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The Most Beautiful Formula

Dr. Priyotosh Dutta

(Department of Chemistry)
%

: sing the famous sentence of G » O B ¢ .
We may paraphrasing the far corge Orwell- say, that ‘all mathematics ;
beautiful, yet some is more beautiful than the other’. ‘Mathematics’ means a lot of thing&m“g_-pg
theories, deduction, proof, symbols etc and formula. Before we enjoy the beauty of

: _ the most
pezutiful formula, let us have a look on some interesting remarks on mathematics, mathematician

and fl:ll’ﬂ'l-'l-llﬂ : . .

A man is like a fraction whose numerator is what he is and whose dewontinator is what
he thinks of himself. The larger the denominator, the smaller is the fraction.

_ ‘ —C. Lev Tolstoy,
Horw can it be f:tﬂf miathematics, being after all a product of human Hrought independent
of experience, 15 5o admiirably adapted fo the objects of reality?—Albert Einstein,
A muathematician is @ blind man in a dark room looking for @ Hack cat whick isn't
there. —{harles Darwin,
In great mathematics there is a very high degree of unexpectedmess, combined with
inevifabnlity and ecomomy, —G.H. Hardy.
There is no branch of mathematics, however abstract, which may not some day be
applied to phenomena of the real world, —Nikolai Lobatchevsky.

The formula we are going to talk about is a discovery of the remarkable connection between
the exponentizl and the trigonometric functions, by all time great Mathematician, Euler. Euler was
a great experimental mathematician. He played with formulas like a child playing with toys.
Kanser and ]. Newman, in Mathematics and the Imagination, write It {his formula) appeals equally to
the mystic, the scientist, the philosopher, the mathematician. Physicist Richard Feynman wrote in his
notebook in bold scrawl, when he was fifteen: THE MOST REMARKABLE FORMULA IN MATH.

What is that formula? How did he get it? Why it is beautiful? Why is it so special? It is

e® +1=0
Let us start with the Taylor's Series:

({x)= f{x- a) @) +{(x-a)" 12t (a)+{(x-a)’ 136 (a}t..: ke a0
() =K0) + x # (0) +(/2)£*(0) + (€/3) {7 (O) + ..

Example 1 sin(x)=x~x* (34 x° 157 745 19!
Example 2 cos{x)=1-x* J24t 1428 164 5B 81

Faumple 5 'E-'l=l+!+l‘.2f1!+l]”!+1‘f4!+x!fﬁ-!:l-l.ﬁi':l':?”fhﬂ ,
Here, x is real variable. Euler boldly replaced x by immaginary number, say z = iy

& = 1+ (iy)+ Giy)? /206 (iy) 134 (i)' 143+ (ig)’ 154 (i5)" 16+ () 17!+

T~ o HFRTITEA J0TE ARl-205E-3050 ¢ 03



Replacing x by iy is like playing with meaningless symbels, but Euler bad enough i o s

formula to make it meaningful. Thus we get,

=]+ iy =y /2 - iy 34 P4 By /S - e Gy T

Here comes another bold step from Euler. And that is changing the trder of terms & S g
expression, which is not necessarily valid for an infinite series,

= (1=y* /20 + y* /41 —y* /6! +..) #ily-y'/3! +y* /5y /714 )

e = cos (y) + 1 sin(y) [from example 1,2];

and similarly ¢ = cos (y) - i sinly).

Take ¥=%, ¢® =cos (n)+isin(x)=-1

¢ ¢ 1=0, The most Beautiful formula.

Why is it beautiful?
The answer becomes vividly apparent if we look the salient features of it
(i) The formula involves three most important mathematical operations zdShum
multiplication and exponentiation.
(ii) The formula connects the five most important constants in mathematics: e, =, 1, 0 2a2
(iii) 1t includes four major branches of classical mathematics: arithmetic (through 0 =2
algebra (by i), geometry (by =), and analysis (by e).

Often we say, Simple is beautiful. If it's so, then the formula must be bezutiful If besmy
attributed to profound, something sensational, if beauty takes your imagination far ligh, thes s
5 formula of course is beautiful. Finally, if you are happy to relate beauty with wsefines and

significance, then also we must sy The formula is beautiful.

g&==3

®0 4 WHETIEA F0E #2035 e-30%0




The importance of health, fitness and wellness.
This is an excerpt from foundation of Professional Personal Training with DVD by Canfitpro.

(1} Health is the level of functional or
metabolic efficiency of a living organism. In
humans it 15 the ability of individual or
communities adapt and self-manage when facing
physical-mental or social challenges'. The World
Health Organization (WHO) defined health in
its broader sence in its 1948 constitution as ‘a
state of complete physical, mental and social
well-being and not merely the absence of discase
or infirmity”. This definition has been subject to
wntroversy in particular as lacking operational
value and because of the problem created by
use of the word “complete” other definitions
have been proposed among which a recent
definition that correlates health and personal
satisfaction,

(2) Primary Components of fitness.

The four primary components (also known
as the components of healated fitness) that are
important to improved physical health are as
follows.
® Cardiarespirafory Capacity : The capacity

includes aerobic endurance (how long) aerobic

strength (how hard) and aerobic power (how
fast).

& Muscular capacity : Refers to the spectrum of
muscular capability.

“ Flexibility : is the range of movement or
amount of motion that a joint is capable of
Performing. Each joint has a different amount
of flexibility.

* Body Composition : is the proportion of fat-

mass (muscle, bone, blood, organs and
fluids) to fat mass (adipose tissue deposited

Under the skin and around organs)

(3) Secondary Components of fitness.

The secondary components of fitness (also
known as components of performance based
fitness) are involved in all physical activity and
are necessary for daily functioning. The
secondary components include the following.
% Balance : is the ability to maintain a specific

body position in either a stationary or dynamic

(moving) situation,

& Co-ordination : is the ability to use all body
parts together to produce smooth and fluid
motion. :

o Agility : is the ability to changes direction
quickly.

# Reaction timie : 15 the fime required to respond
to a specific stimulus.

# Speed : is the ability to move rapidly. Speeds
is also known as velocity (rate of motion).

% Poiver ; is the product of strength and speed.
Power is also known as explosive strength.

&« Mental Capability : is the ability to
concentrate during exercise to improve
training effects as well as the ability to relax
and enjoy the psychological benefits of activity
{endorophins)

(4) Health and Wellness : Health is a
dynamic process becuase it is always changing,
We all have times of good health, ime so
sickness and maybe even times of serious illness.
As our lifestyles change. So does our level of
health. We strive toward an optimal state of well-
being. Physical health is only one aspect of our
overall health, The other components of health
(Greenberg, 2004, P.7) that are just as important
as physical health include the following,
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o Social health : The abili ;

people and : The “hi_ltlz.-'tu interact well with

qF' ; the environment and
sotiifuin s : : to have
% ying personal relationships,

w ental health : The ability to learn and g

intellecutaly, Life e : SRS

y. Life experiences as well as :
fﬂﬂ'l'lﬂ| S'.'I‘llﬂl.tn: {lﬂg -H:'IHH'I[.'] ¥ h bl
health. . enhance mental

# Emotional health : The ability to control
emotions so that you feel comfortable
expressing them and can express them
appropriately.

& Spiritual health : A belief in some unifying
force. It veries from person to person but has
the concept of faith at is core. If our focus 18
strictly on the physical benefits exercise, we
are doing a to our clients and we are not
fulfilling our professional obligation.

