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No Wake up Call but a Screaming Siren

(Contd. on page 31)

In an earlier issue of Dream 2047 (November 2006), we
had discussed about the human activity as the likely cause

of the accelerated global warming and the consequent
climate change. In the third assessment report published
in 2001 by the Intergovernmental Panel on Climate Change
(IPCC), it was suggested that “there is new and stronger
evidence that most of the warming observed over the last
50 years is attributable to human activities”. Six years
later, in February 2007, IPCC has released the summary
of the fourth assessment report of the working group on
Physical Science Basis of Climate Change that holds grim
portents for humanity. The Report “unequivocally” states
that the rise in the average global temperature since 1750s
very likely resulted from an observed increase in the
concentration of the greenhouse gases such as carbon
dioxide and methane released by human activity. Key data
and statistical modelling have now provided incontrovertible
evidence to support this view. Incidentally, the term very
likely implies a confidence level of over 90 percent. In the
previous report IPCC could make such assertion with only
66 to 90 per cent certainty! There is now much greater
certainty and understanding about the anthropogenic
warming, that is, how human beings are contributing to
the global warming.

Burning of fossil fuels, some agricultural practices, and
the change in the land use pattern have been generating
greenhouse gases like carbon dioxide, methane, and
nitrous oxide, trapping heat and producing runaway global
warming. The amount of carbon dioxide entering the
atmosphere today is 1.3 times more than what it was just
20 years ago. As a result, the atmosphere is warming by
about 0.13 degree Celsius each decade. The widespread
melting of mountain glaciers and the polar ice caps has
already contributed to the rising sea levels, but the rise of
sea levels has accelerated since 1993. The global average
rate of sea level rise was 1.8 mm per year between 1961
and 2003. However, the rate was faster over the decade
1993 to 2003, about 3.1 mm per year. The oceans have
warmed to a depth of 3 kilometres.

If the production of the greenhouse gases continues
unabated, the global temperatures could rise by up to 6.4
degrees Celsius by the turn of the 21st century, says the
report. By then, the average sea levels could increase by
0.59 metres, the report says. Further, this amount of
warming may make the Arctic devoid of ice and lead to a
30 per cent drop in rainfall in many sub-tropical regions,
including a huge area from the Mediterranean and North

Africa through the Middle East to central Asia, and another
across southern Africa. Meanwhile higher latitudes will get
wetter as the air warms, and hurricanes may become more
intense. It may be of interest to note that global warming
contains a deadly time lag. This is because the 80 per
cent of the extra heat currently being trapped by the
greenhouse gases produced by the anthropogenic activity
is being drawn into the oceans. As the oceans warm, more
of the heat will remain in the air. Even if the emission of the
greenhouse gases were sharply reduced, the world would
continue to warm by 0.1 degrees Celsius per decade for
some time.

What would be the consequences for India due to global
warming? India is one of the 27 countries most vulnerable to
sea level rise. A sharp rise in sea level could have a
considerable impact, as about a quarter of the population
lives within 50 kilometres of the coastline. Big cities like
Mumbai and Chennai are also located on the coast. Much of
the coastal region has fertile agricultural land. Increase in
sea level could lead to salt water entering the ground water
aquifers on which people depend for drinking water and
irrigating their fields. Powerful cyclones could arise more
frequently in the Bay of Bengal during the post monsoon
period. Droughts and spells of excessive rain like the deluge
that struck Mumbai and Gujarat in 2005 and 2006 could
become more frequent. The accelerated melting of the
Himalayan glaciers that feed rivers like the Ganges and
Brahmaputra will have a profound effect on future water
availability. The data for 466 glaciers shows that already their
surface area has shrunk by 21 per cent since 1962. Many
species of plants and animals may not be able to cope with
the climate change and hence may become extinct.

The authors of the IPCC report, however, acknowledge
that the report has been conservative. It omits some very
real risks either because we have not yet pinned down
their full scale; or because we do not yet know how likely
they are! Anything qualitative rather than quantitative got
knocked out! By and large, the information where there
was ambiguity or controversy was not included in the report.
These include the physical collapse of the Greenland ice
sheet, rapid melting in Antarctica, a shut-down of the Gulf
Stream (the warm ocean current in the Atlantic and a key
feature of the world ocean circulation system), the release
of carbon dioxide and methane from the soil, the ocean
bed and melting permafrost (subsoil which remains below
freezing point of water throughout the year, as in polar
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❏ Subodh Mahanti
e-mail : subodh@vigyanprasar.gov.in

Carolus Linnaeus
Founder of Modern Taxonomy

“Carl von Linne, better known by his Latin name, Carolus Linnaeus, was a devout believer in the great chain. But, as so
often happens to scientists, his greatest work furthered human knowledge while working against his own beliefs. For
the days of the concept of the Great Chain of Being, with its insistence on permanence and immutability, were numbered,
even in the 18th century, and the major work of Linnaeus – a massive, non-hierarchical system of classification –
contributed in some ways to its demise.”

Ray Spangenburg and Diane K Moser in The History of Science in the
Eighteenth Century

“Linnaeus’s lasting contribution to taxonomy was his introduction in 1749, of binomial nomenclature, which he applied
in Species Plantarum (‘Species of Plants’, 1753) by giving each plant a generic name and a specific name…Until then
scientific plant names were polynomial – a short Latin description of the distinguishing features. This combination of
name and description was unsatisfactory, being too long for the name and too brief for the description. Linnaeus’s
innovation, separating the two functions, is the basis of modern nomenclature.”

A Dictionary of Scientists, Oxford University Press

Carl Linnaeus (also known as Carl Linnaeus, Carl von
Linne and Carl Linne) was the most renowned bota-

nist of his time. In Sweden he is remembered as Carl
von Linnie. Linnaeus in all his scientific correspondence
used his name as Carolus Linnaeus. He was a great
classifier of plants. He is regarded as founder of modern
taxonomy – a field of biology concerned with identify-
ing, classifying, and naming the diverse
l i fe forms. Linnaeus’s f i rst  great
achievement was his sexual system of
plant classification. His system was
readily accepted by the leading bota-
nists of his time though it was not free
from criticism.

Linnaeus’s classification of plants
on sexual basis was easy to learn but
it was not fully satisfactory in many
cases. It was controversial in his day.
Some opposed it because of its explicit
dependency on sexual i ty.  Johann
Siegesbeck, a botanist and a critic of
Linnaeus’s classi f icat ion cal led i t
‘loathsome harlotry’. Linnaeus did not
spare Siegesbeck for his criticism. He
later named a useless European weed
Siegesbeckia.

Linnaeus introduced the binary no-
menclature, which is followed still to-
day. His clear and precise description
of species and terminology for the parts
of plants essential to their description
greatly contributed to the development of botany. He gave
botanists a common scientific language. Today classifi-
cation in botany largely follows John Ray’s practice of
using morphological evidence from all parts of the or-

ganism in all stages of its development. Linnaeus’ sys-
tem of classification proposed a hierarchy in nature. It
started with three kingdoms – plants, animals and min-
erals. Each kingdom was divided in descending hierar-
chical groups – classes, orders, genera and species.
The legacies of Linnaus’s taxonomy that have survived
today are his method of hierarchical classification and

custom of binomial nomenclature.
Linnaeus is also considered as one of
the founders of modern ecology.

It was Linnaeus, who first placed
humans among the mammals. He also
coined the name Homo sapiens for the
species from which modern humans
(Homo sapiens sapiens) evolved. He
also published the Materia Medica (the
uses and sources of drugs), a classic
pharmacology reference manual for
physicians.

