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Editorial =

Longest Celestial Drama of the Century

On 22 July 2009, we shall have an
opportunity to witness one of the grandest
spectacles the nature can offer - the total
eclipse of the Sun when the Moon would
completely cover the disc of the Sun. It is
an event so rare that most people do not
get an opportunity to witness it even once
in their lifetime. On an average, a total
solar eclipse may occur at a particular place
on the Earth only once in about 360 years.
In addition, such eclipses are notorious
in having their tracks of totality very
narrow and passing over relatively
inaccessible regions of the globe. But, the
path of totality of the on 22 July 2009
would pass through a large number of cities
and densely populated regions. It will also
be the longest total solar eclipse of the
century, with totality lasting for 6 minutes
and 39 seconds at maximum along its path,
making it the longest until 2132. Under
the most favourable conditions, however,
the totality can last for a maximum of 772
minutes.

How do the eclipses of the Sun take
place, anyway? An eclipse of the Sun takes
place when the Moon comes between the
Earth and the Sun so that the Moon’s
shadow sweeps over the face of the Earth.
This can occur on new Moon day (though
not on every new Moon day due to the
inclination of the Moons orbit). This
shadow consists of two parts: the umbra,
or the total shadow, a cone into which no
direct sunlight penetrates; and the
penumbra, or partial shadow, which is
caused by light reaching from only a part
of the Sun’s disc. To an observer within
the umbra, the Sun’s disc appears
completely covered by the disc of the
Moon. Such an eclipse is called the zotal

solar eclipse. To an observer within the
penumbra, however, the Moon’s disc
appears projected against the Sun’s disc
so as to cover it partly. The eclipse is then
partial to the observer. The umbral cone
being narrow at the distance of the Earth,
the total solar eclipse is observed only over
a narrow strip of land or sea over which it
passes. The partial solar eclipse, however,
can be seen from a large number of places
covered by the penumbra.

By a remarkable coincidence, the
sizes and the distances of the Sun and the
Moon are such that they appear very nearly
the same angular size from the Earth.
However, their apparent sizes depend on
their distances from the Earth. This
happens because the Earth revolves in an
elliptical orbit around the Sun and the
Moon too revolves in an elliptical orbit
around the Earth. When the Sun is closest
to the Earth, and Moon the farthest, the
apparent disc of the Moon is smaller than
that of the Sun. The Moon passing over
the Sun’s disc cannot cover it completely,
but leave the rim of the Sun visible. Such
an eclipse is called annular. In India, we
shall have an opportunity witness annular
eclipse of the Sun on 15 January 2010 that
would be visible in southern parts of the
country. Sometimes the Earth misses the
umbra but only intercepts the penumbra.
Under such circumstances, only partial
solar eclipse is observed anywhere on the
Earth. Moon’s disc then does not pass
across the centre of the Sun. Incidentally,
partial eclipses of the Sun are more
frequent than total or annular eclipses.

Why is a total solar eclipse so grand
a spectacle? An hour before the totality,
there is almost no change in the conditions

where a person may be stationed. About
twenty minutes before totality, there is a
sizeable decrease in the intensity of light.
Some three minutes before, the sky
darkens considerably. Only a narrow
crescent of the Sun can be seen. If you are
on a hilltop, and if the eclipse takes place
in the afternoon, you may see the umbral
shadow of the Moon approaching from
the western horizon at a speed of about
800 metres per second (or about 2.5 times
the speed of sound). About one minute
before the totality, ripples of dark and
bright bands, called ‘shadow bands’, appear
to move over a white plain surface. The
intensity of light quickly drops in the next
few seconds, and this is when the real
drama begins. The sunlight shining
through the valleys of the Moon, called
the Baily’s beads, give the appearance of a
beaded necklace. And the final flash of light
from the Moon’s valleys produces a brilliant
flare known as the ‘diamond ring. Soon
after the diamond ring vanishes, the
chromosphere or lower atmosphere of the
Sun that lies just above the visible
photosphere blazes into view, indicating
that the totality has just begun. One can
then see red or orange jets of fire shooting
to millions of kilometres above the surface
of the Sun, called prominences. The Sun
is now completely hidden behind the
Moon and the magnificent pearly white
corona flashes into view. Corona is the
Sun’s outer atmosphere consisting of hot
sparse gases that extends to millions of
kilometers. It is generally quite feeble, its
brightness being comparable to that of the
Moon and hence not visible ordinarily due
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pursue its scientific investigation.”