(5) Benefits of Physical Activity : As filness
professionals, we spend a great real of time
inspiring and assisting others in their pursuit of
improved health, Educations an important aspect
of this. We must promote the benefits of regular
activity and help people understand why they
should be active. Figure 1.2 will help you educate
your clients about the benefits of activity and
why each of these benefits is important to long
term health.
o Activity Guidlines : Health Canada

introduced Canada’s Physical Activity Guide
to Health Active living to help Canadians
make wise choices about physical activity.
The recommendations in the Physical Activity
Guide ara as follows.

o Endurance : On 4 to 7 days week, perform
continous activity for heart, longs and
circulatory system. Time required for
improvernents depends on effort,

& Flexibility ; On4to 7 daysa week, perform
gentle reaching, bending and strecthing to
keep muscles relaxed and joints mobile.

& Strength : On 2 to 4 days a week, Perform
ressistance exercise to strenghten muscles and
bones and improve posture.

Perform : 30 minutes or more of moderate-
intensity physicaly activity on most days of the

week for car diovascolor health, The 30 minutes

need to be comfirm .

Perfomring : 1 sct of B o 12 repetiions or
resistance training for the entire body is
necessary to maintain and develop muscular

strength and endurance,

Flexibility : training should be performed
daily, including st rethches for all majors muscle
groups in order o maintain mobility.

WHY 15 INDIA POOR?

Work is loss and grossip is more

Gilence 18 less and noise I8 more

Thinking is less and copying is noge.

Followery are less and leaders are more
Country is lesy and self is more.

Shame is less and shamelessness is more
Bravery is less and cowdarlic is more

Pity is less and curelty is more

Duties are less and rights are more.
Administration is less and administrators are more.

Production is less and population i more.
That's the reason “Why India Is Poor™.

NEW ELEMENTS IN PERIODIC TABLE

Chemistry text books as we know it, are
officially out of date, as four new elements will
soon be added to the periodic table.

Elements 113, 115, 117 and 1 18 have formally
been recognized by the International Union of
Pure and Applied Chemistry (IU PAC), the Us
pased world authority on chemistry. The
organization's announcement on december 30
means the seventh row of the periodic table 15
finally complete..

It's the first time the time table bas pech
updated since 2011, when elements 1
(Fleravium) and 116 (Livermorium) were adaed:
Devised by Russian Chmist Dimitri Mendeke”
in 1869, the table categorizes chemical ele
according to their atomic number.

“The Chemistry community i eager o t-:'-*
its most cherished table finally being c©
down to the seventh row.” Said Jan Ree
President of the Inorganic Chemistry DIV
of IUPAC in a statement,
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“IUPAC has now mitated the process of
formalizing names and symbols for these
elements temporari “ly named as (Uut or
elements 113) Ununpentium and (.... or elements
118) Ununoctium,”

A Russan-American team at the joint Institute
for Nuclear Research in Dubna, Qak Ridge
Mational Laboratory in Tennessee and Lawrence
Livermore, National Laboratory in California
discovered elements 115, 117 and 118 while
Japanese researchers were credited for
discovering element 113.

All four elements are not elements found in
nature and were synthetically created in
laboratories. Until now, these elements had
temporanly named and symbols on the periodic
table as their existence was hard to prove, Since
they decay extreme quickly Scientists found it
difficult to reproduce them more than once.

Japanese researchers said their search for
element 113 began by bombarding a thin layer
of bismuth with zincions travelling at about 1%
the speed of light. By doing so, they would
theoretically fuse, forming an atom of element
113.

With the discover process is now over,
researchers have another tricky task at hand
coming up with permanent names and symbols
for the elements.

According to the IUPAC, new elements can
be named after a mythological concepts, a
mineral, a place or country, a property or a
scientists.

After the proposed names are submitted they
will be open for public review for five months
before the organization makes a final decision.

Source : CNN

KNO

Potassium nitrate.
Don't hate,

It's great.

It can act as an
Oxidizer.

It has a crystalline

Structure.

3

It's a key ingredient
in gun powder.
K=N'Q = Three!
Don’t give no grief.
It can be used to
make comn beef,

It's also known as
Salt peter.

Some accidental inventions and funny
stories behind them

{1} Anesthesia.

Inventor : Horace Wells

Year : 1844

What happened : In its salad days nitrous
oxide was strictly a party toy. Since it made
people howl like hyena. But a friend of him took
too much of the stuff at a laughing gas stage
show and gashed his leg.

Big Discovery : The friend hadn’t realized
he'd hurt himself.

As a result : Nitrous Oxide became an early
form of anesthesia,

(2) Saccharin.

Inventors : Constantin Fahlberg and Ira
Remsen,

Year : 1879

What happened : After spending the day
studying coal tar derivatives, Fahlberg left his
Johns Hopkins laboratory and went to dinner.

Big discovery : Something he ate tasted
particularly sweet, which he traced to a chemical
compound he'd spilled on his hand. Best of all,
it tumed out to be calorie free.

As a result : He cut Remsen and the
university out of millions of dollars when he
secretly patented the break through discovery

Saccharin,

(3) The microwave

Inventor : Percy Spencer.

Year : 1946

What happened : With the end of the World
War 1I, the Raytheon engineer was looking for

other uses for the magnetron, which generated
the microwaves for radar system. While Spencer
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was standing next to the device one day a
chocolate bar in his pocket melted.

Big discovery : The magnetron worked even
better on pop corn.

As a result : Spencer became very rich,

{4) Viagra

Inventors : Scientists at Pfizer.

Year : 1992

What happened : A wel she hamlet was
ground zero for a test on a pill to fight angima.
Unfortunately for the afficated, it had little
success against the diseare.

Big discovery : Though it didn't work, the
men taking part in the study refused to give up.

As a result : The scientists switch gears and
marketed the drug viagra for a very different

purpose.
(5) Bandy

[npentor : A dutch shipmaster.

Year : 16th century.
What happened : He used heat to concentrate

wine in order to make it casier to bransport, with
the idea of adding water to reconstitute it when
he arrived.

Big discovery : Concentrated wine is better
than watered down wine.

As a result : ‘Burnt Wing® or ‘brandewijn’ in
dutch became a big hit, call it brandy, since after
a few drinks of the stuff; there is no way you
Can pronounce brandewijn, S0 a bartender can
understand what you are ordering.

{(6) Chewing Gum

Inventor : Thomas Adams

Year : 1870

What happened : He was experimenting with
chickle, the sap from a south american free asa
substitute for rubber. After mounting failures,
he dejected inventors popped a piece into his
mouth.

Big discovery : He liked it.

As a result : Adams New York number one
became the first mass produced chewing gum
in the world.

Ee—=3
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The Nobel Prize

Prof. Dr. Tapan Kumar Maitra
(Department of Botany)

—

On 10 December each year, the king of Sweden awards the i
concert Hall. The date i.E.IhE =1nni1u:rﬂarg-_\~r of Alfred Nobel's dﬂﬂh?ﬂ:ﬂrdps?:: a't-.::! Mm
physics, ;hheﬁm me;::;.mnegnd physiology, literature, economics, and peace, [ngl:im ::Thu:{:r};rlg
was wo AR, although an award sometimes goes to bwo or t 1o : rosk
et of e Mool Pibe s 3 i

Winners of the No rze are ¢ according to the will of A Swedish
mwentor and industrialist, who held over three hnugndred patents wﬁ hriudh;el::lai: i;::gt th
of sixty-three. Nobel developed a detonator and processes for detonation of nitrogl b
substance invented by ltalian chemist Ascanio Sobrero in 1847, In the form. Nobel devem:h:
aplosive was patented as dynamite. Nobel also invented several other forms of explosives. He
was a benefactor of Sobrero, hiring him as a consultant and paying his wife a pension after Sobrero
died.

