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- Co-operation in Scientific Research.

ONE of the principal featnies of the recent

development of higher education in
India is the provision of facilities for scienti-
tfie research in all the universities, and it ig
gratifying that the total annual output of
work from their laboratories is increasing in
volume and improving in quality. We have,
al present, one university for every twenty
nfillions of people and for every hundred
thousand sguare miles. Judging merely
from the geograplical area of India and the
density of her population, few will maintain
that our eighteen or nineteen universities
- are excessive, We are rather disposed to
think that in South India alone there is room
for at least three more universities. 1t has
now become part of the political doctrine of
enlightened Indian public opinion that a
wider diffusion of higher university education
18 indispensable to national progress.

Some well-meaning critics still hoid that
thegse centres of researcll and learning are
directly responsible for the growth of un-
employvment in the cities, and propose that
the funds now granted to univeisities should
be diverted to the more useful and urgent
purpose of spreading elementary  and
seccondary education among the people.  The
disparagement of higher education by these
popular representatives is probably dite also
to a vague appreliension that the money
spent on the university bencfits only a few,
these few do not contribute direetly to the
earning power of the nation and the man
whio pays for them receives haydly any return
#ir his money. Wae are afraid that this mode
- of reasoning can only be considercd as a
sample of the logie of democratic enthusiasm,

Furthermore, there is a clags of reformers
of Indian wniversities who advocate their
conversion into techunological and coms
merecial institutions where young men unders-
gomg practical training will be put in a
position to earn their living and to contri-
bute to the material prosperity of the socioty
to which they belong. 1t is true that il uni-
versities are established in manufacturing
centres, their tecehnological sides will help
to {foster the local industries and may cven
help to maintain their supremacy; but it
scarcely occurs to these zealous reformers
that all universities are incapable of such
transformaiion without prejudice to their
more legitimate function, If a young man
s destined for an industrial or Dhusiness
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career, it i8 in the workshop and the office
of industrial institutions that he will learn
his lessons more profitably than in the class
rooms of the university. The village smithy,
the local carpenter’s table and the cottage
handlooms provide really a more profitable
training to the future rural industrialist than
can be mmparted in any secondary school.
The fact is that all these adverse eriticisms
of the existing institutions are a product of
an inverted snobbery.

Till recently the history of our universitiés
has been one of routine and examinations
and the colleges coming under their influence
were naturally pre-occupied with fostering a
kind of education devised to satisfy the
rather arbitrary demands of public examina-
tions, almost to the negleet of the equally
important part of their function of promot-
ing independent enquiry and freedom of
thought. Where a system of external
examinations i1s permitted to dominate the
education of an affiliated institution, the
latter tends to become mechanised and the
products of such edueation will also tend to
conform to an inelastic type, scarcely pos-
sessing a well-differentiated individual in-
tellectnal trait. In the universities in which
there is abundance of good education and
less examination, the result has always been
& beneficial stimulation of post-gradunate
work in the laboratories and diminished
numbers of bookworms, intellectual idlers
and irresponsible critics in the country.

None of the numerous witnesses who
deposed their evidence before the Sadler
Committee has praised the system of uni-
versity education, or upheld the unseientific
method of examination then in existence:
and almost every one attributes to these two
causes the lack of an adequate output of
work from research laboratories. It scems
to us that a radical reform of the syllabuses
of study for the various degree courses and
& more humane schetne of examinations are
urgently catled for and that this desirable
end can be secured only through the
Increasing exertions of the Inter-University
Board. The general experience of the
professors is that the intellectnal curiosity
of some of ‘the brilliant young men, if it
escapes the freezing influence of examina-
tions, is in danger of being stifled by their
poverty and naturally thev proceed to seek
emplovment under government rather than
Stay in the university to take up a piece of
original work. For the purpose of increas-

g the output of original investigation
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from Indian universities, we would repeat
and emphasize the well-known suggestions
about a generous and stable financial scheme
of research fellowships and post-graduate
studentships which not merely attract and
retain some of the ablest research workers
in the universities but also provide for
periodical encouragement by way of
increments to their emoluments, the estab-
lishment of a number of endowed research
chairs, financial provision for scientific
expeditions other than official ard the
release of professors from routine which in
the existing counditions gives them little
time and less inelination for Iaboratory
work. The public mind of India is steadily
recognizing the value of scientific work and
it 1s hoped that before long the wealthy
section of the community will come forward
with munificent donations for the creation
of & network of research centres all over the
country.