(“Although it was later discovered that the vaccination against smallpox did not last\
for a lifetime but had to be “refreshed” or “boosted” later, Jenner’s treatment not
only helped to rid the world of a dreaded disease but established the science of
immunization and opened the door to the research by Pasteur, Koch and others
looking for cures and immunization against other diseases.”

- Ray Spangenburg and Diane K. Moser in
The History of Science in the Eighteenth Century (1999)

“‘Jenner’s work represented the first scientific attempt to control an infectious disease
by the deliberate use of vaccination. Strictly speaking, he did not discover vaccination

but (he) was the first person to confer scientific status on the procedure and to

- Stefan Riedal in Baylor University Medical Center Proceedings, January 2005
J

dward Jenner pioneered vaccination.

His successful demonstration in 1796
that inoculation with cowpox gave immunity
to smallpox was a breakthrough in medical
science of immense significance. It saved
millions of lives. Jenner is widely recognised
as founding father of immunology. It was
Jenner who coined the word ‘vaccination’
from the Latin word ‘vaccinia’ for ‘cowpox.’
The celebrated French chemist and
bacteriologist Louis Pasteur (1822-1895)
adopted it for immunization against any
disease. Jenner devised an improved version
for preparing a medicine called tartar emetic
(potassium antimony tartrate).

We should mention here that Jenner
was not the first to observe that infection
with cowpox gave immunity to smallpox
and he was also not the first to demonstrate
inoculation for this purpose. But, as British
scientist and writer Francis Galton (1822-
1911) said: “In science credit goes to the
man who convinces the world, not to the
man to whom the idea first occurs.” Jenner
pursued scientific investigation of
vaccination and convinced the world about
its efficacy.

Vaccines are the most successful
advancement in the history of public health.
Vaccines help the body to develop more
effective disease-fighting abilities. You are

vaccinated means your body has been
exposed to weakened or dead forms of the
disease-causing agents (viruses or bacteria).
They are also called antigens. The body soon
identifies these antigens or foreign bodies
and makes the immune system act. Actually
the vaccine makes the body believe that it
has already the full-blown disease. It

Edward Jenner

produces antibodies (which are actually
proteins) for circulating in the blood. These
antibodies are produced to kill the antigens.
Once the antibodies are produced in
response to a false alarm caused by the
vaccine, they remain in the blood. In future
when the body faces a real exposure to the

disease it immediately mounts an attack
without any time-loss. In other words the
body is fully prepared to face the attack.
Jenner himself, however, was not aware
about the actual mechanism how vaccine
worked.

Jenner’s interest was not confined to
medical science alone. He was an
accomplished naturalist and horticulturist.
Ornithologists claim that his work on
cuckoo and bird migration ranks as
outstanding in their field. He studied
geology. He was a fossil hunter and he
discovered the bones of a plesiosaur, a pre-
historic large sea-dwelling reptile in 1819.
After the successful demonstration of hot
air and hydrogen balloons by Montgolfier
brothers in France in 1794, Jenner built
his own hydrogen balloon. He launched it
twice and it flew 12 miles (about 19.5 km).
Jenner played the violin and wrote light verse
and poetry.

Jenner was a great humanitarian. He
did not make any attempt to earn for
himself from his discovery. In fact his
private practice and other personal affairs
suffered greatly due to his single-minded
devotion to the cause of vaccination. Jenner
built a clinic adjacent to his cottage. It was
called “Temple of Vaccinia” where he
vaccinated the poor free of cost. At one
point of time he was vaccinating almost 300
people daily.
ridiculed for his

