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Lecture — 39
Mathematics in Modern India 1

So, today we will this first lecture on mathematics in Modern India. There will be two lectures
covering the modern period roughly from 1750 to the present time. As you can see it is a long
period and a lot of historical records and lot of events have happened, so we will have to focus
on important things in this period.

(Refer Slide Time: 00:36)

So, I will first say something about the way that the indigenous tradition in astronomy and
mathematics continued late into 19th-century. We tell you something about the nature of
indigenous education system in India in early part of 19th-century before the British started the
English education system here and how that system survived of course very limpingly till the

later part of 19th century.

Then, I will say something about the Modern European scholarship on the Indian tradition of
astronomy and mathematics during the two centuries, 18th and 19th centuries and then how
Indians themselves participated in this rediscovery of tradition in the latter part of 19th century.

Then, of course this new system of education that was started in the middle of 19th century, how



did that develop, but the main part of today's lecture, we will look into the life and work of

Srinivasa Ramanujan and its impact today.

So, till about 50 years ago most modern scholars most textbooks had Indian mathematics died
with Bhaskaracharya II around 1150. Later people only wrote a few commentaries or few works
here and there. As we have seen in detail in this course very interesting was then in the post
Bhaskara period. We have discussed Narayana Pandita. We have discussed Kerala scholar
Madhava, Parameshvara and Nilakantha.

(Refer Slide Time: 02:09)

» Systematic exposition of Mathematics and Astronomy with
prools in Yuktibbasa (In Malayalam) of Jyest hadeva
(¢.1530) and commentaries Kriydkromakari and
Yuktsdfpakd of Sunkars VA yar (¢.1540)

» Works ol Jianaraja (c.1500), Caneda Daivajfia (b.1507),
Strymcdisnm (c.1541) and K renn Dimivagiia (€. 1600);
Commentaries with upapallis,

» Works of MuniEvara (b.1603) and Kamalikars (b.1616).

» Mathemalics and Astronomy in the Court of Savai
Jayasimba (1700-1743), Translations from Persian ol
Euchd and Ptolamy

» Works ol laler Kerala aslronomers Acyuta [Msarati
(.1550-1621), Putumana Somayajl (¢.1700).

We have given you some (()) (02:11) of the work of Krishna Deva gian, Ganesh Deva gian and
given the trigonometrical work of Kamalakara. We have of course not discussed the astronomical
efforts of Sawai Jai Singh of Jaipur.

(Refer Slide Time: 02:27)



A European Account of Indian Astronomy (c.177(
‘While waiting in Pondichemy for the Transit of 1769, Le Gentil
tried to gather information about native astronomy...

Le Gentl eventually contacted a Tami who was versed in the

fronomical methods of s pecple. With the help ol an
interpreter he succeeded N having computed for him the
circumstances of the lunar eclipse of 1765 August 30, which ho
remsell had cbserved and checked aganst the bes! tables of
hes imes. the tables of Tobsas Mayer (1752)

Tha Tamil Method gave the duraton of the Eclipse 41 second
too short, the tables of Mayer 1 minute 8 seconds oo long: for
the totakty the Tamsd was 7 minutes 48 seconds 100 short
Mayer 25 seconds oo long

These results of the Tamd astronomer wene even More amarng
as lhey were oblaned by compubng with shells on the basis of
mamorised tables and without anmy ad of theory

-

Now, in about 18th century, there were many European observers who came to interact with the
traditional Indian astronomers and mathematicians and here is one such Le Gentil was deputed to
observe the transit of Venus in Southeast Asia and he went to Pondicherry which was a French
enclave and he got an eclipse in 1765 computed by a native astronomer as they call and
compared it with the best tables that they had and what Gentil found was that the Indian
calculation was 40 seconds too for the duration of the eclipse that Tobias Mayer table gave 1

minute 8 seconds too long, this in 1765.

For the totality the Tamil method was 7 minutes 48 seconds too short, Mayer table was 25
seconds too long and Le Gentil said that this was even more amazing because this Tamil
astronomer was computing with cowrie shells, with no tables on hand, on basis of memorised
tables.
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A European Account of Indian Astronomy (c.1770)

“Le Gentil says about these computations. ‘They did thes
astronomical calculabons with swifiness and remarkable ease
without pen and pencd: ther only acCessSOres were Caunes
This method of calculation appears 1o me 10 bé more
advanagecus in that if is fasler and more expedious than
ours.' !

Note: What Neugebauer is relerring 10 as “Tamd method” s
notheng but the | diye method developed n south India,
especially by Kerala Astronomers Neugebauer also refers o
the report of John Warren (n his A dlosaslalite) about the
calculation of a lunar eclipse in 1825 June 1. whare the Tam
mathod predicted medpoint of the eclipse with an eror of about
23 minutes.

X ;ﬁw --.-‘;-II:;'_I of -l*t:ll'f Mathemabcal Astronomy Wol 11l
Sormoer | 1975, 0.20. (Le Genti's guale ramstated from French

They did their astronomical calculations with swiftness and remarkable ease without pen and
pencil. Their only accessories were cowries, that is the shells, cowrie as they call in Kannada.
This method of calculation appears to be more advantageous in that it is faster and more
expeditious than ours. Now Neugebauer who is calling this Tamil method and all that is actually
referring to what is called Vakya method of calculation which was prevalent in most of South

India, especially developed by the Kerala astronomers.

Neugebauer (()) (04:11) drawn the above quotation also talks of John Warren’s book where he is
talking of again in Pondicherry an eclipse being observed in 1825 and the error is about 23
minutes of the calculation.
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Continuing Tradition of Indian Astronomy (c.1820)

Sankaravarman (1784-1839): Raja of howlurtail in Makabas
Due 1o the wars with Hyder and Tipu, he is supposed 1o have
spent his earty years with Maluirija Svati Tirnmal at
Tiruvanantapuram

In 1819, He wrote SNodrrnamsald (ong of the lour works
mentioned by Whish in 1835), an Astronomical manual
Icliowing largely the ['simbife System, He also wiole his own
Malayalam commentary, perhaps a lew years later [publiished
along with the text in Kozhikode i 1899)

Chapter | has interesting algorthms for calculation of square
and cube roots. Chapiler IV deals with computation of sines.

Sankarmarman als0 gives the following value of = which is
accurate 1o 17 decmal places: = = 3.14156265358979324

What 1 was saying is that the traditional methods of calculation were fairly efficient and
continued late into 18th and early 19th century and the results were reasonably comparable with

whatever was available from the best available tables of contemporary astronomy.

Two important astronomers Sankara Varman in early part of 19th century. He wrote
Sadratnamala. It is a (()) (04:47) text in astronomy based on the Parahita system. He also wrote
his own Malayalam commentary. There is some interesting discussion of square roots and cube
roots. Chapter IV deals with sines and Sankara Varman also gives this value by pi to 17 places

that I mentioned.

(Refer Slide Time: 05:04)
Continuing Tradition of Indian Astronomy (c.1870)

Candrasekhara Samanta (1835-1904): Popularty known as
l'.lllulll! St a, he Mw wm
Starting from around 1858, he camed oul extensive
observations for over oleven yoars. with hs own versatio
instruments. with a view 10 10 iIMprove the almanac of Puri
Tempie:.

He wrote hes Suddhantadarpana with nearly 2500 verses in 1869
(pubkshed at Caicutta 1899) Based on hs observations.
Saunasta mproved the paramebers of the trackbonal works, he
delecled and inciuded all the three majpr iregulanbes ol lunar
mobon, and improved the tradibonal estimates of the Sun-Earth
dstance

In Chagter V of his work, Sansarta has presented his planetary
model where all the planets move around th Sun. which moves
around the Earth.




Another important astronomer who continued the indigenous tradition was Chandrashekara
Samanta in Orissa called Pathani. He wanted to improve the panchangam of the Puri Temple and
he wrote this massive work Siddhanta Darpana. He was all traditionally trained and was not in
modern education system in 1869. Based on his observation, he improved the parameters of

traditional works.

He detected and included all the three major inequalities of lunar motion and he also improved
the traditional estimates of earth-sun distance and in chapter V, Samanta presented a planetary
model in five planets go round the sun which was around the earth something like Nilakantha’s
planetary model which is called an iconic model based upon the name of Tarik Ibrahim.

(Refer Slide Time: 06:09)

We have the educaton of this future State. | say without fear of
my figures beng challenged sucoessiully, that today India is
maore |llserate than it was lifty or a hundred years ago. and
80 is Burma, because ™e Brash adminsSralors. when thay
came 10 Inda, instead of tlakung hold of things as they wale
fll-'ﬂ;.—q.l' 0 rool them owl "'*‘r SCraiched the sod AN Dégar o
ook al the rool, and it the ool ke thal, and the beauliful ree
pershed. The wilage schools were not good enough for the
British acdminisirabor, 50 he came out with his programme

dely anybody %0 fullll a programme of compuisory primary
education of these masses inside of a century. This very poos
country of mene 15 @ able 0 sustan such an axpensve mehod
of ecducaton Our State would revive the old wilage
schoolmasiar and dot every village with a schodol both for boys
and girts.™

WVahatma Gardh. Speech st Crafam

So, there were sort of important astronomers and mathematicians in 19th century but as
Mahatma Gandhi declared in 1931 that the great de-education of India which occurred in 19th
century. Mahatma Gandhi in a famous speech when he goes for the round table conference in
London, he is the making a statement that it was in 1931 India is more illiterate than it was 50 or
100 years ago and so is Burma and that is because the British administrators came and disrupted
the indigenous system of education which he calls as a the beautiful tree died because they dug

up the roots and left the roots exposed.

What is this indigenous education system in the earlier part of 19th century. So, most observers



who visited the administrators who stayed in India reported that almost every village here had a
school.

(Refer Slide Time: 07:00)

Reports on Indigenous Education in 19" Century
1l a good system of agnoutture. univalled manutacturng skil. a
capacty o produce whadever: can confribude 10 COrvenence or
lunry . schools established in every village. for Teachsng reading.
writing, and arithmetic; the general prachos of hosglakty and
chanty among each other and above all a treatment of the female
sen_ full of confidence. respect and delicacy. are among the sagns
whch denote a crviised pecple. then the HINAus e NOL irdenor 10 the
nabons of Europe: and it crvilksahon & to become an arhicle of trace
between the wo courtnes. | am comvinced that this country [England]
will gain by the import cargo.™
W reder with partcular SatsStachion upon his GCCasion 1o that
@sanguished feature of imernal polty which prewails in some parts of
Incia. and by whech the instruction of the peopile is provided for by
a cortain charge upon the produce of the soil. and other
endowments in favour of the village teachers, »hc are ety
rendered publc servants of the commuraty, ™

"Thomas Moo s Testimony before a Commties of House of Commons

Aprd 12 103
“‘Putic Despaich from London 1o Gengal. Jone 3. 1814

So, here is Thomas Munro declaring 1813 that schools established in every village for teaching,
reading, writing and arithmetic or here is a dispatch from the British government in London to
Bengal where they are noting that the instruction of the people here is provided for by a certain
charge upon the produce of the soil and other endowments in favour of the village teachers who
are thereby rendered public servants of the community, something which can hardly be said
today that no government servants receive their pay either from Delhi or from Fort St. George
and they are not servants of any community.

(Refer Slide Time: 07:37)



Reports on Indigenous Education in 19" Century

“There are probably as great a proportion of persons in India
who can read. write and keep simple accounts as are 10 be
found in European countries... ™

1 need hardly mention what every member of the Board knows as

well as | do, that there & hardly a village. greal or small, throughout
our dermiores, in which there & not at least ane school, and in langes
villages more; many in every fown, and in lwge otes in every divi-
son, whete young nalives are taught reading. wiiling and arithmetic.
upon a sysiem 30 economical, from a handiul or two of gran, 1o
perhaps a rupee per month 10 the school masser, according to the
absbty ol the parents, and at the same time so sample and efectual
that there s harcly a cultvalor or patly dealsr who is not competent o
kewp his can accounts with a degres of accuracy, In my opemion,
beyond what we meet with amongs! the lower orders in our own
country. whlst the more splenchd dealers and bankers keep the
bocks with a degree ol case, conciseress, and dearness | rather
think Sully equal 1o those of any British merchants

"Ancual Repont of Bombay Eucation Socety. 1819

“Wrute of G Prendargast. Memby Bomtay Govlinor s Councd. 1821

In 1819 Bombay, it was said that there probably as greater proportion of persons in India who
can read, write and keep simple accounts as are to be found in European country. So, this is the
kind of accounts that administrators and observers were talking about an education system about
which the Britishers had nothing to do. They had not started their education system and they

were not providing any money for what was there.

