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PROFILE IN SCIENCE

Astronomer

Cassini was an astronomer at the Panzano
Observatory, from 1648 to 1669. He was a
professor of astronomy at the University of
Bologna and became, in 1671, director of the
Paris Observatory. He thoroughly adopted his
new country, to the extent that he became
interchangeably known as Jean-Dominique
Cassini —although that is also the name of
his great-grand-son.

Along with Robert Hooke, Cassini is given
credit for the discovery of the Great Red Spot
on Jupiter (ca. 1665). Cassini was the first to
observe four of Saturn’'s moons, which he
called Sidera Lodoicea; he also discovered the
Cassini Division (1675). Around 1690, Cassini
was the first to observe differential rotation
within Jupiter's atmosphere.

In 1672 he sent his colleague Jean Richer to
Cayenne, French Guiana, while he himself
stayed in Paris. The two made simultaneous
observations of Mars and thus found its

GIOVANNI DOMENICO CASSINI
(JUNE 8, 1625 - SEPTEMBER 14, 1712)
was an Italian mathematician,

astronomer, engineer, and astrologer.
Cassini, also known as Giandomenico
Cassini, was born in Perinaldo, near
Sanremo, at that time in the Republic of
Genoa.

parallax to determine its distance, thus
measuring for the first time the true
dimensions of the solar system.

Cassini was the first to make successful
measurements of longitude by the method
suggested by Galileo, using eclipses of the
satellites of Jupiter as a clock.

Astrologer

Attracted to the heavens in his youth, his
first interest was in astrology rather than
astronomy. Later in his life he focused almost
exclusively on astronomy alone and all but
denounced astrology as he became more
and more involved in the Scientific
Revolution. While young he read widely on
the subject of astrology, and soon he was
very knowledgeable about it; it was his
extensive knowledge of astrology that led
to his first appointment as an astronomer.

(Continued on page-20)
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Climate Change - Question and Answer

Q.1. Why is A1 Greenhouse Gases found in the atmosphere, cover the Earth like a
Greenhouse Gases blanket. Although a high concentration of these gases is harmful for
Important? the environment, if it were not for greenhouse gases, our planet would

have been about thirty three degrees Celsius colder than it is now.

Q.2. which fossil fuels A.2 Coaland Oil emit the largest quantities sulphur dioxide (SO,) gas. Both
emit the largest these fossil fuels contain large quantities of sulphur, which on burning
quantities of Sulphur releases sulphur dioxide into the air. Did you know that 65% of the
Dioxide gas? annual emissions come from electric utilities that burn coal?

Q.3 which two gases A.3 Of all the Greenhouse gases emitted in to the atmosphere, carbon
have the largest dioxide (CO,) and methane are in the largest concentration. Together,
share in the pool of they make up nearly 90% of greenhouse emissions. Of this, 76% is CO,
emitted Greenhouse alone.

Gases?

Q.4 Which cereal crop, A.4. Thiscrop isrice. Flooded rice cultivation produces Methane gas by the
planted in ankle- fermentation of the organic matter in the soil. The gas is released from
deep water, emits submerged soils through the roots and stems of rice plants. Methane
large quantities of is a major greenhouse gas and can lead to more rapid global warming
the Greenhouse than carbon dioxide.

Gas Methane?

Q.5. What are CFCs? A.5. CFCs, or chlorofluorocarbons, are chemical compounds that contain

chlorine, fluorine, and carbon. These are artificially created, very strong
greenhouse gases. Although these are non-polluting and safe to use,
CFCs contribute very significantly to ozone depletion. CFCs are released
from aerosol sprays, refrigerants, and the production of foams.
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Manish Soni’'s 2008 Wonder Calendar

Year AlBallall SIS ciciR Month Code Number

Jan [ Feb | Mar | Apr | May

June| Jul | Aug | Sep | Oct | Nov | Dec

20089 (a1 3

Method :

Add month code in given date of 2008. Divide by 7 remainder

is the day.

example : on 26 Jan 2008 find out the day....

month code no for Jan is 1

150 add 1 in 26 (date) 26+1=27.
(7x3=21+6) Remainder = 6 = Saturday.
On 26 - 1- 2008, it was Saturday.