monumental discovery. His critiques,

Jenner was

particularly the clergy, thought it was not
only repulsive but also heretic (that is,
against the teachings of religion) to
inoculate someone with material from a
diseased animal. In a satirical cartoon
published in 1802 persons vaccinated were
shown sprouting cow’s heads. Jenner was
unfazed by such ridicules and he continued
to work on vaccination. He was never made
a Fellow of the College of Physicians in
London because he refused to take a test
on the theories of Greek physicians
Hippocrates ((460-c.3778C) and Galen
(c.AD130-¢.200). It was mandatory to pass
this test for being admitted into the College,
but Jenner did not appear at the test because
he thought his work on vaccination should
make him eligible for the admission into
the College.
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Today smallpox is no longer a serious
threat. In fact the World Health
Organisation (WHO) declared in 1980 that
smallpox had been eradicated worldwide.
On 8 May 1980, the World Health
Assembly announced: “The world and all
its people have won freedom from smallpox,
which was the most devastating disease
sweeping in epidemic from through many
countries since carliest times, leaving death,
blindness and disfigurement in its wake.”
This was Jenner’s ultimate vindication and
memorial. On 30 June 1999, the WHO
announced its plan to destroy the last
remaining stocks of the smallpox virus.

In the past smallpox was the most
dreadful scourge of the human race. In 18th
century Europe 400,000 people died
annually of smallpox. One-third of those
who survived went blind. Most of the
survivors were left with disfiguring scars.
It used to be called “speckled monster”.
Smallpox was even responsible for the fall
or decline of empires. It is known with
certainty when smallpox manifested as a
natural disease. Ancient Sanskrit texts of
India mention smallpox. Records of

Louis Pasteur

were Empress Marie-Therese of Austria
and her children and grandchildren,
Frederick II of Prussia, King Louis XVI of

France and his Children, and Catherine II
of Russia and her son. However, this was

a lethal case of smallpox would develop.
Second, unless isolated, the inoculated
subject was only too likely to start an
epidemic among those in contact with him.
Unlike variolation, vaccination with cowpox
developed by Jenner was safe.

Edward Jenner was born on 17 May
1749 in a small village of Berkeley,
Gloucestershire, England. He was the
youngest of six children of his parents. His
father Stephan Jenner was a clergyman.
Jenner was orphaned at the age of five. He
was raised by his oldest brother, who was
also a clergyman. Jenner was a keen
observer of nature since his childhood.

At the age of 14, he was apprenticed
to a country surgeon or apothecary in
Sodbury near Bristol. He remained there
till the age of 21 and he acquired a
considerable knowledge of surgery and
medical practice. It has been reported that
it was in Sodbury that Jenner heard a
milkmaid say, “I shall never have smallpox
for I have had cowpox. I shall never have
an ugly pockmarked face.” In 1770, Jenner
went to St George’s Hospital in London to
study under John Hunter, one of the

smallpox in China go back to around
1100 Bc. The Egyptian pharaoh
Ramses III (also spelt as Rameses),
who died in 1167 Bc, is believed to
have died of smallpox. His face
bears evidence of smallpox. But it
appears that smallpox appeared
much earlier than these records. It
is usually believed that smallpox first
appeared around 10000 BC in
northeastern Africa where the first
agricultural settlements came into
existence.

Before the

vaccination was developed by Jenner,

practice of

variolation (or inoculation) with
material taken from fresh smallpox
sores, was widely adopted. The
words “variolation” and
“inoculation” are interchangeably
used. The word “inoculation” was
derived from Latin word #noculare,
meaning “to graft”. The practice of
variolation or inoculation was developed
independently in many countries. It came
to Europe at the beginning of the 18th
century. Among those who were variolated

Bronze statue of Jenner in Kensington’s Gardens

practised in Africa, India and China much
before the 18th century. However,
variolation suffered from two major defects.
First, if a virulent dose were administered,

most eminent surgeons of his time.
Hunter was not only one of the most
famous surgeons in England but he
was also an accomplished biologist
and anatomist. Jenner was the first
student of Hunter who had decided
to rent rooms in his house to
students. Hunter was a great
experimentalist and he taught Jenner
to value experimentation. It is said
that Hunter used to repeat William
Harvey’s advice “Don’t think; try”
to his student. Jenner came back to
his village in 1772 to serve as a local
practitioner and remained there till
the end of his life except for the
period when he served as an army
surgeon.