L innaeus was an excel lent
teacher. His students travelled far and
wide in search of new forms of life.
They undertook dangerous journeys
in which one in three of his students
died. Linnaeus’ most famous student
was Daniel Solander, who was the
natural ist on Captain Cook’s f irst
round-the-world voyage. Solander
brought the first plant collection from
Australia and the South Pacific to
Europe. Anders Sparman who accom-

panied Cook on his second voyage as a botanist was a
student of Linnaeus. Pehr Kalm, also a student of
Linnaeus, visited Japan. Kalm was the first western
naturalist to visit Japan.

Carolus Linnaeus
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Carl Linnaeus was born on 23 May 1707 at Rashult
in southern Sweden. His father was Nils Ingemarssen
and mother Christiana. Initially Carl’s father, son of a
peasant named Ingemar Bengtsson, had no surname.
This was not a very uncommon practice. In those days
most Swedes, particularly peasants, had no surnames.
Nils Ingemarssen, who took up the profession of a cler-
gyman, adopted the Latin surname Linnaeus when he
entered the Lund University. Linnaeus refers to a linden
(or lime) tree in the sense
that l inn (the Latinised
form of which is
Linnaeus) was an archaic
form of Swedish lind, the
linden. Carl had three
sisters and one brother.
When Carl was seven, his
parents appointed a tutor
for him, but he hardly
studied with his teacher.
He rather enjoyed roam-
ing in the nearby mead-
ows.

Carl’s father was an
amateur botanist and an
enthusiastic gardener.
He had developed a beau-
tiful garden. As a small child Carl used to play in his
father’s garden. He preferred to play with flowers than
with toys. The little boy would ask his father the names
of the same plants again and again. One day his father
got very much annoyed repeating the same names and
he rebuked his son. Perhaps his father was a little un-
fair in rebuking his son, as the names of the plants were
too big to remember and that too for a little child. In
those days plants’ names were long phrases of Latin
words. One good thing happened. Carl worked hard to
remember the names of the plants in his father’s garden
so that he need not ask his father again and again.

At the age of nine, he was sent to a school in Växjö,
from where he completed his high school education.
Carl’s parents wanted their son to prepare for becoming
a clergyman. Carl did not excel as a student. By all
consideration he was an average student. He did not
like to study the subjects that he was supposed to study
for becoming a priest and he hardly attended these
classes. However, he enjoyed natural history and Latin.
Because of his interest in plants, he earned the nick-
name of ‘little botanist’ in his school.

His father became very upset when he came to know
that his son was not at all interested in becoming a priest.
It created disturbances in the family. Fortunately for Carl,
the rector of the school was appreciative of his interest
in botany. He loaned Carl books on botany. Carl’s phys-
ics teacher Johan Rothman also encouraged him to pur-
sue his interest in botany. In those days botany was
closely linked to medicine. It was Rothman who per-

suaded Carl’s father to believe that his son’s interest in
botany would help him take up a career in botany. Though
the career prospect in medicine was not as secure as in
priesthood, his father thought that his son would even-
tually have a successful career. Rothman suggested that
Carl should be sent to Lund University and he agreed to
take care of him in the last year of his school. He helped
Carl in preparing for the entrance test of the university.
Rothman privately taught him botany and medicine. He

also made Carl familiar
with current system fol-
lowed for classification of
plants.  This system,
which was proposed by
Joseph Pit ton de
Tournefort, was based on
the shape of corolla, the
outer portion of a flower.

In 1727, Linnaeus
joined Lund University to
study medicine. Lund
University was also the
alma mater of his father.
The academic environ-
ment of the university
was far from satisfactory.
There was only one fac-

ulty member for giving instruction in medicine. Neces-
sary equipment was also not available there. Linnaeus
was deeply interested in botany, but the university did
not offer any classes in botany, though training in botany
was part of the medical curriculum. It was a great disap-
pointment for Linnaeus. He had no fascination for medi-
cine. So he started skipping classes and ventured in
the fields.

There was one positive point for Linnaeus. He had
taken boarding with one professor of the university named
Kilian Stobaeus, who had a good private library. One
day Stobaeus found that Linnaeus was reading a book
on botany taken from his library without his permission.
This he was not supposed to do. On being asked for an
explanation, Linnaeus convinced his host of his honest
intention. This episode gave Linnaeus an opportunity to
make Stobaeus aware of his extensive knowledge of
botany. Stobaeus was very much impressed by the depth
of Linnaeus’ knowledge in botany and he allowed
Linnaeus to use the library as and when he desired.
They also developed professional friendship.

Following the advice of Rothman, Linnaeus went to
the University of Uppsala, especially for pursuing his
interest in botany. However, Linnaeus found that the pros-
pect in the University of Uppsala was not much brighter
than in the University of Lund. There were two faculty
members in medicine, viz., Lars Roberg and Olaf
Rudbeck. Rudbeck had stopped teaching because of
his advanced age and he had entrusted his classes to
his assistant Nils Rosen. When Linnaeus arrived at

Jean-Jacques Rousseau Sir J. E. Smith
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Uppsala University, Rosen was away from
the university pursuing his doctorate de-
gree. In the absence of proper teaching
facilities, Linnaeus spent more time in the
fields.

In 1732, Linnaeus undertook a field
expedition to study plant life in Lapland,
the rugged terrain located in the far re-
gions of northern Scandinavia, above the
Arctic Circle. It was a very difficult but at
the same time adventurous expedition. For
Linnaeus it was the most dramatic expe-
rience of his life and he loved to talk about
it in his later life. The expedition lasted
five months. He had only 100 dollars to
finance his expedition. The money was
given by the Swedish government. He was
not properly equipped for the journey. He travelled largely
on foot and used animal skins for protecting him from
the severe cold. He crossed through frigid, knee-deep
icy water in the marshlands. He travelled through dense
forests and scaled mountains. In this way he covered
11,800 square kilometres of the northern Scandinavia.
He prepared notes and collected
plants. At the end of the journey
he came back with more than 100
new specimens. It was definitely
an impressive collection. Some of
his observations from this expedi-
t ion were recorded in Flora
Lapponica (‘Flora of Lapland’),
which was published in 1737. Com-
ing back to Uppsala, he found his
reputation greatly enhanced. How-
ever, his source of income re-
mained meagre. He continued to
lecture. His lectures were attended
by an ever-increasing audience.
However, in 1735 Linnaeus went to
the university of Harderwijk in the
Netherlands to complete his degree
in medicine. This step was taken for
better career prospect. He finished
his medical degree within a few
months and then went to the Univer-
sity of Leiden for further studies.

In 1735, he publ ished his
Systema naturae (‘System of Na-
ture’). In this pioneering work,
Linnaeus laid the foundation of an
entirely new system for classifica-
tion of plants. At the time of its first
publication it was an eleven-page document. The tenth
edition of this work was published in 1758, in which 4,400
species of animals and 7,700 species of plants were
classified. This system as mentioned earlier, was based
on the reproductive systems of plants. He spent the year

1737 studying and working on the
Heemstede Garden, owned by George
Clifford, a wealthy Amsterdam banker. It
was a famous garden where one could find
plants from different parts of the world.
Linnaeus’ work on the Heemstede garden
was publ ished in 1737 as Hortus
Cliffortianus (‘The Clifford Garden’). He also
established personal contacts with the
leading botanists in Europe.

In 1737, he also published Genera
plantarum (Genera of Plants), in which he
listed all the genera of plants known in his
time and arranged them according to his
classification system. In this work he also
introduced the binomial nomenclature,
which became the basis of modern nomen-

clature of plants. Linnaeus knew and gave scientific
names to 4,200 species of animals and 7,700 plants.