And this was a sort of maintained at the societal level, perhaps at a much more sort of (())
(08:07) state than it would have been when the state in the actively promoted and supported in
earlier periods.

(Refer Slide Time: 08:14)

Indiginous Education in Madras Presidency (c.1825)

The British Gowernment conducted a detailed survey of the
indigenous syslem of education covering all the Dislrics of the
Madras Presidency dunng 1822-25 The Survey found 11,575
schools and 1094 “colleges” In the Presidency. Summarising the

informalion the then Governor Thomas Munro wrole in his
Minute of March 10, 1826

“It ks remarked by the Board of Revenue, that of a population of 12}
milions, there are only 188,000, or 1 in 67 recesving education. This
is true of the whole populaion, but not as regards the male part of it
of which the proportion educated is much greater than is here
eslimated... if we reckon the male population between the ages of
five and tan yoars, which is tho period which boys in genoral remain
at school, at one-ninth. . the number actually atlending the schools
[and colleges] is only 184,110, or kttle more than one-lowr th of thal
number. .. | am, however, inclined to estimate the portion of the
male population who receive school education to be nearer to
one-third than one-lourth of the whole, because we have no relurns
from the provincées of the numbers aught at homa. "



So, to look at this system, various surveys were conducted in the end of first part of 19th century.
The survey Madras Presidency went through all the districts in detail and it found in 1825 that
there were 11,575 schools and 1094 colleges in Madras Presidency which includes coastal
Andhra, whole of Tamil Nadu, northern Kerala and the Ganjam district of Orissa and the Bellary
district of Karnataka and Thomas Munro concluded that something like one-third of the boys of

school going age are being educated under this system.

The data showed something one-fourth, Thomas Munro said a large number are being educated
privately at home also.

(Refer Slide Time: 09:00)

| vmmanity Profile of Boss Aftending Sohoed

Wl e

But what was significant about this survey was that about 50% of students belonged to what is
called the Shudra community, 15% of the students belonged to what are called the other caste
whom we refer to as the scheduled castes and scheduled tribes today. So, the majority of the

students 65% came from the non-dvijas category of Indian society.

If you look at percentage of children of school going age of each community being educated, you
find that nearly 17% of the boys of school going age of Shudra were receiving education in this
public education system in these schools. In Tamil-speaking area, in Tamil Nadu, it was
something like 23% and 17% in Tamil Nadu of children of school going age in the other

communities, scheduled caste and scheduled tribes were receiving education in it. No wonder



Mahatma Gandhi called it the beautiful tree.
(Refer Slide Time: 09:55)

Indiginous Education in Madras Presidency (c.1825)

The languages of instruction in most of the 11,575 schools
were the regional languages. The average penod of instruction
was around 5.7 years. The subects taugh! were reading wrting
and arthmebc.

The instruction in most of the 1,094 “colleges” or institutions of
Feghad learmng was in Sansknt. Detuls of the supcts taught
are available for the 618 colleges in four dstricts: 418 taught
Vefas. 198 Lo, Jlﬁ.lh'mlrd (+ansta .ﬂﬂ-hkwl rvdhorm

ddsdram

Further, in Malabar, 1594 scholars were receiving higher
instruction privately, of whom 808 siudied Astronomy (ol
whom 96 were . .} and 154 Medicine (of whom 31 were

d -|llcl.

The languages of the instruction were regional languages. The colleges that they were talking
1094 were of course the higher learning was in Sanskrit and various subjects were taught. In
Kerala it was interesting that there 800 students privately studying astronomy and about 154
studying medicine and a majority of them were non-dvijas.

(Refer Slide Time: 10:23)
Indiginous Education in Madras Presidency (c.1825)

As regards the financial support recemed by the indigenous

schools and colleges the situation was clearly stabed by the

Collector of Bellary
“Of the 533 institutions for education. now axising in
thes district, | am ashamed 1o say not one now derves
any support from the state... There is no doubt that in
former bmes. especally under the Hindoo
Governments very large grants, both in money, and in
land, were issued for the support of learning.

Here is a statement from the Collector of Bellary which says that we are not supporting this
system of education even a bit. Of course, it was being supported during the earlier indigenous

governments.



(Refer Slide Time: 10:35)

Indiginous Education in Bengal Presidency (c.1835)

William Adam s survey (1835) of ndigenous education in
selected districts of Bengal and Bihar showed the following
subect-wise dalribution of INstluBons of Rgher learning.
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A similar survey was done in Bengal by Williams Adam and he found a large number of schools
and colleges but the interesting thing is the kind of subjects that were taught in these colleges.
Vyakarana was taught in 10424 institutions of learning, Niyaya in 378, Dharmashastra in 336,
Kavya in 120, Purana in 82, Jyotisha in 48 and then Kosha, Alankara, Vaidya, Vedatantra,
Mimamsa, all shastras studied but the proportion of students learning Vyakarana, Nyaya, and
Dharmashastra were very large.

(Refer Slide Time: 11:14)
ndiginous Education in Bengal Presidency (c.

Adam’s survey also showed thal lexthooks used in these inslilulions
of higher leaming included, apart from the anciant canonical texts of
the various disciplines, many of the important advanced treatises
commentares and monographs compased during the lale medieval
perod

These included the works of Bhattoji Dhksits (1625), Kaundabhatia
(c.1850), ari Diksita and Nigeia Bhatts (¢.1700) in Vydkarase, the
works of Raghunatha (¢.1500), Mathurfindtha (€.1570), Vidwnitha
(¢.1650), Jagadia (¢, 1650) and Gadsdhara {¢.1650) in Navya-nypliys,
he works of Raghunandana (€.1550) in Dharmaddstra and tho worlks
Veddntasdm fC.1-‘w} and lodl}a!ﬂ;nrﬂl\hﬂu{ (c 16&) in Veddnta

The period of sludy in these inslilubons of higher leaming was
baween %en and twenty-five years. In many of these centres of higher
learneng a large parl of the students came from oulsice, many from
even different regions of India. All the students were taught gratis and
outside students were provided in addition free food and lodging

Another thing Adam found in his survey was that the books that these were people were studying

in these colleges, the instruction meant to 10 to 25 years where the most advanced text that are



written by famous (()) (11:27) 17th century or 18th century by Nagesa Bhatta, Gadadhara,
Jagadisa, Kaundabatta, so all these were the works that were being studied in these colleges.
(Refer Slide Time: 11:39)

The University of Navadvipa

On visiting Navadvipa or Nuddeah in 1787, William Jones wrote o
Earl of Spencer that “This is the third University of which | am a
member”. An account of Navadvipa published in Calcufta Monthly
Register in January 1791 noted

“The grandeur of the foundason of the Nuddaah University

is gonerally acknowlodgoed. It consists of throo colleges
Nucideah, Santipore and Gopulpara, Each is endowed with
lands for mainaining Masiens in every scince... in the
college of Nuddeah alone, there are al present about
ebiven hundred students and one hundred and fifty
masters. Their numbers, it is true, fall very short of those in
former days. In Rajah Roodre’s time (circa 1680) there
were at Nuddaeah no less than four thousand students
and masiors in proporson

According 10 Adam, in 1829 there were reported 10 be 25 schools of
learning in Navadvipa with 500 1o 600 students. Some of these
schools were supporied by a small allowance from British
Government

Especially, in Navadvipa everybody said that there is a huge university. Navadvipa is a home of

Navya Nyaya, it was place where Chaitanya also was there. It was said in 1700 there were at
Navadvipa about 4000 students and around 1000 teachers and in 1790s about 1100 students and
150 teachers and in 1829 there were 25 colleges with 500 to 600 students. This was status of
Navadvipa.

(Refer Slide Time: 12:15)

Indigenous Education in Madras Presidency
(1855-1880)

At the time when the Department of Education waas establishod
In 1855, there were only 83 schools under i, while nearty 12,500
indigenous schools were slill lunclioning with a lolal of 1.6 lakh
studonts.

The sillualion was similar even Lill 1870-1, excepl Lhal aboul
3,000 schools had boen brought under the scheme of Aided
Schools.

it was only during the decade 1870-1880, that the Education
Department seems to have managed to bring nearly 10,000
indigenous schools under the aided scheme. Only around 1875,
did the number of students studying under the aegis of the
Departmant of Education becoma comparablé to the number
who studied in Ihe indigenous schools fity years earler in 1825,

So, this was the state of indigenous education system when these surveys were made but soon



enough the British policy was to discourage all these education, at least not provide them any
support from the state system and whatever support that the state system was to give was for the
new system of education that they wanted to start, mainly based upon English language and

English literature.

So, in this new system, in 1855 there were only 83 schools in Madras Presidency; by 1870, about
3000 schools had been brought under the aid scheme. It was only in the decade of 1870 to 1880
about 10,000 of the indigenous schools were brought under the aided scheme. So, the indigenous
schools those than 11,000-12,000 had continued almost till 1880 without any state support. So,
only around 1880 the number of students studying under the government department of
education started becoming comparable to the students in the indigenous schools 50 years earlier.

(Refer Slide Time: 13:20)
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So, we will cause this. Let us say something about, there many slides on various ways in which
modern scholars and our own people started knowing about Indian astronomy and mathematics.
There are lot of names and lots of name subtext. I have put them down all for completeness sake
so that you can really it and get an idea of the kind of work that went on in. So, I will not be

going through these lights in detail in the lecture.

Because it will be laborious to merely recounting the names but most students do need to know

the great scholars who worked on our indigenous tradition of mathematics and astronomy. So,



earliest goes back to Loubere who wrote from Siam about Indian magic squares and Indian
methods of planetary tables Le Gentil have already mentioned.
(Refer Slide Time: 14:17)

Emergence of Modern European Scholarship on
Indian Astronomy and Mathematics (¢.1700-1800)

Le Gentil (1725-1782) who visited India during 1761 and 1769,
to cbserve ther transit of Venus, gave a detailed account of
Indian Astronomy in 1770s based on Tables and Texts cbtained
in Pondicherry

Ths led 1o the Yeatise Trade de [Astroncme Inchenne &
Orentale (1787) by Jean Sylvain Baily (1738-1793). This was
reviewed n detad by John Playtar (1748-1819) in the
Transactions of Royal Socety in 1790

The Asiatic Society was founded in 1784 by Wilkam Jones
(1746-1704). The Journal Asiatic Researches. started in 1788,
carmed artcles by Wilkam Jones, Samuel Davis and John
Bantley on Indian Astronomy

Based upon the French report and the manuscripts, a treatise on Indian astronomy was written by
Bailly in French and it was reviewed by John Playfair important (()) (14:27) in Edinburgh in
1790s, but of course in India by then this Asiatic Society was founded and the Journal Asiatic
Researchers started reporting from modern scholars reports on nature of Indian science, namely
William Jones, Davis, John Bentley, etc were amongst the important people.

(Refer Slide Time: 14:50)

Translations and Editions of Indian Texts on
Astronomy and Mathematics in 19th Century

The PBijagansta of Bhiskars, was translated into English from
the Persian translation of Ala Allah Rushdi (1634) by Edward
Strachey (1812-1901) with noles by Samuel Davis (London,
1813). This was closaly followad by the translation of 785w
by John Taylor (Bomby, 1816).

Henry Thomas Colebrooke (1756-1837) publishad several
articles on Indian Astronomy and also on Law, Linguislics
Philosophy etc. His most important work is Algebra with
Arithwetic and Mensuration from the Sanskrit of Brahmagupta
and Bhascara (London, 1817), which inchuded a tranisation of
Canitddhpiye and Kutfakddhydya o Drikmasphutasiddhdnia as
weall as the Lilivatl and Bfeganita of Bhiskara l, along with
notes drasn from some of the ancient commentarnes.

