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BOMBAY 24
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We manufacture
IONONE 100 PER CENT, IONONE ALPHA &
BETA, GERANIOL & CITRONELLOL PURE,
METHYL IONONE, HYDROXYCITRONELLAL
100 PER CENT, EUGENOL, CITRAL, GERANYL

ACETATE, GUM STYRAX

and other

Aromatic Chemicals, Essential Oils, Resinoids and

various perfume compounds useful for soap and
other toilet articles

S. H. KELKAR & CO. (PRIVATE) LTD.
DEVAKARAN MANSION, 36 MANGALDAS ROAD

BOMBAY 2
Branch:

Opposite City Post Office
BANGALORE CITY

PLANTS

Gram:

• SACHEWORKS •
BOMBAY-DADAR

CHEAP & SIMPLE

source for GAS

for all type of

HEATING
AVAILABLE IN VARIOUS CAPACITIES

Also Manufacture

BURNERS FOR INDUSTRY, LABORATORY, KITCHEN

LABORATORY FITTINGS, OVENS, BATHS, STILLS, ETC.

ATOMIC ENERGY EQUIPMENT, REMOTE CONTROL TONGS,

ORE DRESSING EQUIPMENT, ETC. ETC.

Stainless Steel Plant and Equipment Fabricators
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GANSONS PRIVATE LTD., P.O.B. 5576, BOMBAY 14

J.S.I.R.-FEBRUARY I9S9



Full ltch"ica! data available on rtquest

Water Cooled

BW Il02 Power Output 55 kW

BW Il21 Power Output 40 kW

Forced Air Cooled

BR 1124 Power Output 20 kW

BR Il02 Power Output 55 kW

BR 1115 Power Output 7 kW

BR Il21 Power Output 40 kW

*High Perveance

Rugged
Specially designed for arduou~ factory use.

~~I~
*New range 0/
POW~R OSCILLATORS/or R.F. HEATING
(Forced azr and water cooler!)

ASSOCIATED INSTRUMENT MANUFACTURERS
(INDIA) PRIVATE LTD.

B\, GILLANDER HOUSE.
P.O. BilK ZI36

CALCUTTA.

INDIA HOUSE,

FORT ST.
BOMBAY.

SUNLIGHT INSURANCE BUILDING,

26/" ASAF ALI ROAD.
N. DELHI.

BGLlSH [LECTRIC V1LVE CO. LTD.
Chelmtford, England
Telephone: Chelmsford 3491

AP!69
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BALANCES for
SCHOOLS, COLLEGES, INDUSTRIAL

LABORATORIES 8< RESEARCH INSTITUTES

No.5x No. 6 No. 2

CATALOGUES SENT ON REQUEST

MANUFACTURED BY:

SCIENTIA INDUSTRIES (INDIA) PRIVATE Ltd.
34 BANERJI BAGAN LANE, SALKIA, HOWRAH

Estd. 1944

ASHA SCIENTIFIC COMPANY
Lotlikar Mansion, 503 Girgaum Road

BOMBAY 2

Tel.lra",,: ASHACOM

DIRECT IMPORTERS

OF

LABORATORY APPARATUS,

INSTRUMENTS 8< EQUIPMENT

for
INSTRUMENTS

SCIENTIFIC APPARATUS

APPLIANCES

AND

LABORATORY CHEMICALS

Please contact:

11 HORNIMAN CIRCLE

BOMBAY I

INDSALES
Corporation

AUTHORIZED DEALERS OF

"PYREX"
LABORATORY 8< SCIENTIFIC

GLASSWARE

[Made in England]

Your orders and enquiries - Please

A22

Call: 252762 Gram: ' ANALYTICAL'
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Indian skill can make
THE ~I.\"ERS OF I{E\O\\'\ED "BASYNTH" BR,\;\D .\.R. ACIDS A;\J) CHDIIC.-\LS

H.\ \'E TH E I'I.E,\SL'I{E TO OFFER TO THE SCIE\TI FIC 11ESE.\RCH WOl{\~ERS

OF I\DI.\ .\ \EW PRODUCT OF THE E\<';I\EERI\G SECTIO\:

ROTARY VACUUM PUMP
Laboratory Model

• ALL INDIAN MATERIALS &

CONSTRUCTION

• DRY MODEL: SINGLE STAGE,

FOR ROUGH VACUUM

BASIC & SYNTHETIC CHEMICALS PRIVATE Ltd.
P.O. JADAVPUR UNIVERSITY, CALCUTTA 32

Use Slvadeshi and help to keep employed Indian Technical Skill in industries

INDEX TO ADVERTISERS

A27
... A13, 29

..1.9

..-\SIIA SCIE:-."TIFIC Co., BO~IBAY A22
ASSOCIATED b'STRU:\IE:'OT .\IA~L·FACTl!RERS

(1"DIA) I'RIVAn: LTD., CALCUTTA A21
.\SSOCIATED SCIE:'\'T1FIC CORPORATlOX, CALCL'TTA :\32
.-\SSOCIATED SUPPLY :\CE:"JCY, CALCl1TTA :\17
B. BAB~UL & Co., BO"BAY AI6
BASIC & SVXTIlETIC CIIE)IICALS PRIVATE LTD.,

CAI.CUTTA .\23
BE:"CAL btMl'XITY Co. LTD., CALCUTTA .. .-\7
BLCE STAR E"GINEERI"G Co. (BO"BAY) PRI-

VATE LTD .. 130"BAY A31
BO:\IBAY SCIEXTJr-IC GLASS '\lORKS, BOMBAY. .\28
13. PATEL & Co., BOMBAY... •.. A12
CENTRAL SCIENTIFIC SUPPLIES Co. LTD., TAM-

BARAM ... ... A34
CRAFTS)IAN ELECTRONIC CORPORATION PRIVATE

LTO., BOMBAY A3S
C.S.J.R., :"JEW DELHI A25
EASTERN ELECTRIC & ENGINEERING Co. PRI-

VATE LTD" 130:\IBAY .-\24
FREDERICK HERBERT, BOMBAY :\8
t;A:-iSONS PRIVATE LTD., BOMBAY :\20
GIl:\RPURE & Co.. CALCUTTA ... A18
GORDIIA:\'DAS DESAI PRIVATE LTD .. BO:\IBAY :\11
H. I~EE\'E ANGH & Co. LTD., LONDON A26
I::"DSALES COIUJORATION, BO~lBAY ..-\22
l~DL'STRIAL & ENGIr-;'EERING AI'P,\RATt:S Co.

PRIVATE LTD., !30MUAY .,. :\16
I:-iSTf{U:'>IENTS & EQUlP:'>lENTS, CALCUTTA ..-\12
lSSTRU)1E~T HESEARCH LABORATOI{Y LTD.,

C\LCUTTA ...... A30
I="'TEKSATIOXAL ACEXCIES, BO:'>IBAY ... :\14-
l="'TERS ..\TIO~Al CIIEMICAl INDUSTRIES, CALCl'TTA .\28
JA"ES .\. JOBU"G & Co. LTD., SU"DERLA"D,

E"GLA"D .\33
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]. T. ]AGTIANI, BOMBAY
KEROY (PRIVATE) LTD., CALCUTTA
LABORATORY CHEMICAL Co., BOMBAY

LABORATORY FURNISHERS, BO)IBAY
MARTIN & HARRIS (PRIVATE) LTD., BOMBAY
l\IEGHNA IND STRIES PRIVATE LTD., CAL~

CL;TTA
1\1. RAMCHANDRA & SONS, BO~IBAY

:\IVSORE INDUSTRIAL & TE:iTlNG LABORATORY

LTD., BANGALORE ...
OSTER CHE)UCAL & PHARMACEUTICAL \YORKS

PRIVATE LTD., CALCUTTA
PHAR:'>IA TRUST, BO:'>lBAY
PIONEER EQUIPMENT Co. PRIVATE LTD.,

BOMBAY
HAJ-DER-KAR & CO., BOMBAY
HAVI"DRA & CO. (1'I.ATlNUM). BOMBAY
SCIENTIA INDUSTRIES (INDIA) PRIVt\TE LTD.,

HOWRAH
SCIENTIFIC ApPARATUS lVIFG. CO" BOMBAY ...