In 1738, he returned to Stockholm, Sweden and
started practising medicine. He specialised in the treat-
ment of the sexually transmitted diseases. Within a year
he established his reputation as a physician. In 1741,

he was appointed as a Professor
of Medicine in the University of
Uppsala. He restored the botani-
cal garden of the university. He
made three more expeditions to
various parts of Sweden.

In 1753, Linnaeus published
his famous work, Species
Plantarum (‘Species of Plants’). In
this work he listed every plant spe-
cies known in his time. There were
about 8,000 in all. In Species
Plantarum, Linnaeus also intro-
duced his binomial nomenclature,
where each plant had a name of
two words. Before Linnaeus, bota-
nists used to indicate a generic
name plus a long description.
Linnaeus proposed that the first
name should indicate the genera
and the second the species. In
1761, Linnaeus was appointed a
member of the Swedish House of
Nobles and he was given the right
to use the name Carl von Linne.

Linnaeus believed in invariabil-
ity of species; that is, species are
fixed and they do not change.
However, later he changed his

ideas on the invariability of species after he observed
how different species of plants hybridise and create
forms, which look like new species. He suggested that
many species in a genus might have formed after the
creation of the world.

August Strindberg

Linnaeus tumbling into the depths of a crevasse
in Lapland
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Linnaeus was a strong opponent of the idea of evo-
lution. It is true that he changed his idea regarding the
invariability of species and accepted the fact that new
species arise out of hybridisation, but for him it was not
an open-ended process and unlimited. He believed that
the original species, or the primae specie, were God’s
creation and they are always present.

Jean-Jacques Rousseau (1712-1778), the renowned
French political philosopher and writer once sent him a
message stating: “Tell him I know no greater man on
earth.” Johann Wolfgang von Goethe wrote: “With the
exception of Shakespeare and Spinoza, I know no one
among the no longer living who has influenced me more
strongly.” Linnaeus had good command over his lan-
guage. His scientific writings had high literary value.
August Strindberg (1849-1912), the Swedish dramatist

and novel ist ,  wrote:
“Linnaeus was in real-
i ty a poet who hap-
pened to become a
naturalist.” He is a leg-
end and a revered fig-
ure in Sweden, his
homeland.

Linnaeus, who
claimed that his work
allowed him to trace
“the very footprints of
the creator”, died on 10
January 1778. After six
years of his death, his
daughter sold his vast
col lect ions, manu-
scripts and correspon-
dence to a British natu-

ralist named James Smith (1759-1828). This created a
furore in Sweden. James Smith formed the Linnaean
Society of London for the cultivation of science of natu-
ral history.
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Cover of the tenth edition of Linnaeus’s Systema Naturae (1758)

Carolus Linnaeu's in Lapp costume

� Vinay B. Kamble

(Contd. from page...35)
No Wake up Call but a Screaming Siren
regions); and the rainforest soils. Let us hope that when
the complete report appears, it would give much greater
attention to these aspects.

With the incontrovertible evidence along with alarming
consequences for the global warming as presented in the
IPCC report, the pressure on the United States of America,
which spews out 25 per cent of the world’s total carbon
dioxide emissions (and yet refuses to sign the Kyoto
protocol) – the highest by any country in the world – is
bound to increase to reduce its emissions. True, similar

pressure would be on China and India as well though they
are not signatories to the Kyoto Protocol, both being
developing economies. A culture of efficiency could help
reduce the billions of tonnes of carbon dioxide being
pumped into atmosphere by power plants, industrial
manufacturing, and the transport sector. Business-as-usual
attitude can only hasten the devastating impact of the
climate change. The IPCC report is no wake up call but a
screaming siren for us to be galvanized into action to save
this planet, for which very likely (90 per cent, that is!) we
are to blame.
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Weighing the stars and the universe
❏ K.D. Abhyankar

Mass and weight
All of us know the difference between mass and

weight. Mass is the amount of matter in the body while
weight is the force with which it is attracted by the
Earth. Weight is a relative term, because the weight of
the body changes when the body is taken from one
place to another. A body weighs slightly more at the
poles than at the equator because the poles are closer
to the centre of the Earth than any point on the equator.
The difference becomes spectacular when we go to
other celestial bodies. Thus a man weighting 80 kg on
Earth would weight only 13 kg on the Moon (Fig. 1)
while his weight on Jupiter would be 200 kg. On the
Sun, if he remains alive there, he would weigh nearly 2
tonnes. At the other extreme, even the fattest person
would experience no weight at all in a spacecraft circling
the Earth, as he would be in a state of constant fall
and a falling body registers no weight. In all these cases
the mass of the man remains the same.

It is clear that in talking of weight we walk on
shifting sands. It is the mass, which is the fundamental
quantity. In our daily life also we are interested in mass
only; for example, when we are buying a commodity

like rice or vegetables. However, we satisfy ourselves
by observing that the quantity bought has the same
weight as the kilogram or whatever weight is put in the
other pan of the balance. We take it for granted that if
the balance is horizontal that the two weights are equal.
This is indeed true in the case of a good balance. But
you know how some shopkeepers and vegetable vendors
cheat the customers by using faulty balance (Fig. 2).

The principle of the balance has been known for a
few thousand years. If we hang two masses M

1
 and M

2

from the ends of a rod (see Fig. 2), which is free to
move around a fulcrum F and if the distances of the
two ends of the rod from F are d

1
 and d

2
, respectively,

then the rod will remain horizontal if m
1
 d

1
 = m

2
d

2
. Thus,

if we make d
1
 = d

2
, then the balance will be horizontal

when m
1
 = m

2
. This is what we do in the act of weighing.

But we can certainly balance any weight against another
by adjusting the distances d

1
 and d

2
. That is why

Archimedes claimed that he would be able to lift the
Earth single-handed if he is given a sufficiently long
pole and a place to stand outside the Earth and a place
to rest the rod (see Fig. 3), and once we are able to lift
the globe we can easily weigh it.

Mass of the Earth
Actually we mean determination of mass when we

talk of weighing the Earth or any other celestial object.
Let us briefly review some of the methods used for
determining the mass of the Earth.

(a) Jol ly ’s  Balance:  The c lassical  method of
determining the mass of the Earth is due to a German
physicist Philip Van Jolly who applied the principle of
the balance to this problem about 100 years ago (1881
A.D.). In his experiment Jolly had to follow the adage:
‘ I f  mounta in does not  go to Mohammed, then
Mohammed must go to the mountain’. Since we cannot
put the Earth in the pan of a balance, the alternative is
to bring the balance on top of the Earth. Jolly used a
two-story high balance with two decks of pans (see
Fig. 4). After balancing two balls of equal mass M in
the upper pans, one of them is taken to the lower deck.
As i t  is now closer to the centre of the Earth, i t

Fig. 1 : Losing weight on the Moon

Fig. 2 : Getting more (or less?) for your money

Fig. 3 :  Weighing the Earth

80 kg 13 kg

EARTH MOON

d1

F d2

M1

M2
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experiences more attraction and the pan tips down.
The balance is restored by adding a small weight m to
the upper pan on the other side. We now bring a big
ball of mass M–  under the lower mass M. Its gravitational
attraction on the lower mass again tilts the balance
downwards in the direction. Again the balance is
restored by adding another small weight n on the other
side. The attraction of M on the masses in the top pan
on the other side is negligible. Hence the gravitational
attraction between M and M–  is balanced by the between
n and the earth. If d is the distance between M and M– ,
RE the radius of the earth, ME the mass of the earth and
D the vertical distance between the upper and lower
pans we get the flowing equation by applying Newton’s
law of gravitation:

as (D+D') is negligible compared to RE. Or we have

Jolly’s experiment gave ME = 5.98 x 1024 kg or about
6 billion billion million kilograms.

