HISTORICAL NOTES

Jagadish Chandra Bose

In the late 1850s, India had just witnessed
the First War of Independence. In Ben-
gal, national fervour and tremendous in-
tellectual activity at that time led to what
is popularly termed as the Bengal Ren-
aissance, which saw the rise of people
like Raja Rammohun Roy, Rabindranath
Tagore, Iswar Chandra Vidyasagar,
Swami Vivekananda and Ashutosh Muk-
herjee'. It was into this environment that
Jagadish Chandra Bose (1858-1937) was
born. He was a pioneering Indian scien-
tist, known for his work on microwaves
and plant electrophysiology (Figure 1).
Bose’s scientific calibre is described thus
in the foreword of a book, Remembering
Sir J. C. Bose, which was published in
2009 as part of Bose’s 150th birth anni-
versary celebrations: “. .. he created sci-
ence in India at a time when there was
hardly any science. He built instruments
when instrumentation was not heard of.
He did research on problems related to
transmission of radio waves when radios
did not exist. He worked on aspects of
plant biology which were unknown at
that time™".

This article is based on a conversation
with D. P. Sen Gupta, one of the authors
of Remembering Sir J. C. Bose, about
Bose’s life and work. D. P. Sen Gupta
retired as Professor from the Indian Insti-
tute of Science, and is currently a Visit-
ing Professor at the National Institute of
Advanced Studies, Bangalore.

Bose — the scientist

It was in fact by accident that J. C. Bose
became a scientist. He went to England
in 1880 to study medicine. But recurrent
fever due to kala azar that he contracted
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Figure 1. Sir J. C. Bose.

on a hunting trip in Assam made it im-
possible for him to pursue his medical
studies, and he took up science instead'.

After returning to India in 1885, J. C.
Bose joined Presidency College as a
Professor of Physics. He started doing
research in 1894, when he was 36 years
old. Working from the small laboratory
that he had furnished for himself at
Presidency College, he contributed to the
science of his day in a big way.

Bose is most famous for his discovery
of millimetre waves and his work on elu-
cidating their properties'. James Clerk
Maxwell was the first to mathematically
conceive the idea of electromagnetic
waves (in 1873): but he died early at the
age of 48. After him, in the late 1880s,
Heinrich Hertz tried to produce electro-
magnetic waves which had optical prop-
erties, based on Maxwell’s hypothesis
that visible light is just a fraction of the
total electromagnetic spectrum. Hertz,
and later Popoff and Oliver Lodge were
all using 66 cm waves’. Bose, in the
1890s, revolutionised this field of res-
earch by producing 5 mm waves, called
microwaves or millimetre waves. These
could be polarized using smaller crystals,
than would be required if 66 cm waves
were used, and thus Bose could show
that electromagnetic waves do indeed
have optical properties'.

Another of Bose’s celebrated contribu-
tions to science is his work on improving
the coherer. When Hertz and the others
were working on the properties of elec-
tromagnetic waves, one of the most diffi-
cult problems they faced was that of
receiving the signals. In order to solve
this, Lodge modified an instrument in-
vented earlier, called the coherer, which
consisted of iron filings that would
transmit the signal. But every time a sig-
nal passed, the iron filings would cling to
each other and clog the coherer, making
it obligatory to tap the instrument after
every signal was received. Bose modified
the coherer completely and thus greatly
improved it — he employed spring action
so that the instrument automatically
reverted back to its original state after
every signal was transmitted. This was
such a remarkable improvement that a
journal, The commented,
‘Should Prof. Bose succeed in perfecting
and patenting his coherer, we may in turn
see the whole system of coast lighting
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throughout the navigable world revolu-
tionised by the discoveries made by a
Bengali scientist working single-handedly
in our Presidency College’. But Bose did
not patent this innovation despite pres-
sure brought upon him. Rather, in a letter
to Tagore he said. ‘I'm aghast to see the
greed of people in this country that they
want to make money out of knowledge’?.

Something that is probably not very
widely known is that Bose is also acclai-
med as one of the first inventors of the
semiconductor diode. D. P. Sen Gupta
terms this the ‘foundation stone of all the
electronic revolution that took place dur-
ing the last century.” Bose discovered
that galena (lead sulphide) has semicon-
ductor properties, and this has been men-
tioned in his 1904 American patent — the
first patent in the world for a semicon-
ductor device!, and J. C. Bose’s only
patent (Figure 2).

