plates are in
constant motion, moving along eachotherata speedof 1 -
12 cm per year and these movements occur most
dramatically along fault lines. These motions are capable
of producing earthquakes and volcanoes. Earthquakes or
volcanoes occurring at the bottom of the ocean are two
possible sources of tsunamis.

In some cases of subduction, part of the seafloor
connected to the lighter plate may "snap up" suddenly due
to pressure from the sinking plate resulting in an
earthquake (Fig 16A).

Vertical displ'acelﬁent- of

Fig 16A -Subduction : Vertical Displacement of Plate

Typical Tsunami Wave
vs. Typical Wind-generated Wave
Wave Feature Wind-generated Wave | Tsunami Wave
5-60 mph 500-600 mph

Wave-Speed (8-100 kmph) (800-1,000 kmph)
Wave Period
(time required for two 10 minutes to 2 hours
waves to pass a single 5 to 20 seconds apart apart
pointin space)
Wave Length .

: . 300-600 feet apart 60-300 miles apart
(horizontald istance ¥ X
between two waves) (100-200 meters apart) | (100-500 km apart)
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Birth of Tsunami - One possibility

GERRG
b

Fig 16B-Birth of Tsunami due to vertical displacement of
aplate

Birth of Tsunami - Another possibility

Fig 17A Birth of Tsunami due to violent subduction

Dpsiees sea wave is of
high speart and
srafl anplitude. i1 shatlow veater, the

@ Tousiries w wive speed shows arad
RS A

s aeplitude grows.

Fig 17B - Spread of Tsunami

Also, as has been mentioned before, when two plates
come into contact at a plate boundary, a heavier plate can
slip under a lighter one (Fig. 17A) - phenomenon called
subduction. Underwater subduction often leaves
enormous "handprints" in the form of deep ocean trenches
along the seafloor.

When either a piece of one of the adjacent plates snaps up
or a heavier one slips under a lighter one and sends tons of
rock shooting upward with tremendous force, the energy
of that force is transferred to the water. The energy pushes
the water upward above normal sea level (Fig. 16B, 17B).

The Physics of Tsunamis

This is the birth of a tsunami. The earthquake that
generated the December 26, 2004, tsunami in the Indian
Ocean was a 9.0 on the Richter scale -- one of the biggest
recorded in history.

3.3.2 Generation of Tsunamis during underwater
\
landslides, volcanic eruptions and cosmic collisions:

A tsunami can be generated by any disturbance that

displaces a large water mass from its equilibrium position.
As has been mentioned before, the two main natural

occurrences capable of causing a tsunami (the
tsunamigenic events) are earthquakes and submarine
volcanism. The other less likely tsunamigenic events are
submarine landslides, and cosmic collisions.
Oftentimes, volcanoes & landslides accompany major
earthquakes, adding to the overall power of a tsunami or
creating additional tsunamis. The mechanism is the same
as that with the earthquake in that the extreme upward
release of energy from the event affects the overlying
water.

In the case of earthquake-generated tsunamis, the water
column is disturbed by the uplift or subsidence of the sea
floor. Submarine landslides, which often accompany
large earthquakes, as well as collapses of volcanic
edifices, can also disturb the overlying water column as
sediment and rock slump down slope and are redistributed
across the sea floor. Similarly, a violent submarine
volcanic eruption can create an impulsive force that
uplifts the water column and generates a tsunami.
Conversely, submarine landslides and cosmic-body
impacts disturb the water from above, as momentum from
falling debris is transferred to the water into which the
debris falls. Generally speaking, tsunamis generated from
these mechanisms, unlike the tsunamis caused by some
earthquakes, dissipate quickly and rarely affect coastlines
distant from the source area.

34,77 - Rodi o ce e -

Large waves began moving through the
the earthquake vertically jointed the ocean, away from the earthquake's
seabed by several meters, displacing epicentre. The Tsunami's journey had
hundreds cubic kilomstres of vioter begun

The Tsunanu formed when energy from

Fig 18 Formation and the beginning of the Journey of
the Tsunami

Once the water has been pushed upward, gravity acts on it,
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forcing the energy out horizontally along the surface of the
water. It is the sort of the same ripple effect we get from
throwing a stone into a pond of water, but in reverse: The
energy is generated by a force moving out of rather than
into the water. The energy then moves through the depths
of the water and away from the initial disturbance (Fig 18)

The tremendous force created by the seismic disturbance
generates the tsunami's incredible speed. The actual speed
of the tsunami is calculated by measuring the water depth
at a point in time when the tsunami passes by using the
formula given earlier:

Speed = V(g xd)

Tsunami approaching the shore

Fig 19-Tsunami not perceivable in deep sea

A tsunami's ability to maintain speed is directly
influenced by the depth of the water. A tsunami moves
faster in deeper water and slower in shallower water. So
unlike a normal wave, the driving energy of a tsunami
moves through the water as opposed to on top of it. Since
the wavelength of tsunami is several hundreds kilometers,
it is barely noticeable above the waterline in deep sea. A
tsunami is typically no more than 3 feet (1 meter) high
until it gets close to shore (Fig.19).

Once a tsunami gets close to shore, it takes its more
recognizable and deadly form.

3.5 Behavior of a tsunami as it approaches land

As a tsunami leaves the deep water of the open-ocean and
travels into the shallower water near the coast, the
topography of the seafloor and shape of the shore begins to
affect the tsunami's appearance and behaviour. Just like
other water waves, tsunamis begin to lose energy as they
rush to the shore. A part of the wave energy is reflected
offshore, while the shoreward-propagating wave energy is
dissipated through bottom friction and turbulence.
Despite these losses, tsunamis still reach the coast with
tremendous amounts of energy.

Since tsunami travels at a speed that is related to the water
depth, as the water depth decreases, the tsunami slows
down. The tsunami's energy flux, which is dependent on
both its wave speed and wave height, remains nearly
constant. Consequently, as the tsunami's speed (kinetic

The Physics of Tsunamis

energy) diminishes as it travels into shallower water, its
height (potential energy) grows. The shallow water and
coastal land acts to compress the wave and convert the
kinetic energy of the wave into potential energy by forcing
the water upwards. Because of this shoaling effect, a
tsunami, imperceptible at sea, may grow to be several
meters or more in height near the coast (Fig. 20A, 20B,
20C). A typical tsunami approaching land will slow down
to speeds around 30 miles per hour (50 kmph) and the
wave heights can reach up to 90 feet (30 meters) above sea
level.