(Example: Calculate ME if M = 5 kg, M–  = 6000 kg, n
= 0.6 milligrams and d = 57 cm. Assume R

E
 = 6400

km.)
(b)    Dynamical  Method :  I t  was Gal i leo who

discovered from his experiments done at the leaning
tower of Pisa that all bodies take the same time to
descend the same distance under free fall (see Fig. 5).
Of course objects like feathers or pieces of paper that
are easily disturbed by air should not be used in this

experiment. All other bodies experience the same
acceleration due to the gravity of the Earth, which is
given by

Measurement give g  = 980.66 cm/sec2 at the
equator. Then putting RE = 6378.4 km at the equator
and G = 6.668 x 10-11 MKS units, we again get ME =
5.98 x 1024 kg.

(c) Astronomical method: Here we balance the
gravitational attraction of the Earth on the Moon by the
centrifugal force acting on the Moon on account of its
circular motion around the Earth. If V is the velocity of
the Moon in its orbit,  rM its distance from the Earth and
MM its mass we have,

As V = 2πrM/PM where PM is the period of revolution
of the Moon round the Earth, we get

Putting rM = 384,400 km and PM = 27.32 days we
get ME = 6.059 x 1024 kg.  This mass is slightly larger
than the two previous estimates. Actually both the Moon
and the Earth are moving round a common centre of
mass, cal led the ‘barycentre’  of the Earth-Moon
system. When this fact is taken into account we find
that ME on the left hand side of equation (3) has to be
replaced by ME + MM. In other words, what we have
found is the combined mass of the Earth and the Moon.
On subtracting the mass of the Moon, which is 1/81
times the mass of the Earth, we obtain 5.986 x 1024 kg

Fig. 4 :  Jolly's Balance

Fig. 5 : Galileo's experiment
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for the mass of the Earth. Thus all the three methods
give us the same mass of the Earth.

(Question: How can we find the mass of the
Moon?)

Masses of the Sun and the planets
The astronomical method described above is

applicable to the objects in the solar system. For the
Sun with mass MS we can write,

where MP stands for the mass of the planet, a for
its distance from the Sun and P  for i ts period of
revolution round the Sun. As MP is very small compared
to MS in the case of planets we have

For the Earth we know the a = 1.496 x 108 km and
P = 365.256 days; they give MS = 2 ×  1030 kg, or 2 trillion
trillion million kilograms.

As the mass of the Sun obtained from the data
for all planets must be the same we get from equation
(5) the relation P2 ∝ a3; that is, the square of the period
is proportional to the cube of the distance; this is known
as Kepler’s third law of planetary motion. I t  was
discovered by the Polish astronomer Johannes Kepler
and explained by Isaac Newton.

Again, in the case of planets with comparatively light
satellites we can write the equation :

where as is the distance of the satellite from the
centre of the parent planet and PS is its period of
revolution. We have already applied this method to the
Earth using its satellite, the Moon. It can be applied to
Mars, which has two satellites, Jupiter, which has 63,
Saturn, which has 50, Uranus, which has 27, and
Neptune, which has 13 satellites.

The masses of the remaining planets have to be
obtained indirectly from their complex gravitational
influence on the motions of other bodies in the solar
system. We shall not discuss these methods, but only
quote the results:

Planet        Mass
(in units of Earth mass)

Mercury 0.054
Venus 0.815
Mars 0.108
Jupiter 317.8
Saturn 95.2
Uranus 14.5
Neptune 17.2

(Example: The two satellites of Mars, viz. Phobos
and Deimos, have as = 9,400 km and 23,500 km,
respectively, while their periods of revolution around
Mars are 7h 39m 14s and 30h 17m 37s respectively.
Calculate the mass of Mars from both sets of data.

Masses of the stars
From our discussion made so far it is clear that we

cannot find the mass of an astronomical body unless it
has one or more companions. Undoubtedly many stars
in the sky would have planets circling around them,
and some of the planets may even have intelligent
beings like us walking on them. But the stars are so
far away that it is virtually impossible to detect the
presence of planets around them. However, fortunately,
almost two-thirds of all the stars in the Milky Way form
pairs or multiple systems. The star pairs are called
binaries or double stars. Many of them like Sirius,
Castor, Procyon, etc., can be seen as double stars
when seen through a good telescope.

The first double star to be discovered was Mizar or
Vasistha in the Saptarshi or Ursa Major constellation
in 1650. Since then thousands of such pairs have been
observed and catalogued. For almost 150 years it was
not known whether these pairs were real physical
systems or whether they happened to lie in the same
part of the sky by the accident of being nearly in the
same line of sight (see Fig. 6). In 1803, William Herschel
showed that in the case of Castor the observed motion
of the fainter component was elliptical and followed
Kepler’s law of areas for the planetary motions. This
proved that the pair was physically connected by the
mutual gravitational attraction of its components. It is
found that most of the observed pairs, or so called visual
binaries, are of this nature, and only a small percentage
of wide pairs may be accidental or optical doubles.

The study of visual binaries is very important for
determining the masses of stars. From an analysis of
the apparent elliptical motion of the fainter companion
around the brighter component we can obtain the mean
separation between them in angular units. Then, if we
know r, the distance of the pair from us, by the method
of trigonometric parallax, we can obtain the actual
separation a between the components in kilometres,
because

a (in kilometres)   = a (in radians) ×
  r (in kilometres)                 (7)

The period of revolution P is a directly observed
quantity, which may be anywhere between a few years

Fig. 6 : Physical and optical pairs of stars
PHYSICAL  PAIR  AB OPTICAL  PAIR  A'B'

B B'
A'A

A
B



V
Pf of of of of o

i zi zi zi zi zDream 2047 April 2007
V

Pf of of of of o

i zi zi zi zi z

Astronomy 27

to even thousands of years in some cases. Then using
the modified Kepler’s law,

where M
1
 and M

2
 are the masses of the two stars in

the pair, we can find the sum of their masses. In order
to get the masses of the individual stars we must find
the centre of mass (see Fig. 7) by observing the motions
of both components with respect to the other stars in
the field. Then using the principle of the balance M

1
a

2
 =

M
2
a

2
, where a

1
 + a

2
 = a, we can find the ration M

1
/M

2
 =

a
2
/a

1
 as well as the separate masses M

1
 and M

2
.

Let us take the example of Alpha Centauri, our
nearest neighbour in space which is at a distance of
4.326 light years = 4.093 x 1013 km from us (1 light
year = 9.46 x 1012 km). I ts two components are
separated by 17″ .66 which, at the above distance,
corresponds to 3.5 x 109 km. The period of the binary
is 80.09 years. Putting in these numbers in equation
(8) we find M

1
 + M

2
 = 1.99 MS. The individual masses of

the components come out to be M
1
 = 1.10 MS, and M

2
 =

0.89MS.
Binary stars will appear as visual pairs only if they

are sufficiently near to us, astronomically speaking.
Otherwise, like the two headlights of a distant car, they
would be seen as a single point of light only. The binary
nature of some distant double stars can be inferred in
other ways.

If the orbital plane of the binary happens to lie in
the line of sight, the two stars may eclipse each other,
which would be observed as a periodic variation in the
brightness of the star. Algol (Beta Persei) was the first
‘eclipsing binary’ discovered in 1782 by an amateur
astronomer named John Goodricke who was both deaf
and dumb. His observation that the star varied in
brightness with a period of 2 days and 21 hours was
reported in a meeting of the Royal Astronomical Society
of England and won him eternal fame.

The absorption lines in the spectra of some stars
show periodic doubling and shifts in position. This
phenomenon can be explained by the Doppler effect
caused due to the motion of two stars revolving round a
common centre of  mass.  Such stars are cal led
‘spectroscopic b inar ies ’ .  The ecl ips ing and
spectroscopic binaries also give the masses of stars.