In the meantime the scientific investiga-
tions now being conducted in the different
universities, in aided research centres,
official scientific departments and labo-
ratories maintained by private industrial
organizations, can be strengthened and the
rate of their progress accelerated through a
definite scheme of co-operation and an
agreed plan of work. At present the Indian
Science Congress follows rather too closely
the practice of the British Association for
the Advancement of Science, in providing a
forum for the reading of papers at the
sectional meetings, in organizing public lec-
tures on scientific subjects and joint meetings
of sections for discussion of topics of common
interest. There is, however, no provision in
the Congress organization for directly pro-
moting the advancement of science in India
and its relation with the universities is not
even formal. Its influence, therefore, on the
general progress of scientific investigations
18 indirect and in the nature of things, quite
remote. Separated by great distances, the
workers in different centres of research might
select and investigate almost identical
problems and discover after the completion
of their research that they have been antici-
pated, one by the other.

This avoidable and unnecessary duplication
of work can be prevented if the delegates
attending the Congress would meet and
discuss the facilities afforded by their
research laboratories for speeial work in the
different branches of pure or applied science
and the problems In which their colleagues,
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their research scholars and themselves are
most interested. The paths of allied sciences
¢1o88 each other 1n many ways and the joint
meetings of the sections might be devoted to
a careful consideration and selection of the
problems and their assignment to different
research centres by common understanding.

At the annual session of the Congress there |

would be, under such a scheme, presentation
of completed papers or preliminary communi-
cations of results on known subjects. Besides
preventing duplication, men of science will
be aware of the nature of work progressing
1 different research centres and will be able
to obtain such information or assistance as
they may require from those departments
likely to provide them. Without unduly
curtailing the freedom of the researcher, a
definite policy such as this will ensure for
every paper, that is read before the sectional
meeting, a most complete and illuminating
discussion. It is absolutely' impossible to
read and discuss fully all the hundred and
fifty pieces of research now submitted to
sectional meetings within the twelve hours
at their disposal and conseguently the
scientific message of a large number of papers
18 practically forced to remain subconscious.

Perhaps one effect of tiie pian of carrying
on work on a co-operative basis may be
diminution in the number of papers. Though
this is to be regretted it is hoped that the
lack of quantity will be more than compen-
sated for by the quality and the fruitiul
results of a complete discussion and free
exchange of thoughts.

One other advantage that will result {rom
a programme of the type outlined above
will be the recognition of different centres
a8 being associated with definite lines of
research. Such places will also be recogniz-
ed as centres for disseminating reliable and
accurate information in those and related
branches of science. Thus will spring up
a series of informalion bureauxr which will
assist not only fellow-scientists with rele-
vant literature and other technical informa-
tion but also other members of the public
interested in the utilization of such
knowledge. In view of the bewildering
increase in scientific literature during recent
vears and the inadequate library facilities
at many of the research centres in the
country, the importance of such an organiza-
tion can hardly be over-estimmated.

It seems to us that a federation of
research centres under the moral counte-
napce of the Indian Science Congress,

J—

directed on the principle of effective and
cheerful co-operation, will produce results
in the future in an Increased measure and
quite as brilliant as those that already
stand to the credit of most Indian univer-
sities. The main idea 1s that a professor
working on a problem should have the
means of assuring himself that it 1s not also
simultaneously engaging the attention of
another professor in some other Indian
university and that the schools of research
into which the universities have already
become differentiated should be more widely
and practically recognized. Morcover, every
researchh worker should have the fullest
possibility of receiving information and
assistance whenever he reguires them.
Under existing conditions, in which investi-
gation is conducted In almost water-tight
compartments, progress must necessarily be
slow though a few have succeeded 1in
accomplishing international distinction.
But this is not enough to builld up an
Indian scientific reputation and traditton
quite as honourable and endurimg as those
of any of the European countries. The
intent of co-operative research must be to
mobilize the intellectual resources of the
country for the achievement of commoh
ends. Apart from the Asiatic Society of
Bengal and the Bombay Natwral History
Society, there are no institutes -of stience
and learned societies such as occur 1n
European countries, on an all-India basis
and there are no all-India scientific jouinals
for the publication of original papers ii
different branches of science. The existenee
of such national institutions is calculated to
provide additional stimmulus to greater
endeavour than now and the possibilities of
founding them would be a fit subject of
examination by the Indian Science Congress.