Some books started getting translated in early part of 19th century. Bijaganita was translated



from the Persian version by Edward Strachey, but soon enough Henry Thomas Colebrooke
translated the Bijaganita and Lilavati of Bhaskara and also the mathematics chapters of
Brahmasphutasiddhanta. Colebrooke was also important scholars of law, linguistics, philosophy,
etc.

(Refer Slide Time: 15:12)
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John Warren discussed the planetary methods of computation based on the Vykaya system in
1825. This book contains an interesting discussion between B. Heyne, Charles Whish, and John
Warren on the knowledge of various South Indian pundits, the knowledge of the infinite series
and mathematics like that amongst them. Of course, one group believes that this is all borrowed
from the west and they are just lying or bluffing as they must have look at some modern books,

modern calculus books.

Other group believes no, no, no there are found in Indian text, etc. That kind of debate was going
on in 1825.
(Refer Slide Time: 15:55)



Translations and Editions of Indian Texts

Rev. Ebenzer Burgess publshod an English ransixtion of Surye-
siddhdnta with cetadod notes with the help of William Dwight Whitney
(New Haven 1860).

Albrecht Weber edited the Veddngs Jyotess with the commentary
Somakarn (Baorlin 1862)

Johann Hendrick Caspar Kern (1833-1917) ed%ed the
Brhatsamhatd of Varihamihics (Calcutta 1885) and partially transiated
it (JRAS, 1873). He also edited the Aryebhatiys with the commentary
of Parameivara (Leiden 1875)

George Frederick Willlam Thibaut (1845-1914) ediied e
Bandhdypana-Sulvasitra with the commentary of I irakfindtba (1874)
He also edited Veddsge-Jyotiss (1877) and Katsiyenas-Sulvasitra (in
part) with commentary (1882). In collaboration with Sudhakara
Dvivedi, he ediled and ranslited the Pasovaddhdntabd of Variha
mikira (1684). Thibaut's essay, The Sulvasutres, was reprinted as a
book (Calculta 1875). He also wrole an overview Askronomie
Astrologle und Mathemabk (Strassburg 1889)

~

Wilkinson Hall, Burgess, Weber, Kern, Thibaut , there were all major scholars of editing and are
translating Indian works in 19th-century.
(Refer Slide Time: 16:05)

Rediscovering the Tradition (1850-1900)

Some editiors. and translations into Bengak. Tekagu, Marathi et of
Indian sowrce - works sSuch &8 Liwiuls  Bupeguuiia S roabadoghuru Wene
publeshed in the lirst half of 198h century. Around the same Sme,
several Indian scholars. who weee ohen from radeonal isamed
famises but educated in the Englsh sducation system. smbarked on
a process of rediscovery of Indian ¥aditon. We menton some of the
semerad iguies N s Moverent

Bapudeva Sastri (1821-1900) studied with Pancit Dhundiraja Misra
and later Pandit Sevarama and Wikinson at Sehore Sansirt College.
He became a Protessor at Benares Sansirnt Colege where be s sand
o have taught Euchdean Geometry. He publshed sdtions of
Sadhiharmtusrrsmans WA ¥ csana Of Pluaekos monr o “ml“ Lkt rsaty
with his cwn commentary | 1883). He collabormied with Lanceiot
Wilkurson and eciied his TYansi@bon of ¢dhidb wiws OF Sedibaars
sarwmani (1861).

Bhau Dagl Lawd (1521-1874) rared n meckors o Graet s Colege.
Mumbai, he was alsc a Sanskrast and an expert in numismancs. He
was the first 10 locate & maruscrgt of | rpebdatigs in 1864,

By, then a trend started that books getting published with the translations. The source work like
Lilavati, Bijaganita, (()) (16:15) etc. Indian publishers started publishing these works with
translation sometimes in Bengali, Telugu, or Marathi, etc. So, enough a set of scholars emerged
who are already often from the traditional learned families but were educated in the English

education system who started looking into our text.

Bapudeva Sastri is one of the oldest of them. He published the Siddhanta Siromani, then Lilavati.



Bhau Laud discovered the manuscript of the Aryabhatta.
(Refer Slide Time: 16:51)

and Principal of Teaches's Traweng College. Pune. wiche a

Shankar Balakrishna Dikshit (1857 1896 4 mathematcs 1o ache:

wsiony of irchanr Astonomy
o Marath |[Pune. 1896 Alorg wat

Rotest Sewell Fe aso wrote on the inclan Calendar (London 1896
Sudhalars Dvived| ( 1855-1810) shucked with Pandts Devaknshna
and Bapucewa Sastn at Benares Sarsien Colege and became a
Frofesscr there He eciied a very arge number of ancient lexts whect
became the masn source o & ler studees
>0ima of L " i pd ¢ drvecd e ara
t BY1 w1
= A »
1l B, 1 ABF
- —— i W ]
erTLaAry B f TEs
' L el ™ [
commentary ( 1902) and with commentanes of

Shankar Balakrishna Dikshit wrote a detail history of Indian astronomy in Marathi which has
been translated into English later. Sudhakara Dvivedi was a very major scholar who brought to
print about 40-50 major texts of Indian mathematics. In fact, much of our study today owes to

the fact that these books were published between 1860 and 1880 and 1900.

I mean the list is large, Lilavati, Karanakutuhala, Yantraraja, Siddhanta-tattvaviveka,
Sisyadhivrddhida, Bijaganita, Brhatsambhita, you can see that he was a major scholar who edited
and published sometimes with his own commentary are various books.
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Rediscovering the Tradition (1850-1900)

Sudhakara Dvived also edted | i wse. Jpoutisam with
Soandikara commentary ( 1908). Wahdsiddhdnre of Arvabhata Bl
with his own commentary (1910), lrpebhatiys with his own
commentary (1911), Surgassddhanta with his own commentary
(1911). With Thibaut, he edited arcesiddbanriia with his own
Sanskrit commentary ( 1889)

Dvived wrote many ongmnal works such as (A rpha e Lol se-
wa [(1B7B), Vésteimrmndm sevgonmari- sddbamd {1880), Mha
Mhsmsmary bvd rordpass | 1B82), Calasol slena 0N differental
calculus in Hindi (1886) and Canelatarangens (1890) on the
inves of Indian mathematicians and astronomers. In 1910 he
wrote A History of Mathemancs. Part | (Anthmetic) in Hindi

Sudhakara Dvivedi's son, Padmakara Dvivedi, edited
(canstabanmmuds o™ ariiana Pamdita 0 two volumes (1936,
1942)

Finally, his son in 1930s published the Ganita Kaumudi of Narayana Pandita also. Sudhakara
Dvivedi wrote a couple of books in Hindi also on history of Indian mathematics. So, this is a
brief look at what happened between 1700 and 1900 about the study of our older tradition of
mathematics by modern scholars.

(Refer Slide Time: 17:58)

Development of Higher Education in India (1850-1900)

The Universities of Calcutta, Bombay and Madras wee sel up =
1857

It has ofien been remarked that these |and the later UnversSes n
Inqia) were estadiged &8 sLaMreng DOCkS With a®lated colisges
on the model of the then London Universty and not on the model of
the renowned Oxford and Cambnage Unversties with exlenseve
reseanch and eaching Acivnes

The Indian Association of Cultivation of Science was esiabished
by Mahendra Lal Secar (18X3-1904) n 1878 with the obyect of
enabirg indans o cultvate scence in all its departments with a
wiew 10 its advancement by onginal research’. Howewer. durng e
first therty years. the man efforts of ™e mstitution were directed
IDwards the development of SCsnco ieaching al the cologuate oved
In 1855 these were 15 Asts Colleges with 1248 students, and 13
Professional Colleges with 012 students. By 1801, there were 5
Ursversitios. 145 Arts Colleges with 17 651 students and 46
Professonal Colleges with 5,358 students in the whole of inda
(nchading Burma).

Now, let us go to development of modern education in India. So, these Universities of Calcutta,
Bombay and Madras were set up in 1857. But most scholars who have studied this understand
that these were established mostly as examining bodies with lots of affiliated colleges on the
model of the then London University and not only model of the renowned Oxford or Cambridge

Universities which were devoted to large amount of teaching and research activities.



So, these were mostly degree awarding and examining bodies, that was what the universities
were. So, looking at it Mahendralal Sircar in 1876 started the Indian Association of Cultivation
of science with the hope that that will foster research and advanced study amongst the Indians.
But even then nothing much perhaps happened in the first 20-25 years of this institution. Most of
the time, the main effort of the institution got directed towards developing of science teaching in
the college level.

(Refer Slide Time: 19:11)

1855 1882 1901-2
Universitses 4 5
MNumbér of Students MNA NA
Arts Colleges 5 33 145
Number of Students 3,246 4,252 17.651
Professional Coleges 1 13 08 | 48
Number of Students 12 1670 5 358
Secondary Schools 169 1,363 5,490
Number of Students 18.335 44 6505 6.22 768
Primary Schools 1,202 13882 97.054 |
Number of Students 40041 681835 3204336
Special Schools ! &3 1,084
Number of Students 197 2814 36 380
Total Recognised Institutions . 1,406 15462 | 1.04.627
Number of Students 62731 137176 | 38.86.400

So, in 1855 there were about 15 colleges with 3246 students. By 1900, there were 150 colleges
with 17,000 students and 45 professional colleges. You can see that in a table like this. Later on,
at leisure you can examine. This gives the growth of education actually primary schools, special
schools, etc.
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The Indian Mathematical Socty becar as 'he Asaytcal Ll o

i g X v V Hamaswaerry Arynr, 4 Cvil Servant (T 1

ety Collector af Guts) It was renamed indan Mathematca

1410

! started & nal m 1908 ected by M. T MNamy YT

5 s i i -
v Marayana Asyar hes was SO0n renarmed e rradl of Inckan

. -
Llathamanc )i Socsen P SOCety ol Larted the

Mathemates Stucent in 1933

The Caicutta Mathematical Society was formed n 1908 at the
ntiative of Prod Astuscsh Mukhense (1864 1324) ™he then Vice

woedior of Ca =a Unversty. It also began pubiisheng the Bulietr

Some scholars in India started working on modern subjects. One person was Yesudas
Ramchundra, a teacher of science in Delhi, who wrote a treatise on problems of maxima and
minima. He tried to approach these problems algebraically. De Morgan, the British famous
logician and mathematician got impressed with it. He got it re-published in London. By the time
20th century, it was only by then that some serious research activity and study of the higher

sciences started in India.

The Indian Mathematical Society began as analytical club in 1907 at the initiative of V.
Ramaswamy Aiyar. It started a journal in 1909, the Journal of Indian Mathematical Society. After
the 25th year of the society, they started a popular journal for students. Some material was
coming in Journal of Indian Mathematical Society itself which was separated and the mathematic
student was started. Soon enough in good competition, the Calcutta Mathematical Society was
started in 1908 by Professor Ashutosh Mukherjee’s initiative. It also began the bulletining of the
Calcutta Society.
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Snnvasa Ramanujan. the greatest mathemabcian India has
produced in recent imes, was borm on December 22, 1887 at
Ercde

in 1892, he enrolied n primary school in Kumbakonam

In 1898, having passed his pnmary exammnatons with
distinction, he joined the Town High School of Kumbakonam
He passad out of the school as an outstanding student in 1904
and received a scholarship to study at the Government College
Kumbakonam

While at school, he got a copy of Loney's Plane Trigonometry
which he soon mastered, Dut also was surprised (0 S0e there
Some Of the resulls that he had obLtaned Memsal

Around 1903, Ramanujan went throdgh G. S. Carr's Synopsis
of Pure and Apphed Mathemancs (1880}, a compendium of
about 5000 results. which is saud to have influenced him
consder aby

We will discuss the development of modern mathematics in India from about 1905 in the next
lecture. I would like to go straight away to discuss the work of Srinivasa Ramanujan who if we
examine carefully, you will see that in some very fundamental sense he is in continuity with the
older tradition of mathematics and science in India. So, this talk will be devoted to the work of

Ramanujan.