It is found that the masses of stars range from
about 0.1 MS to nearly 65 MS. Our Sun is an average
star of intermediate mass. It can be shown theoretically
that the masses of stars cannot exceed about 100 MS

would fall in the category of planets rather than stars.

Mass of the Milky Way
The Milky Way is a great galaxy of stars. It contains

most of the naked-eye stars including our Sun. As we
shall see presently the total number of stars in our
galaxy is nearly one hundred and fifty billion. The Milky
Way is a flat disc-like system with a central bulge similar
to the raised portion in a convex lens. Its overall diameter
is 100,000 light years and central thickness about
5,000 light years. It is surrounded by a halo of globular
clusters. The galaxy is flat because of its fast rotation
around the central nucleus. The disc is not continuous
but made up of spiral arms. Our Sun is away from the
centre of the galaxy about 2/3 of the way to the edge.
The centre is about 33,000 light years in the direction
of Sagittarius constellation.

The rotation of our galaxy is not like that of a solid
wheel. In fact it is not rotation in the normal sense of
the word. What is happening is that each star moves
in a circular or elliptic orbit around the massive central
nucleus like the planets revolving round the Sun. Hence
according to Kepler’s law a3 ∝ p2 ∝ (2πa/V)2 we get V2 ∝
(2/a), which means that the inner bodies move faster
than the outer ones. For example Mercury is the fastest
moving planet while Neptune is the slowest planet in
the solar system. Similarly the stars closest to the
central nucleus of the galaxy move faster than those
lying outside. This circumstance is very fortunate,
because it enables us to detect the galactic rotation
and determine its speed. It is found that our Sun is
revolving around the centre of the galaxy with a speed
of 250 km/sec in the direction of Cygnus constellation.
Hence balancing the force of gravitational attraction of
the galaxy on the Sun against the centrifugal force
through

where Mg is the mass of the galaxy, we get:

Putting r = 33,000 light years = 3.15 x 1017 km we
obtain Mg = 1.44 x 1011 MS. Since the Sun is about 2/
3rd of the way out to the edge of the galaxy most of the
mass of the galaxy is contained within its orbits.
Applying a small correction to include the remaining
mass we get Mg = 1.6 x 1011 MS for the total mass of the
galaxy. That is why we say that the galaxy contains
about 150 billion Sun-like stars. Andromeda galaxy is
slightly bigger in size as well as in mass.

Mass of the Universe
The Milky Way is but one of the millions of galaxies

photographed by modern telescopes. They form the
primary building blocks of the universe. Galaxies occur

M1

a1

Fig. 7 : Centre of mass of a binary star

cm
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M2
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in elliptic, spiral, and irregular forms. They also form
clusters in various parts of the sky. Photographic counts
have indicated that the total number of galaxies in the
observable universe may be about 3 to 5 billion. An
average galaxy is slightly smaller than our galaxy or
Andromeda nebula. Taking 1.2 × 1011 MS as the mass of
the universe equal to 4 × 109 × 1.2 × 1011 MS = 5×1020 MS.
As MS = 2 × 1030 kg we obtain a huge number ~1051 kg
for the mass of the universe. The largest number noted
in our ancient mathematical literature is Parardha is
equal to 1017. In those terms the mass of the universe
is one parardha parardha parardha kilogram.

It is not astonishing that man, who form a minute
part of this tremendous universe, could weigh the whole
universe with the long stick of logic, which rest on the
pivot  of  exper iment  and observat ion.  Modern
astronomers have surpassed the wildest dreams of
Archimedes.

Prof. K.D. Abhyankar is a well-known astrophysicist and
science popularizer. He lives in Hyderabad and can be
contacted at Flat G-3, Shubha Tulsi, 12-13-625, Tarnaka,
Secunderabad 500 017.

� � �

Mass of the solar system
Our Sun is a typical, average star. Along with its entourage of
planets, their satellites, asteroids and meteors, there is reason to
believe that it makes a prototype average solar system. Here is an
estimate of its mass.

When a star has planets or a planet has satellites, its mass
can be easily determined from the period of revolution of the planet
or satellite respectively.

Our Sun has a mass of 2 × 1030 kg. The largest planet Jupiter
has a mass of 1.9 × 1027 kg, which is one thousandth of that of
Jupiter. The third largest planet, Neptune, has a mass of 1/20,000 of
that of the Sun.

Among planets, Mercury and Venus have no satellite. Their
masses were earlier calculated approximately from their perturbing
effect on comets. During the past two decades, artificial satellites
have been sent towards these planets and the Pioneer Venus
Orbiter was even put in orbit around Venus. This has enabled us to
determine their masses accurately. The masses of satellites,
asteroids and comets are even smaller.

The total mass of all the bodies in the solar system, other than
the Sun, thus does not come even to 1% of that of the Sun. For the
purpose of the estimates, we can therefore safely say that all the
mass of solar system is concentrated in the Sun.

There is, however, one danger in the above assumption. Some
astronomers believe that there may be a large number, almost
innumerable comets wandering in the vast expanses of the solar
system. Although each comet is small, their total mass may be
comparable or more than the Sun’s mass.

A.W. Joshi

Vigyan Prasar Jointly with National Science Centre
(NSC), New Delhi organised a popular science lecture

on ‘Story of Electron: From Atoms to Nanomaterials’ on 26
February 2007 at NSC, Delhi.  The lecture was delivered
by the noted physicist and former Director General of CSIR,
Prof. S.K. Joshi. The lecture was attended by senior school
students and teachers of Delhi and neighbourhood.

Prof. Joshi made a very interesting presentation on
the story of electron to the development of nanomaterials.
He began his lecture with the history of discovery of
electron.  He said that the way we live and work is
influenced by our understanding of the behaviour of
electrons in matter and devices that we use in our daily life.

The first thirty years of the twentieth century
was dominated by discoveries connected with
electrons in atoms, molecules, and solids.  One
of the first obvious questions after Thomson’s
discovery of electron was: “What is the structure
of an atom and how are the electrons placed in
them?” Prof. Joshi then talked in detail about the
structure of atom and the dual nature of electron.
In 1924 Louis de Broglie proposed that all particles
(like electrons) also behave as waves, the
wavelength (λ) associated with the momentum p
of the particle being given by λ = h/p, where h is
the Planck’s constant. The wave nature of electron

Popular Science Lecture on ‘Story of Electron : From Atoms to
Nanomaterials’ was experimentally verified by G.P Thompson and C.J

Davisson and Germer in 1927, through electron diffraction.
Prof. Joshi then spoke about the properties of electrons

in solids, semiconductors, and nanomaterials.  Presently
there is intense interest amongst scientists and
technologists to understand the behaviour of nanomaterials
and to use of this understanding in developing products/
devices.  Nanomaterials normally have size in the range
from 1 nm to 100 nm.  When we confine electrons within a
space of a few nanometres, electrons exhibit quantum
behaviour, i.e., they have discrete energies.  He then
discussed briefly the fabrication of nanomaterials.

The lecture was followed by an interaction session with
the students.

Prof.  S.K Joshi noted Physicist and former DG CSIR, delivering a lecture at National Science
Centre,  New Delhi on February 26, 2007
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Getting to know about Diabetes

❏ Dr. Yatish Agarwal
e-mail: dryatish@yahoo.com

The hotspot of diabetes
With over 35 million Indians suffering from diabetes,

India is now the number one hotspot of diabetes in the world.
Unless quick steps are initiated to prevent the epidemic,
the numbers are set to rise in an exponential manner.
Whereas 10-12 per cent adults in urban India suffer from
diabetes, the prevalence of the disease is around 3-4 per
cent in the countryside.