SCIENTIFIC EQUIPMENT \VORKS, DELHI
SCIENTIFIC INSTRUMENT CO. {;TD., ALLAHABAD
S. H. KELKAR & CO. (PRIVATE) LTD., BOMBAY
S..MATHURADAS & Co., BOMBAY

STANDARD ~:IETAL Co., CALCUTTA
STA~DARD SCIENTIFIC INSTRU:'>lE:-\TS Co.,

MADRAS.
TE::\IPO INDUSTRIAL CORPORA'-ION (PRIVATE)

LTD., BOMBAY
TOSHNIWAL BROS. PRIVATE LTD., BOMBAY .. ­
UDAY SCIENTIFIC I':-:DUSTRIES PRIVATE LTD.,
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AU

BEST INSTRUMENTS

~
• Voltmeters. Ammeters.

sJ:'..-s'" Frequency Meters.
Wattmeters, G.. lvano-­

meters of Panel. Switc:hboud and
Portable Puterns; Precision and
labontory Standards, Portable
and Uncued CurrentTnnsrormers,

Hacnetic Contact and Moving Coil

Relays. Photronic: Cells. Photo­
meters. Standard Cells, Instrument

ReCliners. Radio Test Seu and
House Service Meters, etc.
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THE INDIAN INSTITUTE OF SCIENCE:
GOLDEN JUBILEE CELEBRATIONS

THE INDIAN INSTITUTE OF SCIENCE, BANGALOHE,

celebrated its Golden Jubilee from 2 to 8 February
1959. The event marks fifty years of inspiring ami
devoted service of the institution to the cause of
scientific and technological' progress in the country.
The President of the Indian Union, Dr Rajendn
Prasad, who is the Visitor of the Institute, inaugu­
rated the celebrations in the presence of a distin­
guished gathering which includefl the Duke of Edin­
burgh, as the special representative of the British
Association for the Advancement of Science and
many prominent scientists. Besides lectures on
scientific and technological topics of current interest
by eminent world authorities, an exhibition depicting
the major scientific contributions and the present­
day activities of the different departments of" the
Institute was organized as part of the celebrations.
On the occasion, honorary fellowships of the Institute
were awarded to Shri Jawaharlal Nehru, Dr C. Y.
Raman and Shri M. Visweswaraya.

Founded and endowed by the late Jamsetji Nus­
serwanji Tah and actively aided and supported by
the Central and State Governments, the Institute
came into existence in 1909. The first batch of
students was admitted in 1911 to the Departments
of General and Applied Chemistry and Electrical
Technology. At present over a dozen departments
for advanced research and training in pure and
applied sciences are functioning with 157 research
and teaching staff, and nearly 500 students and
research scholars. The total expenditure so far
both on buildings and equipment exceeds Rs 1·5
crores and the recurring budget is nearly Rs 67 lakhs
a year. By a recent notification of the Union
Government, the Institute has been given the status
of a full university and powers to confer postgraduate
degrees in the various disciplines of science and
engineering. Facilities are available in the Institute
for research in all branches of Chemistry, Physics
and Mathematics and for research and postgraduate
instruction in Aeronautical, Mechanical, Civil, Elec­
trical, High \'oltage, Hydraulic, Electrical Communi-

Topics

cation, Internal Combustion, Automobile, Foundry,
Chemical, Metallurgical and Industrial Engin"eering.
The important fosition its past students, numbering
over 3000, are occupying in government departments,
research institutions and universities is an ample
testimony to the work of the Institute during the past
five decades.

The Institute had the enlightened guidance of
Dr Morris W. Travers, its first ·director. In later
ye:us, l11J.ny eminent men of science have guided its
destiny. The most illustrious among them is Dr'
C. V. Raman. Other distinguished men of science
associated with the Institute in various capacities
include Dr J. C. Ghosh, Prof. M: S. Thacker, Dr
H. E. Wats:ln, Prof. J. L. Simonsen and Sir M. O.
Forster, and its present director Dr S. Bhagavantam.

To list the achievements of the Institute is a
stupendous task. The Institute is a pioneer in
providing facilities for advanced instruction, post­
graduate training and research in science and engi­
neering in India, and the work carried out in the
Institute has been instrumental in the establishment
and development of several industries in the country.
In the context of the importance that is being given
to scientific research in the development plans of
the nation, the Institute has a vital role to play by
nurturing in its laboratories skilled scientists and
technologists.