Nobel believed that dynamite would be so destructive that it would serve as a deterrent to war
Later, realizing that this would not come to pass, he instructed that his fortune be invested a.m:i
the interest used to fund the awards. The first prizes were awarded in 1901. Each award consists
of a diploma, medal, and check.

American, Bntish, German, French, and Swedish citizens have earned the most prizes (table 1).
Table 2 features some highlights of Nobel laureate achievements in genetics.

The Nobel Medal. The medal is half a pound of 23-karat gold, measures about 21/, inches
across, and has Nobel’s face and the dates of his birth and death on the front. The diplomas that
accompany the awards are individually designed,

Table 1 Distribution of Nobel Awards to the Top Five Recipient Nations (Including 2000 Winners)

e

Medicine
Physics | Chemistry and Peace | Literature | Economics | Total
Physiology
United States vrd 46 e 20 9 20 270
Britain 20 24 25 g # 5 91
Cermany 15 27 15 4 b 1 71
T
--FET" 12 7 7 8 12 1 47
Swdy
| Swedun 4 4 7 5 7 2 249




Table 2 Some Nobel Laureates in Genetics (Medicine and Physiology: Chemistry)

Name Year | Nationality |Cited for ]
Thomas Hunt Morgan | 1933 USA Discovery of how chromo somes govern heaj"l
Hermann |. Muller 1946 LUSA X-ray inducement of mutations _ =]
George W Beadle 1948 USA_ [Genelic regulation oi biosyn thetic pathways |
Edward L. Tatum 1958 USA
Joshua Lederberg 1958 USA Bacterial genetics :

Severo Ochoa 1959 USA Discovery of enzymes thatsyn thesize nucleic acids
Arthur Kormberg 1959 USA |
e 19| British__|Discovery of the structure of DIVA
James D. Watson 1962 USA
Maurice Wilkins 1962 British ‘
Francois Jacob 1965 France Regulation of enzyme biosyn thesis
Andre Lwoff 1965 France
Jaeques Monod 1965 France
Peyton Eous 1966 USA Tumor viruses
Robert W Holley 1968 USA Unraveling of the genetic code
H. Gobind Khorana | 1968 LISA
Marshall W Nirenberg | 1968 USA
MaxDelbruck 1964 USA Viral genetics
Alfred Hershey 1969 USA
Salvador Luria 1969 USA
Renato Dulbecco 1975 USA Tumor viruses
Howard Temin 1975 USA Discovery of reverse transcriptase :
David Baltimore 1975 USA |
Wemer Arber - 1978 Swiss Discovery and use of restriction endonucleases
Hamilton Smith 1978 USA .
Daniel Nathans 1978 USA =
Walter Gilbert 1980 USA Techniques of sequencing DNA _
Frederick Sanger 1980 British e
Paul Berg 1980 USA Pioneer work in recombinant DNA ol
Baruj Benacerraf 1980 USA Genetics of immune reactions o
Jean Dausset 1980 France ——
Seorge Snell 1980 USA 2
Aaron Klug 1982 British Crystallographic work on protein-nucleic acid
Barba . complexes e
Cosar 1 m]"-l'[.l: Clintock | 1983 L{SA Transposable genetic elements -
[Georges Kosni—— 1984 |  British Immunogenetics Argentine el
Niels K_ jerne iﬁ ety —
Susumu Tonegawa 965 British/Danish { e
Japanese | Antibody diversity —
bl i
& SIFICA T A0 ¢-3058 e !l"”l




Name Year | Nationality| Cited for
7 Vichael Bishop 1989 USA Proto-oncogenes
Harold E. Varmus 1989 USA
Thomas R. Cech 1989 USA Enzymatic properties of RNA
'SJH?-rh-EF_ Altaian 19849 Canada
ﬂuuis_ 1993 USA Polymerase chain reaction
Michael Smith 1943 Canada Site-directed mutagencsis
Richard Roberts 1993 British Discovery of intervening sequences in RNA
Phillip Sharp 1993 USA
T B.Lewis 1995 UsaA Genes control development
Christiane Nusslein- | 1995 German
Volhard
Eric Wieschaus 1995 USA
Stanley B. Prusiner 1997 USA Discovery of prions
Gunter Blobel 1999 | German | Signal recognition during protein synthesis.

Wmﬂﬁ'ﬂ

-305¢-30%b # &7



Bioenergatics
Dr. Tapan Kumar Maitra

(Department of Botany)
—

The principles that govern energy flow are
incorporated in an area of science that the
physical chemist calls thermodynamics.
Although the prefix thermo- suggests that the
term is limited to heat {and that is indeed its
historical origin), thermodynamics also takes into
account other forms of energy and processes that
convert energy from one form to another.
Specifically, thermodynamics concerns the laws
governing the energy transactions that inevitably
accompany most physical processes and all
chemical reactions. Bioenergetics, in turi |, can
be thought of as applied thermodynamics—that 1s,
it concerns the application of thermodynamic
principles to reactions and processes in the
biological world.

To Understand Energy How, We Need o
Understand Systems, Heat, and Work

It is useful to define energy nol simply as the
ability to do work but specifically as the ability
to cause change. Without energy, all processes
would be at a standstill, including those that we
associate with living cells.

Energy exists in a variety of forms, many of
them of interest to biclogists, Think, for example,
of the energy represented by a ray of sunlight,
a teaspoon of sugar, a moving flagellum, an
excited electron, or the concentration of ions or
small molecules within a cell or an organelle.
These phenomena are diverse, but they are all

governed by certain, basic principles of energetics,

Energy is distributed throughout the universe
and for some purposes it is necessary to consider
the total energy of the universe, at least in &
theoretical way. Usually, however, we are
interested not in the whole universe but only in
a small portion of it. We might, for example, be
concerned with a reaction or process occurring
in a beaker of chemicals, in a cell, or in a block
of metal. By convention, the restricted portion

b § TTHCAIEA ST AfGHl-103¢-2058

of the universe that one wishes to consider a4
the moment is called the system, and all the rpg
of the universe is referred to as the
surroundings. Sometimes the system has g
natural boundary, such as a glass beaker or 3
cell membrane. In other cases, the bou
between the system and its surroundings is a
hypothetical one used only for convenience of
discussion, such as the imaginary boundary
around one mole of gluEDHE molecules in 3
solution,

Open and Closed Systems. A system is that
pertion of the universe under consideration. The rest
of the universe is called the surroundings of the
system, (a) An open system can exchange emergy
with its surroundings, whereas (b) a closed system,
canniot, The open system can use incoming energy fo
increase its orderliness, thereby decreasing its entropy,
The closed system’ tends toward equilibrium and
increases its entropy. All living organisms are open
systems, exchanging energy freely with their
surroundings.

Systems can be either open or closed,
depending on whether or not they can exchange
energy with their surroundings. A closed syslem
is sealed from its environment and can neither
take in nor release energy in any form. An opes
system, on the other hand, can have energy
added to it or removed rom it. As we will see
later, the levels of organization that biological
systems routinely display are possible only
because cells and organisms are open systems,
capable of both the uptake and the release of
energy. Specifically, biological systems require
a constant, large-scale influx of energy from their
surroundings both to attain and to maintain the
levels of complexity that are characteristic of
them. That is why plants need sunlight and yo¥
need food.
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W henever we talk about a system, we have
to be carcful to specify the state of the system.
A system is said to be in a specific state if each
of its variable.propertics (such as temperature,
pressure, and volume) is held constant at a
specified value, In such a situation, the total
encrgy content of the system, while not directly
measurable, has some unique value, If such a
system then changes from one state to another
a8 a result of some interaction between the
system and its surroundings, the change in its
total energy is determined uniquely by the initial
and final states of the system and is not affected
at all by the mechanism by which the change
pccurs or the intermediate states through which
the system may pass. This is a very useful
property because it allows energy changes to be
determined from a knowledge of the initial and
final states only.