Ramanujan was born in December 1887. He enrolled in school in 1892 in Kumbakonam and he
did fairly well in school. He topped, he received a scholarship to study in the local college and
while at school he looks right up Loney’s Trignometry and he found that he had himself
discovered many of these results. Towards late period in school, he looked up G. S. Carr’s
Synopsis of Pure and Applied Mathematics which was a sort of textbook for the Cambridge
Wrangler examination listing about 5000 in result which is said to have influenced him
considerably.
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Early Work of Ramanujan

Ramanujan seems 1o have started discovering new results and
racording them his Notebook by 1904,

However, al the college, “owing Lo his weakness in English” as
Hardy notes, Ramanujan failed and lost his scholarship
Ramanujan joined the Pachaiysppa’s College al Madras, but
soon he had to discontinue due 1o bad health. He appeared for
FA. privately in 1907, but faded once again.

Ramanujan got married in 1909 and with great effort managed
to get a job in Madras Port Trust as a clerk in 1912, by the good
will and support of various personalities who were impressed
by his mathematical abilities.

He seems to have started discovering new results and recording them in his notebook towards the
later period when he was in school itself. Now, once he went to college owing to his weakness in
English as Hardy notes, he totally failed, lost his scholarship. He came and Pachaiyappa’s
College in Chennai but that also he could not complete. He appeared for F.A. privately, failed.
He got married in 1909.

He continued his mathematical work and he went and met various influential people showing
them the work and some of them did help him and by the goodwill of his supporters, he at least
obtained a job in Madras Port Trust as a clerk in 1912.

(Refer Slide Time: 22:25)

Early Work of Ramanujan

During 1911-1813, Ramanujan published 5 papers in the
Journal of Incian Mathematcal Socety.

His firsd paper on “Some Properties of Bernoulli Numbers”
(1911) is sand to contain “mght theorems, . embodying
arthmetcal propertes of the B's. Of these proots are nGicated
fce three. . bul the (hecrems on which (hese prools would
depend.. and the corresponding propositions about the
sones . ae never proved. Two other theorems. . ane stated to
be corollanes. . .and (three), aremdmrr-r”s

"G M Hardy of al Eds  Colected Papers of Srrvvasa Ramanuan

I PSR



He published about five papers during 1911 to 1913. The first paper was on Properties of
Bernoulli Numbers which is supposed to contain many interesting results.

(Refer Slide Time: 22:35)

During 1911-13, Ramanuan also posed about 30 problems n
the Journal of Indian Mathematical Socsty for nearty twenty of
which he also provded the sokubon (as | was nod solved Dy
OINETS 1N Six Monins

Here = a sample guesbon published n 1911

Question 289 (Il 90):

Find the Value of

(%]
=

He also sent about 30 problems to the Journal of Indian Mathematical Society. I am just giving
one to show you the flavour such kind of problems you have already seen in Narayana Pandita.
So, one question he posed in 1911 was find the value of square root of 1+ square root of 1+3
times square root of 1+ etc. So, the square root runs over the entire.

(Refer Slide Time: 22:59)

Solution by Srinivasa Ramanujan, IV 226:

™ n 2 M 1 n 18N ]

Lat ™ n 2 fip
Then wo soe that

i n . ¥

So, people were supposed to answer. If no answer can in six months, Ramanujan would give the

solution and the person who pose the problem and so the way Ramanujan solved it was, he first



saw the simple the identity n to n+1 is n times this much and define n to nt+1 as fn and
immediately in terms of the fn, he was able to get by equation a relation and so the particular
quantity here could be directly shown to be n to n+2, put n=1 and you get the beautiful result.
Square root of 1+twice square root of 1+thrice square root of etc=3.

(Refer Slide Time: 23:38)

Jne ol Ramarugan s early papes & on e “‘Voduls eqguabons and
ApPErOEIMatcrs o "'....-;;." pubhshed lader from London n 1814
OJM 1914, 350 372). it s sand to embody "much of Ramanu

Aty Induln work.™ Here 4 4 sample of ha resulls

1 _3 _4311.3 831.31.3.5.7
W AT RNTWELE WL ey
2 19 39911.3 5191.31.3.5.7
wJil B TV WINPT
1 _1108 2740311.3 538831.31.3.57
=2 W W 207 W51 V@
M e il s H W ol ] THhe LEa! sefies MDCrew
o iin to 17 528 100 dgits which was a record af that tene I
s Jonathan iray e BJ_'"‘.—-— prowed | the 17 seres for
e in Ramamagan s paper. Dscovenng semdar such seres

cOMrLes 10 be an acthve area of reseaarch

Similarly, the other problem also. There is a paper called Modular equations and approximations
to p1 which was published at Ramanujan (()) (23:46) in quarterly journal, but this is also said to
be the kind of work that he was engaged in while in India and in 1985 this last series was used by
Gospar to compute pi to 17 million digits which was a record at that time and Borwein proved all
the 17 series that Ramanujan had given in this paper for 1/pi in 1989. Discovering similar series
continues to be an active area of mathematical research, okay.
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n 1912, Ramanujan sent a sample ol hus resulls to Prof

M. J. M. Hill ol Urwwersily College, London, through Prol

C. L T. Geiltith of 1he Mackas College of Enguneeing

Prod. Hill wrote back that Ramanugan had “aken imo the pdfalls
of .. divergent senes” and advisad that he consult Bromwich s
bock on nfinite sanas

Ramanujan s said % have also contacted Prots H. F. Bakar and
E W Hobson at Cambndge and recened No response

Continuing Ramanujan story, in 1912 he sent a sample of his research to one professor M.J.M.
Hill in the University College London through the Professor of Madras College of Engineering
which is the current Hindi college. Professor Hill wrote back that Ramanujan has fallen into the
pitfalls of divergent series and he should consult Bromwich’s book on infinite series. Ramanujan
again wrote to Baker and Hobson in Cambridge and it seems he did not get any response.
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On January 16. 1913 Ramanusan wrote 1o Prol Godirey Harold
Hardy (1877 1947) at Cambridge. enclosing an cleven page st

of over one hundred results such as the lollowng

and v

L]
5
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So, in January 1913, Ramanujan wrote to Godfrey Harold Hardy at Cambridge. He enclosed an
11-page supplement which had more than 100 results. So, I am just displaying two of the results
of Ramanujan. This is a continued fraction. This is another continued fraction and he has a

certain relation between them and this is a continued fraction and this is another analytical



expression. These were two of the kind of hundred formulae that the Ramanujan sent to Hardy in
January 1930.
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The mpact ol thus eter can be l_}."iul:.li.‘ﬂ irom the lact thal on
Feteuary 2, 1913, Bertrand Russadl wrote 1o Lady Moredl that
M “found Hardy ang Littiewood in a state of wikd excfemont
because ey have discovered a second Newtan, a Hindu clork
an 20 Pounds a year

Theawre 5 also a note of Litkewood 10 H.;'-‘T_.' in Masch 19173 wath

e comman! ©| can Dabdne That e = al bast a Jacob

On February B, Hardy wrote expressang NS nlarest in e Work
of Ramarujan, while a00ng
BL.'. | want parbcularty to see your procts of your
! ] ¥
assarnons hera You will understand that in thes theory

everything depends on ngorous exactitude of prood

The same pont is repeated twece agan n the same lother

The impact of this letter can be gauged from the fact that on February 2, Lord Bertrand Russell
wrote to Lady Morell that he found Hardy and Littlewood in a state of wild excitement because
they have discovered a second Newton a Hindu clerk on 20 pounds a year. So, in fact, even there
is a comment of Littlewood to Hardy in March that looking at his work I can believe that he is at

least a Jacobi. Jacobi is a great analyst of 19th century.

So, Hardy wrote back to Ramanujan expressing interest in his work but he added but I want
particularly to see the proofs of your assertions here. You will understand that in this theory
everything depends on rigorous exactitude of proof and this is a point that Hardy repeated about
two three times in the same letter.
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In his reply ol February 27, 1913 (which aso incduded a 10 page supplement
with many resulls), Ramanuan recounted his axpenence with a Professor in
Londan (Prof Hill) and said

“I find in many & placs in your Bmar rgomos proots are requined
and so on and you ask me 10 communicale the methods of peool
M1 had given you my method of proof | am suee you will loliow the
| ordon Professor

| dilase on this simply 10 convince you that you will not be able to
follow my methods of proof if | indicate the knes on which |
proceed in a single letter. You may ask how you can accept
results based upon wrong pramises What | el you & this Verfy
the results | gvo and d they agrooe with your rosults, oot by
treading on the groves in which the present day mashematicians
move, you should & least grant thal there may be some ruths n
my fundameantal bass

You may judge me hard that | am slent on the methods of peool. |
have 10 re-flerase that | may be mesundesssond # | give in a shon
compass The knes on which | proceed ™

So, Ramanujan sends a reply back with another 10-page supplement with various results. The
main point he is trying to tell him is that you will not be able to follow my methods or proof if I
indicate the lines on which I proceed in a single letter that of course I follow. There is a method,
there are various sorts of ways in which I am arriving at them, but it cannot be put down in a

letter.

Then, he just threw a challenge. Verify the results that I give and if agree with your results, got
by treading on the groves in which the present day mathematicians move, you should at least
grant that there may be some truth in my fundamental basis. So, it is one of the few letters by
Ramanujan. He is asserting something about himself that is he has a method and he has an
approach.
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Ramanujan’'s Work in England
Ramanujan armved in London on April 14, 1914 and left for
India on February 27. 1919. Of the nearly five years he spert
there, he was very il for more than two years. From around the
spring of 1917, he was in hospitals most of the time
On his work during 1914, Ramanujan wrote 1o hes friend
B Krshna Rao on November 14, 1914

“| changed my plan of publishing my results. | am not
going 1o publish ary of the okd results in my notebook
till the war s over. After comng here | hawve learmed
some of thes methods. | am trying to get new
results by their methods so that | can easily
publish these results without delay. In a week or 50
| am goeng 1o send a long paper to the London
Mathematcal Society. The results in this paper [on

highly composie numbers] have nothing to do with
those of my cid results. | have pubkshed only thred

shor! papers

2

So, Ramanujan arrived in London in April 1914. He left for India back in February 1919. Of
these five years, he was very ill for more than two years, almost three years I think. From around
the spring of 1917 most of the time he spent in hospitals. On his work during the end of the year
that he reached after six-seven months, he wrote to his friend B. Krishna Rao saying that [ have

changed my plan of publishing my results.

I am not going to publish any of old results in my notebook till the war is over. The war started in
1914 and goes on till 1918. I am trying to get new results by their methods, so that I can easily
publish these results without delay.
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Ramanujan’s Work in England

Ramanujan relleraled this in a letter to S. M. Subramanian in
January 1915:
“I am doing my work very slowly. My nolebook is
sleeping in a corner for these four or five months. | am
publishing only my présent researches as | have not

yel proved the results in my nolebooks rigorously. | am
al present working in arithmetical funclions. .



Same thing Ramanujan writes to another friend Subramanian in a letter in 1915, that my
notebook is lying in a corner, I am not going to take it out and publish any of the results. So,
whatever work he did in England was with the new methods and the new way with the
interaction with the British mathematicians and of course with this great acumen and intuition.
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During 1914-1919, Ramanuian wrote about 30 papers, 7 of them in
cofaborason with Hardy, which were mostly concarning propertios of
various arithmetcal functions

His work was highly acclaimod,. On March 16, 1916 he was awarded
Bachelor of Scence degree by Research from the Cambridge
Unsvorsity. Ho was ¢loctod a Fellow ol Royal Society on February 28
1818, the second Inchan o be 50 honoured. On October 23, 1918 he
was elected a Feliow of the Trinity College (It appears that the
College failed 10 elect Ramanujan as a fellow in 1917 for vanous
noN-acaiemic reasons)

In lxte 1918, the Madras University also oflered a maiching grant of

250 Pounds a year. On receipt of this communication, Ramanujan

wroto 10 the Hegistrar of the Universaty on January 11, 1919 that

aller meeling his basc expenses, the swplus “shou id be used lor

some educatonal purpose, such in particular as the reduction of

school-0as lor poor boys and orphans and provision of books in

schools
So, during 1914 to 1919, Ramanujan wrote about 30 papers, seven of them in collaboration with
Hardy which were mostly concerning properties of arithmetical functions. We will get a chance
to have a glimpse of few of them. His work was highly acclaimed. In March, he was awarded
BSC by Research from Cambridge University for his paper on highly composite number. He was
elected in FRS in 1918, the second Indian to be so honoured. The earlier person was a Parsi

gentleman in mid 19th century.