FORTY·SIXTH INDIAN SCIENCE CONGRESS
SESSION, DELHI

THE FORTY-SIXTH SESSION OF THE INDIAN SCIENCE

Congress Association held during 21-28 January 1959
at Delhi was one of the largely attended sessions in
the history of the Congress. Over 3QOO delegates,
including a record number of 85 foreign delegates
representing many learned societies and jnternational
organizations, participated in the deliberations of the
Congress. Among the distinguished foreign delegates
were the Duke of Edinburgh and Sir Alexander Fleck
representing the British Association for the Advance­
mentof Science, Prof. Arne Tiselius, the Nobel Prize
winner from the Upsala University, Sweden, and
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Dr E. W. R. Ste3.cie, President, National Research
Council, Canada. Dr A. L. Mudaliar, Vice-Chan­
cellor, Madras University, presided over the session
which was inaugurated by the Prime Minister, Shri
Jawaharlal Nehru.

Over a thousand technical papers were presented
at the 13 sections of the Congress. Forty symposia
were organized under the various sections. The
subjects discussed included: Social implications of
technological advance in India; Role of operational
research in planning; 1961 p~pulation census; Train­
Ing of technical personnel; Teaching problems ill
chemical terminology; Trends in zoological research
in India; Nutrition requirements of crops; Recent
developments in plant breeding methods; Carbo­
hydrate metabolism in plants; Proteins; Recent
developments in plant diseases and pest control;
Future of cinchona industry in India; Solid state
physics; Magneto-hydrodynamics; Crystal structure
analysis; IGY data; Present position, planning,
and prospect of power generation, long distance
transmission and distribution; Clay minerals; etc.
Three joint discussions were held on (1) The effect
of chemicals on cell division; (2) Laboratory animals;
and (3) Plankton'ological studies in Indian waters.

Of the eleven special technical lectures delivered
by the foreign delegates mention may be made of the
following: Reactivity of free radicals (Dr E. W. R.
Steacie); Analysis of macromolecular systems (Prof.
Arne Tiselius); High vacuum techniques (Prof. J.
Groszkowski); Magnetic amplifiers (Prof. P. H.
Craig); Some results and problems of theoretical and
applied mutation research (Dr L. C. Hans Stubbe);
and Origin of maize (Prof. L. F. Randolph). Seven
popular lectures were arranged which included:
Atomic power development in India (Dr H. J.
Bhabha); Science and engineering education in
U.S.A. (Prof. P. H. Craig); Some chemical aspects of
blood group specificity in man (Dr W. T. J. Morgan);
Obligations and limitations of science (Prof. E. C.
Stakman); Oil exploration (Prof. W. B. Mefre);
Orgimization of science in Canada (Dr E. W. R
Steacie); and the Nobel Foundation and its activities
(Prof. Arne Tiselius).

A special feature of this session was the organi­
zation, for the first time, of an exhibition of scientific
and technical books and periodicals published in
Indian languages. Organized by the Delhi Univer­
sity, the exhibits comprised 5000 books and 85
periodicals in 14 languages. The Science and Tech-

. nology Exhibition arranged on the occasion was
different frqm its predecessors in its content. In
addition to the display of scientific instruments and
appliances, there was special emphasis on display of
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scientific and technical books. The United States
Information Services exhibited some of the advances
made in the utilization of solar energy and the
British Information Services had on display an
exhibit on the development of atomic energy in the
l1nited Kingdom.'

UNITED STATES SCIENCE INFORMATION
SERVICE

ACTING UPON THE HECOMMENDATION OF HIS SCIENCE

Advisory Committee, President Eisenhower has direc­
ted the National Science Foundation to take neces­
sary steps for the establishment of a Science Infor­
mation Service designed to help in meeting the
critical needs of scientists and engineers in U.S.A.,
for better access to the rapidly mounting volume of
scientific publicatioll.

The proposed Science Information Service would
help the scientist to find solutions to such problems
as how to publish research results promptly, how to
find out what is being published in a particular field,
and how to locate and obtain the information needed.
[n the area of primary publication, the Service will
provide financial assistance, where needed, for the
publication of journals and monographs. It would
encourage scientific societies and publishers to experi­
ment with new methods of publication designed to
increase efficiency, improve services and decrease
costs. It will provide the answer to ' what is being
published now' by sponsoring, and if necessary
supporting, the preparation of worldwide lists of
both primary and secondary scientific research publi­
cations, classified subject-wise and indexed. It
would perform a similar task with reference to a
union list of scientific and technical periodicals and
provide a clearing house of information on abstract­
ing and indexing throughout the world. It will
review the newly developing field of data centres,
compiling information on the existing ones, analysing
overlaps and duplications and defining areas where
new centres are needed. [t would seek to expand
and improve inter-library exchange agreements
throughout the world, photocopying processes and
other ways of bringing to the scientist copies of
items unobtainable through normal channels. On
a long-term basis the Service will support a conti­
nuing programme of research and development,
looking to the widespread application of machine
techniques to such problems as storage, retrieval.
indexing and to such problems as translation and
abstracting. It will also encourage co-operation
among the United States, foreign and international
scientific information organizations.