During the outbreak of
smallpox in Glocestershire in 1788
Jenner observed that those of his
patients who had been infected with
cowpox during their work with cattle
did not succumb to the disease. This meant
that one once infected with cowpox an
individual developed immunity to smallpox.
Cowpox, an extremely mild disease, was
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Jenner’s cottage

quite common and it was transferred from
the udder of a cow to the hands of its milker.
Jenner decided to prove the correctness of
his observation by experiment.

The opportunity to test his prediction
about the protective properties of cowpox
came when a milkmaid named Sarah Nelms
came to consult Jenner about sores on her
hand. Jenner immediately recognised it as
cowpox and this was confirmed by the
patient’s statement that one of her cows
called Blossom had recently smallpox. The
hide of Blossom hangs on the wall of the
library at the St George’s Medical School
to commemorate one of its most famous
alumni. Jenner carefully extracted some
liquid from Nelms’ sores.

On 14 May 1796 Jenner vaccinated
an cight-year-old boy named James Phipps
with material from the milkmaid’s lesion.
Phipps father was a homeless labourer and
worked for the Jenners. As Jenner had
anticipated, the boy contracted a mild case
of cowpox but he quickly recovered. For
Jenner the experiment was successful. This
experiment proved that cowpox could pass
from cow to person and also from person
to person. Then to test to his theory that
cowpox had protective power Jenner
carried out his next experiment. On 1 July
1796, Jenner inoculated the boy with a
smallpox serum. It was a dangerous and
controversial experiment, as it was a lethal
dose of smallpox. However, the boy did not
display any sign of being infected with the
deadly disease. Jenner repeated his
experiment several months later by injecting
with yet another lethal dose of smallpox

serum. Again the boy did not show any sign
of being infected. Similar successful result
was later observed with other experimental
subjects including his own son.

In 1797, Jenner wrote a short paper
based on his experiments and observations
and sent it to the Royal Society of London
for publication, but it was rejected. In 1798,
Jenner privately circulated a publication on
the subject. It was titled An Inquiry into the
Causes and Effects of the Variolae Vaccine, a
Disease Discovered in Some Western Counties
of England, particularly Gloucestershire and
Known by the Name of Cow Pox. It had three

proved wrong in Jenner’s own lifetime. The
second part described Jenner’s critical
observations of the experiments conducted
for testing Jenner’s theory. The third part
contained discussions on the experimental
observations and other issues related to
smallpox. Jenner himself paid for the
printing for this publication.

The significance of Jenner’s work was
soon recognised, though there were some
reservations at the beginning. By 1800,
100,000 people had been vaccinated
worldwide. In 1802 Jenner was awarded
10,000 pounds by the House of Commons
for continuing his work in vaccination. A
Society called Jennerian Institution was
established in London in 1803. Jenner
himself became associated with the society,
the objective of which was to eradicate
smallpox. This society was later upgraded
to the National Vaccine Establishment. In
18006, he was given another 20,000 pounds
by the British Government for continuing
his work. In 1804, he was honoured by
the Emperor of France Napoleon
Bonaparte (1769-1821), who made
vaccination compulsory in the French
army. Napoleon held Jenner in high
respect as evidenced by the fact that the
Emperor released several Englishmen who

James Phipps, the first person ever to be vaccinated

parts. The first part described Jenner’s views
on the origin of cowpox as a disease. Jenner
believed that it was a disease of horses
transmitted to cow. However, this was

had been jailed in France in 1804 at the
request of Jenner. Thomas Jefferson (1743-
1826), the President of the USA, was an
active practitioner of vaccination. In 1806,
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Thomas Jefferson

Jefferson wrote to Jenner: “Future
generations will know by history only that
the loathsome smallpox existed and by you
have been eradicated.”

Jenner was a keen naturalist. He
developed a special interest in birds. He
studied the unusual brood-parasite nesting
of the cuckoo. In 1787, Jenner observed
that the newly hatched cuckoo rather than
the adult cuckoo (as it was to be believed
till then), was responsible for removing the
other eggs and newly-born chicks from the
nest. Jenner showed that newly hatched
cuckoo could do it because of an
anatomical adaptation in the form of a
depression on the back. The depression
disappears after 12 days of hatching. With
the help of this depression newly-hatched
cuckoo cupped eggs and other chicks to
push them out of the nest. He published
his findings in the Philosophical Transactions
of the Royal Society in 1787. Jenner’s
observations were proved beyond doubt
in the 20th century when photography
became available. It was Jenner who first
showed that some birds migrated rather
than hibernated during winter. In 1823,
the year in which he died, Jenner presented
his findings on migratory birds in a paper
entitled “Observations on the Migration
of Birds” to the Royal Society of London.
He classified the zoological specimens that
the great British explorer James Cook
(1728-1779) brought back from his first
voyage of discovery to the Pacific. He did
it so well that he was invited by Cook to
join him as naturalist on his second voyage.
However, Jenner declined the offer in
favour of a medical career.