Tsunami approaching the shore

Fig ZOA-Tsunami approaching the shore

: 'Encountering the Land

Matres Metres
ool i . oy £ 16

unami very close fo the shore

Fig 20B-Tsunami nearing the shore

Fig 20C-Tsunami encountering the land

Tsunarmi approaching shore

Tsunami in deep ocean
Spsed: 450-650mph

Fig21 Comparison of the characteristics of tsunami in
deep-sea and near - shore
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As the wave heights increase during this process, the wave
lengths shorten considerably. (Think of squeezing an

accordion.).T he anatomy of tsunami in deep sea and at the wli
shore is compared in Fig.2 1.
o[l
o[]
o[J
Fig 22-The Giant Wave
Therefore when the tsunamis finally reach the coast, they
may appear as a rapidly rising or falling tide, a series of
breaking waves or even a bore (Fig.2 2).
The areas of greatest risk during a tsunami strike are ol
within 1 mile (1.6 km) of the shoreline, due to the flooding
and scattered debris, and less than 50 feet (15 m) above sea
level,d ue to the height of the striking waves.
Ty ety sagn o jush befare Y teuan siruck whas te
¢ MR i A5 of frtres of begets
1 PO gealds.
o[]
Fig23 Sea water recedes before the arrival of the o[
tsunami
5 1 Wt :e,xfm ot ras tm {06
S oad destruction, .D
o[l
o[l
o]

Fig 25-The damages : Satellite pictures

The Physics of Tsunamis

3.6. The effects of Tsunamis:

A witness on the beach will see a noticeable
rise and fall of beach water when a tsunami is

imminent.
Sometimes, the coastal water will disappear

completely as it is drawn into the tsunami (Fig.
23). This amazing event is followed by the
actual trough of the tsunami reaching shore
(Fig24).

Tsunamis have great erosional potential,
stripping beaches of sand that may have taken
years to accumulate and undermining trees and

other coastal vegetation.
Tsunamis are capable of inundating or

flooding, hundreds of meters inland past the
typical high-water level, the fast-moving water
associated with the inundating tsunami can
crush homes and other coastal structures
(Fig. 25).

Tsunamis most often arrive as a series of
strong and fast floods of water, not one single,
enormous wave. However, a bore, which is a
large vertical wave that arrives with a churning
front, may appear. Bores are often followed by
rapid floods of water, which make them
particularly destructive. Other waves can
follow anywhere from five to 90 minutes after
the initial strike - the tsunami wave train, after
traveling as a series of waves over a long

distance, is releasing itself onto land.
Tsunamis typically result in staggering body

counts. This is especially true when they strike

without warning.
Tsunamis can level development and strip

away coastlines, pulling everything in their
path out to sea.

A tsunami is even capable of reaching
sheltered areas due to varying land features
and the underlying seascape. For instance, a
protected bay area with a narrow inlet can give
a tsunami a "funnel" to travel through,
amplifying the destructive power of the waves. .
Also, a river channel can provide room for a
tsunami bore to rush through, allowing it to

flood tremendous tracts of land.
Until a tsunami strikes, it's difficult to predict

how it will interact with the features of the

affected land.
The wrap-around effect occurs along island

coastlines - when multiple wave strikes hit
different areas of surrounding land, resulting in

- different degrees of flooding.

Harbor resonance is a chaotic and highly
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destructive tsunami side effect created when waves
continuously reflect and bounce off of the edges of a
harbor or bay. Harbor resonance can cause the
amplification of circulating wave heights and even
increase the duration of the wave activity within the
area.

3.7. Tsunami Types

Tsunamis are categorized in one of two ways:

e[ distant tsunamis
o local tsunamis

This distinction is made based on the time the tsunami
takes to leave the source disturbance and reach land.

A distant tsunami travels more than 600 miles (1,000
km) from the source area before it reaches land. Distant
tsunamis are more likely to occur in the Pacific Ocean and
are capable of traveling across the entire ocean in less than
one day. Since distant tsunamis make such long trips with
a relatively constant speed, experts can predict their
arrival with a fair degree of accuracy. This makes it easy to
warn and evacuate people who could be affected by the
wave.

A local tsunami travels towards nearby coastal lands
within 60 miles (100 km) of the source. Local tsunamis are
usually the result of submarine landslides and typically
occur in a bay or harbor. Local tsunamis are particularly
dangerous because they can reach land within a matter of
minutes. This type of "sneak attack" makes it hard to warn
the public about the tsunami's approach.

4. The 26 December 2004 Tsunami

The earthquake originated in the Indian Ocean off the
western coast of northern Sumatra, Indonesia. The
resulting tsunami devastated the shores of Indonesia, Sri
Lanka, South India, Thailand and other countries with
waves up to 30 m (100 ft). It caused serious damage and
deaths as far as the east coast of Africa, with the furthest
recorded death due to the tsunami occurring at Port
Elizabeth in South Africa, 8,000 km (5,000 miles) away
from the epicentre.

The epicentre of the main earthquake was 160 km west of
Sumatra, at a depth of 30 km below mean sea level. This is
at the extreme western end of the Ring of Fire, an
earthquake belt that accounts for 81 percent of the world's
largest earthquakes. The earthquake itself (apart from the
tsunami) was felt as far away as Bangladesh, India,
Malaysia, Myanmar, Thailand, Singapore and the
Maldives.