The ideal of .co-operative research is self-
lessness and self-sacrifice, without limiting
opportunities of adding to one’s individual
reputation. If we assume that the tradition
of a country is the history of 1i8 achieve-
ments made possible by common endeavour,
then we are still a long way from establishing
one for India. Suppose that it becomes
feasible to establish a federation of research
centres in India, the scientists concurring in
a coordinate effort to lay the foundation of
a new tradition, the furtherance of this
object can only be secured by the institution
of more than one all-India scientific journal
for recording the total output of werk
produced in different branches of science
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within her boundaries and by preservation
of them in her archives. The question of
international publicity and priority of
announcement of discoveries, 80 essential
for Iundian sclence, need not necessarily
present insuperable difficulties. The former
18 Ssecured by the determipation on the part
of all the scientists working in the countsy to
publish all their best results in India and
the latter 18 most effectively securcd through
the [facilities already available for them
through Current Science. We have not the
slightest hesitation in thinking that the
greatest ideal of all the leading men of
seience in India is not so much to achieve
personal triumphs as to dedicate their
services for common interests, ideals and
traditions. Given the right spirit and
incentive to high eudeavour, it would not
be fantastic to suppose that before the next
quarter of a century elapses the new gene-
ration of scientists in India will move for
the grant of charter for the establishment of
a Royal Society and in this task the present,
generation wil have to pull together as
pioneers. To the Indian Science (ongress
one must naturally look for the birth of
great 1deas and we are of opinion that the
tiine has arrived for this representative
unofficial body to coneceive a nation-wide
schheme of constructive programme of
sclentific woik.

The growth of industries and comuncrce
atd urban life has already cstablished an
ntimate liaison between their problems and
those of science: and the next geperation
will emphasize this relationship even more
strongly. The official research departments
-¢an no longer function independently of the
gniversities which in their ultimate scope
witl be found to possess a common purpose.
The problems of agriculture and forestry
really belong to more than one branch of
gcience and it is here that co-operative
research may prove of great importance.
The Imdian Tnstitute of Science should be
more widely utilized by the universities
and official departments than now for the
advancement of the material prosperity of
the country. The Imperial Council of
Agricultural Rescarch through a  scheme
of grants for research in applied and pure
science, has already taken steps to enlist the
co-operaftion of the universities with the
laboratories of the oflicial departments, and
gimilarly the Indian Medical Research Fund
Association is functioning 1o close ¢o-opera-
tion with the Department of Publie Health

and other research institutions of medical
scilence.

Unless the efforts of all these research
centres converge towards a common ideal,
the mass advancement of science itself must
for some timne remain a dream in India. It
must be pointed out that the co-operative
regearch that we suggest will neither hinder
nor eliminate the opportunities for individuals
engaging in .special fields of enquiry. We
are aware that an investigator starting to
solve a problem in accordance with the
principles of our scheme, may discover in
the course of his work other ideas which
will take him away from the original
problem. This is decidedly an advantage to
thie scheme ilself. There is no intention to
put obstacles on the freedom of the research
departments or to apply rigid rules to their
methods of work by the advocacy of co-
operative research.

The doctrine that, ‘‘neither science nor
the people would lose much if no attempt
cver was made to bring them together’’,
should not commend itself to the local self-
governing institutions whose problems need
the aid of science in every detail and
particular. Science indeed loses its entire
significance i it does not- establish an
intimate contact with the vital forces of
civic administration. In modern life it is
becoming increasingly clear that science and
soclety must collaborate for the fullness and
enrvichment of both, and science is deprived
of none of its dignity by being associated
with the problems of every-day life. 'The
introduction of fast moving vehicles in India
without a ptevious preparation of the road
conditions in the cities has been the cause
of certain wide-spread diseases of the throaf
and the eye from which, as the Reports of
the Mecedical Inspection of schools and
colleges have abundantly shown, a large
majority of the school-going population is
suttering. raffic in the cities has become
positively dangerous, The disposal of town
refuse or its wutilization is essentially a
scientific  problem. Town-planning, the
distribution of wholesome water, the drain-
age system, the supply and control of
unadulterated food-stutfs, the protection of
people agamnst outbreak of epidemics, the
preparation and interpretation of vital
statistics and a number of other municipal
problems require the effective assistance of
scientific research for their solution. The
municipalitiecs ought to take the fullest
advantage of the nniversities and the Indian
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Science Congress to which they should
present their own local problems forinvesti-
gation. In order to-widen the scope of the
usefulness of the Science Congress it may be
deemed desirable to admit within its province
the problems of municipal administration
which directly concern the health and
efficiency of the people.