William Harvey

Jenner’s works included “An Inquiry
into the Causes and Effects of the Variolae
Vaccine” (1798), “Further Observations on
the “(1799), “A
Continuation of Facts and Observations
Relative to the Variolae Vaccine (1800) and
The Origin of the Vaccine Inoculation
(1801).

Jenner was elected a Fellow of the
Royal Society of London in 1789, even
before his
vaccination. In 1792, Jenner was awarded
MD by St. Andrews University, solely based
on his experience. In 1808, he became a

Variolae Vaccine

discovery of smallpox

founder member of the Medical and
Chirurgical Society, which later became the
Royal Society of Medicine. He was
appointed Physician Extraordinary to King
George IV and was made Mayor of
Berkeley, and Justice of Peace. Jenner’s
house in Berkeley, Gloucestershire was
converted into a museum in 1985. A statue
was erected in Trafalgar Square, which was
later moved to Kensington Gardens. A
statue made by Robert William Siever was
erected in the nave of Gloucester Cathedral.
St. George’s Hospital, University of London
has named one of its wings after Jenner.
Gloucestershire Royal Hospital has a ward
named after Jenner.

Jenner withdrew himself from the
public life in 1815 after the death of his
wife. He died on 26 January 1823. Among
the mourners was James Phipps, the first
person ever to be vaccinated.
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400 Years of Optical Telescopes:
Some Important Achievements

he year 1609 marked the beginning

of a new era in the field of astronomy
and astrophysics. In that eventful year,
famous scientist Galileo (1564-1642)
turned his optical telescope for the first
time towards the sky. Four centuries have
elapsed since that historic moment. In
these four hundred years, innumerable
scientific achievements have been
accomplished by the use of telescopes. Out
of them, only a handful of major
discoveries are presented here to offer a
glimpse of the development of scientific
ideas made possible through the use of the
telescope.

Lippershey and Galileo

Dutch glass-maker Hans Lippershey (also
called Lipperhey) constructed the first
optical telescope by using a combination
of a convex and a concave lens. But, due
to other contenders like Sacharias Janssen,
the Dutch Government never granted a
patent to Lippershey. Anyway, Lippershey
never used his telescope for observing
celestial bodies; his telescope was used
mainly for spying and warfare activities.
On receiving the news of this discovery
and after learning the description of the
instrument from travellers, Galileo in Italy
built himself a telescope of magnification
three (3x) in the middle of 1609. Then, in
August 1609, he presented a telescope of
magnification eight (8x) to the Senate of
Venice. In October or November of the
same year Galileo was successful in
constructing a telescope of magnification
twenty (20x), which he used for observing
celestial bodies. Incidentally, the name
‘telescope’ was used for the first time by
Prince Frederick Sesi in 1611 during a
demonstration of the telescope by Galileo
in Venice.

Galileo’s important observations
In December 1609, using his powerful
telescope, Galileo made four significant
observations, viz., mountains and craters

O Utpal Mukhopadhyay

on the Moon, four satellites — Ganymede,
Callisto, Io and Europa — of Jupiter (now
known as the Galilean satellites after Galileo),
phases of Venus, and individual stars in the
Milky Way. The first of these observations
revealed that the surface of the Moon was
not at all smooth as it appears to be, while
his second observation dispelled the idea that
all celestial bodies revolve around the Earth,
The third
observation provided strong evidence in
favour of the heliocentric model of
Copernicus, and his fourth observation
showed that the Milky Way is composed of
a multitude of stars. In March 1610, Galileo
published the results of his observations in
the form of the book Sidereus Nuncius (The
Starry Messenger). In 1613, he published

another book on his observations of

as believed at that time.

sunspots. It may be mentioned here that
Galileo used a refracting telescope (or
refractor) for his observations. Lenses are
used in refractors whereas Isaac Newton
(1642-1727) constructed the first reflecting
telescope in 1668 by replacing the objective
lens by a mirror.