Here is a further piece of news that may be even more
disturbing: more than 50 per cent of diabetics in India do
not know that they suffer from diabetes. The reason: the
lack of definite symptoms that can tell a person that he or
she has developed diabetes.

Who is at risk?
Diabetes can strike at any age, and being a man or

a woman does not stand guarantee that you would not
be affected, since the disease carries no gender bias.
Cross sectional community studies have found that dia-
betes develops at an earlier age in India than in most
other parts of  the
world. Roughly 38 per
cent of diabetics in
India were found to be
below 40 years of
age, with 5 per cent
being in ages less
than 25.

 Diabetes tends to
runs in families. If any
of your immediate fam-
ily members such as
your father, mother,
sister or brother suffers
from diabetes, your
risk of acquiring diabe-
tes rises considerably.
There are also other
genetic pointers. The prevalence of diabetes is higher
among communities where marriages within the family are
a routine or the size of community is small.

What is diabetes?
Diabetes is a disorder of your metabolism – the way

your body uses digested food to fuel the activities of its
billions of cells. Normally, your digestive system breaks
down carbohydrates – the sugary, starchy portion of the
food you eat – into a sugar called glucose. Glucose then
enters your bloodstream, ready to energize your cells.

Diabetes is a common malady recognized since the
olden times. Called madhumeha by the

ayurvedacharyas in the Vedic Sanskrit era, it affects mil-
lions of people worldwide. A measure of the fast changing
lifestyle, the number of people with diabetes has multiplied
manifold all across the world in the 21st century.

Until some years
ago, diabetes was
more common among
people of the developed
economies. However,
the situation has now
changed radically. With
seeds of modernization
having spread far and
wide, people in the de-
veloping societies are
today increasingly suf-
fering the wrath of
mechanization, have
undergone a major
change in their eating
habits, and live
crammed routines, full
of stresses and
strains. This has turned
on the tide of diabetes.

The disease is now widely prevalent in the developing
countries, and the trend is towards a galloping rise. Today,
globally around 150 million people are afflicted with diabe-
tes. This number is expected to cross a whooping 300 mil-
lion by the year 2025. The rise is most scary in the devel-
oping countries where the numbers are set to increase by
a galloping 170 per cent.

Global map of Diabetes in 2025
It is estimated that by the year 2025, the maximum

number of diabetics in the world would be in the following
countries:

India 57,243,000

China 37,555,000

US 21,892,000

Russia 12,240,000

Japan 8,543,000

Brazil 11,603,000

Indonesia 12,427,000

Pakistan 14,523,000

Mexico 11,684,000

Egypt 8,802,000
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To help your cells take the delivery of glucose, insulin,
a hormone produced by your pancreas, must ‘usher’ it in.
Normally, your pancreas works all the time. Tucked deep
inside the abdomen, this 85-gram gland keeps a tab on the
amount of glucose in your blood. When it senses a rise,
such as after a meal, it becomes more active. The secre-
tion of insulin increases, and it ushers glucose from your
bloodstream to your individual cells. As glucose enters your
cells, its amount in the blood drops, and it soon returns to
the basal level.

Mother Nature has also given you a storehouse for ex-
cess glucose. It is the liver, which can keep glucose tucked
away in the form of glycogen. Again, insulin is the pass-
word to escort the glucose into this ‘cupboard’.

A host of other hormones also play a role in this intri-
cate metabolism. Glucagon, growth hormone, cortisol and
epinephrine – all work in the reverse manner. They push up
the amount of glucose in the
blood under certain stressful
situations, when the body’s
energy demand suddenly rises.

This wonderful mechanism
is watchful of the body’s needs
at all times, but it is clever
enough to maintain your blood
glucose level within a narrow
normal range. The process,
however, is disrupted when dia-
betes strikes. A deficit of insu-
lin occurs, or it loses its effect.
Glucose enters into the cells
only in limited amounts. Some
of the glucose then builds up in your blood, overflows into
your urine and passes from your body unused. The an-
cients were wise to this, and therefore, they named the
disease, madhumeha, or sweet urine. The modern term,
diabetes mellitus, means much the same.

Types of diabetes
Diabetes can occur in a variety of situations, and prob-

ably each deserves a different name, but broadly, the dis-
ease has four major categories.

Type-1
Type-1 diabetes usually arises in childhood or teen

years. Symptoms usually appear suddenly, and when the
diagnosis is made, the child and parents often react with
disbelief and shock. The disease occurs due to the de-
struction of insulin-producing units in the pancreas. The
body is no longer able to produce insulin, and life is pos-
sible only with the help of daily injections of the hormone.

Viewed as an autoimmune disease, it occurs because
the body’s immune system goes haywire, and attacks and
destroys insulin-producing cells, known as beta cells, in
the pancreas. A combination of genetic and environmental
factors, probably fool the immune system to produce anti-
bodies against its own cells.

So far several possible genes have been identified that
may play a role in its causation, and a number of viruses
are also thought to be contributory, but the exact mecha-
nism is still under investigation. The disease accounts for
roughly 5 per cent of all diabetes cases.

Type-2
Roughly 95-96 per cent people with diabetes have type-

2 disease. Formerly, it was thought to be a disease which
commenced in middle age, but that’s not the case any
more. Even children and teens now have type-2 diabetes,
and the number is growing. In this form of diabetes, either
the cells stop responding to insulin or the pancreas pro-
duces it in short supply. As a result, the body’s fine act of
regulating glucose level in the blood goes awry.

A number of genes probably work backstage to cause
the disease. In addition, the disease has a strong relation-

ship with obesity. About 80 per
cent of diabetics with this form
of the disease are significantly
overweight. Symptoms of type-
2 diabetes often develop slowly.
Individuals with the disease
therefore may not immediately
recognize that they are sick.

Gestational diabetes
Gestational diabetes is an

ephemeral condition associ-
ated with pregnancy. In this situ-
ation, blood glucose levels in-
crease during pregnancy but

usually return to normal after delivery. This happens in about
2 per cent to 5 per cent of pregnant women. Gestational
diabetes typically develops during the second half of preg-
nancy – especially in the third trimester – and usually goes
away after the baby is born. But more than half of all women
who experience gestational diabetes develop type-2 dia-
betes later in life.

If you develop gestational diabetes, being aware of your
condition and controlling your blood sugar level throughout
the remainder of your pregnancy can reduce complications
to you and your baby.

Diabetes as a sequel to other conditions
Diabetes mellitus may also develop as a secondary

condition linked to another illnesses or medications that
can interfere with the production of insulin or its action.
Approximately one per cent of all diagnosed cases of dia-
betes fall under this group. Inflammation of the pancreas
(pancreatitis), adrenal or pituitary gland disorders, myo-
tonic dystrophy (a genetic syndrome), or medications, such
as corticosteroids can lead to a persistent rise in blood
sugar producing diabetes.

(Next month: Look out for symptoms, diagnosis and treatment goals
in diabetes)
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Earthquake Tip 10
How Flexibility of Buildings Affects their

Earthquake Response?
Oscillations of Flexible Buildings

When the ground shakes, the base of a building moves
with the ground, and the building swings back-and-forth. If
the building were rigid, then every point in it would move by
the same amount as the ground. But, most buildings are
flexible, and different parts move back-and-forth by different
amounts.

Take a fat coir rope and tie one end of it to the roof of a
building and its other end to a motorized vehicle (say a
tractor). Next, start the tractor and pull the building; it will
move in the direction of pull (Figure 1a). For the same
amount of pull force, the movement is larger for a more
flexible building. Now, cut the rope! The building will oscillate
back-and-forth horizontally and after some time come back
to the original position (Figure 1b); these oscillations are
periodic. The time taken (in seconds) for each complete
cycle of oscillation (i.e., one complete back-and-forth
motion) is the same and is called ‘Fundamental Natural
Period’ T of the building. Value of T depends on the building
flexibility and mass; more the flexibility, the longer is the
T, and more the mass, the longer is the T. In general, taller
buildings are more flexible and have larger mass, and
therefore have a longer T. On the contrary, low- to medium-
rise buildings generally have shorter T (less than 0.4 sec).