The Physics of Tsunamis

The earthquake was unusually large in geographical
extent. An estimated 1200 km (750 miles) of fault line
slipped about 15 m (50 ft) along the subduction zone
where the India Plate dives under the Burma Plate. The
slip did not happen instantaneously but took place in two
phases over a period of several minutes. Seismographic
and acoustic data indicate that the first phase involved the
formation of a rupture about 400 km (250 miles) long and
100 km (60 miles) wide, located 30 km (19 miles) beneath
the sea bed - the longest known rupture ever known to
have been causedi by an earthquake. The rupture
proceeded at a speed of about 2.8 km/s (1.7 miles per
second) or 10,000 km/h (6,300 mph), beginning off the
coast of the Aceh province and proceeding north-westerly
over a period of about 100 seconds. A pause of about
another 100 seconds took place before the rupture
continued northwards towards the Andaman and Nicobar
Islands. However, the northern rupture occurred more
slowly than in the south, at about 2.1 km/s (4,700 mph),
continuing north for another five minutes to a plate
boundary where the fault changes from subduction to
strike-slip (the two plates push past one another in
opposite directions) thus reducing the speed of the water
displacement and so reducing the size of the tsunami that
hit the northern part of the Indian Ocean.

The India Plate is part of the great Indo-Australian
Plate, which underlies the Indian Ocean and Bay of
Bengal, and is drifting northeast at an average of 6 cm (2
inches) per year. The India Plate meets the Australasian
Plate (which is considered a portion of the great Eurasian
Plate) at the Sunda Trench. At this point the India Plate
subducts the Burma Plate, which carries the Nicobar
Islands, the Andaman Islands and northern Sumatra. The
India Plate slips deeper and deeper beneath the Burma
Plate until the increasing temperature and pressure drive
volatiles out of the subducting plate. These volatiles rise
into the mantle above and trigger melt which exits the
earth's mantle through volcanoes. The volcanic activity
that results as the Indo-Australian plate subducts the
Furasian plate has created the Sunda Are.

As well as the sideways movement between the plates, the
sea bed is estimated to have risen by several metres,
displacing an estimated 30 km® (7 cubic miles) of water
and triggering devastating tsunami waves. The waves did
not originate from a point source (as mistakenly depicted
in some illustrations of their spread) but radiated outwards
along the entire 1200 km (750 miles) length of the rupture.
This greatly increased the geographical area over which
the waves were observed. The raising of the sea bed
significantly reduced the capacity of the Indian Ocean,
producing a permanent rise in the global sea level by an
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estimated 0.1 mm.

The total energy released by the 2004 Indian Ocean
earthquake has been estimatedas  1.1x10" joules. This is
equivalent to about 0.25 gigatons of TNT. The earthquake
is estimated to have resulted in an oscillation of the Earth's
surface of about 20-30 cm (8 to 12 inches).

Epieanter

Tsunami 26.12.2004

‘‘‘‘‘‘‘‘‘ Teaved time i tours
seeeenons Plate boundarier

Fig 26-Tsunami 26.12.2004

Because the 1,200 km of faultline affected by the
earthquake was in a nearly north-south orientation, the
greatest strength of the tsunami waves was in an east-west
direction (Fig 26). Bangladesh, which lies at the northern
end of the Bay of Bengal, had very few casualties despite
being a low-lying country relatively near the epicenter. It
also benefited from the fact that the earthquake proceeded
more slowly in the northern rupture zone, greatly reducing
the energy of the water displacements in that region.

Fig 27-Tsunami and shadow region

Coasts that have a land mass between them and the
tsunami's location of origin are usually safe; however,
tsunami waves can sometimes diffract around such land
masses (Fig. 27). Thus, the Indian state of Kerala was hit
by the tsunami despite being on the western coast of India,
and the western coast of Sri Lanka also suffered
substantial impacts. Also distance alone is no guarantee of
safety; Somalia was hit harder than Bangladesh despite
being much farther away.

Because of the distances involved, the tsunami took
anywhere from fifteen minutes to seven hours (for
Somalia) to reach the various coastlines (Fig. 26). The
northern regions of the Indonesian island of Sumatra were

The Physics of Tsunamis

hit very quickly, while Sri Lanka and the east coast of
India were hit roughly 90 minutes to two hours later.
Thailand was also struck about two hours later, despite
being closer to the epicentre, because the tsunami traveled
more slowly in the shallow Andaman Sea off its western
coast.

The tsunami was noticed as far as Struisbaai in South
Africa, some 8,500 km (5,300 miles) away, wherea 1.5m
(5 ft) high 'tide' surged onshore about 16 hours after the
quake. It took a relatively long time to reach this spot at
the southernmost point of Africa, probably because of the
broad continental shelf off South Africa and because the
tsunami would have followed the South African coast
from east to west.

The total energy of the tsunami waves was about five
megatons of TNT (20 petajoules). This is more than twice
the total explosive energy used during all of World War I
(including the two atomic bombs), but still a couple of
orders of magnitude less than the energy released in the
earthquake itself. In many places the waves reached as far
as 2km (1.24 miles) inland.

5. Monitoring, Detecting and Predicting the
behaviour of Tsunamis:

Scientists are constantly trying to learn new ways to
predict the behaviour of tsunamis. At this point, most data
is gathered after a tsunami has already done its damage.

In a post-tsunami survey, a number of things are
measured. Scientists are particularly interested in the
inundation and run-up features after the waves strike land.
Inundation is the maximum horizontal distance
penetrated inland. Run-up is the maximum vertical
distance above the sea level that the waves reached.
Inundation and run-up are often determined by
measuring the distance of killed vegetation, scattered
debris along the land and eyewitness accounts of the
incident.

Scientists have made great strides in monitoring and
predicting the ongoing threat of tsunamis. One center
continuously monitoring seismic events and changes in
the tide level is the Pacific Tsunami Warning Center
(PTWC). The PTWC is located in Ewa Beach, Hawaiian
Islands, and serves the Hawaiian Islands and surrounding
U.S. territories by working in conjunction with other
regional centers. The West Coast & Alaska Tsunami
Warning Center (ATWC) in Palmer, Alaska, serves the
Aleutian Islands area along with British Columbia,
Washington state, Oregon and California. T his center is of
particular importance because submarine earthquakes in
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this region have created waves that moved throughout the
Pacific Ocean before striking elsewhere.