—

Under the reformed constitution Indian
scientists will be confronted with tremen-
dous problems, and their preparedness to
grapple with them on the basis of & conimon
purpose and common understanding, must
in 9 measure constitute the vindication of
the general demand for the freedom of the
country to progress.

Announcement.

WE have pleasure in informing our numerons
readers that Sir Richard Gregory., Editor of
Nature, will arrive in Bombav on or about
January 19th. 1933, by the P. & O. 88. Mongolia
and will be in India for about a month. ¥Tle will
be accompanied by Lady Gregory and hopes to
visit Allababad, Calcutta, Madras and Bangalora

|

' daring his short stay in the counfry.

Anv com-
munications intended to reach him on arrival
should be addressed to Messrs. Macmillan & Co.,
Ltd., 276, Hornby Road, Rombay, and after-
wards to their branches at (Caleutia and Madras.
We welcone Sir Richard A, (regory and lady
Gregory to our country,

Effects of Temperature on the Determination of Size of Species,
By Dr. C. C. John, M.A., D.8c., D.I.C.

GRAY (1931) by his experiments on the

eggs of Salmo fqrio has shown that the
size of the embryo -a4 the end of larval life
is smaller at a higher temperature than
at a lower. For the eggs of any given
species of animals there exists a range of
temperature within which the embryo 1Is
capable of developing intto a normal healthy
individual. If the femperature of incubation
18 raised, the rate of development of a cold-
blooded embryo iy increased and If the
temperature is lowered the rate of develop-
ment 18 retarded. Though the rate of growth
at a higher temperature is more rapid, the
final 8ize at the end of larval life is smaller
at a higher temperature than at a lower.
This is because a larger proportion of
yolk is required for the maintenance of
the embryonic tissue at a higher temper-
ature and only a smaller proportion is
available for the formation of new tissue.
Fach of the many processes accompanying
development is altered and a * new state
of dynamic equilibrium is established  with
the increase in temperature. These facts
can be extended to a consideration of the
development under natural conditions. The
temperature of the seas increases as we
procecd from the polar to the equatorial
regions, so that the larvae which develop
under these different conditiong are bound
to show differences in size and the same
conclusions may be applied to the adults
also which develop from these larve.
If this could be proved it means that

individuals of any given species of aguatie
animals (invertebrates and c¢old-blooded
vertebrates) living under .colder conditions
will be larger than individuals of the same
species In warmer seas,

The genus Sagitta 138 well suited for the
verification of this fact, because of its occeur-
rence In all the Seas of the world under all
conditions of temperature and depth, from
the Arctic and Antarctic to the Equatorial
seas. In a general consideration of the
distribution of Sagitta the most disturbing
factor 18 the difference in length of tho
speeimens of any particular species obtained,
(rom diffevent localities.  For mstance S
enflala® obtained from San Diego region
(Michel, 1911) are about 15-21 mm., whpreas
the specimens collected at dMadras are only,
about 11-5-13 mm. The same kind of
difference is also noticed in N. neglecia.
In fact all the species found to oecur both
in tropical and temperate seas show differ-
ences in length, the tropical form being
always smaller in length, compared to those
obtained from femperate scas.

"'There are some species such ag 8. lyra,
S. hema'a, 8. marrocephala, 8. elegans and

* The Sagitta of the Madras coast have been
wrongly identified as 8§, bipunclale (Shankara
Menon, 1931). I was kindly permitted to re-iden-
tify the material and have been able to describe
five species S, enflala, 8. gardineri, 8. tenuts,
8. neglecta and &, robusta. Probably a few more
species may be discovered by more gystematic
mefhod of collection.