The problem of keeping track of system

variables and their effect on energy changes can
be simplified if one or more of the variables are
held constant. Fortunately, this is the case with
most biological reactions, because they usually
occur in dilute solutions within cells that are at
approximately the same temperature and
pressure during the entire course of the reaction.
These environmental conditions, as well as the
cell volume, are generally slow to change
compared with the speed of biological reactions.
This means that three of the most important
system variables that physical chemists usually
concern themselves with-temperature, pressure,
and volume-are essentially constant for most
biological reactions,

The exchange of energy between a system
and its surroundings occurs in two ways: as heat
and as work. Heat is energy transfer from one
place to another as a result of a temperature

difference between the two places. Spontancous.

transfer always occurs from the hotter place to
the colder place. Heat is an exceedingly useful
form of energy for many machines and other
devices designed to accomplish mechanical
-work. However, it has only limited biclogical
 utility because most biological systems operate
~under conditions of either fixed or only
! minimally wvariable temperature. Such

'i'.-t-_'nthurmat':-;},rﬁtl:-ms lack the temperature
gradients required to convert heat into other
forms of energy. As a result, heat is ;not a useful
source of energy for cells—although it can be
used for such purposes as maintaining body
temperature or attracting pollinators, as we
noted ecarlier,

In biclogical systems, work is the use of
cnergy to drive any process other than heat flow.
For example, work is performed when the
muscles in your arm expend chemical energy o
lift this book, when a com leaf uses light energy
to synthesize sugar, or when an electric eel draws
on the ion concentration gradients of its
electroplax tissue to deliver a shock. It is the
amount of useful energy available to do cellular
work that we will be primarily interested in
when we begin calculating energy changes
associated with specific reactions that cells carry
oulk.

To quantify energy changes during chemical
reactions or physical processes, we need units
in which energy can be expressed. In biological
chemistry, energy changes are usually expressed
in terms of the calorie (cal), which is defined as
the amount of energy required to warm 1 gram
of water 1 degree centigrade (specifically, from
14.5°C to 15.5°C) at a pressure of 1 atmosphere.
(Again, note that the unit of energy
measurement, like the very  term
thermodynamics, is based on heat but is applied
generally to all forms of energy.) An alternative
energy unit, the joule (J), is preferred by
physicists and is used in some biochemistry texts,
Conversion is easy: 1 cal = 4.184 ], or 1] = 0239
cal.

Energy changes are often measured on a per-
mole basis, and the most common form in which
we will encounter energy units in biological
chemistry will be as calories (or sometimes
kilocalories) per mole (cal /mol or keal /mol). (Be
careful to distinguish between the calorie as
defined here and the nutritional Calorie that is
often used to express the eneney content of foods,
The nutritional Calorie is represented with a
capital C and is really a kilocalorie as defined

here.)
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New Members of the Animal Kingdom : A brief insight

Dr. Pallab Ray
(Assistant Professor in Zoology, Ananda Mohan College)

About 8.7 million plants, animals, fungi and
single-celled organisms are thought to exist on
Earth, although estimates range from 3 million
to 100 million (1), Around 1.7 million species
have alrcady been classified, but the majority of
life on Earth still undescribed or undiscovered
(2). It is likely to be tiny, such as bacteria and
insects, and may inhabit poorly explored areas
such as the deep ocean and sail (1, 2). However,
larger animals, such as rodents, snakes,
salamanders, and even primates, are still being
found (2, 3). Between 1999 and 2010, a
overwhelming 615 new species were discovered
on the island of Madagascar alone, including 6%
amphibians, 61 reptiles and 41 mammals (4).

0 What is a ‘new species’?

A newly discovered species may be a species
that is completely new to science, or one which
has previously been described but is
subsequently found to be made up of two or
more separate species, To be certain that a
discovery is an entirely new species, scientists
collect a specimen and compare its characteristics
to those of existing species to determine whether
or not the specimen is sufficiently different from
any other species already described. Extensive
review and analysis through checking scientific
literature and consulting other experts is also
needed before a species can confidently be
assigned a scientific name (2). Morphological,
behavioural and genetic characteristics are used
te identify a species. Scientists analyse key
morphological features, for example the shape
of the bones or the reproductive organs. Sound

or video recordings of a species in the wild may
also be used to document behavioural traits, for
example specific vocalisations or courtship
displays (2).

The analysis of molecular and genetic
characteristics, such as chromosome shape or the
sequence of a particular segment of DNA, isalso
an important tool in discovering new species.
Genetic bartoding is a process wherchy scientists
compare a key fragment of DNA from a
specimen against the DNA of thousands of other
species, and this technique is becoming a vital
tool in identifying both new and existing species
(2.

Oince an organism is confirmed as a new and
unique species, it has to be formally described
in a recognised scientific publication and
assigned a scientific name (2).

0 Who searches for new species?

Discovering new species involves
collaboration between scientists, natural history
museums, government and non-government
organizations, and many other institutions (2).
Naming a species new to science requires the
expertise of scientists specializing in specific

taxonomic groups, such as birds, mammals or

insects, Experts in taxonomy are able to confirm
a species as unique (2). Expeditions involving
teams of scientists aim to uncover and

the wildlife present in given regions. These
missions generally target countries with
relatively unexplored and remote areas such &
humid tropical mountains and limestone caves
(2). Examples like “The Search for Lost Frogs’
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! s launched in 2010. This campaign saw
which W king in 21 countries
26 ,-gscarr:hers_w{‘f B l. £

gmenting species of frog not scen in over a
jocade. As well as recl_lscnvunng a number of

ies presumed extinct, these expeditions
: nd several potentially new species, including
{ peaked toad (Rhinella sp. nov.) from Colombia
&)

a How the new spedes are recorded?

Seientists lead expeditions to some of the
most remote corners of Earth, working deep in
e world’'s mountains, savannas, rainforests,
dvers and oceans to discover new species. Many
species are elusive and difficult to get to, and so
scientists have to extensively search likely
habitats (2). In order to collect a specimen, traps,
such as pitfall traps on the forest floor, may be
used. Remote camera traps are used to document
shy and elusive species such as rodents. Canopy
fogging, where a tree canopy is fumigated with
a chemical compound that knocks out all
invertebrates, enables entomologists to survey
many groups of'organisms at once (2). Sound
tan be an important tool in pinpointing
potentially new species. Using special software,
scientists are able to analyse sounds recorded”
in a specific habitat, and identify vocalisations
that are different to all known animal songs and
calls (2). Many new species are discovered in
the field, but many more are discovered in
museum and herbaria collections (6). Around
three billion specimens are held in collections
around the world, and these include some
unique species waiting to be identified. The
Natural History Museum in London has
launched a mission o map 10 million species in
50 years by using expertise from a wide range
of fields, sharing worldwide collections, raising
public awareness and using new technology.