Seismographs can detect the earthquakes or volcanic
eruptions which may cause a tsunami. But as only a small
proportion of strong earthquakes produce a tsunami, a
warning system based solely on seismic data is prone to
produce false alarms.T herefore sea-based instruments are
needed to help scientists to decide if a tsunami has been
triggered. These falls into two main- types: pressure
recorders in the deep ocean and tide gauges monitoring
sea-level at the coast.

Tsunamis are detected by open-ocean buoys and coastal
tide gauges which report information to stations within the
region. Tide Gauge stations measure minute changes in
sea level, and seismograph stations record earthquake
activity. A tsunami watch goes into effect if a center
detects an earthquake at 7.5 or higher on the Richter scale.
Civil defense agencies are then notified and data from
tidal gauge stations are closely monitored. If a threatening
tsunami passes through and is noted by the Tide Gauge
Stations, a tsunami warning is issued to all potentially
vulnerable areas. Evacuation procedures in these areas are
then implemented.

5.1 Deep-ocean Assessment and Reporting of Tsunamis

DART EARLY WARNING BUOY

Fig 28-Dart Recording Device
A DART system (Fig. 28) consists of

(i) a unique pressure recorder (marked 1 in Fig 28)
that sits on the ocean bottom. This pressure
recording system called the Bottom Pressure
Recording (BPR) system is capable of detecting
slight changes in the overlying water pressure. It
measures the weight of the water above it - which
varies according to wave height. and

The Physics of Tsunamis

(ii) a moored surface buoy (marked 2 in Fig 28) for
real-time communications. The buoy monitors the
surface conditions and sends this, plus the data
from the sea bed, to a satellite which relays it back
to areceiving station.

An acoustic modem is used to transmit data from the BPR
on the seafloor to the surface buoy. The data are then
relayed via satellite Data Collecting System (marked 3 in
Figure 28) to ground stations, which demodulate the
signals for immediate dissemination to US National
Oceanic and Atmospheric Administration's (NOAA's)
Tsunami Warning Centers (TWCs). :

The DART systexﬁ is capable of detecting tsunamis as
small as 1 cm high above the sea level. '

5.2 Tide Gauges:

Unlike DART buoys, tide gauges in the Global Sea Level
Observing System (GLOSS) are sited on land, either on
mainland coasts or on islands out to sea. In the most basic
form of gauges (Fig 29) the surface of the water is
monitored with a system of tubes and floats.

Fig 29-Tidal Gauges

More modem versions "ping" the surface of the water
from above with radar or sonar; or use sea-bed pressure
sensors attached to the sea-level observing station with a
cable.

There are almost 70 GLOSS stations in the Indian Ocean.
Before the tsunami, they were used to measure the sea
level for long term climate change studies and their data
were transmitted only periodically.
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6. Concluding Remarks:

The most serious problem facing humans is the fact that
tsunami waves, once in motion, cannot be stopped.

Scientists and civil agencies can only devote resources to

predicting tsunamis and creating effective plans for
protecting coastal areas from their ravages.

On 26 December 2004, although the Seismic stations
across the world registered the earthquake which caused
the tsunami and global analysis centres realised that a big
event was likely, this information did not reach people on
the ground, as there was no warning system in place.

Despite a lag of up to several hours between the
earthquake and the impact of the tsunami, nearly all of the
victims of the December 2004 tsunami were taken
completely by surprise. This is because, uunlike the
Pacific, the Indian Ocean did not have a tsunami warning
system to detect tsunamis and a system to alert residents of
coastal areas that a tsunami was imminent.

Tsunami detection is not easy because while a tsunami is

The Physics of Tsunamis

in deep water it has a very low height and a network of
sensors is needed to detect it. Setting up the
communications infrastructure to issue timely warnings is
an even bigger problem, particularly in a relatively poor
part of the world.

In the aftermath of the disaster, scientists and
governments, under the auspices of the UN, have begun
working on an early warning system for the countries in
the Indian Ocean.

Perhaps the most important part of the tsunami early
warning system is how to get the information to people
who are in immediate danger. Primary responsibility for
this rests with governments and most of the twenty seven
nations bordering the Indian Ocean and many non-
government organizations have started setting up
individual programmes for issuing tsunami alerts to their
own people. However, the Indian Ocean nations have
been so far unable to agree which country or countries will
host the regional alert centres to process international
technical data and issue warnings across the area.

Proceedings of Jaffna Science Association, Vol. 13, No. 2

57



Crm FWHATS SMTELEUTUIS HI L (IPLD
@QeomImBUID BT BTHBHUPLD *

A. S. Sosai
Department of Geography, Faculty of Arts
University of Jaffna.
Jaffna, Sri Lanka

SO FTLReE Oel HipdbGs sMIsGD Seonemaulen
AILUGHSHSLD GeLlulL gbudw  sLBUrLILNEIS
CogzispsAd aeeyd euyeorpm  Brougly(Historical
waters) ey SiPGELLGSBS. augeorBp feurs
QeoBmes G- BbIWTeHGLW G enLufleom e
usbaImGBLILLL  OsTLTySsT @ssLBugly oL ns
pOLOUBD  ebseowmed @0 Quuir  GsTem®
ampssLuUBEng. aifsssw, GYewmBmw,
umLOWRlUESsT, <adBowr  smwd  CsmiLs
OFMPeNeNT QIHNS WLHBBID SIGTDSESTD SHFFHA]
eleusmgw, @hHw HRevrensd Weneut Lysdenen, P
JBHE6N @ UCUWITEY Guimeis usvBeup
BL6UIQ& M & & 6N @& sLpugly oL m&Gey
poLCuibpetenen. @bsamsulss @b Sgdemed
02.07.200560 iiss maussiulL GFs FWsHTE
snevamul  gialbss fHuled WoHAwSHND eMiibs
AR IVE:X:AF:) SL LIS @& sLpuyu Lled
Cumsseniupasted Bam Cahdly psBuGgHieud
Wés g sLBUFLIUTS @& rflulsiengl.