In October 1918, he was elected as fellow of Trinity College. It seems that they failed to elect
him a fellow the previous year and that was some heartburns for Ramanujan. So, in late 1918,
Madras University offered him a matching grant of 250 pounds. The Cambridge Fellowship gave
him a 250-pound annual fellowship being a fellow of Trinity College, so Madras University also

gave that.

So, Ramanujan writes a very moving letter to the registrar saying that after meeting his basic

expense, the surplus should be used for some educational purpose, such in particular as the



reduction of school fees for poor boys and orphans and provision of books in schools.
(Refer Slide Time: 29:37)

"dmanujan s

S Last Letlter ana "Lost NolebDooK

On March 27, 1919 Ramanujan returned 1o India. He was in
very poor health. He slayed lor a while in Madras and then
moved to Kodumuds, then 1o Kumbakonam, and finally returned
lo Madras by January 1920,

Though senously ill, he was continuing his work all the while
On January 12, 1920, Ramanujan wrote to Hardy (for the first
lime alter returning to India):

*| discovared vory intoresting functions recently which
| call “Mock™ #-4unctions. Undike the “False” 0-functions

(studied partially by Prof. Rogers in his interesting
papar) thay enter into mathematics as beautfully as
the ordinary #-lunctions. | am sending you with this
leller some examples..”.

This was followed by a few pages containing definitions, some
examples and properties of the mock (-unctions.

So, in March 1919, Ramanujan returns to India. He is in very poor health, stays a bit in Madras,
then goes to Kodumudi, then goes to Kumbakonam and finally returns to Madras by January. At
that time, he wrote to Hardy for the first time after returning to India. He returned in March
1919. I discovered very interesting functions recently which I call mock theta functions. Unlike

the false theta functions studied by Professor Rogers.

They enter into mathematics as beautifully as the ordinary theta function. I am sending you with
this letter some examples. Again, few pages of results enclosed.
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Ramanujan’'s Last Letter and “Lost Notebook

The so called “Lost Notebook™ of Ramanujan is a shead of over
hundred sheets containing about 600 results thal Ramanujan
had found during the kast year of his life.

This seems 1o have been sent to Hardy along with all other
papers of Ramanujan in 1923,

h was finally discovered by George Andrews in 1976 (amongst
Watson papers) in Trinity College.

Hamanujan passed away in Madras on April 26, 1920,

There is something called the Lost notebook of Ramanujan. This is a collection of more than 100
pages many of them written on both sides having about 600 results. This consists of the work
that he was going after he returned from England to India. These papers were sent to Hardy
1923. It was finally discovered by George Andrews in 1976 in amongst the Watson papers in
Trinity College. So, Ramanujan passed away in April 1920.

(Refer Slide Time: 30:50)

Hardy's Assessment of Ramanujan (1921)

Soon aher Ramanujan s death, Hardy wrote an Otstuary Notice in
Proc. Lond. Math. Soc. (19, 1921, pp. 40-58), which was later
reproduced n e Collected Papers of Ramaruyan (Cambrdge 1927)
Theee, Hardy first presents hus assessment of Ramarugan when he
arrived in England (1914)

“The mstabons of hes knowledge were as starthng as fts profundity
Hare was a man who could work out modular eguadons, and theo-
reens of complex muitipicanon, 1o orders unheard of whose mastery
of contrued fackons was. on the lormal soe at any rate. beyond that
of any mathemancian in ™e workd, who had found for hemsal! the
tunchional equabon of the Zeta-tunction, and the domenant Serms of
many of the mos! tamous problems n the analytic theory of numbers.
and he had never heard of a doubly pericdic funcsion or of Cauchy's
theorem, and had mdeed but the vaguest idea of what a funchon of a
comples voarabie was His ideas as 10 what constitubed mathe-
matical proof were of the most shadowy description. All his
rosufts, new or old, right or wrong had been arrived a1 by a
process of mingled argument. intuition and induction. of which
Mt was entirely Lnable 10 give any coheremn account.

Now, soon after Ramanujan’s death, Hardy wrote an Obituary and there he tried to give an
estimate of Ramanujan what he thought of him when he came to England and what was made
out of him later and how he understands his work and this is a very interesting document. It has

to be read very carefully. I am just giving a few quotations. So, Hardy is saying that Ramanujan’s



ideas as to what constituted mathematical proof were of the most shadowy description.

All his results, new or older, right or wrong had been arrived at by a process of mingled
argument, intuition and induction, all these things written in the first obituary that he is writing
on this man, of which he was entirely unable to give any coherent account.

(Refer Slide Time: 31:40)
lardy’s Assessment ol Hamanujan (1921

Hardy then notes that. after thesr inleraction, “In a fow years time, ho
[(Ramanujan] had a very tolerable knowledge of the theory of functions
and the analytc theory of numbers He was never 4 malhemabcan ol
Ihé MOdern SChool

Hasdy also slates that Ramanuan “adhered with a severity most
unusual in an indian resident in England to the religious
observance ol his caste; but his religion was a matter of
observance and not of imellectual conviction, and | remember
well his telling me (much to my surprise) that all religions seem to
him more or less to be equally true.”

Hasdy then rases 1h ssud | havwe oflen boon asked whether
Ramanujan had any special secret, whather hes method alfered in any
kind from those of other mathematicians. whether there was anything
really abnormal o his mode of thought | cannol answer these
questions with any confidence or conviction. but | do not believe it My
belel s Ihat &l mathenalicians thek, &t boltom, = the same ond of
way and that Ramanujan was no axceaption

There is another opt quoted statement by Hardy which seems to make much of the statement that
Ramanujan told him at some context that all religions seem to him more or less equally true.
Hardy to took to mean that he really did not believe in any religion and he says, Ramanujan
adhered with a severity most unusual in an Indian resident in England to the religious observance

of his caste but his religion was a matter observance and not of intellectual conviction.

And the evidence for this is that I remember well is telling me much to my surprise that all
religions seem to him more or less to be equally true. So, this is kind maturity that Hardy has in
trying to understand this man.

(Refer Slide Time: 32:24)



Hardy's Assessment of Ramanujan (1921

Hoedy then goes onto declare:

“It was his insight inlo algebraic formulae,
transformanion of infinita sories, and so forth, that was
most amazing. On this side most certainly | have
never mel his equal. and | can compare him only
with Euler or Jacobi. He workad, far mora than the
majority of moderm mathamaticians, by induction from
numerical examples: all of his congruence properties
of partitions, for example, were discovered this way.
But with his mamory, his patience, and his power of
calculation, he combined a power of generalisation, a
fecling for form, and a capacity for rapid modification
of his hypothesis that were olten really starthing...”

Then, Hardy says of course that Ramanujan was extraordinary with his insight in algebraic
formulae, transformation of infinite series and so far so forth. On this side most certainly I have
never met his equal and I can compare him only with Euler or Jacobi. But immediately he has to
say he worked far more than the majority of modern mathematicians by induction from
numerical examples but it was his memory, his patience and his power, not his mathematical
acumen that gave him all with this results.

(Refer Slide Time: 33:00)

Hardy's Assessment of Ramanujan (1921)

Hargy concludes with the cbservation

‘Opirnons may déler as %o the importance ol
Ramanrujan's work, ™ kund of standand by which it
should be uoged. and the mfluence winch it is likely o
have on the mathematcs of the future. It has not the
simplicity and the inevitability of the very greatest
work; it would be greater if it were less strange.
One gift it has whech no one can dervy, profound and
imaincible ongmaity. He would probably have been a
greater mathematician if he had been caught and
tamed a little in his youth; he would have
discovered more that was new, and that, no doubt

of greater importance.”

He concludes the whole thing by saying Ramanujan did wonderful work but that cannot be
called very great work or amongst the greatest work. It has not the simplicity and inevitability of

the very greatest work. It would be greater if it were less strange. He would have probably been a



greater mathematician if he had been caught and tamed a little in his youth. He would have
discovered more that was new and that no doubt of greater importance.

(Refer Slide Time: 33:35)

n hs lectures on Ramarwan, published in 1940, Hardy agan
gave an assessment of Ramanugan s earty work bafore he went
to England

He [Ramanuian| published abundantly . but he also

left a mass of unpublished work wihech has never Deen
assessed property untd the last tew years. This work
includes a great deal that is new, but much more
that is rediscovery, and often imperfect
rediscovery; and it is sometimes still impossible
to distinguish batween what he must have
rediscoverad and what he may somehow have
learnt.

So, this was an assessment of Ramanujan’s were given immediately after his death and this was
reprinted in the collected works of Ramanujan that Hardy, Seshu Aiyar and Wilson published in
1927. Again, 15 years later, Hardy had an occasion to write an estimate of Ramanujan. This was
a series of lectures he delivered in Harvard and this came out as a book in 1940. Here Hardy is
somewhat even more free in trying to explain how Ramanujan, according to him, was when he

reached England.

Ramanujan left a mass of unpublished work, which he is referring to his notebooks, which has
never been assessed properly until the last few years. This work includes a great deal that is new
but much more that is rediscovery and often imperfect rediscovery and it is sometimes still
impossible to distinguish between what he must have rediscovered and what he may somehow
have learnt is even sort of, accusing no plagiarism that have recorded some results without the
knowledge that so.

(Refer Slide Time: 34:32)



Hardy's Assessment of Ramanujan’s Early Work

1940

“It was inevitable that a very large part of Ramanujan's
work should prove on examenaton to have boen
anticpated. He had been carmying an impossible
handicap, a poor and solitary Hindu pitting his
brasns against the accumulated wisdom of
Europe. He had had no real leachng at all. there was
Mo one n India from whom he had anytheng 1o learn

| should estimate that about two-thirds of
Ramanujan s best indian work was rediscovery,
and comparatwedy ithe of ¢ was published in his e
time... The great deal of Ramanusan s published work
was done in England... In particuiar he kearnt what
was meant by proof..

'O M Maroy Ramancgan Camtrglg 1940, pp. 1, 10

Then he says he had been carrying on an impossible handicap, a poor and solitary Hindu pitting

his brains against the accumulated wisdom of Europe. Hardy was no ordinary racist or

imperialist. He was after all a great anti-war champion. He was a liberal sort of intellectual, but

the times were such that even he could not resist coming up with this kind of a wonderful praise,

poor and solitary Hindu pitting his brains against accumulated wisdom of Europe. I should

estimate that about two-thirds of Ramanujan’s best Indian work was rediscovered.

(Refer Slide Time: 35:03)
Ramanujan's Work on Partitions

The rumder of partions o 1) 5 the rumbsr of Bstinct way's of
representng 1 as a sum of posdve mtegers. without takung the order
o account. ©{0) = lnken %0 bet

Patitionsof daee: 1 + 1+ 14+ 1. 1+14+21+32+«24 Hance
e =5
In a couple of papers publshed n 1919 and 1920, and a paper

publshed posthumously m 1921, Ramanujan dscovered and proved
the congruences

P Sm + 4) 0 (mod 5)
plTm + 5) D (mod 7T)
pMim+68) = 0imod11)

Ramarugan also comectured that 5. 7 and 11 are the only primes for
which such congruences haid: Ahigren and Boylan proved this n
2000

Anyway, so now let us go quickly to discuss something of Ramanujan’s work. We will come

back to the notebook a little bit later, the works that he did prior to going to England which is

contained in the notebooks, we will come to it towards the end of it. So, one of the important



work of Ramanujan is on partitions. So, the number of partitions p of n is the number of distinct

ways in which n can be written as sum of positive integer without taking the order into account.

So, it is not like the mass number rows in the (()) (35:33) where the order of the elements also is
important, 2+1+1 will be treated differently than 1+2+1, GLL and LGL will be taken as two
different partitions. So, these are repetitions not taken into account. So, the number of partitions
of 4 are 1+1+1+1, 1+1+2, 143, 2+2 and 4. So, there are five partitions of 4. If you try to write
partitions of 10, you will immediately find that itself is a huge number. In a couple of papers

published in 1919 and 1920.

And a paper published posthumously in 1921, Ramanujan discovered and proved these three
very important congruences.