Discoveries in planetary science
From very early days of civilisation, five
planets visible to the naked eye (Mercury,
Venus, Mars, Jupiter and Saturn) and the
Earth were known to humans. Uranus, the
seventh planet of the solar system, was
discovered accidentally during comet
search by William Herschel (1738-1822)
in 1781. In honour of King George III,
Herschel first named the planet ‘Georgium
Sidus’ (Star of George). The name Uranus
was given by German astronomer Johann
Elert Bode.

The first day of the year 1801 saw
the discovery of the first asteroid, Ceres,
by Italian astronomer Giuseppe Piazzi
(1746-1826) and the famous German

mathematician Carl Friedrich Gauss
(1777-1855) calculated its orbit. Three
more asteroids — Pallas, Juno and Vesta —
were discovered in the years 1802, 1804
and 1807 respectively. Perturbations
noticed in the orbit of Uranus hinted at
the presence of a celestial body beyond the
orbit of Uranus. This led to the discovery
of the eighth planet Neptune in 1846 by
John Couch Adams (1819-1892) and
Johann Gottfried Galle (1812-1910). Pluto,
which until recently was regarded as planet,
was discovered by Clyde Tombaugh (1906-
1997) in 1930.

In 2006, Pluto was stripped of its
planetary status after the discovery of a new
type of objects known as Kuiper Belt Objects
(KBO). It may be mentioned here that in
1949-50, the American astronomer Gerhard
Kuiper (1905-1973) proposed the existence
of a disc-shaped region extending from just
inside the orbit of Neptune to far beyond
the orbit of Pluto. This region is known as
the Kuiper Belt. Large celestial bodies lying
in this region are called Kuiper Belt Objects
(KBO) while the smaller ones are known as
short-period comets. The first KBO, 1992
QBI1 was discovered by Jane Luu and David
Jewitt in 1992 using the Keck telescopes in
Hawaii. Three more KBOs, viz., KX 76
(diameter 885 km), Quaoar (diameter 1,280
km) and Sedna (diameter 1,800 km) were
discovered in 2001, 2002 and 2004
respectively. Although these discoveries rang
alarm bell for Pluto, it still remained a planet
because all of them were smaller than Pluto
(diameter 2,320 km). However, the discovery
of the KBO ‘UB 313’ or ‘136199 Eris’ in
July 2005 by Michael Brown of California
Institute of Technology sounded the death
knell for Pluto, as the newly discovered
KBOs were slightly larger than Pluto.
Subsequently, in 2006, Pluto was relegated
to ‘dwarf planet status by the International
Astronomical Union. At present, Pluto is
regarded as a ‘Plutoid.

As early as in 1659, Christiaan
Huygens (1629-1695), using a powerful
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telescope, discovered the true nature of
the rings of Saturn. Until 1977 Saturn was
the only planet known to have a ring
system. Then in 1977, ground-based
observations by three separate groups
discovered five rings of Uranus. J. C.
Bhattacharya, the Ex-Director of the
Indian Institute of Astrophysics, Bangalore,
was the team leader of one of the three
groups which made the discovery.

Stellar, galactic and extragalactic
astronomy and astrophysics
With the advent of the telescope, stellar
astronomy was revolutionised. Now we
know that a large number of stars are
binary stars. When two stars are entangled
in the same gravitational system, they are
called binary stars or double stars. There
are various types of binary stars such as
visual binary, spectroscopic binary and
eclipsing binary stars. The first visual
binary star Mizar (z UMa) was discovered
as early as 1650 whereas the first eclipsing
binary star Algol (b Persei) was discovered
in 1782 by a deaf and dumb amateur
astronomer J. Goodricke (1764-1786).
Famous astronomer E. C. Pickering (1846-
1919) discovered the first spectroscopic
binary star z UMa A. Distance
measurements of nearby stars were also
possible by the use of telescope. Using the
method of trigonometric parallax, distances
of the stars a Centauri, a Lyrae and 61
Cygni were independently measured by
Thomas Henderson, Wilhelm Struve and
Friedrich Wilhelm Bessel around 1835.
Galileo is said to have remarked that
man would never be able to know the
internal constituents of stars. But that
comment was proved wrong when spectral
lines of various elements found on Earth
were detected in the spectra of stars as
well. It is well known that the element
helium was found in the spectrum of the
Sun by Sir Norman Lockyer (1836-1920)
before it was discovered on Earth. Joseph
Fraunhofer (1787-1826) detected dark
lines in the solar spectrum in 1814. In
1859, when Gustav Kirchhoff (1824-1887)
presented his famous laws regarding
spectrum analysis then the meaning of the
different lines in the solar and stellar