CrgirsHdy SmeamiGHALLID

&HIT6L eUTUI EOINE: A fi)

urs@Bieen (Palk strait) uté@ elfigLn (Palk bay)
weennit effigLr (Gulf & Mannar) gu8lw apeiigl Uy gHren
sLBUGHOWS QETemiLST@L. weiemi elflgLrameaub
urs@Bienamenwuy Ifiss PHdles QSTD UTevd
(Adam's Bridge) uvdemaidpew oFsworer A
waBhl Ghamend C&HTEIL @® OBHTLITH, HM6V
weremfedmba Sien Gsmg auanyuigid BemiBeeng.
2 pzed 15 UbpT euenguleomen up CeugumenL &
QarediL @éaLpuriy- Guiiw SlLe ST CFaaBHETe
simwlienuds Qaraiygns salleoame.  BFHIMed
@pHwnelent  Hse soTULGHWIGHS CoBGs
sl uUGHSCET Jisvevg CBE smyulsdmbe Bpse
syl UGHHCHET &lLELEsT OFsbev GeuswiBLomuiles
Reviumsamws  sBPCL  OGFsbev  Geusdigw  FHeneo
2 ciengl. @sened GBI, SN, UsHIJUID 666N
selTes Wowns @IpIs sTeuluGdng. amGo
@ssLpugiiisd  spwren  SmeveuTul @elmp  Geully
Bpse-Cone sors@GloLtu @ssLburiy anfuns
&L U Cund Gaurs s Cuwm Gareal &lail @
NapsdSALCD ComFwsSHId SNOaMUGSLLD ore
SoPsslIuGEng.  Catemd  Hwellw  fHufled
wrflaGaain Fus,0UTEHMTST]Y 37 Flwed

SLBUFLUNen Sl

Bencoenisamend HMHSIB Carai® Cob Gareieniu®
anpdan @ FHLLSIDG Gwelweoneaisst gnk LD,
afelmssullweonenisel  wgypwre  UHCap
ol & &1E & e en 55 LG umi e» e ufl 69
weiemeadgisitenenir. Gei cuemsuiss BSHL HH6H apeold
Beominsulsh 1HSMBW SHTHDHHIGET JDLLCOTID GTGILIGI
uprl  ueBaim  oneisesw  Osfleallgsieen
SMHGHSIGBBMmET  SigUumLWNSES Carai® SssL Gy
aeIuULLGE DS

@5 LA euyeonBpICnTeieneni

1860 @ EdGowT  sTelLGSHUT
sLpumLeWF Caibs Qpuieor  el6ip SHenuBCW pSHei
wseded Bz &meveumu) QprLTUTET  CuFeenEW
Qeueflufi Lnr.  1861- 1903  eueny  &mevelibgien
sfanflsemmed  OpTLiFAwnsl CIyamanss (e
QuomPwitiug Ler. 192260 gienppat Quirpilufiweorenit Gair
QamrCuri. Unfleli arellesi HLD (peiineubSULILL Si.
195560 @&t @ymosm (pHedwrit Hemevenouleonen Capi
FW5ATS HlLés eualafda wowd @5 HLb
(WpeImasEILLLE. BbS QU e Cumfasst Fpl
BLILIGV &6T1 Hrwremd  QeweuensBw  Ugsmen
CrrasswIsd QsTEIGHSN. UTEGBlmamamuw
SUPTEGID AL S0CUTEH BmbHsaisoensy, aaigib
splutms AL @G CHHHed FHNSHEG
glopws silslpsHomwud urful SULEDEET LIWeRID
Q& auen HuyLb CrradaswTHS Q&b mewi L GIL &l
urs@Bileaueamu  QLTEGSW  FILLS @b
Qaremieiiongl. QPbUSHD @SS L @InGoebeuyd
SUB STeoauTulh SHLL  aaiCn DMPHEULLL S
SiFe sTevaumll Qe Bl uGHWTeIFH uTbue oyl
UGB - B Siemwe CUBPHHSS!. L6
sreveunuie enwellib umbuel Selell SlPbEGLILSSHLTS
peihss, adaw Qg urfu o Sldess
PapFdsbdlLwons  wrpplutL  Gurg G G
siwanaig  Cuogub HsEEns  BETHE Beommnd-
@A Sy clevemevd  CaTLENLE  &TTHSI
@hAuneleli 6L  EIELMEVEEEN  LOMBBULILL Sl
@bl Jyswr A wer Guonse HAm SleuTsenTed
02.07.2005@60 Qeug efiflemswns RSH LD bIGHS!
meuHELILIL Beienl.

sreoaumil NjCsssdar Fupsdirelwn Lerae

LSO simwwejsien  NgCsash Sl
susHATalwed ustiyseTeng Hbs anlbd 9wk

* Popular Lecture

8



PRl

A. S. Sosai

OIOFWTE 2 siieng. uThEG Bloel ugd sgrsf 8
ShpT  Quosmsuh uTeE  GLT  11-12 WSBmir
aumguileonst  uSMSHWLD, DLSTOUTEVD 616N
SIMPSEELILGSHB OBHTLIT WwembBl Bdbsamensd OsTemiL
u@3 (Adam's Bridge) 1.5 Wppr @psed 3.5 Wit
QRHPDEUD  QETERIBeTNS.  DibS SLBTOUT6VL)
UGS wmen g CoumiuL L ST6V 6N WI & 6m 61 LD
WIGUTL DL WS dalgws  Slev  wemted  GoBsememyw

Oanemi@eiongl.  gmédGamBW l4pe  GupurL
wenpii pset  Qbs QHID  uTed  ATLMed
sreuuBaldipa. QS Ghset  WansuirHemmed
"SoLE” e SimpdaLUBa D [O)F: - TM);]

Wyepesdien Smgssed Gamid, e &HHS LOwIEH
Simwlmus  Qenaii®eiengl. Heo @Lmiselled LN
uTemBEel, QHNLJTEE  STERULGEDE. Sevauss
watemt  ellflgLry ugsulBobu  FMEsTss:
stanlLGdape.  @QésLBiiCsssHdr  HBBILeds
SEHILBBTUJHBISEHD, SLBOTIIHISEHD Lisvadea o_ulis
Gwala  aBsHE@GEF  FTHsLIS DIMDHSIGTETENLD
G §5686E.