(Refer Slide Time: 36:23)

What is meant by congruence, that is just that is divisible by 5, that is what it means. So, in
particular p of 4=5, then I put m=0. Use of p of 4+5 that is divisible by 5, but Ramanujan is
saying for any m the number of partitions of the p of 5m+4 is divisible by 5, that is what this
equation means. Similarly, the number of partitions of a number integer of the type 7m+5 is

divisible by 7.

The number of partitions of number of type 11m+6 is divisible by 11, these were three



congruence property. He conjectured 5, 7 and 11 are the only primes for which such congruences
hold that was proved about 70-80 years later.
(Refer Slide Time: 37:17)
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In his 1919 paper, Ramanujan also wrote down conjecture, this is somewhat complex. If d is an
integer of 5 to the power a 7 to the power b 11 to the power c and if lambda is a number such that
24 times lambda when divided d gives a reminder of 1, that is what this equation means then the
partitions of lambda are divisible by d. This was the conjecture. In an unpublished manuscript,
Ramanujan tried to prove it for arbitrary a with b=c=0. So, Chawla in 1934 disproved this

conjecture.

He showed that p of 243 (()) (37:57) number, the partitions of 243 are of the order of 10 to the
power 14, huge number. He showed that the 7 power relation is not fully satisfied and later on it
has been shown that Ramanujan was essentially correct. In this congruence equation, you have to
just change the b to a b prime and b prime is either same as b if b=0, 1, 2 and b prime is of this
form.

(Refer Slide Time: 38:25)



Ramanujan's Work on Partitions

In 1918, Hardy and Ramanujan obtained an nfinie asymptotc senes
for pi n). of wiich the lest lerm s of the lorm

~y . o0
pn) ~ 3“(, ‘ 3
It has been noted by Bernce thar

W thew classic paper [ol 1918] Mardy and Ramanujan
mroduced ther lamous crcie method | whsch remans
today &s the prmary 1001 of NuMDer thecrsts using
analytcal techmgues in studying prodlems of addtve
number thecry. The princpal des Berind the ‘circke method
can be lound in Ramanuan s Rotebooks..., alhough he Shd
not ngorously develop hes ideas. .. Despde #s genesis in
Ramarygan s work, today # s often called Hardy-Litlewood
arcie method, because Hardy and J E. Littlewood
extensively deveicged the method n a seres of papers * ©

"B Bernd, Number Theory i fhe Sowd of Ramarupan AMS. New York
2008, pp.22-23 -

In 1918, Ramanujan and Hardy wrote a monumental paper which was (()) (38:31). It gave an
infinite asymptotic series for p of n, that is this is the dominant term for large N for p of n. So, p
of n goes by e to the power —root n/1/n. For this they use what is called the circle method and
later on Bruce Brendt who looked up Ramanujan’s notebooks found the elements of circle

method in Ramanujan’s notebooks.

And he says that it is unfortunate that it is called Hardy Littlewood circle method because Hardy
and Littlewood wrote many more papers on this afterwards.

(Refer Slide Time: 39:08)
Ramanujan’'s Work on Partitions

One of the results communicated by Ramaruan to Hardy, = Fes first
etler of January 16, 1913 was

1

Thmi’l’ﬂ‘ 2x - 220 - 2x0 + a8
-nmwnl {mﬂlunp - m"‘"]}
an ry/n

Commearaing on this. Hardy wrote n 1940 ™t
“The luncson in __[the Pt hand 08| 5 & garuine
appravmaton o the coefficent. thowgh not at all 50 close
as Ramanujan mapned and Famanuan § falle statement
was ong ol the most fnuastful he ever made. SINCe It ended by
eading us o all cur jcenit work on parshons”

I is altogeiher another slory thal. in the above coryectune.
Ramarusan seems %0 have cearly anbopated the exact form of o n).
which was found later by Radmacher n 1507

£

But more interesting was the letter than Ramanujan wrote to Hardy, the first letter he wrote had a



proposition like this, again a very interesting kind of proposition. The coefficient of x to the
power n in this complicated quantity 1/1-2x+2x 4 etc. is the integer nearest to 1/4n cos sign
hyperbolic pi root n and sin hyperbolic pi root n. This is at the basis of a Ramanujan and Hardy’s

work on that Hardy acknowledges it in 1940.

But in another matter in this Ramanujan had a much better result, than what was proved in
Hardy-Ramanujan paper. He had the exact form of the partition p of n which was later on proved
by Radmacher. I will come back to this question a bit later.

(Refer Slide Time: 39:58)

Now, another interesting thing of Ramanujan which is often talked about is something called the
tau function. This is the definition of the tau function. It is a function of integers n. So, left hand
side is power series like this, right hand side is an infinite product like this. Ramanujan
mentioned two properties of the tau functions, they were proved by model, the next year he

wrote define the tau function in 1916.

Ramanujan conjectured that if p is any prime tau p is bounded by p to the power 11/2. This was a
very famous conjecture. It was proved by Deligne in 1974 as a consequence of another very
famous conjecture known as Weil’s conjecture for which Deligne was awarded the Fields medal
and this year Deligne has been given the Abel’s prize, the current sort of equivalent of Nobel

prize in mathematics.



(Refer Slide Time: 40:51)
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These are some of the kind of works that Ramanujan did, the tau function, partition function, etc.
in his papers published from England. During the time of Ramanujan centenary, an assessment
started getting made of the kind of the impact his work had, what was the nature of his work and
Selberg is one of the leading number theorists of 20th century, a Fields medallist in 1950. He was

the first honorary recipient of Abel prize in 2002.

He explained how his work very highly influenced by Ramanujan’s. How somebody his father or
someone gave him the collected papers of Ramanujan and that sort of set him on a big trail of
work and according to Selberg, Ramanujan on his own had acquired an extraordinary skill of
manipulation of algorithm, continued fractions and so forth which certainly is completely

unequalled in modern times.

Then he says, in what has been left of his work, there seems quite clear evidence that he had
developed on his own a theory of modular forms and equation. It is a very important area in
mathematics. So, Ramanujan was essentially a modular forms man.

(Refer Slide Time: 42:04)



Selberg’'s Assessment of Ramanujan's Work (1988

Seberg, who himsel! independently discovered Radmacher's
exact form for the partlon funcion o ), is very positive that
Ramanujan had the same resull, but somehow Hardy was not
comnced aboul i, and so they ended up proving only the
asympécbe form

“If one locks at Ramanujan's frst letier to Hardy, there

15 a statement there which has some relaton 0 hs

later work on the partition function, namely about the

coefficient of the reciprocal of a certain theta senes

It gves the leadng term n what he claims as an

PP OxIMale @xpression for the coefticent i one

looks al that expressson. one sees that 4 is the exact

analogue of the leading term in Radmacher's formula

for p( n). which shows that Ramanusan, n whatever

way he had obtained this. had been led to the cormect

form of that expression”

Then, Selberg comes to this question that this partition function p of n, he says if one looks at
Ramanujan's first letter to Hardy, there is a statement there which has some relation to his latter
work on partition function. It gives a leading term in what he claims as an approximate
expression to the coefficient. If one looks at this expression, one sees that it is the exact analogue
of the leading term in the Radmacher’s formula for p of n. Radmacher’s was the exact result

which was proved in 1930s.

Selberg had independently proved the same result. Hardy and Ramanujan had given the
asymptotic form. Ramanujan, in whatever we had obtained this, had been let to the correct form
of that expression.

(Refer Slide Time: 42:46)



Selberg's Assessment of Ramanujan’s Work (1988)

W e work on the pariBon funchion, studying the paper it
seems Clear 10 me that it must have been. in a way, Hardy
who did not fully trust Ramanugan s inssght and intuon,
when he chose the other form of the terms mn thed
exprossion, ior a purely lechmcal reason, which one
analyses as rof very nelevant

| think that if Hardy had trusted Ramanujan more, they
should have ineyitably ended wiih the Radmacher
series. There is ittle doubt about that.

Littlewood and Hardy were primanty working with hard
anadysas and they did not have a strong feeling for
modular forms and such things: he generanng furcton
for the partiton funchon o essersally A modular form,
partcularty if one puts an exfra tacior of x = 1D T power
senes. This must have been something that came gquite
naturally to Ramanugan from the beginning ~

Then, he says that it was Hardy who seems to have moved away of the conjecture Ramanujan
made and proved a simpler result that he could prove. So, for technical reasons he proved
something much less. I think that if Hardy had trusted Ramanujan more, they should have
inevitably ended with the Radmacher series. There is little doubt about it. Unfortunately, I mean

Selberg does not say so.

Littlewood and Hardy were primarily working with hard analysis and they did not have a strong
feeling for modular forms and such things.
(Refer Slide Time: 43:23)

Selberg's Assessment of Ramanujan’s Work (1988)

Seiberg also reders 10 the assessment of Ramanujan's work by
Louis J. Morcedl (1888-1972)

“Louis J. Mordell questioned Hardy's assassment that
Ramanujan was a man whose natve 1alent was egual
o that of Euler and Jacobi. Mordell . claims that one
should uoge a mathemancian by what he has actualy
done, by whech Mordell seems o maan the thecrems
he has proved. By the way | should say Mordell clearly
al no stage seems 10 have had access 10 of seen
Ramanujan s Notebooks. Mordell's assessmant
mmﬂmmﬂ;—.

| think that a felicitous but unproved conjecture
may be of much more consequence for mathe-

matics than the proof of many a respectable
thecrem.”

Similarly, Louis Mordell, an important British mathematician took the issue with Hardy



comparing Ramanujan with Euler and Jacobi. So, Selberg tries to say that Mordell really has not
seen Ramanujan's notebooks and he says Mordell seems to go by the fact that a mathematician

should be judged by the number of theorems that he has proved.

So, Selberg says I think that a felicitous but unproved conjecture may be of much more
consequence for mathematics than the proof of many a respectable theorem. I view the (())
(43:57) to have said in the 19th century or early 20th century.

(Refer Slide Time: 44:00)
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moch theta rchons are Only in the vary aarly staged of
bewng undersiood and No ore Can ye! assess e roal
mportance S0 the final verdict is not really in, and it
may not be in for a long time . but the estimates ol
Ramanujan s siature in Mathematics certanty have
been growing over the years. There is no doubt abouwt
n"

Selberg is saying that we are still studying this mock theta functions and things like that. So,
really an assessment of Ramanujan’s work cannot really be given. So, the final verdict is not
really in and it may not be in for a long time, but the estimates of Ramanujan’s stature in
mathematics certainly have been growing over the years, there is no doubt about it.

(Refer Slide Time: 44:23)
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Finally Selbery talks about Hardy s assessment of Ramanuan

One meght specudate, ahough & may be somewhal Tutie
about what would have happened i Ramanujan had come
n contact not with Mardy but with a greal mathematician of
more samday talents. SOMmecr e Wwho Wit more Incimed n the
algebraic direchons. for nstance. E Hecke n Germany
Thas mugt Fusve pertuags proved much mone berefcal and
browaght oot new things in Ramarugan that dsd not corme 10
trushon by Fes contact wath Hardy

| do not think that Hardy fully utnderstood how the
imerest for Ramanugan s work would be growing when
he speaks of the influence which it is likely to have on
the mathematics of the future. it seems rather clear
that he underestsmated thal. Later developments have
certasnly shown him wrong on that poent ™

Alle Sebbery Reflecions arowund Ramarusan Cerntienary. Reg n
Resomance 1904

Then, referring to the fact that Hardy said that Ramanujan’s work could have been more greater
if it were not that strange and if it were more mainstream, etc. He says I do not think that Hardy
fully understood how the interest for Ramanujan's work would be growing when he speaks of the
influence which it is likely to have on the mathematics of the future. It seems rather clear that he

underestimated that. Later developments have certainly shown him wrong on that point.

Selberg is sort of a person well known for understatement but definitive understatement. He will
not make a hyper (()) (44:58) but he makes his point very clearly. He even had said that it would
have been better if Ramanujan had gone to someone more sympathetic who had a more
inclination in algebraic directions; for instance, E. Hecke in Germany. E. Hecke is well-known
for work on modular forms.