Fundamental natural period T is an inherent property
of a building. Any alterations made to the building will
change its T. Fundamental natural periods T of normal single
storey to 20 storey buildings are usually in the range 0.05-
2.00 sec. Some examples of natural periods of different
structures are shown in Figure 2.
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Importance of Flexibility
The ground shaking during an earthquake contains a

mixture of many sinusoidal waves of different frequencies,
ranging from short to long periods (Figure 3). The time taken
by the wave to complete one cycle of motion is called
‘period of the earthquake wave’

.
 In general, earthquake

shaking of the ground has waves whose periods vary in the
range 0.03-33sec. Even within this range, some earthquake
waves are stronger than the others. Intensity of earthquake
waves at a particular building location depends on a number
of factors, including the magnitude of the earthquake, the
epicentral distance, and the type of ground that the
earthquake waves travelled through before reaching the
location of interest.

In a typical city, there are buildings of many different
sizes and shapes. One way of categorizing them is by
their ‘fundamental natural period’ T. The ground motion
under these buildings varies across the city (Figure 4a). If
the ground is shaken back-and-forth by earthquake waves
that have short periods, then short period buildings will
have large response. Similarly, if the earthquake ground
motion has long period waves, then long period buildings
will have larger response. Thus, depending on the value of
T of the buildings and on the characteristics of earthquake
ground motion (i.e., the periods and amplitude of the
earthquake waves), some buildings will be shaken more
than the others.

During the 1967 Caracas earthquake in South
America, the response of buildings was found to depend
on the thickness of soil under the buildings. Figure 4b
shows that for buildings 3-5 storeys tall, the damage
intensity was higher in areas with underlying soil cover
of around 40-60m thick, but was minimal in areas with
larger thickness of soil cover. On the other hand, the
damage intensity was just the reverse in the case of 10-
14 storey buildings; the damage intensity was more when
the soil cover was in the range 150-300m, and small for
lower thickness of soil cover.  Here, the soil layer under

the building plays the role of a filter, allowing some
ground waves to pass through and filtering the rest.

Flexible buildings undergo larger relative horizontal
displacements, which may result in damage to various
nonstructural building components and the contents. For
example, some items in buildings, like glass windows,
cannot take large lateral movements, and are therefore
damaged severely or crushed. Unsecured shelves might
topple, especially at upper stories of multi-storey
buildings.  These damages may not affect safety of
buildings, but may cause economic losses, injuries and
panic among its residents.

Related IITK-       Tip

IITK-BMTPC Earthquake Tip 2: How the Ground Shakes?
IITK-BMTPC Earthquake Tip 5: What are the Seismic
Effects on Structures?

Resource Material

1. Wiegel, R.,  (1970), Earthquake Engineering,
Prentice Hall Inc., USA.

2. Chopra, A.K., (1980), Dynamics of Structures – A
Primer, Earthquake Engineering Research Institute,
USA.
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Sky Map for April 2007
North

South

WestEast

Tips for watching the night sky:

(1) Choose a place away from city lights /street light. (2) Hold the sky-map overhead with ‘North’ in the direction of Polaris. (3) Use a pencil torch
for reading the sky map (4) Try to identify constellations as shown in the map one by one.

Planet Round up:
Venus: In the constellation Pisces (Meen Rashi), up in eastern horizon.
Saturn: In the constellation Leo (Simha Rashi), up at zenith.

Prominent Constellations: Given below are prominent constellations with brightest star therein (in the parenthesis). Also given are their Indian
names.

Eastern Sky: Bootes (Arcturus) / Bhutaap (Swati), Coma Berenices, Corona Borealis, Serpens, Virgo (Spica) / Kanya Rashi (Chitra).
Western Sky: Auriga (Capella) / Sarthi (Brahmaridhay), Canis Major (Sirius) / Bruhalubdhak (Vaydh), Lepus / Shashak, Orion (Betelgeuse) /

Mrigah (Aardhra), Perseus (Mirfak, Algol) / Yayati, Taurus (Aldebran) / Vrishabh Rashi (Rohini).
Southern Sky: Antila, Centaurus / Narturang, Columba, Crater, Carvus / Hast, Hydra (Alpherad) / Vasuki, Puppis / Aarit, Pyxis, Vela / Navshirsh.
 Northern Sky: Cameleopardalis, Cepheus / Vrishaparv, Draco / Kaleey, Ursa Minor (Polaris) / Dhruvamatsya (Drhuvataraka), Ursa Major

(Dhube) / Saptasirshi (Krutu).
 Zenith: Cancer / Karka Rashi, Canis Minor (Procyon)/ Laghulubdhak (Prashav), Gemini (Castor, Pollux) /

Meethun Rashi (Punarvasu, Purush), Leo (Regulus) / Simha Rashi (Magha),
Lynx, Monocerus.

17 April

10 April

24 April

Moon - First Quarter

Moon - Last Quarter

New Moon

Arvind C. Ranade
e-mail: rac@vigyanprasar.gov.in

Astronomy 21

The sky map is prepared for viewers in Nagpur (21.090 N, 79.090 E). It includes bright constellations and planets. For viewers south of Nagpur,
constellations of the southern sky will appear higher up in the sky, and those of the northern sky will appear nearer the northern horizon.
Similarly, for viewers north of Nagpur, constellations of northern sky will appear higher up in the sky, and those of the southern sky will appear
nearer the southern horizon. The map can be used at 10 PM on 01 April, at 9:00 PM on 15 April and at 8 PM on 30 April.

02 April

Full Moon



V
Pf of of of of o

i zi zi zi zi zDream 2047 April 2007
V

Pf of of of of o

i zi zi zi zi z

New Horizons 20

Recent Developments in Science and Technology
First details of exoplanet atmosphere obtained

Ever since the first planet outside our solar system was
discovered in 1995, more than 200 extrasolar planets
(exoplanets) have been discovered by astronomers around
the world. But apart from the fact that these objects were
planets around other stars having sizes around that of Jupiter
or less, not much was known about their composition.
Although several attempts had been made from Earth-based
observatories, no spectrum could be measured for any of the
established exoplanets. Now three groups of astronomers
have made the first detailed measurements of radiation emitted
by two exoplanets. One of the planets – a Jupiter-like planet
called HD 209458b, which lies about 150 light years from
Earth – was found to be surrounded by black silicate clouds
that don’t let light in or out (Nature, 22 February 2007).

The new discovery was made by Jeremy Richardson at
NASA’s Goddard Space Flight Center in Greenbelt, Maryland,
and his colleagues using data from the Spitzer Space
Telescope. To analyse the atmospheric composition of the
exoplanet the researchers compared the infrared radiation
from the parent star and planet together, with that emitted
when the planet was behind the star. Instead of the expected
infrared spectrum showing up water and carbon dioxide, as
well as carbon-containing molecules such as methane, the
spectrum showed nothing apart from peaks that could be
attributed to silicon, and possibly molecules of benzene.
According to the researchers, the absence of water was
particularly surprising because gas giants such as HD
209458b are predicted to produce large quantities of water.
One explanation could be that high clouds of silicon are
blocking the water, and other chemicals, from Spitzer’s
instruments.