2 _ufiMwed P EVIEI & M 6TL] Qurm s seuenufed
BbaésLburinied 3600 eumsuleotanr  Sreuy LOBEID
ol 2 ulflest  sTeILGISTHLD, @8 117
UMBHEHT (PHMS, FhEG, AL, SLevmeno, WBEHID

QL me0 LNait, SIm &levld , SLBUSK Cureim
aflwsLuiiflsar,  uTeITL 9&6i 2 6lieNL& &L
uLGetengnaayd  spuuGsmgE.  GEF (Global

Environment Facility) omféoms Ugsmyd 2200
Seiuensseflsd 450 1Saeuan®Hs Bbss sLBUILLND
2 6Nt wHUINL UL Gsitengl. et GLTeN6d
BrrwrrTHYYLO LIl LS g Fni B Hlei en
sMICWMRIselsh GmemL o _eieflL Bousosnm
Soysemen o _eiensbe  “sLpymst  (Marine Park)
2_GaNssUULB Ol  UTHIBTESIULH UHEUS)
WéSoTe SbsTGD. GFHEUFliLeiey 560 &.8). Wbmir
QG

sreveuruileir B L oiemioli

Bdareoautuier Bemd 1512 &.SBBiTETEWD.
QB UTSHIBhE Benms - GbHw &Gy
SlVMEVES BLHBE DIB6 BHLEL UMD IIOTS QL]
SIM 06 GILIB 6y 61T 611 & 1T & SIL LUl Ger eng).
sreveumuliiell Simeod 300 1BBBT. @b sTEOeuTUTSH Siob
10-14  Sppr ey CoupuGAsmg. SHTEOEUTWITEIE)
GYuaglh  CHTILUULILILLIZE. UTsGELTaM
QSTOLTOSSIGHE  34.92 H.5HoT  euenyulgod -
uts@pienemy uGaulsd 54.32 Wibpr euenyuigGo g
QUETESILL QENTENGI.  UTSEG  GLIela 0SS
Curdu  gueweLwWsTE  GmiLgemed s1ghlusiten
BUUGE QUPITSSILLTLLIE. SLpOTEIBTEITUT6)
85ufled Alwlé BBmIT e SN&BDHOSBSBLILIL 6T ST
Lanka Hydraulic Institute @l @sisns.. Caxpewig
IBSBULEL Wwed UTEGBRmam UGS UlguD, e
GLrellgub O&m g A LB ul Geiteng).

Crgl FWHHIS SMOAMIG. ..............
BEHI 1L SP6T  DignIFneORIBEN
8P LGHH eod @RLLTE BBHwrelen
Cunes saulsdmbs Bipseds EMJSGID - SpsEs
sojuldobs Cubpes ssysELTE &L 606U AL
LWISTRISENST  SeVBIBMWES  HBBTLOGH CumpeETsiten
aufipssng. g Chyb - ML - OFeveydH @ mmey
gHuUL  BL(peii. BdSTeveumi DIMIDESBLILIGET  254-
424 &L 60aMIDGLEEMEMULYD, 21- 36 el B ITEORIBDETUD
BelUGSBeomd. Gugid @bHuralsd Guie - Hpss
SloppshsEpEEmLulsna alfdssh aflksAEUILD.
GELUTE  BODHM 9eisiTeT BNEHESY, GMLEF6V,
BTSLILIQEND, SLeITT oyalwien suenirédOup euTWILIL|ewT(H.
SIODBTL g6  OHEToTeul L kisei almsd  Gumeyd
UTILILEHIE aTeid SnBluGasims.

QP @bs FWHATSHH HEAH LTHIETIL
BLaREOEEMN  IFENSHECHTEE  aumaIHTsH
DIHMG| SHLBUMLS HeohiseT S ibsL HuGsuladmibs
ansrmalfigLr ugHee Beommeamus S(BBTLO6D
udemd  GFugd  amily  gBUGLD. Aseumed
WssTHH0aL  Bevmmasulst o_safleu BbHwr
biLSCsmaulome.  @bAu  Ceasmyulgision
BLOUDLSHNBIGET  LHHID  SLHUmL BireLpLDa)
SEBTERAIL MIOWSMS QOGTH UTEHISTHS (PIQUjLd
aTae|ib BIOULILGEMS.

@ eomi & emurLi QuUTE S S euenyuled
OBTWILISSIMBWESHBDE D BCzweney igIFmeORIHET
o . eeaflgib  SubUTHESTL e HIEDPS S0t
EAUGHFINSDS BFH  GOBEGLD. &HTHIGsF6HIMB
CaTby  sLBEUTEGMTHE Gy - gL
SIDJUTELITSS GOBUD - Bevmiensule aULUGS el
Qurpg saumruled  B& sTes arule@mp &

&lasgsgiens, 2T BT 6B 3IH(, HEMBOLOGTI ST,
UGHPSTDD  YEUGODYSHEEEG  GOIBST
SLOMPULTES BT  DIEDIOHFHTE0 BullyBsaptb

almSHOUB ety gHUGL  eTaid FBULGHDBSI.
Gogub @eiim  wiiumen,  Fe, @hAwmr  whmd
QapaidpsaTaw BTG EHL e aTHHSD alflsuen b

636U HTEVILD - B CsTamianeouf e Capaly
WéswbHiad oPsNHE  amSams - @& ened
B DB & (LD uenit & A1QUB  auruwi Uy ewT (.
Bbsaumsuled  aLbE,  SipsEL uGHulesiten

slopyansaia asnryd @UlyBsesssi N BsHEE
QUMIOILITES SIGHLOWISOTLD 61eNd SHSLILGABS!.
Uy g gnsomissit

QssTevamish  SHLEHE  apeowd usoGeup
SIPIFEOBRIBT  GHULEOTD 61678 Famiin’ L GLTEeuitd,
GHOFGWS uTALY @ WBanlgs Gsmnfedi
gouGL  urBllubsst L) SUIDBIL9EVILD,
Beommauisr aILbe, aiLBnel uGHsaiaib - VY )
GBI QOUT LS  Benl QuBm) SUHEUENBSUILD
SIUSTaRS SIS THe 6T,

weiienmt  suemen@Lraler yefufwed  eemioiiy
QOGHDAUTE  BLBUBSMEMW CsBTewIL HTEGLD.