Around 1900, Bose the physicist
started working on plant electrophysio-
logy. It is interesting to see how he
began working with plants in the first
place. When Bose was developing the
coherer that was to receive microwave
signals, he noticed that after some time
the coherer does not respond well
enough. But when the instrument was
given some ‘rest’, it began working well
again. This phenomenon reminded him
of the behaviour of muscles, and that of
whole organisms, and he began wonder-
ing where the border line between the
living and the non-living is. This was
perhaps because ‘his Upanishadic mind,
which believed that there is a soul run-
ning through everything and there is no
difference between things, suddenly felt
this was an experimental expression of
what ancient sages of India had said
3000 years ago’®. While trying to find
the “border line” between the living and
the non-living, Bose thought that the
most sensible thing to do would be to
study responses of plants, that apparently
were on the border line>. When Bose
showed to people the similarity in graphs
representing the behaviour of metals,
plants and animals’ muscles, he caused a
sensation, particularly at the Interna-
tional Congress of Physics held in Paris
in 1900. A concept which had engaged
the minds of many philosophers, poets
and writers suddenly found an experi-
mental expression®.
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Bose’s ingenuity as a designer of sci-
entific instruments and his genius in
physics helped him in his botanical work
too. He conducted experiments such as
treating the roots of a tender plant with
an acid and measuring electrical response
to this stimulus in other parts of the
plant. In those days recording systems
were almost non-existent, but Bose de-
vised very sensitive equipment to record
the electric impulses and instruments to
amplify the responses of plants many
times. Researchers in Bose’s time typi-
cally used ‘pen-drives’ to record respon-
ses obtained from experimental systems.
These ‘pen-drives’ consisted of an ink
pen which would move on a rotating
drum and draw curves on a graph sheet,
which would indicate the type of res-
ponse. But Bose found that the signals
that he obtained in his plant experiments
did not have enough energy to drive
those pens, due to inertia. So he devised
an instrument such that the pens would
not keep touching the paper but would
put dots at regular intervals. The friction,
which would be there if the pens were
constantly touching the paper, was
removed that way. And the graph could
be determined based on the dots that
were obtained from the experiment. An-
other example of Bose’s genius is the
crescograph which measured the growth
of plants. All these instruments that he
fabricated required a tremendous knowl-
edge of physics, and as D. P. Sen Gupta
remarks, ‘It is difficult for us to think
how he devised these things in those
days™,

Bose made extraordinary contributions
to both physics and biology. But there
are instances of injustice done to him in
both these fields. Of these, the more well
known is probably the one regarding
Marconi and Bose’s coherer.

Marconi had a friend in the Italian
navy, whose name was Solari. He had
modified the receiver that Bose deve-
loped — the improved version of the co-
herer, which Bose could have patented if
he wanted to, and Marconi used this in
his famous transatlantic radio signalling
experiments in 1901. Around the same
time as Bose, Nikola Tesla was working
on sending radio signals, and he had pat-
ented his findings. Marconi used these
findings too. So for the transmission of
signals, Marconi used Tesla’s patents
and for the receiver, he used Bose’s
coherer®. Marconi had excellent market-
ing skills. When Queen Victoria’s son,
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Figure 2. Bose's 1904 patent.

Edward VII, was ill out at sea, the Queen
was anxious to get news about her son.
Marconi took this opportunity to send
signals from land to the ship and to re-
ceive signals from the ship about Edward
VII's health. This, of course, got a great
deal of publicity. In another instance,
Marconi got the President of America to
wish the King of England, and this was
flashed in all the newspapers of his
time®. In 1909, Marconi and Ferdinand
Braun received the Nobel Prize: Marconi
for his efforts to commercialize and
make wireless telegraphy widely useful,
and Braun for his 1874 discovery that
lead sulphide could conduct electricity
better in one direction. Bose was not
included for the prize though it was he
who used galena in receivers for wireless
signalling for the first time®.

Another instance of injustice done to
Bose was with regard to his work on

plant electrophysiology. When Bose
submitted his papers on his work on
plants to the Royal Society, there were
four reviewers —two were great physi-
cists, who accepted his papers, but the
other two, B. Sanderson and A. Waller,
were plant electrophysiologists and they
rejected them. The papers were archived.
But later, Waller, who was instrumental
in rejecting the papers, used Bose’s re-
sults from the archives and published
them as his own without acknowledging
him. A crestfallen Bose was to discover
this much later. Sydney Vines, a biolo-
gist who was one of Bose’s professors at
England, invited him to give a talk about
his work on plant electrophysiology to
the Linnaean Society. It was only when
his paper was being considered by the
Society for publication, around 1902,
that Bose came to know that Waller had
already published these results®.
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On Bose’s writings

Bose was a prolific researcher and pub-
lished numerous papers. The technical
papers that he started writing in 1895
were published by the Asiatic Society. A
large number of Bose’s papers were also
published in the Journal of the Royal
Institution. These were forwarded by his
mentor, Lord Rayleigh. But when Bose
moved on to plant electrophysiology, for
several years, the Royal Society would
not publish his papers. And that is when
he started writing books, since whatever
he studied did not find expression in the
standard papers. Perhaps, one of the rea-
sons why his researches did not get to be
known so widely as they would have
been known had they been published by
the Royal Society is because books pub-
lished in those days did not have very
wide circulation®,