(Refer Slide Time: 45:20)



10W IS Hamanujan s Ywork Assessed 1ocay

Till the kalter half of 20th century, the corpus of work of Ramanujan
that was generally available comprised of the 37 papers that he had
published in vanous Journals during 1911-1920. These, logether
with, the 57 questions and solulions published by him in the Journal
of inckan Mathematical Society. and extracts from his wo leftors of
1913 10 Hardy which comained statements of around 120 results,
ware ediled by G, H. Hardy, P. V. Seshu Ayar and B. M. Wilson and
published by the Cambnidge University in 1627 as the Collected
Papers of Srinivasa Ramanuan

Thes of course excluded most ol Ramanujan’s work done bolh belore
he left for England and after his return 10 India. The corpus of work
done before keaving 1o England is available in the form of three
natebooks which are said o contain around 3250 results. The corpus
of work done afer the return from England is contained mainly in he
“Lost Notebook™ which is said to have about 600 results

Detailed analysis of this large corpus began only in the Last quarior of
the 20th cendury. Though much of the work s s8il in progress, il has
already revolutionised cur understanding and appreciation of
Ramanujan's work

So, by 1988, the assessment of Ramanujan's work looks very, very different from the way it was
assessed by Hardy in 1921. Now, how is it assessed today, so next five-six minutes here. The
issue is the collected works of Ramanujan which was published in 1927 had only 37 papers and
then the 57 questions that he wrote in mathematical society and it included the two letters that he
wrote to Hardy in 1913 which contained about 120 results, most of them taken from his

notebooks without proofs.

This excluded almost the entire corpus of the work of Ramanujan that was done either before he
went to England with the notebooks or the Lost Notebook in which he wrote down the result
after he came back from England. The notebooks that were there had about 3300 results, the
notebooks on which he wrote down his results prior to going to England and this Lost Notebook

had about 600 results.

This entire corpus in fact has been seriously analysed only in the last 25 years and so we are in a
position to better estimate Ramanujan’s work.

(Refer Slide Time: 46:32)



The Saga of Ramanujan's Notebooks

It smems. Hamanujan staried recording his resulis in a Nolebook
around the time he entered the Government College of Kumbakonam
in 1904, Sometime during 1911-13, Ramanujan copied these results
in 1o a second nolebook. As Hamanujan noted in his letters to
Krishna Rao and Subramancam, he perhaps did not add any further
results 10 those notebooks, nor did ha try 10 publish the results
contained in them, during his slay in England.

The lallowing is a briel descriplion ol the nolebooks due lo Bruce
Berndt

“Ramanugan left :iree notebooks. The first notebook 1otalling 351
pages contains 16 chapters of loosaly organised material with the
remainder unorganised. ... The second notebook is a revised
enlargement of the first. This notebook contains 21 chaplers compri-
sing 256 pages followod by 100 pages of miscellaneous material.
The third short nolebook contains 33 pages of unorganised enliries.

in prepanng Famanujan's Notebooks Parts |-V we counted 3254
rosults,..”

"8 Beendt. An Overview of Ramanggan's Notebooks, 1008
So, as I said then itself Ramanujan started recording this in around 1904. Sometime in 1911 or
1913, he even made a copy of it. So, there are 351 pages, 16 chapters, the second notebooks have
21 chapters 256 pages, third notebook has 33 pages, in all about 3254 results.
(Refer Slide Time: 46:57)

The Saga of Ramanujan’'s Notebooks

In January 1921, Prof. K. Aranda Rau of Presadency College weole 10
Hardy

W R Ramacharcra Rao tokd me thal you had wnithen o
hen some morths agoe hat Ramanujan was workng on a
certain lopic in his last days and possibly there may be
some record of tes work lefl. If you will please tell us the
nature of thes rvestigahon, we may find it saser 10 wit the
papers. The whole of the maruscrpts will of course be sent
10 you in accordance with the resolution of the syndicale.
¥ou wil have rosced Ao in the Minuses hat T syndcate
has asked Mr. Seshu lyer and me to arrange for the
preparaton of a ¥anscript of Ramanuian s note book, with a
view 10 having it incorporated as an Appenda 10 the
Memonal volume. | do not know if thes will serve any usetul
purpose | fear it may look a little incongruous by the
side of his mature work. But there are some heme, who
think that the Note Book may contain valuable
algorithms prowiding starting posnts for future
Investigatons.

-

Now, in 1921, Professor Ananda Rau of Presidency College wrote to Hardy, Hardy had enquired
about Ramanujan had mentioned about this mock theta functions in the letter in 1921 to Hardy.
So, Hardy was enquiring whether there is material on it. So, he says we will look it up and then
he says now Madras University has passed a resolution, we are sending you all his notebooks to

be published.



Ananda Rau of course adds his own view that I fear it may look a little incongruous by the side
of his mature work, mature work meaning the work that he did in collaboration with the British
mathematicians in England but still many people here in Madras seem to think that the
notebooks may contain some valuable insights.

(Refer Slide Time: 47:40)

On August 30, 1923, transcripts of Ramanuan's notebooks and

3 pacha! Oof MSClaNeOUs DAPErs werne oespalched Dy the

Lfon_; strar of Ureversity of Macras 10 Hardy with a note that

You may decxde whether any or all of them should find a place
the proposed Memar il Volurme

But the fnal volume of Collected Papers ediled by Hardy et al
1627. did not mcluce any of this matenal

N aletter 10 B M. Wilson in June 1525, Hardy had expressad

s operscn hat the nolebooks muy De publahed laber

So, all these notebooks were sent in 1923 to England. I think some of them were returned to
India to Ranganathan by Hardy. In 1927, the collected papers were edited but the material of this
notebook was not included in the collected papers. Now, when the collected papers got
published, it had these two letters of Ramanujan which had this 120 results. So, many people
started looking at them and started proving them and wondering what else is contained in the
notebook. So, there was a clamour for the publication of this notebook.

(Refer Slide Time: 48:16)



The Saga of Ramanujan's Notebooks

In a recant artcle on the occasion of Ramanuian's 125th birth-

day, Bruce Bernd! has recounted the saga ol publication ol

Ramanujan $ Notebooks
“As il ranspired, . published with the Collecied
Papers [of Ramanujan|, were the lirst two letiers that
Ramanujan had wrilen 1o Hardy, which contaned
approximatedy one hundred twanty mamhoemancal
claims. Upon thes publicabon, thase eBers generated
consKierable inténest, with the further pubcaton of
several papers establishing proofs of these dams.
Consequently, ether in 1628 or 1929, al the strong

suggestion of Hardy, Watson and B. M. Wilson, .
agreed 1o edt the nolebooks..."

So, around 1930, Hardy asked Watson and Wilson to try and edit it.
(Refer Slide Time: 48:18)

The Saga of Ramanujan's Notebooks

“In an address 1o the London Mathematical Society on
February 5, 1931, Watson cautioned (in retrospect, far
0o optimistically), ‘We anticipalte that . together with
the kindred task of invesSgating the work of other

writers 10 ascertain whech of his results had been

dscoverad previously, may take us five years. Wilson
ded prematurely in 1935 and although Watson wrole
approximately thirty papers on Ramanugan's work, hes
interest evcenty flagged in the kate 1530s. and so the

Finally, m 1957, the notebooks Were made available 10
the public when the Tata Insttute of Fundamental

Ressarch in Bombay publahed a photocopy edition
butt no editing was undertaken..

Somehow, this did not go through. Watson wrote about 30 papers from Ramanujan’s work but
somehow they could not complete this. So, in 1957, that Tata Institute of Fundamental Research
in Bombay published a facsimile edition, a photocopy of the book but no editing was undertaken.
A second edition of it has been published last year during 125th year of Ramanujan.

(Refer Slide Time: 48:45)



The Saga of Ramanujan’'s Notebooks

n February 1974, while reading two papers by Emsl
Geosswald, in which some formudas from the notebooks
were proved. we [Bernct and coworkers) cbserved that we
could prove these lormulas by usng a tansiormabon
tormruda for 4 gereral class of Egensten serws that we huad
proved hwo years earkes, We lound a lew more formulas in
the notebooks T™hat could be proved usang cur methods, but
a fow thousand further AsserBons Tiat we could NOt prove
in May 1977, the author [Berndt] began to devote al of his
attention 1o provng all of Ramarugan's ckems in the note-
bocks. With he Melp of a copy of e notes from Watson
and Wilson s earher altermpt at eciting the nolebooks and
wtth the help of severnl other matFemadcuans. the tash was
compieted in lve volumes in sightly over heenty years. ™

"8 Bernat. Noboes of AMS 2012 25 15%2-33

So, Bruce Brendt says that it was only in 1974 he started looking at some results in the notebook
and he found that there were many more that he did not know and he started proving one or two
of them. Then, he realised that this is going to be a huge work. So, he spent the next 20 years
from May 1977. He used all the material that Watson and Wilson had left. Huge amount of notes
had been made on Ramanujan’s notebook, especially by Wilson and wanted to edit that and with
the aide of all that, is about five volumes these notebooks with a commentary were published.

(Refer Slide Time: 49:24)

The Saga of Ramanujan's Notebooks

In the same article. Bruce Barnat has aiso presemed the
mngmaraﬂmnmorﬂmqmsm

“Altogether, the notebooks contain over three
thousand claims, almost all without prool. Hardy
surmised that over two-thirds of these results were
rediscoveries. This estimate is much too high; on
the contrary, at least two-thirds of Ramanujan's
claims were new at the time that he wrote them,
and two-thirds more lskely should be replaced by a
larger fraction. Almost all the results are cormect:
perhaps no more than five 10 ten are incormct.”

So, now comes what Bruce Brendt understands the notebooks in which Ramanujan wrote down
his results prior to going to England. Altogether, the notebooks contain over 3000 claims, almost

all without proof. Hardy surmised that over two-thirds of these results were rediscoveries, I



mentioned that. This estimate is much too high.

On the contrary, at least two-thirds of the Ramanujan’s claims were new at the time that he wrote
down, that is between 1904 to 1913 and two-thirds more likely should be replaced by a larger
fraction, almost all the results are correct perhaps no more than 5 to 10 are incorrect, in a mass of
3250 results.

(Refer Slide Time: 50:11)

The Saga of Ramanujan's Notebooks

“The lopscs examined by Ramanujan in his notebooks
fall primariy under the purview of analysis, number
theory and elliptic functions, with much of his work in
analysis béng assocated with number theory and
with some of his dscobenes also having connections
with enumerative combinatoncs and modular forms.
Chagpter 16 in the second notebook represents a
hurming pont, since in this chapter he begins %o
examine the g-senes for the first Bme n these note-
books and also 1o begin an encemous devotion 10
theta functions.”*?

8. Beenct. Notices of AMS 2012 1533

Then, he describes what are the topics that contains. This is an article written in the context of
the 125th year of Ramanujan.
(Refer Slide Time: 50:18)

Ongoing Work on Ramanujan’s “Lost Notebook

The manuscript of Ramanujan discovered in the Trinity College
Library (amongst Watson papers) by G. E. Andrews in 1976, is
generally relerred as Ramanujan's “Lost Notebook”™. This seems 1o
partain 1o work done by Ramanujan during 1919-20 in India.

This manuscript of about 100 pages with 138 sides of writing has
around 600 resulls.

This seems o have been sent lo Hardy along with all other papers ol
Ramanujan in 1923, It might have been passed on by Hardy 1o
Watson sometime in 1830s.