Proceedings of Jaffna Science Association, Vol. 13, No. 2

59



A.S. Sosai

uts@Bienem  eufw  Qoedgud  YSTOUTEOUPLD
SPGB LTEOBHHLBhHeNTd aiH. Heme

sorbunysems  oewily  BTCLramEmMUWGH S
17 &0 Q&F Wl Bt B! & Bleneoulled HITEV 6UTUY
G memr LU LG &1 Qs HmBW e Pl G & &ei

UTAESULEGID. ESHTED LSTEITT CUEETEGLTEmE DleRTlgUl
smrCumiiuggd) Gumn sLeofliy HPUSSHHGETENTEGLD
saad  Qemins  @Gpeflewsd B BimieeIDd
(Environmental Foundation Limited) e&efiggisiong.
Gueud &lusd CuTsGarSHe  Curgl  soICWS
sLeofienugs  GTEGL  eaeh  sLeSlasien
LGUeTLILTENMBESST oBEID Sl eopIeHaulTas, Simialss
SPumauh  Bsamd  Siflemid  BlEnemLD
AoUUSTEaD GLYEST.BEDE. SGHILET  Wmp.
GLIBTLIgE Bl LD &L6d WLLHMS el SHBHMDHSHo,
@FaTed GLIGIL Q6 SMIULGHSEGST HLOBILGHS!
Keosbslg Bieusnd o aTHSenWT@GD - Gorgwomen
uGSeTeng) sienajb aFsfldHaisieng.

CuyrgHenenll Lsvaamessps CuITANWT Jehdld
seolILE SlaiTaela sabriiiLy, “‘sLaibsigulaision Camp
urfwenelsd @sveorosd CUIGD Sisvevsl Sifibg GUTEGLD
ST 2 sengl. B BIEsEHew aELIbsD urflu
GIpsd ofase Wwasbtsr@ss Crfpn. &LBLBEmS,
sefiwent onfieflaiung) seomiefw BEITLLID gHUL6OMD.
@semed  SLMUDEST, UsusTiLTeDBEsT  NIhHICUTS
i@, Csrati_uuBh wanmend GallusHGS
AL GsTen UGH Bevriend HL VMGG LIS
SImAsD 2_siteng). - B Beomiensusd QUBHSTESHMS
gBUBSSID” aaeayd gapfiwjsitentr. "Bfluiiuicd FbUbHLoNS
Culabsamiwuns CuohestetniulL e &Fiatse
fhulsd  omdsfssiuLelsiamsy. @D OGRS
SBPASH LD BOUSHEGHSS  SI6V6, 2_6ITHILIgE0
gouLlCurg  srés  ud  AfuESSUULLL
soacvstan  aphslLGSampar. utfie G  Sife)
QP&IWI 6JMUL60TLD. uuitiu@ LO6WIT6L LpEVLD
SBTOUTOSHH  CFWBmSS LB 2 [HEUTSHETD
aad E00, BB SUFEEHD Gmabsl STV
CoranBeug uml  uBeundlés  ColaliB.  @iped
wiGuLTS aumsulsd HAphs HLLOwramps Sl
CouamiBLD” cTemeYLD Faflujsiienir.

SLEVAISTISHEINT FBDIFEPeIs0 iU HTEHESLD
STeOTEaD, LD CUISGISHS BLAIQHMBHET6N
Curgip - WBanlHesTHed QU@L LTS giLLeoTD
geeyd  @Femsd SN BILiged,  Bevniensulled
aLuGAUND - WBanligssempenw BO  euraes
ueveOmU Ty & & 6301 85 8511 653 OIS0 Qu@burSiL s
Gshenme eieeyd SiFFd QO flelbslLGaBoI. gmoemGeu
@eommsulla aLugaulled  Gurt  HDID,
HL6VOUOWISHSHMLEH6TT  HTJEUUILOTE LGS ey
wesst  W0sCwrFworen  LTSLbGsTenTEUlGH ST,
@b Blensoufl6d - Cr &l ST TW & HIL LD
L (pmBULGSEILeUTE  awddm  UrFdlamendssi
Coaw HNH&HSH MG gHUBDH Heomd 6T &0
ST BHEILGAGDE. SOPBILIgH 1486@W GBuLL
e lgsamonisend, aLUGHulsd 706@Ww CubulL

Brgl FWHHTS BTOQUTUIS..ourrerescrsenscrnes

efligsSBgTonisEnd SSHemmsd LTSlLLWD 6IeiayL,
UsIenlILTENm&E6T, FHlE, (PHSH!, SLeol L wBmb Siflu
o _Wiflemisenmen &LMUK, GQLrsbiler, &LeOTEMLDEHEN
aaiuaa  ofwemitiyesi;  aeIe  DFFWD
GgfalsainBalaing.