Role of Physical & Biological Sciences In the
Progress of Medicine*

I AM beholden to my colleagues of the Indian
Science Congress for giving me this unique
privilege of presiding over its 46th Session.

During these several years many distinguished scien­
tists have adorned this chair and it is with no sense of
false modesty that I confess that this honour is one
which I did not look forward to nor did I ever anti­
cipate. I have ventured to accept your invitation,
however, because of the conviction that the honour
is one that is meant more to my profession, the
medical profession, which it has been my great
privilege to practise for the last fifty years. From
another point of view, I felt that it gave me an
opportunity to pay my humble tribute to the great
part that science has played in the progress of
medicine within the last fifty years and to place
before you the picture of how medical science has
been influenced and guided by the great disco\'eries
in the fields of the physical sciences, the biological
sciences and the technical and technological sciences.
Never has this influence been more dominant than
during the past quarter of a century when pheno­
menal and significant progress has been achieved in
every branch of medical science, thanks to the
achievements of scientists in the sister sciences to
which I have referred.

It is, therefore, with feelings of profound gratitude
that, as a representative of the field of medical
science, I pay my tribute to the great scientists who
have made significant contributions in advancing
the fields of knowledge of the basic sciences. I
venture to express the hope that the medical sciences
have also played some little part in stimulating
those working in the fields of the allied sciences. It
cannot but be otherwise. Discoveries in one field
of science learl to repercussions in other fields of
science and the problems of one scientific discipline
always stimulate research in other disciplines of
science. Today, therefore, one is forced to the con­
clusion that science is indivisible, that no compart­
mentalism can possibly be conceived that, every new
research in any field of the physical, biological or
technological sciences has its effect on the others
and that, therefore, the reactions in the minds of
those who are investigating problems in anyone
of these sciences arc considerable. At the same time,
so enormous are the widening fields of research in

these sciences that one may well be lost in the con­
templation of the amount of knowledge that is being
made available every year and which cannot possibly
be comprehended by any single individual unless
opportunities are given to realize at least the funda­
mentalsof the great discoveries in the several branches
of science. From this point of view, therefore, it
seems to me a very happy idea of the originators of
the proposal to hold a Science Congress that they
conceived the possibility of scientists interested in
every branch of science meeting at a common session
and exchanging thoughts and experiences. The
platform for science, if it is to be utilized effectively
and for good purpose, must in the main be a platform
not only for recording new experiences, new dis­
coveries and new trends in scientific thought but,
what is equally important, it should be a platfonn
for disseminating the knowledge that has been
gained in the different branches thereof, alike, to
the votaries of the respective science as also in a
large measure to everyone with a scientific bent
and in the pursuit of scientific knowledge. It is
thus that scientists will be able, with greater amount
of success, to realize the way in which scientific dis­
coveries could best be utilized and the manner in
which problems in their own special fields could
better be tackled with confidence. This will be
made more obvious when I refer to the advances of
medical sciences and the debt medical sciences owe
to the discoveries in other fields, in the fields of
physical sciences, biological sciences and technological
sciences.

Progress in the twentieth century

The twentieth century has witnessed remarkable
scientific discoveries, so much so that science has
for the first time come into its own. It may be
asserted with confidence that far more scientific
work has been done in the last 50 years than in the
whole period of the previous history of humanity.
Although many epoch-making discoveries have been
made in the past, their application for practical
purposes and the rapid development of the associated
sciences have become a phenomenon of the twen­
tieth century, more than that of any other period.
In the past, science was thought of as an acces­
sory factor -:- interesting, occasionally exciting, but

'Presidential address of Dr ,\, L. Mudaliar, Forty-sixth Session of the Indian Science Congress, Delhi, 21 January 1959.
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perhaps not of much practical value. Few were pre­
pared to consider that it had a direct bearing on the
main stream of human endeavour and on the pro­
gress of historical events. The danger at present is
the opposite, that of giving science too much credit,
whether for good or evil, in the tremendous, vastly
disturbing kaleidoscopic changes that are taking
place consequent upon wars and revolutions, so
unfortunately frequent in this half century. The
power of science to affect the life of man for good or
evil is no longer seriously in doubt. The problem
now is rather that of finding the means by which
science can be directed to constructive and not to
destructive ends.