AYail Sisl
Remainder Table

Ay | 4R

1 Monday
Tuesday
Wednesday
Thursday
Friday
Saturday
Sunday

27/7=6 remainder

Noubh~WN
Il
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Benefits of Nuclear Energy

Cont. article : “Benefits of Nuclear Energy” by
Dr. Dilip P. Ahalpara form last vol.25 of Vignyanvani

4. Advantages of fission energy in the present
day scenario:

Fission based atomic energy technology has
developed during 1940s. India realized its application
and volume over the years after it ushered into
nuclear energy age when Asia’s first fission based
research reactor APSARA was built in 1956 at
Bhabha Atomic Research Centre. Then after, a long
term 3-stage nuclear power program was charted
out by Homi Bhabha which has been pursued quite
successfully. It is interesting to note that besides
energy generation, the nuclear power program gives
many other technological off shoots and some of
these programs are as follows :

e« Food preservation: Irradiation on food can
prolong the shelf life of food. It has strong
advantages over other methods of preservation
such as cold storage, fumigation, salting and
drying because it does not lead to loss of flavor,
odor, texture or quality.

e Sterilization of Medical Products : Large doses
of radiation kills microorganism and in recent
years the medical industry has introduced
radiation to sterilize medical products as against
sterilization by heat or steam. Inside a packaged
container, gamma rays can be penetrated so as
to kill bacteria, mould and insects in food which
adds up a great deal of convenience. Gamma
rays are used to sterilize hospital equipments like
plastic syringes that would be damaged if heated.

* Radioactivetracers : Technetium-99 is the most
common radioactive tracer and as it emits only
gamma rays, and doesn’t cause ionization, for
which itis considered as safe. Radioisotopes can
be used for medical purposes, such as curing a
blocked kidney.

* Radiotherapy: Because Gamma rays are used
to kill cancer cells which otherwise require a
complicated surgery. However it is vital to get the
correct dose; too much would damage healthy
cells, and too little does would not stop the cancer

..#£7 Dr. Dilip P Ahalpara
dilip@ipr.res.in
Institute for Plasma Research

cells from spreading in time. It is easier to aim
gamma rays at a breast tumor, but it is much
harder to avoid damaging healthy cells in lung
cancer.

» Radiography : Radiography uses advanced X-
ray cameras and image processing systems for
a non-destructive inspection and solving on-line
manufacturing problems.

» Dating: Carbon-14 dating techniques enable
researchers to determine the age of archeological
and anthropological finds as old as 60,000 years
which is also helpful to check the authenticity of
ancient art objects.

» Radioisotopes: They are used for a wide range
of applications such as:

® Americium-241 is used in smoke alarms, to
determine the level of lead in paints, and to
regulate the thickness in the production of
rolled products such as steel and paper.

® Calcium-47 is used in the study of bone
formation.

® Cesium-137 is used in cancer treatment. It
is also used to monitor the flow of oil in
pipelines and to monitor the fill level in the
packaging of food, drugs, and other products.

® Two isotopes of iodine are used in the
diagnosis and treatment of thyroid disorders.

® Iridium-192 is used to analyze the welds in
pipelines, aircraft parts, and other metal
products.

® Technetium-99m is the most widely used
radioisotope in medicine. Itis used in imaging
the brain, bone, liver, spleen, and the kidneys.
® Tritium, hydrogen-3, is used in the life
sciences and as the source of radiation for
luminous dials, gauges, and luminous paint.

5. Fusion could be best long term solution for
mankind :

Thermonuclear fusion has the potential of
becoming the long term and sustainable solution for
the energy needs of the world. The comparison
between fission and fusion is mentioned in Appendix-
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2. The remarkably useful attributes of fusion energy
are as follows:

(1) Its fuel is virtually inexhaustible and available
across the globe hence, avoiding the problem
of regional conflicts.

(2) Fusion process is intrinsically safe in nature and
does not lead to a chain reaction as in fission.

(3) It provides a right energy density for large scale
production of electricity thereby making it suitable
for electricity production.

(4) It has an acceptable environmental impact from
the operational and waste management points
of view.

5.1 D-T, the most favorable fusion reaction

One of the most favorable fusion reactions in
laboratory conditions is between deuterium (D) and
Tritium (T), called the D-T reaction (Fig. 9). These
are heavier isotopes of hydrogen and they occur
abundantly in nature: deuterium is found in sea water
(abundance 1 part in 6000) and tritium may be readily
bred from the vast deposits of lithium from the earth’s
crust and the oceans. The basic fuel for D—T fusion
is thus virtually inexhaustible. Fusion requires matter
at high temperatures in the plasma state, ranging
between 10 and 20 keV (i.e. between 100 and 200
million degrees centigrade) for D—T reactions. Fusion
between the DT nuclei emits a neutron with energy
of 14 MeV and a He (alpha particle) of 3.5 MeV
energy.