This notebook along with some other unpublished manuscripis of
Ramanujan were published during Ramanujan Centenary in 1987,
G E. Andrews and B, Bernd! have embarked on an edition of all this
material in five volumes. of which the first three have appeared in
2005, 2009 and 2013,



Now, there is this Lost Notebook of Ramanujan which was discovered in 1976 by George
Andrews. It has about 600 results and facsimile of this notebook was published during
Ramanujan centenary by Narosa publishers. Now, Andrews and Brendt have embarked on the

edition of this material in five volumes, three volumes have appeared now.
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Ongoing Work on Ramanujan’s Lost Notebook

Andrews and Bernd! nole = The Trsl volume of thes edion of Te
Lost Notebook that-

°_ordy & Wacton (perhigs 5% ) of the rotebock 1§ Sevoled
10 the mock theta functions Themseives. . A majority of Tw
results fall under the purview of g-seres. These nclude
moch, theta funchons. theta Anchons. pirial ™eta funchon
mparons. tilse Teta tunchons . dentites connecied ath
the Rogers Fine identity, several resulls in the theory of
partbons. Eisensten senes. modullr equahons. the
Rogers-Aamanujan contnued frachon, other g-CoMmued
fracthions. asympiotc exparsions of q-senes and
g-conbinued fractors, rmegrals of Tl luNChons. NIMGrais
of Groducts. and INCompiste slkphic ntegrals. Other
contnued frachons. other integrals. infinde seres Cdentibes.
Dwichiet senes approcomabons. arthmehc funchons,
numencal calcudabons. Dwophantine equabons. and
elementary mathemabcs are some of T™he furTher lopecs
examined by Ramanujan » Fes o8t notebook ™

Again, the list to the kind of works, mock theta function is only a small part of this Lost
Notebook, they are only 5%. There are many more things it contains, so this work is still going

on.
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Ramanujan’s Mock Theta Functions

The last leller of Ramanujan 1o Hardy contamed 17 examples
of mock theta funclions such as the lollowing:

= L r
LA =+ Y R (T P
Ramanujan also gave the asympéobc formula
olm) ~ ) 0 o Vi
e2,‘n- "u
This has later bean proved by Andrews and Dragnette (1966)

Now, on mock theta function itself insomuch is talked about, what is a mock theta function. So,



this last letter to Hardy had 17 examples of functions like this. Each of them is a mock theta
function and Ramanujan gave this formula for this function which was proved in 1966 by
Andrews.

(Refer Slide Time: 51:15)

-
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In the 1935 Presidential address 1o the London Mathemascal Society,
G. N. Watson had declared

'Rnnlurlupm s discovery of he mock heta lunclion makes i
obwvious that his skill and ingenuity did not desert him at the
oncomeng of his untimely end. As much as any ol his earlier
work, the mock theta functions are an achievement
sufficient 10 cause his name 10 be held in lasting
remembrance.”

Around the time of Ramanujan’s conlenary (1987). the tamous
theorescal physicist Freeman J. Dyson had remariked

“Tha Mock-theta functions give us tantalzing hints of a
grand synthesis 10 be discovered. Somehow it should be
possible 1o buld them inlo a coheren! group theorebcal
structure, analogous to the structure of the modular forms
which Hecke bult around the old theta-lunchons ol Jacobi
This remains a challenge for the future

-

In 1935, G. N. Watson had said that Ramanujan’s discovery of mock theta functions makes it
obvious that his skill and ingenuity did not desert him at the oncoming of his untimely end. As
much as any of his earlier work, the mock theta function are an achievement sufficient to cause
his name to be held in lasting remembrance. During the centenary, Freeman J. Dyson, a very
famous theoretical physicist said that some new theory is expected out of this mock theta
function.

(Refer Slide Time: 51:50)



Ramanujan’s Mock Theta Functions

The following s the abstract of a recent articke, M. Griffin,
K. Ono and L. Rollen, Ramanujan's Mock Theta Functions,
Proc. Nat. Acad Sc. 2013

“In his tamous deathbed lefler. Ramanujan nitroduced
the noticg of a mock theta function. and he ofiered
some alleged examples. Recent work by Zwegers
[2001 and 2002] .. has elucidated the theory
encompassng these examples. They are holomorphic
parts of special harmonic woak Maaas forms. Despite
this understanding, little attenton has been gven o
Ramanrujan's ongnal deliniion. Here we prove that
Ramanujan s exampies do indeed salsly his ongnal

Recently last month I think, there is a paper by a famous Japanese scholar, K. Ono on
Ramanujan's mock theta functions in his famous deathbed letter, this is the abstract of that paper,
Ramanujan introduced the notion of a mock theta function and he offered some examples.
Recent work by Zwegers in 2001 and 2002 has elucidated the theory encompassing these. They

are holomorphic parts of special harmonic week Maass forms, this is not misspelling.

These are special mathematical terminology. Despite this understanding, little attention has been
given to Ramanujan's original definite of mock theta function. Here, that is in this paper of 2013
we are proving that Ramanujan's examples do indeed satisfy his original definition.

(Refer Slide Time: 52:40)

The Enigma of Ramanujan's Mathematics

For the past hundred years. the problem in compeehending and
WWIWNMWMW
arcund the ssue ol “prool”

In 1913 Hardy wiote %o Ramanupan askng for prools of hes results
Ramarujan responced by asserting that he had a systemanc method
o cerning all NS retults. Dot That Coulc Aol be COMMuMICated in
lefiers

Rarmarugan s publshed work in India. and a tew of the results
contared in the notebooks hawe prools. but they were often found 1o
be sketchy. not ngorowus, INcompiete and sometimes even taulty

Rarmarugan. howeves. had no doubts whatsosver about ™e wvakdty of
his resuits. but shill he was often wiling 10 wast and supply proods in
the necessary formal so that hes results could be publshed

Bll.lihm_h_hxu-ﬁllmwm-mm
IMerestng resuts



So, there is a sort of scenario we are now in regarding Ramanujan’s work. Now, what has been
the cause of the tremendous confusion in trying to understand and almost made Ramanujan in
enigma is the issue that everybody is asking Ramanujan has this result but where are the proofs.
In fact, this started in 1913 itself with Hardy telling Ramanujan your results are fine but unless

you send me the proofs what is the use.

The published work in India and his notebooks have some proofs here and there but most of
them are sketchy, not rigorous, incomplete and sometimes even said to be faulty. Now,
Ramanujan himself had no doubts whatsoever about the validity of his results and as he wrote to
his friends that he was even willing to wait and supply proofs in the necessary format so that they
can be published. But all the time, he was more furiously engaged in discovering newer and
newer results.

(Refer Slide Time: 53:43)

Ecward Sr 1S recorded he w WYy reeTIa W
socourt of Ramamuiar chasaloss a N a ountied Dy
ey -
Prolessor Littlewood once told me that he had baen
ASSHIND d by Hardly 10 the task of brnging Ramanujan
) @te n the more Ngorous methods of E Nopeaan
mathemabcs whhaech had emerged subseguently 10 the
Jale reached Cry Ramaru@an s studes n Inda. he
saed thal il was extremaly iUl bacause avey LImea
ome matter, which @ was thought Ramanugan needed
to know, was mentioned. Ramanujan s responsa was
Wi valanchs of of Prgl xI0as which madoe & a most
mp e for M e N g

There is one interesting story documented in a paper by Shils of a conversation that he had with
Littlewood. Littlewood was a colleague of Hardy in Cambridge at that time. Professor
Littlewood once told me that is Edward Shils, that he had been assigned by Hardy to the task of
bringing Ramanujan up to date in the more rigourous methods of European mathematics which

had emerged subsequently to the state reached by Ramanujan’s studies in India.

He said that it was extremely difficult because every time some matter which it was thought



Ramanujan needed to know was mentioned, Ramanujan’s response was an avalanche of original
ideas which made it almost impossible for Littlewood to persist in his original intention.

(Refer Slide Time: 54:25)

he Groco wosiern tradmon of mathemabcs amos! eoualos

MaMOMadcs wilh oroc! £ That 1he orocess of decovery of

malhemabcal resulls can _"I_. D characionsed vagualy as
tbon”, “natural genus” #ic. Sincé mathemabcal truths are
Dilvirved 10 Dé NOM-eMpehiCal, tThede are NO Syslemabc ways ol
wrnvng al them excepl by pure logcal reason. There are some
phiosophers who have argued that thes “phdosopity of
naihemabcs s inoeed bamren’ that it has e vahd "" wihen

iwed i ermE of mathematcal pracHce. adhar on Mesiory OF i

So, much of this cause of difficulty and confusion is with the fact that the Greco-western
tradition of mathematics almost equates all mathematics with proof. So, the process of discovery
of mathematical results can only understood very vaguely. It can be described as intuition,
natural genius. If you seen the writings of Hardy, you will find that here is a man who does not

know any proof but he is filled with intuition, he is filled with natural genius.

So, since mathematical tools are believed to be non-empirical, there is no systematic way of
arriving them, except by pure logical reason. So, this is the sort of dominate understanding of
mathematics which does not throw any light on mathematical discovery; and for the same
reason, it cannot explain most of the history of mathematics or not even the contemporary
mathematical practice as to how one comes up with the result or how somebody else correct
some result and things like that.
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Incdertally,. Handy was amongst those who swore by the
Pon-@mpincal rature of mathematcs 0 b A Mathemabcans
Apology wrilen n 1840, he speaks of the “immortality” of
mathemabcs, al the Greek gerve
The Greeks were the firs! mathemancians who are
still real %0 us loday Onental mMathemancs may be an
t"v!v‘.-.Tll"i;t cunosily. ot Grook mathamalics i< e ros
thing. .50 Groek mathemancs is ‘permanaent
Immortality’ may be a sy word, but probably a
mathemabcian has tHhe bes! chance of whatewer it may
Enidn

"0 M ey A Mathemaboan s Apology. 2 od. Cambrdge 1967
s = | Al

Incidentally, Hardy was one of those people who really swore by the non-empirical nature
mathematics. This quotation was given yesterday. It is the second half of the quotation which is
more interesting. The Greeks were the first mathematicians who are still real to us today. Oriental
mathematics may be an interesting curiosity but Greek mathematics is the reality. This is his

view of the Oriental mathematics, that is alright.

So, Greek mathematics is permanent. Hardy, you understand, is a great agnostic, great skeptic.
So, Greek mathematics is permanent. Immortality may be a silly word but probably a
mathematician has the best chance of whatever it may mean. So, if mathematical tools that are
going to stay forever and forever and forever.
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The Enigma of Ramanujan's Mathematics

In the Indian mathemabcal tradition, as & known from the lexts
of the last two to three milenrsa, mathamatcs was not equated
with procd. Mathematcal resulls were not percened as beng
non-empincal and they could be vahdaled n dverse ways. n
this way, the process of dscovery and the process of vakdation
were notl completely civorced from each other. Proot or logical
argumentation to demonsirate the results was important. But
proofs were mamnly for the purpose of obtamning assent for one's
results n the community of mathemabcians

On the contrary in the Indian tradition, at least as known from the text of the last 2000-3000
years, mathematics was not equated with proof. Mathematical results were not perceived as
being non-empirical and they could be validated in diverse ways. In this way, the process of

discovery and the process of validation were not completely diverged from each other.

Of course, we have to understand it much more, if we have to make a claim like that. Proof of
logical argumentation to demonstrate the results was important but they were mainly for
obtaining the community's assent for once result.
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Ramanujan: Not A Newton But A Madhava

In 1913, Bertrand Russell had jocularly romarked about Hardy
and Liatlewood having descovered a “second Newton”™ in a
“Hindu clerl”. If parallels are 1o be drawn, Ramanujan may
indood bo compared 10 the legendary Madhus

it is not maraly in tarms of his methodology and philosophy that
Ramanujan is clearly in continuity with the earliar Indian
tradition of mathematics. Even in his extraordinary lelicity in
handling #aerations, infinites series, continuad fractions and
transformations of them, Ramanujan s indeed a successor, a
very worthy one al that, of Madhava, the lounder of the Kerala
School.

Therefore, we have to conclude something. We can go back to this wonderful joke of Bertrand



Russell that Hardy and Littlewood had discovered Newton in a Hindu class but the kind of
outline given of Ramanujan’s work and the kind of outline of the earlier work of Kerala School
perhaps does convince you that it is not merely in terms of his methodology or philosophy that
Ramanujan is clearly in continuity with the Indian tradition of mathematics. Even in his
extraordinary felicity in handling iterations, algorithms, infinite series, continued fractions,
transformations of them, etc., he is a successor of Madhava, the founder of Kerala School.
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So, this is the collected papers. These are the lectures by Hardy. Then, these are the notebooks of
Ramanujan edited by Bruce Brendt in five volumes from 1985 to 1998. These are his letters
edited by Brendt.
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The well-known biography of Robert Kanigal which is I think being reprinted last year. Brendt
and Rankin have a set of collective essays. This Lost Notebook is still coming three volumes of it
have appeared so far. This was a recent collection of articles during the time of Ramanujan's

125th year. Thank you.