spectra became clear. As a result, spectral
classification of stars began and the subject
of stellar astrophysics made its entry into
the scientific arena.

Shortly after the discovery of
Kirchhoff’s law, the Italian astronomer
Pietro Angelo Secchi developed the first
system of stellar classification: the
five Secchi classes, during 1863-68.
Afterwards, during 1874-1895, German
astronomer Hermann Karl Vogel made an
attempt to classify the stars from the point
of view of stellar evolution. All these early
efforts culminated into the famous
Harvard spectral classification — the result
of tireless works of Edward C. Pickering,
Williamina Fleming, Antonia Maury,
Annie Jump Cannon and others. The
physical of spectral
classification of stars came from The Theory

explanation

of Thermal lonization presented by Indian
scientist M. N. Saha (1893-1956) in 1920.
It became clear that Harvard spectral
nothing but a
classification of stars according to their

classification was

surface temperatures.

After invention of the telescope,
comet hunting became very popular among
professional as well as amateur
astronomers. For instance, William
Herschel and his sister Caroline were
famous comet hunters. In fact, Herschel
initially considered Uranus as a comet. For
this reason, in early days of its discovery,
Uranus was also known as ‘Herschel’s
comet’. During his search for comets,
Charles Messier (1730-1817) noticed that
nebulous-looking celestial objects were
often confused as comets. For removing
this difficulty in comet-hunting, Messier
published a catalogue of celestial objects
in 1781. Messier’s work was extended in
a more systematic manner, which resulted
in the publications of John Herschel’s
General Catalogue (GC) in 1864; Dreyer’s
New General Catalogue (NGC) in 1888;
First Index Catalogue (IC I) in 1895; and
Second Index Catalogue (IC II) in 1908.
After publications of these catalogues, it
was found that some of the objects of
Messier catalogue were actually nebulae
while others were galaxies, star clusters,
etc. At present, celestial objects included
in New General Catalogue (NGC) are

designated by their NGC number whereas
those included in Messier catalogue are
denoted by M number. For instance, NGC
224 (224th object in the New General
Catalogue) and M 31 (31st object in
Messier catalogue) both indicate the
Andromeda galaxy.

Telescopic observation by Harlow
Shapley (1885-1972) showed for the first
time that our Sun is not at the centre of
the Milky Way. He showed in 1918 that
the Sun is near the edge of our Galaxy and
dispelled a long standing misconception
regarding the position of the Sun.
Morphological classification of galaxies by
Edwin Hubble (1889-1953) became
possible also due to his telescopic
observation of galaxies during 1924-26.

General relativity and cosmology
Albert Einstein (1879-1955) published his
‘General Theory of Relativity’ (GTR) in
1915. One of the predictions of GTR was
the bending of light due to the presence of
a nearby massive body. That prediction
was confirmed during the total solar eclipse
in 1919, when two teams (one at Sobral
in Brazil and another at the Principe island)
detected the bending of Sun-grazing
starlight coming from the Hyades star-
cluster.

Telescopic observation by Hubble
using 100-inch Hooker Telescope (the then
largest telescope of the world) on Mount
Wilson gave birth to modern cosmology.
Hubble discovered that the Universe is not
at all static (as supposed by many scientists
including Einstein); rather it is in an
expanding state. Observation of recession
of galaxies prompted Hubble to establish
his famous velocity-distance law (known
as Hubble’s law), which is a pillar of
cosmological theories. In fact the Big Bang
theory, the most accepted theory of
modern cosmology, rests entirely on
‘Theory of Expanding Universe’.