D+ T O He-4 (3.5 MeV) + n (14 MeV)
The release in the energy occurs due to the mass

defect (Fig. 10) and its subsequent conversion to
energy.

Deuterium-Tritium Fusion Reaction

Deuterium c¥ o Tritium
D T

\ ,’P};!Il-\lll‘“\],"-l", O Fusion Reaction Tritimm
N replenishiment |
.'-‘ U I ]] 111 'Il]lL!!TII
| N Al r_,:ff_._!
'\___ N ot Alpha Fast i
\."\ A AL w ‘ Neutron 3
8 .
Het

Energy Multiplication Energy

FIG-9 About 450:1

Figure 9 : D-T reaction requires matter at hight
temperature in plasma state where in nuclei emits
neutron and the alpha particle, being charged,
remains confined in the plasma and loses its energy
to the main D-T fuel, thus keeping the matter hot
(ignited). The neutron escapes the plasma and is
absorbed in the surrounding blankets and the
resulting heat in the blankets can be converted into
electrical energy through conventional means.

D+T O He*(3.5MeV) + n (14 MeV)

Figure 10: The D-T reaction gives rise to a
mass defect — the difference in the total mass of
deuterium (D) and tritium (T) to that of the end
products of the reaction, namely He and neutron.
This mass difference m is converted into energy by
the famous Einstein relation E = mc?

FIG - 10

5.2 Achieving Fusion reaction in laboratory

Fusion require very high temperatures and
occur naturally in the core of stars where the hot
material is confined by the intense gravitational
forces. In laboratory conditions, the economically
viable fusion reaction is that involving heavy isotopes
of hydrogen (deuterium and tritium) and requires
temperatures of several hundred million degrees for
the reaction to occur. At these high temperatures,
the matter constituting the fusion fuel is in the plasma
state (all atoms are dissociated into free nuclei and
electrons) and it is required to keep them away from
hitting the material walls which is a huge scientific
and technological challenge.

For a fusion power plant, the critical
requirement in particular is to maintain the plasma
at these high temperatures for a long enough time,
in a sufficiently dense configuration, to allow a
sufficient number of fuel nuclei to come close enough
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and cause thermonuclear reactions to occur. The
closeness of plasma to power plant conditions is
measured in terms of the triple product nTt_, i.e. the
product of (1) Density n (i.e. the number of fuel
particles per unit volume), (2) the temperature T and
(3) the energy confinement time t_.

For a 50-50 D-T plasma at about 20 keV, to
achieve ignition condition in a power plant, (i.e. when
the fusion reaction is self-sustained through alpha
particle heating), one would need this triple product
to have the value

n,.(0) T,(0) Tau, > 6 x10* keV seconds/
meter®.

Another important parameter for a fusion
based power plant is Q, the ratio of fusion power to
input auxiliary heating power. While a fusion power
plant generating electricity would need Q>=10, an
ignited power plant would correspond to Q=infinity,
since there is no externally injected heating power
in such a device.

Once the above condition is attained in a
laboratory device, it opens up the possibility of
developing and using fusion as a new source of
energy in a form that is acceptable from the
economic, safety and environmental points of view.
The world over, researches and development in
fusion are being pursued by considering both for their
utilization for energy applications in the shortest
possible time and for view-point of long term
developments in fusion energy science. This could
be crucial in improving future fusion reactor
configurations, for more safety, economy and social
acceptance. With the nuclear technological advent,
India is in a position where the construction of the
first experimental fusion reactor is possible.

5.3 Fusion reactor topologies

Fusion may be achieved in the laboratory by one of
2 ways:

(1) The magnetic confinement approach: in this
method, the external and self generated magnetic
fields are used through plasma currents to hold
it at relatively low densities away from material
walls for time periods of the order of a few
seconds.

(2) The inertial confinement approach; It requires

to achieve the triple product relevant to ignition
by compressing a solid fusion pellet to much
higher densities using an inertial fusion driver
(like lasers, heavy ion beams, etc) and then
relying on the inertia of the pellet to give an
acceptable fusion output before the pellet
disassembles by expansion.

Present day fusion experiments have brought
the triple product to within a factor of 3-5 of its final
required value and have already exceeded conditions
equivalent to a Q = 1 operating power plant. This is
because in the last 15 years fusion experiments in
the fields of both magnetic and inertial confinement
fusion have taken enormous strides towards the goal
of energy production from fusion.

5.4 Achievements of Tokamak

The Tokamak based magnetic confinement
fusion (see Appendix-3 for details) is the most
important achievement. In Tokamak experiments, the
fusion triple product nTt_and the Q_, equivalent have
reached record values of 1.5 x 10%* keVs/meter® and
1.25, respectively, in a Tokamak machine named as
JT-60U.