Bose was also possibly the first sci-
ence fiction writer in Bengali. His fa-
mous 1894 work, In Search of the Source
of the Bhagirathi, is a remarkable piece
trying to explain science and the water
cycle through a travel tale up the Hima-
layas, going to the source of the Ganga.
Throughout the book Bose keeps asking,
‘Ganga, where do you come from?” — this
was an example of his extraordinary skill
of writing in Bengali. A famous collec-
tion of his Bengali writings is Obyakta —
*The Unsaid’. Bose sent this collection to
Rabindranath Tagore, a close friend of
his, with a note saying, ‘I’'m sending a
firefly to the Sun*.

Bose and the spirit of the freedom
struggle

Bhagaban Chandra Bose, J. C. Bose’s
father, was a patriot and was one of the
thousands who tried to assert the “Indian’
as a way of opposing the British. He
tried to create an Indian economy by
buying up forests in Assam and trying to
grow tea in those regions. But his invest-
ments, unfortunately, did not do very
well®. By the time Jagadish Bose re-
turned to India from England in 1885, his
father had lost his wealth and was ill and
too weak to carry on with his fight. He
had incurred debts, and had no means to
repay them. Around this time, J. C. Bose
was appointed as an Officiating Profes-
sor of Physics at the Presidency College,
but was offered only one-third the salary
of an Englishman in the same position.

Jagadish Bose accepted the job, but
refused to take his salary for three years,
bravely subjecting himself and his wife
Abala to severe privation. Ultimately, the
authorities decided to pay him on the
same scale as an Englishman and Bose
was able to repay his father’s debts'.
This was only one of many problems
that Bose had to face during his lifetime.
He was once accused of using the college
facilities for doing his ‘personal’
research. When he applied for a grant
later, a secretary of the Governor wrote
that if a native cannot make do with five
hundred rupees a month, his ‘head is a
bit turned’. But fortunately, the Gover-
nor, who was favourably disposed to-
wards him, granted Bose two thousand
rupees. Another episode pertains to Lord
Rayleigh’s visit to Calcutta. He spent a
whole day with J. C. Bose. Later, Bose
received a show cause notice from the
Principal, demanding an explanation
from him for allowing an ‘outsider” into
his laboratory®. But the same spirit that
made him fight for equal pay helped him
overcome all these inconveniences.

Bose’s teachers and students

It is well known that at various points in
Bose’s life, many of his teachers influ-
enced his way of thinking and his scien-
tific outlook. Prominent among them was
Fr. Lafont, who taught him at St. Xavier’s
College where he studied before he went
to England, Francis Darwin, the son of
Charles Darwin, Sydney Vines, who later
stood by Bose when Waller’s paper on
plant electrophysiology was found out,
and Lord Rayleigh, who was Bose’s
mentor and perhaps the one who influ-
enced Bose’s science the most.

It is interesting to note that there were
a number of great scientists among
Bose’s students too, such as S. N. Bose,
Meghnad Saha and S. K. Mitra. How-
ever, although they might have been
influenced while learning science from
J. C. Bose, their science developed in a
different direction. D. P. Sen Gupta says,
‘When J. C. Bose had switched over to
plant electrophysiology. he was not in
step with what revolution was going on
in Europe at that time in physics. And
there you have to forgive him because
mathematics was not his point of
strength. He did physics all right. He did
chemistry all right. He did botany all
right. But he didn’t do mathematics to a

level you had to know to come up to the
level of modern physics in those days.
S. N. Bose was a good mathematician.
So was Meghnad Saha, but he switched
over to astrophysics. And also S. K.
Mitra. So they went in different direc-
tions. I think that the influence must have
been there but I have very little knowl-
edge of any scientific interaction
between these people. I have seen photo-
graphs of Bose sitting with Meghnad
Saha and S. N. Bose but there was no
room for joint research™.

150 years later

J. C. Bose is often called the pioneer who
brought modern science to India. Yet, his
life and work are not known to many
people in his own country. This might
perhaps be because of the general Indian
apathy towards heritage and documenta-
tion, and our failure to talk to our people
about our science. ‘Nobody taught us
about the achievements of Acharya Pra-
fulla Chandra Ray. We had the famous
Upendra Brahmachari who invented the
vaccine for kala azar. How many people
know about it?° Sen Gupta asks’. He
points out that this ignorance among stu-
dents and teachers about the people who
shaped our science is because history of
science is never taught at schools and
colleges. Perhaps we are forgetting the
heroes of our past, and thus letting the
most important source of inspiration and
guidance slip away. Perhaps J. C. Bose is
one such hero.
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