The penultimate years of the last
century ushered in a new era in cosmology.
Telescopic observations of a particular type
of supernovae, viz., type la supernovae,
have revealed that the Universe is not only
expanding but the expansion is also
accelerating. This signifies a paradigm shift
from ‘Expanding Universe’ to ‘Expanding
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Accelerating Universe’. Some exotic type
of entity, called ‘dark energy’, is supposed
to be responsible for this observed
acceleration. So, telescopic study is
responsible for the origin of the idea of
dark energy. It may be mentioned here
that the discovery of another unknown
constituent of the Universe, viz., ‘dark
matter’, became possible also through
telescopic observation.

Early use of telescope — Indian

perspective

First use of telescope on Indian soil was
done not by any Indian, but by an
Englishman named Jeremiah Shackerley. In
1651, Shackerley observed the transit of
Mercury from Surat in India. The very next
year, Shackerley observed the comet C/
1652 Y1. Perhaps it was the first telescopic
observation of a comet from Indian soil.
But Shackerley’s observation had no
scientific value because he merely observed
the phenomena without noting down specific
timings of the occurrences. Then in 1689,
a Jesuit, Father Risseau, was instructed by
the French Academy of Sciences, Paris to
carry out astronomical observations of the
comet C/1689 X 1 from Pondicherry in
India during December 8-21. During that
observation, Risseau discovered that o
Centauri is a double star. This was the first
recorded astronomical discovery made from
Indian soil. Incidentally, @ Centauri was
the second double star to be discovered.
Apart from these observations, Risseau
determined the latitude of Pondicherry and
by observing the occultation of a satellite
of Jupiter he also calculated the longitude
of that place.

Although Shackerley and Risseau
initiated telescopic observations in India
in the seventeenth century, regular
telescopic observations in India started
more than a hundred years later. Indian
king Sawai Jai Sing established five
observatories in India, but did not pay any
attention to modern astronomical tools.
The first modern astronomical observatory
was established in India by an Englishman
William Petrie in his own residence in the
year 1786. Petrie acted as a Governor of
Madras for a few months. According to
his wish, East India Company took over

that observatory in 1990 and after two years
it was shifted to Nungambakkam. After
this initiative by Petrie, many other
observatories were established in India and
astronomical activities gained momentum.

Some large optical telescopes of
the world

(1) Keck Telescopes

These are twin telescopes with 9.8-metre
primary mirrors, located just 100 metres
apart, at a height of 4,025 metres on the
dormant volcano Mauna Kea in Hawaii
Island. Incidentally, at present 13
telescopes of 11 countries are placed at
Mauna Kea.

(2) Hobby-Ebberly Telescope

This telescope is situated at McDonald
Observatory, near Fort Davis, Texas, USA.
It has a mirror diameter of 9.2 metres.

(3) Subaru Telescope

The Subaru telescope of the National
Astronomical Observatory of Japan is
located on Mauna Kea in Hawaii, just 500
metres away from the Keck telescopes. The
diameter of its mirror is 8.2 metres.

(4) Very Large Telescope (VLT)

Four telescopes, each with a mirror
diameter of 8.2 metres, are situated at
Cerro Paranal, 600 km north of La Silla
in Chile, at an altitude of 2,635 metres.

(5) Gemini North Telescope

The mirror diameter of this telescope,
located on Mauna Kea in Hawaii, is 8.1
metres.

(6) Gemini South Telescope

It is the twin of Gemini North Telescope,
situated in the southern Atacama Desert
in South America at an altitude of 2,737
metres.

(7) The Himalayan Chandra Telescope

India has the unique distinction of having
the highest altitude telescope of the world.
It is situated in the remote village of Hanle
in Ladakh at an altitude of 4,517 metres.
Named ‘Himalayan Chandra Telescope’,
it has a mirror diameter of 2 metres. This
telescope is operated from Indian Institute
of Astrophysics, Bangalore which is

situated 2,000 km away from the
observatory.

Final remarks

During last 400 years since Galileo’s
observation, human civilization has
witnessed an incredible development in
science and technology. What was once
used as a spy-glass has become a formidable
tool in the hands of astronomers. More and
more advanced astronomical telescopes
have been built throughou