Two other groups of astronomers – one at the California
Institute of Technology in Pasadena, California, who carried
out observations on the exoplanet called HD 189733b that
lies 60 light years from Earth, and the other at the Jet
Propulsion Laboratory, also at Pasadena, who did studies
on the spectrum of HD 209458b – have found results that
differ from those of Richardson et al., but their findings are
yet to be published.

Chilli cultivation older than pottery
Ancient humans domesticated chilli peppers more than

6,100 years ago, according to newly gathered archaeological
evidence, which makes them one of the oldest crops cultivated
by man. This means that in some regions, chilli cultivation
even predates pottery. The chilli is a relatively recent addition
to cuisine in most of the world.  Before Christopher
Columbus’s voyages in late 15th century, the spicy peppers
of the genus Capsicum were limited to the Americas. Clearly,
chilli peppers had been around long before Columbus
discovered their heat on his travels to America. In fact, he
confused the chilli pepper with the pepper he was hoping to
find in India, for which he set sail and discovered America
instead.  Chilli pepper, however, has no relation to the black

pepper, known as Piper nigrum, in search of which Columbus
made his long voyage. Chilli pepper came to India only in 15th
century AD, brought in by Portuguese sailors.

The antiquity of chilli peppers came to light when Linda
Perry of the Smithsonian National Museum of Natural History
in Washington, D.C. and her colleagues analysed starch grain
microfossils preserved on cookware and stone tools from
various archaeological sites in the Americas, and found some
grain identical to those produced by modern domesticated
peppers – showing that the ancient humans not only cultivated
staple crops such as maize and yam, but also farmed for
flavour (Science, 16 February 2007). The researchers collected
the starch grain microfossils from seven sites dating from 6,000
years before present, and ranging from the Bahamas to
southern Peru. According to the researchers the starch grain
assemblages demonstrate that maize and chillies were
cultivated together as an ancient and widespread food complex.

Tool making chimpanzees
Till recently, the Homo habilis, an extinct species of

humans considered to be an ancestor of modern humans,
which existed between 1.5 and 2.0 million years ago, was
believed to be the earliest hominid to make tools.
Palaeoanthropologists once considered making tools to be
one of the defining characteristics of being human – along
with a big brain, language, and upright walking. But recent
findings indicate the humankind’s closest genetic relative, the
chimpanzee, may also be an expert toolmaker. Wild
chimpanzees had been seen pounding nuts open with stone
hammers, fishing for termites and ants with sticks, and
extracting honey with brushes made of sticks, but sceptics
had believed otherwise; according to them tool-wielding
chimpanzees were just imitating humans living in the same
forests. Now a new study gives credence to the idea that
chimps came up with the tools themselves.

A research team led by Julio Mercader of the University
of Calgary in Canada, working in Africa’s Côte D’Ivoire (Ivory
Coast) have discovered stone hammers made 4,300 years
ago that appear to be the handiwork of chimpanzees, not
humans (PNAS 27 February 2007). The researchers believe
the artefacts to be handiwork of chimpanzees because they
believe at that time there could have been no human toolmaker
in that area, as farming started there only 2,000 years later.
As further confirmation of their inference, the researchers found
that the stone tools were too large for humans to use (but just
right for chimpanzees); had starchy residue from nuts that
chimpanzees eat, but living humans don’t; were made from
granitoid stone (a common, coarse-grained, light-coloured,
hard igneous rock used in monuments and for building) that
chimpanzees use for tools today, but humans don’t; and were
unlikely to be the result of natural erosion. According to the
researchers, the antiquity of the tools suggests that
chimpanzee tool-making has been passed from chimpanzee
to chimpanzee for more than 200 generations.

Biman Basu
E-mail: bimanbasu@gmail.com
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VP News 19

On occasion of Total Lunar Eclipse on 4 March 2007, Vigyan
Prasar organised a programme of night sky observation

and Moon watching programme for the public at Vigyan Prasar
(NCMRWF) premises in Noida. The objective was to make

people interested in sky watching and remove myths related
to eclipses. During the programme, the people were given an
opportunity to see the planets Venus and Saturn through
telescope. The programme was conducted in association with
the local NGO working for astronomy called Science
Popularization Association of Communicators and Educators
(SPACE). The programme was covered by the Hindi Channel
IBN-7 in its bulletins.  The channel also interviewed Dr V B
Kamble (Director, VP), Arvind C Ranade (Vigyan Prasar),
Amitabh Pande (SPACE), Pranjal Divedi (SPACE).  The event
was also reported in the Hindi daily Dainik Jagaran. Members
of SPACE installed a mobile planetarium in the lawns near
the NCMRWF Guest House.

After 1:00 AM the scientific activities were continued mainly
by groups from Vigyan Prasar and SPACE. Photographs of
the Moon at totality were taken between 4:13 AM and 5:30 AM
using VP’s 11" CGE Celestron telescope and SPACE’s camera
Canon Power shot A-80 (35mm film).

Total Lunar Eclipse observation on
4 March 2007 at Vigyan Prasar

Photograph of Moon just after the totality Captured by VPs 11" CGE
Celestron Telescope with Canon Power shot A-80 Camera

Vigyan Prasar in joint collaboration with ‘Pratham Delhi
Education Initiative’, a voluntary organisation working for

the less privileged chil-
dren in the field of educa-
tion, organised a Science
Mela in Delhi on the theme
‘Dharti Meri Dharti’ for stu-
dents of primary schools
on 28 February 2007.
About 200 children and 70
teachers representing 57
Municipal Corporation
schools participated in the
programme, which in-
cluded theme based
competitions like posters,
essays, science skits, etc.
This programme has
been initiated as a part of
the International Year of
Planet Earth, which would
be taken up in the next
academic year involving
all the municipal schools
of Delhi.

Vigyan Prasar participated in ‘Science Expo-2007’, an ex
position for science, technology and society interface to

mark the celebration of
National Science Day
2007 organised at Sci-
ence City, Ahmedabad
from 22 to 28 February.
VP had put up its stall
for display of its soft-
ware and organised
two demonstration-
cum-workshops for
students and general
public. The
programme was orga-
nized under the aegis
of Department of Sci-
ence & Technology,
Government of Gujarat.

Science Expo-2007

‘Dharti Meri Dharti’ - Science Mela

Prize distribution function at
Science Mela

Students participating in essay writing
competition during Science MelaA view of Book Stall at Science Expo-2007

Vigyan Prasar has brought out an activity kit on “Emergence of
Modern Physics” and a CD-ROM on “Physicists”.  The activ-

ity kit contains
simple activities
that explain the un-
derlying concepts of
modern physics.
Attempt has been
made to explain
some of the ab-
stract concepts like
relativistic length
contraction and
time dilation, curva-
ture of space-time,
deflection of light through gravitational fields, photoelectric effect
and so on through 28 innovative activities in this kit. The kit has
been brought out both in English and Hindi.

The  interactive CD-ROM  covers biographies of 150 se-
lected physicists from ancient, renaissance, classical and mod-
ern periods, who made major contributions in fundamental and
applied physics. The CD contains list of Nobel Prize winners
from 1901-2006, timeline of major discoveries in physics and
laws of physics.

The kit and the CD-ROM were released by Dr. R.
Chidambaram, Principal Adviser to Government of India at the
National Science Day function on  1 March 2007  at Technology
Bhawan,  New Delhi.  Present on the occasion were Dr. T.
Ramasami, Secretary, Department of Science and Technology;
Shri Anuj Sinha, Head, NCSTC, and Dr. D.K Pandey, Scientist,
NSCTC.

Activity Kit and CD-ROM released

Dr. R. Chidambaram releasing the activity kit on
“Emergence of Modern Physics”. Shri Anuj Sinha,
Head , NCSTC and Dr. D.K. Pandey, Scientist,
NSCTC are also seen.