0 Why should we find new species?

Some of the most threatened species are well
documented and help drive interest in
conservation. Many undiscovered species may
have already gone extinct before being identified.
Giving a species a name is the first step towards

Fmtecting it from extinction, as once it is
identified, efforts to monitor and conserve the
Species can be put in place (2). Understanding
the span of biodiversity will help fill in
evolutionary gaps and start to explain the life
histories of species oh Earth. Each organism fills
a niche position within an ecosystern, and
performs services such as flowering plant
pollination, nutrient recycling and carbon
absorption (2). Understanding threatened
ecosystems and the species they contain will
enable more comprehensive conservation
strategies to be implemented (7). There is also
an economic benefit to discovering new species,
as each new organism may prove a valuable
source of new medicines or food crops, or inspire
new technology. 5o looking for new species is
actually a step towards protecting the global
biodiversity.

Interesting discovenies from past few years
are given here-

# Discovered in 2001 : Chestnut eared
Laughingthrush (Garrulax komkakinhensis) -

Garrulax konkakinhensis is known only from
Mount Kon Ka Kinh, one of the highest peaks in
the Central Highlands of Vietnam (which is also
the origin of the species’ scientific name), The
three specimens for study were collected
between 1,600 and 1,700 m in the undergrowth
of primary upper montane evergreen forest. This
species measures 22 cm (8.7 in). This
laughingthrush has boldly and irregularly
barred black and white upperparts, a
black-streaked grey forchead, chestnut car
coverts, and a white-tipped tail with a broad
black sub-terminal band.

# Discovered in 2002 : The bone-cating snot-
flower worm (Osedax miucoflors) -

Until a few years ago, “zombie worms™ were
thought to only exist deep in the ocean. 50
scientists were astonished when they discovered
a new one in just 120 m of water off the Swedish
coast. Osedax mucofloris were discovered In
2002, on the bones of a decaying grey whale in
Monterey Bay, California. Osedax is a genus of
worms related to earthworms and leeches. They

e
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live in and eat whale and fish bones. Females
can grow to 2 cm, with colourful feathery plumes
that act as gills, and root-like structures that bury
into and dissolve bones to get at the fats and
proteins they use as nutrients. Males are much
smaller, live attached to the females, and are
basically sperm banks.

# Discovered in 2003 : Kipuniji (Runguecebus
kipunji) -

Discovered in 2003 & 2004 by two
independent research teams, the kipunji became
Africa’s first new monkey discovery in 20 years
(since the sun-tailed monkey in 1984).

The kipuniji's loud, distinctive "honk-bark’ call
15 one of the features that established this primate
as a distinct species. Adult male kipunji have
been observed at an average length of 85 to 90
cm and are estimated to weigh between 10 to 16
kg. Initially thought to be a species of mangabey,
the kipunji has since been found to be more
closely related to baboons, Scientists have
assigned it to a new genus, Rungwecebus,
named after Mount Rungwe, where it is found,
The kipunji is endemic to southermn Tanzania,
and is at risk from logging, charcoal-making,
hunting and unmanaged resource extraction.

# Discovered in 2004 : Dragonfly ( Plabycypha
elisena) -

The dragonfly, Platycypha eliseva, discovered
in 2004, has a unique combination of colors
which differentiate it from other species;
specifically the yellow tipped abdomen and the
red and white tibiae. The species was found on
three clear sandy streams within 5 km of the
Congo River. The species may be localized:
despite being conspicuous, it is absent from the
substantial collections from surrounding areas.
Dragonflies are good indicators of water quality
since they need clean water, aquatic nymphs feed
on other insects and aquatic organisms
(predators), and adulls are also predatory and
thus help to regulate insect populations
including mosquitoes. Many dragonfly larvae are
voracious predators on mosquito larvae and
have been used in human-health programs to

control disease-carrying mosquitoes.

% Discovered in 2005 : The “Yeti” Crab (King
hirsule) -

Often mistakenly referred to as the “furry
lobster” the "Yeti crab®, or Kiwa Birsute, is named
so for its silky blonde hair-like thingies growing
on the crustaceans claws. Although it definifef
looks awful, the “Yeti” crab might possibly be
onc of the more complex crustaceans we've pyer
might actually farm certain types or bacteria
on its hairy pincers and then either use them
detoxify dangerous minerals from the deep-sea
waters it inhabits, or cat them.

#w Discovered in 2006 : Chewer Squid
(Promacholenthis slognr) -

This previously unknown squid was collected
from the northern Mid-Atlantic Ridge, a chain
of undersca mountains halfway between Europe
and North America. The species, called
Promachoteuthis sloani, was caught along with
around 50 other types of squid during trawls as
deep as 1.2 miles (3 kilometers) by a Census of
Marine Life team. The new species has unusually
small, semi-opaque eyes and large numbers of
suckers on its arms. The shape of its beak
suggests the squid is 2 powerful chewer. While
soft-bodied squid are often damaged during
deep-sea trawls, their hard mouthparts are
unique to each species and so can be used to
help identify different species.

% Discovered in 2007 : Lesula (Cercopithecus
lemantiensis) -

The lesula (Cercopithecus lomamiensis) is a
species of Old World monkey in the Guenon
family, found in the Lomami Basin of the Congo.
Though known to locals, it was unknown to the
international scientific community until it was
discovered in 2007 . This monkey is described
to have human looking eyes and a blue bottom
and adult males have a huge bare patch of skin
in the buttocks, testicles and perianal area.

# Discovered in 2008 : Swirling Snail
(Opisthostoma vermiculum) -

The shell of the fantastic Opisthostoma
vermiculum snail looks rather more like an
elaborate musical instrument than a product of
Darwinian evolution. Although most snails
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gither under a spiral shell that wraps lightly
yound a single axis as It grows, this new species
di govered in Malaysia, boasts four separate
sxes—making it the most convoluted snail
ynown. This member of the Diplommatinidae
mily is endemic to Malaysia, The snail shell is
1.5 millimetres (0059 in) high and 0.9 millimetres
(0,035 in) wide and were found on a limestone
karst formation where conditions are damp, but
he snails that inhabit them have yet to be
shserved.

# Discovered in 2009 : The killer sponge
{Chondrocladia turbiformis) -

Most sea sponges are similar to their
namesakes — happy to survive on bits of plant
matter and bacteria that filter their way, In the
dark depths of the sea, however, some sponges
eat meat. A newly discovered carnivorous
sponge, Chondrocladia (Meliidernia) turbiformis, is
noteworthy in this regard. This sponge from a
scamount off New Zealand has a unique spicule
that spurred its discoverers to coin the new term
“trochirhabid.” Similar structures are known
only from Early Jurassic fossils, roughly 175
million to 200 million years ago. Body irregular
in shape, covered with long, irregular thick
expansions at the surface, up to 8 mm long. Stalk
curved in most specimens, smooth, with some
irregular swellings. Color clear brown, more
translucent in the stalk. Numerous whitish oval

bodies, probably embryos found in the body of
most specimens.

# Discovered in 2010 : The "Matilda™ Viper
(Athens matildae) -

Matilda's Horned Viper (Athens matildae) is
one the few new snakes discovered in Africa
(Tanzania in this case) in the last 30 years. It
was discovered in the Southern Highlands of
Tanzania during a 2010—2011 biological survey.
The yellow-green-black slithering bastard with
two homs protruding *  from its head can
grow up to 65 centimeters or bigger, and is
believed to be venomous, Scientists do claim that
the snake is very calm and not at all aggressive.
I's been named after a 7-year-old girl named
Matilda, the daughter of one of the researchers
Who discovered the snake.