6. Fusion Research activities at IPR (Institute for
Plasma Research), Gandhinagar :

Institute for Plasma Research was established
in 1986 at Gandhinagar as an autonomous institute
by the department of Science and Technology,
Government of India is how under Department of
Atomic Energy. The institute aims at pursuing
experimental and theoretical studies in the field of
high temperature magnetically confined plasma.

6.1 Tokamak devices for fusion research
successfully developed at IPR

The institute has successfully built an
indigenous magnetic confinement device called
ADITYA Tokamak device (Fig. 11). This Tokamak is
used for carrying out basic research on the properties
of magnetically confined plasmas. The institute is
also engaged in the fabrication of a next generation
Tokamak that is called a Steady State
Superconducting Tokamak (SST1) (Fig. 12) for the
purpose of studying the physics of the plasma
processes in Tokamak under steady state conditions
and for learning technologies related to the steady
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state operation of the Tokamak. SST-1 is a medium
sized high aspect ratio machine with elongated
plasmas and a double null diverter.

Figure 11 : The indigenously built Tokamak, called
ADITYA, was commissioned in 1989 at IPR. The
machine is being used to carry out fusion
experiments since then. ADITYA is like a miniature
artificial Sun in which temperatures of several million
degrees have been achieved.

FIG -11

ADITYA Mﬁl@ A VIEW ¢

s ] O

P T S’ -

Figure 12: SST (Super Conducting Tokamak)
system being fabricated at IPR. The SST-1 Tokamak
will hold a fusion plasma for a prolonged period of
1000 seconds.

6.2 Industrial applications of Plasma Science at
FCIPT

IPR has started a centre called FCIPT
(Facilitation Centre for Industrial Plasma
Technologies) in 1997 towards establishing a link
between IPR and industry. Industrial applications of

plasma science and its related technologies have
tremendous potential for a variety of applications.
The know-how of basic plasma science is usefully
exploited at FCIPT to generate advanced plasma
based technologies for material processing and
environment remedies mainly in the following fields:

® Plasma Pyrolysis: Plasma Pyrolysis is a
chemical decomposition induced in organic
materials by heat (350-600° C) in the absence of
oxygen. The application of pyrolysis to waste
management has been gaining wide acceptance
world over. The agricultural waste containing toxic
compounds are broken down to elemental
constituents by high temperatures. In this process
the organic materials are volatized and the
residual materials are immobilized in a rock-like
vitrified mass.

® Nitriding: This is a thermo-chemical process for
improving the surface properties of machine
components. Due to the fine diffusion of nitrogen
into the components, the hardness of the
component increases by 3 to 4 times. Plasma
nitriding is widely applied in automobiles, plastics,
metal forming and foundry. Some of the industrial
components frequently treated by nitriding
include gears, die, punching, screw rods,
spindles, drills, cutters, crankshafts etc.

® Surface modifications: In this method, plasma
coatings are applied for the purpose of surface
hardening. It helps in many bio-medical
applications for enhancing bio-compatibility.
These modifications are far better than
conventional methods (like powder coating/ spray
coatings) for achieving desired surface properties
like smoothness, hardness and bio-compatibility.
Bio-compatibility is useful in the medical
applications like surface treatments of dialysis
filters, bonding needles for syringe hubs,
catheters etc.

® Plasma lamps/ plasma TV: Problems with
thermal light is that temperatures are tool own
and too red. They are also not energy efficient
as only a small fraction of thermal power is visible.
Fluorescent lamps on the other hand work on
plasma technology and this helps to increase of
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flux and they are much more energy efficient.
Traditional methods for TV use cathode ray tubes
that produce crisp and vibrant images; and these
devices are also bulky. While plasma flat panel
has much wider screens with highly reduced
thickness of few inches. Such flat TV’'s have
found excellent applications for home theatre,
conference rooms, stadiums, transportation
terminals, tradeshows, kiosks, training and
education, museums etc.

©® Water purification: Plasma based sources can
emit ultra-violet and X-ray radiations or electron
beams that can be used for a variety of
environmental applications. Potable water can be
sterilized by such intense radiations so that the
microorganisms can not replicate. There is no
effect on the taste or smell of the water and the
whole purification process takes a fraction of a
minute. Such UV water treatment systems use
much less energy (about 20,000 less) than boiling
water.