@hdwrelet @etenpwl QUITEGeTTSHTY. EITEMI LOBEHID
CaAlw uTHIBMIL  HOMISMENSH — SHHSEaILHID
WHREBUUSID BSGH LD euend Qupid Blensoullsd
sranlLBSaBH. aai@id @DoHHTOMTLI Sienoula]siien
ugdHuienens erihaisien SOPHTH WHEID Seomienaulle
ALEG, ALARGEGL UGHSaT0 - SHBIFEGM Ugblens
wppd  Banliggsempulsd gBuBL urdidset  ubBM
seuen e QeneflullL iU GelenSHiL & 85I LS BB
Qadyrall U  QYIUTLLBIGEHD  SHEIL BImISEHLD
spbBIETeNaT.  GBDIFGE  uTHlys  OFMLiuns
BEAN L sHe1 apeoid v FBBIFGID LjFdeneaiamel
goulLrend Bedempw  Freubss  Beveolun@se
&ITJ QT LOT &S Gy LDEOLOT &ML UM H & EICININE TR L]
afeimssend, HE @HESEEsEHD  CuBosTeienl
UBUSTEY HHOIFGLH s  aelipbdng el
QuigieuTel  BEGSSING.  aolgid  @hSurameul
Gurmissaamyulcd Sigei e6veneols UTULIgNET BHHMBW
UTEHISTIL  BLelpbmadamst  Gombemeien  eumuiiiy
Bohsturdan Seonmaeuls e UGS s BUFiLsy
apUBLTGL SHEIFGPs® uTElmus SBULS aeUgl
ahSMaGEG  FTHHULTGL  aeiug  Coereld
Gwrsueeng. Geempw CuTTFE:elsd e LGHuien
5mu(Bu_|rrur§1éseﬁ SHEVILBOBTEIIHISeT, UWLSISEG L,
Opsitenen OJBIGET eT6Len LTSHISTIL eleip Cuiireneuuisy
ams Osrasulan - usLullegre BT FLD
QeuwiLang. BFoMsH50ss  BLARS®S
sB& GWUlg U6 &L M6 6N D& & 6nmed
Camfsmassiei i L Cursleid ubaLyeons uged
g AoLssalimen. oifa OsTLICn CFusps.
@pBemeouied Crg FWHBTEH SMevauuls HIL HHe
apeold e uGHuled enpliBuTGL 2 ulflaE@isd Sufey
SOHSNDISSILGNS FTSIWLULL CuTaIFErene0.

Beligs GsmPedsd gHUBL STEESHBEG uSeSLTe
OIBD  QUBIGSEHD, BevL FBD  CUPHIGISDETE
gpur®  SPYLBT e ALLOUGD FTHHWE  FaBIsel
o gienan. Suigid Bevricmsuls aILLGES BaieuTsei
gnsaGa - s  Gorswomen  uTHULbSMETES
shHEHH0UTE opflamsd egells bajl FEUT®SCeT
wrBmE 0sMPsd amiiyssstt aiphsiuLelsame @b
Beneoulsd  @pHwd  Hyuured  CuBestaTeTULGD
sTOaTl  SBpa  HLLSIeed urTSUyEID
Saaaendse abs amsulsd @piiGsend, wIBBIH
OamPsy  emUUUSSEHD  eipRIGLIUEGD  aeIUSID
Casiiall @G,

Georimsulst QL SHpUsnss Coml STedTIS
A LHHe apood eNBHHOUBD  QIMLNLETENSL.  STeTa|D
Bsansd aLuGHUs alGHHGEG 2 Hab e aglTey
gamplul Geten  Gurglgid @eimieien  SyTEmIey
SHATOIYD, 2 WITUTHISTIL  aleowSSlevieiTen eiloment
Beveows  efedgsfily, &MHMCHFE  SHMBUPS S5,

Proceedings of Jaffna Science Association, Vol. 13, No. 2

60

O



A.S. Sosai

M B &I 60 B (L & Bl & 61 &L M uemL ufl e et
ureuemeniuigsiten  Blenevemiodsit  GuIE el W6
@eimpw  Gwelsd e ugHuld epsHEE b
dpsHn Bpséd  stoam  msd 2 _seul
Cureuglevemev. @MevauTUIS AL SHel apeold el LIG-
SIDBWEESGH  GSAUDLHSTRID  Simel  apeoLd
AMLEGID Betemdsst SO wESMBE abs auamsuis
abg LG aausid &h8%HeCw.

aALsG Slpsdlsd Guisy Memev Hmibd sLoip
wésalle  mssefs- @UUiCsFsHe  Mireursid
mswens sUuL @ SN &6 ey SWIOT &
piiudlssuubdam B eamn  aoguls  CFg
sWHHIS LS apeod  eimels  Lwepid
AILUGHEHE SLLUCLITeFeOmsv.

DNFTHBINH  [HITGODGIT

1.Anand.S (2004) Outlook report on Sethusamudram
http:/ www. outlook India. com

Cegl sWHATE STOMTUE. .........oooo.....
Indian's Suez: Is It Ecocide

2. Lasantha Wicramatunge (2004)
Sri Lanka moves to minimize the impact

Sethusamudram
www. outlook India. com

3.Gur. umevabSIwLIsiTenen (2005), G g
FWPHATSSI_L b
2_guwest - 29052005

4.56h8% @seoug) (2005), CFHIEMSSISHL LD
2 _sweir 21.03.2005

5. Asns@yeo 18.1.1999
Cogls (s By baTOTUISS L LD

6. www. sethusamudram in Sedu samdram shipping
anneal

7.NEERI (National Environment Engineering Research
Institute )

Cogl spsdy @TevauTUIsh &I LD

Dumping Points for Dredge Spoil
{unofficial draft EIA report)

Proceedings of Jaffna Science Association, Vol. 13, No. 2

61






Ll b i AN et



Printed By : Aingkar Graphics, Manipay - T.P : 0777570106



	1 (1)
	1 (2)
	1 (3)
	1 (4)
	1 (5)
	1 (6)
	1 (7)
	1 (8)
	1 (9)
	1 (10)
	1 (11)
	1 (12)
	1 (13)
	1 (14)
	1 (15)
	1 (16)
	1 (17)
	1 (18)
	1 (19)
	1 (20)
	1 (21)
	1 (22)
	1 (23)
	1 (24)
	1 (25)
	1 (26)
	1 (27)
	1 (28)
	1 (29)
	1 (30)
	1 (31)
	1 (32)
	1 (33)
	1 (34)
	1 (35)
	1 (36)
	1 (37)
	1 (38)
	1 (39)
	1 (40)
	1 (41)
	1 (42)
	1 (43)
	1 (44)
	1 (45)
	1 (46)
	1 (47)
	1 (48)
	1 (49)
	1 (50)
	1 (51)
	1 (52)
	1 (53)
	1 (54)
	1 (55)
	1 (56)
	1 (57)
	1 (58)
	1 (59)
	1 (60)
	1 (61)
	1 (62)
	1 (63)
	1 (64)
	1 (65)
	1 (66)
	1 (67)
	1 (68)
	1 (69)
	1 (70)