BT

# Discovered in 2011 ; The “Stabbing” Shark
(Pristiophorus nancyae) —

A combination of both shark and saw and
yet sawsharks are a thing that actually exists.
In 2011, the African Dwarf Sawshark
(Pristiophorits nancyae) was accidentally captured
in a 16(0-foot-deep trawling net off the coast of
Mozambique, bringing the total number of
sawshark species worldwide to seven. The
African dwarf sawshark has a long “saw” like
snout, or rostrum. The rostrum is edged with
pointy teeth that are used for both hunting and
defence.This species is noted for its general
clongated and slender form and a rostrum
roughly 1,/3 of its total length. It usually hunts
by blindly charging into schools of fish, stabbing
a few at random with its sword nose, and then
returning to feast on the casualties.

# Discovered in 2012 : The “Micro”
Chameleon (Brookesia nricra) -

The Little Reptile That Could stand up there
in the picture is a species of chameleon named
Brookesia micra, and it was discovered on the
island of Madagascar in 2012. It is currently the
smallest known chameleon in the world -
measuring at just 0.63 inches without the tail,
small enough to stand comfortably atop ofa
match head. Its small size is probably due to
insular dwarfism, i.e. what happens when an
animal reproduces in an environment with
limited food or a large number of predators.

w Discovered in 2013 : Olinguito (Bassaricyon
nebling) —

The olinguito (oh-lin-ghee-toe), scientific
name -Bassaricyon nebling, looks like a cross
between a house cat and a teddy bear. It is
actually the latest  scientifically documented
member of the family Procyonidae, which it
shares with raccoons, coatis, kinkajous and
olingos. The 35¢cm-long and 2-pound olinguito,
with its large eyes and woolly orange-brown fur,
is native to the cloud forests of Colombia and
Ecuador, as its scientific name, “neblina”
(Spanish for “fog™), hints. In addition to being
the latest described member of its family, another
distinction the olinguito holds is that it is the
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newest species in the order Carnivora—an
incredibly rare discovery in the 21st century.

# Discovered in 2014 : Ankarafa Skeleton
frog (Boophis ankarafensis)-

The skeleton frog was described in the
summer of 2014, The frogs are  called “skeleton’
because of their semi-transparent skins.
Sometimes all it takes is fewer clicks. Scientists
have discovered a new species of frog from
Madagascar that stuck out in part because it
“clicked” less during calls than similar species,
Adult males measure 23-24 mm (091094
in) and female (one specimen) 29 mm (1.1
in) in snout-vent length. The body is slender,
with the head much wider than the body.
Unfortunately the scientists believe the new
species— dubbed the Ankarafa skeleton frog
(Boophis ankarafensis)—is regulated to a single
patch of forest, which, despite protected status,
remains hugely threatened. All individuals were
detected from the banks of two streams in
Ankarafa Forest.

# Discovered in 2015 : Crop Circle Fish
(Torquigener albomaculosus) -

The discovery of Torguigener albomaculosus
helped scientists solve a mystery 20 years in
the making. Intricate, circular geometric designs
as large as 6 feet in diameter were dubbed ‘crop
circles of the sea” by the scientific community
when they were discovered off the coast of Japan.
As it turns out, male T. albomaculosus are
responsible for the designs. They are spawning
nests, formed by the males to attract females,
The ridges and grooves in the design prevent

ocean currents from disturbing the fertilizeg |
CEES.

End nofe :

The discovery of new species each year
cannot suppress the bleak picture of current
biodiversity threat. Yet it gives some degree of
assurance that life will always find a way to
thrive against all odds.
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Cryptography—An Application of Number

Tanusree Dutta

Theory

(Department of Mathematics)
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. In this paper we give a brief idea of
Iﬂrpmgraph}r without going the details of the
inherent mathematics and showed how the
number theory especially the prime numbers
| plays a vital role in the security system of
aryptography. Also in course of our discussion
our intention 15 to highlight some unsolved
problems of number theory.

A Introduction :

Cryptography originated from the Greek
word cryptos which means * secret hidden®”, The
subject cryptography mainly deals with the art
of disguising a message so that only its legitimate
recipient can understand it. The subject was
developed in the latter part of nineteenth
century. The entire process consist of two parts:
initially the message is disguised, this is called
the encryption and the encrypted message is

n as cryptogram and after transmitted in
the channel the legitimate recipient received the
coded message and he must have a tool to
decode the cryptogram to the original message.
:‘“ﬁiﬂ called decryption. The entire subject stops

" “ne question that how the coded message is
% Or alternatively what is the art of breaking
il 2nd the people used to do such jobs are
nbe: Typto-analysts. Of course to “break” a
'5 to find a way to decrypt it when one
““F:mld the decoding tools: that is what
Pers have to do. Cryptoananlysis has
:ﬂmﬁ besides breaking ciphers and one of

cations is o t of ancient

L

A Mumber Theory:

Let us now discuss few facts about number
theory specially, prime numbers which is the
sole constituent of the entire security system of
the cryptography. The numbers or natural
numbers like 1,2,3,.... are the abstract
mathematical objects and are most fundamental
not only to our everyday life but also to
practically all mathematics - so0 much that one
of the most famous mathematician of nincteenth
century Leopold Kronecker made an comment
“ God created the natural numbers and all the
rest is the work of man.”

Various properties applied to natural
numbers splitting them into two classes. One
property is that of being even which splits<it
into the class of those that are even (2, 4, 6, 8, ..)
and that are not (1, 3, 5, 7, ...). Other property is
the divisibility of a natural number by an
number say 3. Then 3, 6, 9, 12 that are divisible
by 3 while 1, 2, 4, 5,7 are not. The even - odd
division is quict natural but divisible by 3 is not
s0 natural and not of great interest. One more
division is based on whether a number is perfect
square or not, like 14,9, 16,25 arc perfect squares,
But the most important way of dividing up the
natural number into those that are prime and
those that are not,

A number is said to be a prime number if the
only number that divide it are 1 and the number
itself. :

Thus 2, 3, 5, 7, 11, 13, 17, 19 are prime
numbers while 1, 4, 6, 8, 9, 10 etc are not prime.
The number that are not prime are said to be
composite. The first natural number 1 is a special
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number which is by convention neither prime
nar composite, The Greek mathematician Fuclid
proved in his famous book “Elements” that every
natural number preater than 1 is either a prime
or else can be expressed as a product of primes
in a way that is unique except for the order in
which the primes are arranged. Thus 75, 900 is
a composite number and its prime factors are
75,9M=2x2x3x5x5x11x23

This theorem tells us that prime numbers are
the basic building block from which all natural
numbers are constructed. This prime
factorization of a number is of fundamental
importance in cryptography which we will
discuss later. But for now what about the prime
number themselves?

The most basic question one may ask is how
common the prime numbers are? Is there a
biggest prime or the primes go forever, getting
larger and larger. Now if we try to locate the
prime numbers in a range of ten numbers
starting from 2 then between 2 and 11 there are
five namely 2, 3, 5, 7,11 exactly half of the
collection, then in the next ten between 12 to 21
there are three (13,17,1%) i.e., in.a proportion of
0.3, in the next ten again the proportion is 0.3
but for the next two groups of ten the proportion
falls to 0.2. So the primes seems to “thin out”
further if one go along the sequence of natural
numbers. But do they'peter out altogether. The
answer is no. This was also demonstrated by
Euclid.