6.3 ITER Experiment and IPR’s Participation

The long-term objective of fusion research is
to harness the nuclear energy provided by the fusion
of light atoms (typically isotopes of Hydrogen) to help
meet future energy needs. The scientists working
on fusion have designed the international experiment
called ITER — International Thermonuclear
Experimental Reactor (Appendix-2). ITER is an
international venture in which the participating nations
are China, the European Union (EU), Japan, the
Republic of Korea, Russia, the United States and
India. Its aim is to show that fusion could be used to
generate electrical power, and to gain the necessary
data to design and operate the first electricity-
producing plant.

Institute for Plasma Research, Gandhinagar
has become a full partner in the ITER consortium. In
ITER, scientists will study plasmas in conditions
similar to those expected in a electricity-generating
fusion power plant. It will generate 500 MW of fusion
power for extended periods of time, ten times more
than the energy input needed to keep the plasma at

the right temperature. It will therefore be the first
fusion experiment to produce net power. It will also
test a number of key technologies, including the
heating, control, diagnostic and remote maintenance
needed for fusion power station. The construction
costs of ITER are estimated at five billion Euro over
10 years, and another five billion Euros are foreseen
for the 20-year operation period. Having completed
its conceptual design in 2001, it is expected that first
plasma generation in ITER will take place within next
decade.

It is believed that the expertise gained in the
commissioning/ operation of ITER will open up
possibilities for building the first electricity generation
Tokamak system called DEMO. Work on conceptual
design of this futuristic electricity generating fusion
based power plant has already begun.

7. Conclusion :

The energy crisis has a silver line of hope in
fusion based electricity generation power plants
which are conceptually been well established and
also experimentally proven on smaller scale devices.
What remains is a technological breakthrough for
the generation of electricity. ITER will play a vital role
in getting a first hand experience for the scientific
community to understand all the aspects related to
energy generation through fusion reaction.

It is also a general consensus that fission
based power plants would not be a long term solution
for energy — rather it is seen as an interim solution
till the fusion technology matures fully and fusion
based power plants become a reality.

To summarize, the scientists and engineers in
the fusion community world over are putting their
best efforts to solve the perennial problem of energy
for the betterment of mankind. Once the fusion based
energy generation becomes a reality through setting
up of commercially viable power plants, the fossil
era will essentially come to an end and mankind will
then have abundant clean energy for his disposal —
historically this will be a golden chapter for the
progress of mankind.

...Cont : to next vol.
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(Continued From Cover page-2)

Panzano Observatory position

In 1645 the Marquis Cornelio Malvasia, who
was a senator of Bologha with a great
interest in astrology, invited Cassini to
Bologna and offered him a position in the
Panzano Observatory which he was
constructing at that time. Most of their time
was spent calculating newer, better, and
more accurate ephemerides for astrological
purposes using the rapidly advancing
astronomical methods and tools of the day.

Moving to France

In 1669 Cassini moved to France and through
a grant from Louis XIV of France helped to
set up the Paris Observatory which opened
in 1671; Cassini would remain the director of
the observatory for the rest of his career until
hisdeathin 1712.In 1673 he became a French
Citizen. For the remaining forty-one years of
his life Cassini served as astronomer/
astrologer to Louis XIV (“The Sun King”);
serving the expected dual role yet focusing
the overwhelming majority of his time on
astronomy rather than the astrology he had
studied so much of in his youth.

During this time, Cassini's method of
determining longitude was used to measure
accurately the size of France for the first
time. The country turned out to be
considerably smaller than expected, and the
king quipped that Cassini had taken more of
his kingdom from him than he had won in all
his wars.

Engineering

Cassini was employed by Pope Clement IX in
regard to fortifications, river management,
and flooding of the Po River.

The Pope asked Cassini to take Holy Orders
to work with him permanently but Cassini
turned him down because he wanted to
work on astronomy full time.

In the 1670s, Cassini began work on a project
to create a topographic map of France, using
Gemma Frisius’s technique of triangulation.
The project was continued by his son Jacques
Cassini and eventually finished by his
grandson Cassini de Thury and published as
the Carte de Cassini in 1789111 or 179312l. It
was the first topographic map of an entire
country.

Named after Cassini

Cassini-Huygens Mission to Saturn
The Cassini Division in Saturn’s rings
Cassini Regio, dark area on lapetus
Cassini crater on Mars

Cassini crater on the Moon

Cassini's Laws

24101 Cassini, an asteroid

Cassini's identity for Fibonacci numbers
Cassini oval

Cassini Web Server
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http://en.wikipedia.org/wiki/
Giovanni_Domenico_Cassini
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