Interestingly the biggest prime so far invented
in the world was in September 2008 and the
number 15 a giant that requires more than 13
million digits to write out in standard decimal
format and printing out the entire number in a
book would require about B00 pages or in a line
about 30 miles long. In exponent notation the
number has a more manageable from:

g BHLER _]

Do you have any idea about the value of this
number or the power of an exponent. Consider
an ordinary 8x8 chess board and placing piles
of counters 2 mm thick on the square according
to the following rule. Number the square from
1 to 64. on the first square place 2 counters, on
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the second square place 4 counters; on the third
square place & counters and so on ie, on e
square placing exactly twice as many counters
as on the previous one, So on the #* sguare we
have a pile of 2 counters. In particular on the
last square of the chess board we have a pile of
2% counters. How high you think the pile will
be? One meter or one kilometer? Surely not!
Well, believe it or not, the pile of counters will
stretch out beyond the moon (mere 400,000 kms
away) and even if beyond the sun (150 million
kms away) and-will in fact reach almost 1o the
nearer star, Proxima Centurai some 4 light years
away from the earth, in decimal format

2% = 18446, 744, 073,709, 551, K16

S0 much for 2% then what about 2911269 ghay
appears in the record prime expression. How
you handle, number of this size.

Numbers that can be obtained by raising 2 to
a power and then subtracting 1 are called
Mersenne numbers and prime numbers of these
particular forms are called Mersenne primes,
Record prime numbers are in general Mersenne
prime as because of the rapid growth of the
function 2° and there is a efficient and fairly
simple way to check whether a Mersenne
number is prime or not.

Still to check the primality of a large number
of Mersenne type we have to use super
computers which are capable of performing
several billion arithmetic calculation in a second.
Amazingly, most of the record primes
discovered in recent years have been found using
super computer searches that have run for
several months. There is a team of
mathematicians called GIMPS (Great Internet
Mersenne Search) who are in continuous search
for larger primes. Most of the researches are
carried out at Cary Rescarch and Manufacturing
Center in Chippewa Falls, Wisconsin, US by
using the latest super computer Cray T - 94.

Now one question may arise. Why do people
crazy about searching primes or why do
manufacturers of highly expensive super
computers devote hours of computer time trying
to find large prime numbers? What is so special
about the prime numbers? The answer will be
clear in our subsequent discussion.
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we have already mentioned that Euclid has

» some discussion on the basic propertics of
ymber theory in his famous book “Elements”
gt this crops up several questions on the mind
| of mathematicians from time to time which

gmply enhance the beauty of the subject and
' jhe ever legendary mathematicians as well as
child prodigy Karl Friedrich Gauss termed the
pumber theory as the “queen of mathematics”,
apart from Gauss significant contribution to

hysics and astronomy, at the age of 24 he
published 2 book “Disquisitions Arithmeticae”™
in 1801 where he made some fundamental
remarks on Euclid’s work and his works forms
the basis of present day number theory,

We now list up few of the® problems of
number theory and after reading you try to guess
which one the most difficult to solve. You will
probably surprise when we discuss the faith of
this problem afterwards,

(i) If pisa prime no, does p always divide
r-1_ 17
Is there a prime p such that p* divides ¢
-1 17
Is each even integer greater then 2 a sum
of two primes?
Are there two consecutive integers apart
from 8 and 9 which are powers of
integers?
Can every odd prime number be written
as a sum of two squares of integers?
Are there infinitely many pairs of prime
number of the form p, p+2? (vii) Arc
there infinitely many prime numbcers p
for which 2¢ -1 is also a prime?

Question (i) and (ji) are very similar and even
if one may think that (i) is casy to solve as it
requires only a single prime which satisfies this
Properties but to prove (i) it should be proved
for all prime numbers, Interestingly (1) is true
and it way ed by Fermat in seventeenth
wentury while (i) is still an open problenm.

The third problem is very famous and is
known as Goldbach conjecture and though it has

around for more then 200 years but no one
yet manage to prove it

Question (iv) is known as Catalan’s conjecture
and is also an open Pﬂ'-lbli‘l'ﬂa
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(i)
(iii)
(iv)

v)
(vi)

The answer 1o question (v) 18 no. Permal
shows that if an odd prime p leaves remainder
3 when it is divided by 4 then it is not possible
but if the remainder is 1 then the guestion has
an affirmative answer.

Problem (vi) is famous twin-prime conjecture
and it is not known whether the statement is
true or false.

Finally the last question is alse an open
problem. We have already mentioned thal
numbers of the from 29 <1 are called Merssene
number after the name of French monk Marin
Merssene. In 1644 in the preface of his book
“Copitata Physica Mathematicae” Merssens
claimed that number of the from 2" <1 are prime
forn=22375 7 13 17, 19 31, 67,127 and 257
and composite for all other n less than 257, He
never mentioned how he got this result and after
long time only in 1947 when desktop caleulafirs
became available it was finally possible to check
hig claim, It was found that he had made only
five mistakes M, and M, are not prime while
M, M, M, are prime, In fact to date there arc
only 46 known Merssene primes of which 12
was already known from the time of Memssene,

Think about the situation where we are in
the field of number theory after the first propo-
sition made by Euclid around 330 B.C,

To test the primality of a number one must
understand that the entire problem lies in
factorizing a number i.e., for a given number of
any digit cither we have to find prime factors or
wie have to ascertain that no such factorizabion
is possible. Till date no such efficient algorithm
is there to factorize a number of any given digit.

In this connection there is a nice story rather
a real fact that took place in an mecting ot
American Mathematical Society the most
prestigious organization of world wide
mathematicians in 1903, The mathematician
Fedrick Nelson Cole was listed in the program
for presenting a paper with rather unassuming
title “On the Factorization of Large Numbers”,
When called on to speak Cole walked up to the
black board and without saying a word,
performed the » calculation of 2 raised to the
power 67, after which he subtracted 1 from the
result. Still saying ? nothing he moved to a clean
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part of the board and multiplied together two
numbers 193,707, 721 and 761, 838, 257, 287. The
answer to the evaluations were the same, Cole
returned to his seat still having uttered not one
word and for the first time and only time on
record, the entire audition at an AMS mecting
rosc and gave the “speaker” a standing ovation.

You feel how the situation is and what a great
job Cole has done and above all he disprove the
claim of Merssene that Mg, is prime,

= The security of the large international data
networks nowadays relies on the inability of
mathematicians to find an efficient method of
factoring large numbers,

4 Cryptography :

The concept of sending secret codes is not a
new idea. Julius Caesar used them to ensure the
security of the orders he sent to his generals
during Gallic wars. Nowadays it is not only the
military who require their communications to
be made secure by encryption techniques; there
also commercial and business houses who use
this technique for transferring secret information
for their different purposes.

Certainly, the simple kind of cipher that
Caesar used would be woefully inadequate
today. In a ® Caesar cipher” the original message
is transformed by replacing each letter of each
word with some other letters according to some
fixed rule such as tking the letter three places
further along in the alphabet so faat A would
be replaced by D, G with ], Y with B and so on.

On this system the wérd mathematics
becomes pdwkhpdudfo,

Without knowing the rule used, a message
encrypted in this way may look on the surface
to be totally indecipherable, but this is by no
means the case, Since there are only 25 “shift
along™ cipher and an eavesdropper who suspect
that you are using one, would only need to try
them all until he found the one you used. But
even if you use some other less obvious rule of

substituting letters, the resulting code will not
be secure. The problem is that there are one
definite frequencies with which an individual
letter or some specific word occur in English
and by counting the number of occurrence of

that letter or word in your coded text, an enern
can just deduce just what your substitution mf‘é
18 - especially when the computers are ygag -
speed up the process.

What else one can do. Any kind of
recognizable pattern in your coded text, 4
sophisticated statistical analysis can usually crack
the code without much difficulty. All modern
cipher systems use computers; they must The
enemy may be assumed to have much powerful
computers to analyze the message, so the system
needs to be sufficiently complex to resist a
computer attack. Lets not forget that some of
the first computers were build to break the
German codes used during Second World War,

Nowadays, the communication between
computers using internet is posing new
challenges to cryptographers, Since the messages
are sent through telephone lines, it is necessary
to en-xrypt them if they contain some sensitive
information. That need not be a government
secrel; it could be just your credit card numbserl
Imagine that a company does its bank transaction
through computers. Two problems immediately
come into force. First it is necessary to make
sure, it will not be possible to read the message
if it is intercepted by eavesdropper. Second, the
bank must have some way of knowing that the
message has originated by a legitimate user of
the company. In other words, it must be possible
to sign an electronic message,

& DES - cryptosystem:

Because of this problem, a new cipher system
was constructed with two components: an en-
cryption procedure and a key. The former is

typically designed program or a special |

computer. To encrypt a message, the system
requires not onlyjhe message but also the chosen
key usually a secretly chosen number. The
encryplion program codes the message ina way
that depends on the chosen key so that only by
knowing that key it is possible to decode the
ciphered text. As the security depends’ on the
key the same encryption program may be used
by many people for a long period of time. S0
what happens is that an enemy may know what
encryption system you are using without being

o Wi

b & AT o AfiH-10 5 ¢-205




B

able to crack your coded message - a task for
which knowledge of your key is required.
One such system is the American designed
Data Encryption Standard (DES) which requires,
for its key a number binary representation has
56 bits. Why such a long key? All the details of
the DES system was published. So theoretically
AN enemy could crack your message simply by
Irying all possible keys until finding the one that
;::#ﬂrkn. As there are 2* possible keys to be tried,
d number that is so large as to render the task
firtually impassible. But this system has some
drawback that before using DES system, the
sender and the receiver must agree on a key
" they will use and since they will not want to
ransmit the key over any communication
channel they have to meet first or employ some
Ctrusted courier to convey the key. This is. not
Fsuitable for use in international banking or
L commerce in which it is often necessary to send
secure message across the world to some one
the sender has never met.

A Public key cryptosystem: ‘
In 1975, Whitfield Diffine and Martin
Hellman of Stanford introduced a new type of
gipher system: public key cryptography, in which
the encryption method requires two keys - one
for enciphering and other for deciphering. Such
a system is used as follows: A new member pur-
chased the standard program (or special
computer) used by all members of the
communication network concerned. He then
ushwukqs.ﬂrﬂnfﬂxﬁe,lﬁsdedphm.ng

key, he keeps secret. The other key, the one used
encoding e sent to him by anyone

¢lse in the network, he publishes in a directory
of network users. To send a message to a
network user, all that one does is to look up the
user’s public encryption keys, encrypt the
using key and send it. To decode the
sssage it is not helpful to know the enciphering
key. Instead, you need the deciphering key and
‘only the intended receiver knows that so even
the sender cannot decode the message
been encrypted. Thus the public key

stemn have a “trapdoor” i.e., an operation

A RSA - aryptosystem:

The best known and the most widely used
public key cryptosystem is the RSA -
cryptosystem. It was introduced in 1978, by R.
L. Rivest, A. Shamir and L. Adelman at MIT. A
detailed description of the RSA requires a good
amount of mathemahcal knowledge, However,
it is convenient to have some understanding of
the reason why knowledge of encryption
procedure “of the RSA does not give an
immediate access to the decryption process,
Suppose we want to implement RSA -
cryptosystem for a given user. The basic
ingredients are two distinct primes that we call
p and q. Let n be the product of this primes thus
n = pq. The public key is n (and another number
that we need not worry about now). The secret
key is the pair of primes that every user has a
personal belonging. Thus if a bank uses RSA,
every one can send it an encrypted message
because it 15 known to all.

Then why it is difficult to break RSA. After
all, one need only factor n to find p and q.
However, if the primes have more than 100 digits
cach, the time and resources required to factor
n are such that the systern becomes very hard to
break. Thus the trapdoor of RSA lies in the fact
that it is casy to multiply p and q to get n but
while factoring n to get p and g can be next to
impossible. But you observe that the obstacle is
essentially of a technological kind. In other
words it is conceivable that advance in hardware
and the better method for factorization could
one day render the RSA obsolete,

The point was dramatically illustrated when
RSA - 129 was broken. This was a test message
encrypted by the inventors of RSA in 1977 and
it got its name from the fact that the encryption
key has 129 digits. The MIT groups offered $100
to the first person who can manage to crack the
code. At that time with the available method
of factorization they thought that it will take
more than 20,000 years to factor the 129 digit
number and the MIT group thought their money
was safe. Just after 19 in 1996, after the
Pomerance’s quadratic sieve method for
factoring large numbers, the 129 digits number
can finally be factorized after eight months of
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work by 600 volunteers in 25 countries. Even if
RSA - 130 was also factorized. Now we sum up
the entire process of RSA - cryptosystem,

(i} To implement RSA we need two large
prime p and q.

(ii) To encrypt a message using RSA we use
n = pq.

(1ii) To decrypt an RSA we must know p and

(iv) The security of RSA depends on the fact
-that it is difficult to factor n and find p and q,
because these are very large.

One question may arise, -fe the above steps
(1) and (iv) apparently seems to contradict each
other. On one hand the security of RSA depends
on inability to factorize such a large number n,
on the other hand we need to prove p and q are
prime i.e., they don't have factors except 1 and
the number itself, again the question of
factorization comes.

But this is not the case as we do not prove
primality of a number by trying to factorize’ it.
For example it is known that is a composite
number but none of its factors are known. There
are some methods like Lucas Lehmer test,
Miller's test where we test the primality or
compositeness of a number without factorizing
it. In practice the public key used in R5A is a
irery large number may be more than 200 digits.

Thus we observe how number theory plays
a crucial role in RSA - cryptography.

A Signature:

Finally I would conclude my talk after giving
a brief discussion on digital signature as have
already stated above. If a company does its bank
transactions by computer, it is clear that both
the company and the bank will require that the
information be encrypted before it is transferred
between the computers, But it is not sufficient
enough. As.the bank encryption key is public so
anyone can send message to the bank in
encrypted form saying that for instance, to

= S

transfer all the company’s fund to a persons own
account. How can the bank be sure that the
message it has received is genuine. In other
words how can an electronic message be signed.

The method is simple and it can work for
any public key cryptosystem.

Let E, and D_be the company’s encryption
and decryption functions, and let E, and D, be
the corresponding functions of the bank. Let a
be a block of message the company wishes o ©
send the bank. To avoid the eavesdroppers o
read the message the company must send the®
bank the encrypted block E (a). To make sure
that the message is also signed, the company
will send the bank the block E (D (a}). In other |
words the message is first encrypted using -
company's private key and the result is again
encrypted with the bank’s public key.

Having received the block E (D {a)) the bank .
will apply its first decryption’key to get the
message [ (a) and to this block it will then apply
company's encryption function to get a as
company’s encryption function is public anc.
known to all. \1

Why this process is sufficient enough to
ensure that the message could not be originated
outside the company. The bank must apply the |
sequence of functions E D, on the coded message :\
and if after decoding the message makes any
sense then the block: of the original message*
must be encrypted with the function E_ D -
However D is the company’s secret decryption.
function and its access is restricted to those
employees of the company who have the rig,ht'-\
of transaction on behalf of company. Thus the
message must originated from the company. ||
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