Perhaps in no field of science could the construc­
tive use of scientific discoveries be more clearly
demonstrated than in the field of medical science.
And it may be stated that it is only in this century
that the influence of science on medical practice,
derived from the nineteenth century pioneer work of
Pasteur and others, began to make itself felt on a
large scale. Medicine has increasingly become de­
pendent on the important chemical and instrument
industries. Pharmacy, far from being a collection
of simple herbs or the cOll1bination of drastic mineral
salts, has become a scientific industry and one of no
small importance even from the purely commercial
point of view.

Prevention of diseases

The outstanding development in medicine of the
nineteenth century centres round the prevention of
diseases. The discovery of bacteria in relation to
the causation of diseases has naturally led to a large
number' of investigations as to the best methods of
preventing the growth and development of bacteria
in the human system. This in turn led to better
methods of treatment and to the surgical skill which
was made possible by the use of anaesthetics. The
health of the individual and of the community has
been improved beyond all expectation by the adop­
tion of numerous laws enforcing public health mea­
sures and the twentieth century opened its medical
practice ready to co-operate with other branches of
knowledge in the new role that science was destined
to take in society.

One of the first responsibilities of a society is care
for the health of its members. As has been already
pointed out, during the opening decades of the
twentieth century, medical practice has made pro­
gress comparable with that achieved in other branches
and, in the realm of public health, science has
extended its interest to embrace every aspect of
social life. Radium, X-ray and many electric treat­
ments are witness to the influence of the new physics
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on medicine. The skill in surgery has been increased
beyond all expectation and chemistry has added to
the efficiency of antiseptic measures while one branch
has produced important drugs capable of destroying
some of the most harmful bacteria which took a
heavy toll of life before.

Medicine and war

Paradoxical as it may seem, it is the urgency for
certain definite discoveries during a war that has
led to a g~eater scientific effort in preventive and
palliative medicine than had been possible during any
period of peace. It was during the World War that
methods of creating blood banks and serum banks
were first initiated and tried. Today, lives of many
thousands of persons have been spared because of
these blood banks established in many a town in all
civilized countries and largely contributed by volun­
tary donors. But the most spectacular event of
World War II was the demonstration of the great
potentialities of new drugs like penicillin and insecti­
cides like DDT. It was in 1928 that Fleming made
the observation that some of his bacterial cultures
were being eaten away at various spots in the petri
dishes in which they were prepared and noted that
this was due to a mould which had grown there and
which seemed to be giving out some substance which
killed the bacteria. rt was not, however, till ten years
later that Florey and Chain started a systematic
search for natural antibiotics, when Fleming's
observation was put to usc. By the time the clinical
value of penicillin was proved, the war came and
gave a great impetus to further investigations. It
was a concentrated effort in the fields of chemistry,
biology and medicine that led to the great use of this
wonder drug, as it was called, to save literally thou­
sands of lives.

The discovery of penicillin is often quoted as an
example that important discoveries come by chance.
It is no doubt true that some great discoveries do
come by chance. But chance is multiplied by pro­
viding opportunities for discovery in the first place
and for development by interested people in the
second. Once penicillin was discovered, it was
relatively easy to search through nature for other
substances which might have the same or better
effects. Thus a whole Hew field of antibiotics was
opened - streptomycin, aureomycin, chloromycetin,
synennycin, tetracycline - a bewildering array of
antibiotics sometimes confusing and confounding to
the medical practitioner.

During World War II, it was clearly realized that
disease had played a much greater part in the pre­
vious wars than any of the destructive weapons of
warfare and that, therefore, the most paramount
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consideration should be to protect the forces against
disease, especially in the tropical regions where war
was waged, as well as the realization that the conse­
quences of wounds should be minimized as far as
possible. This led to an all-round advance in sanita­
tionaI medicine' and surgery.

Nutrition

It was realized early in the twentieth century
that one of the most neglected aspects of medicine
was that of dietetics. And as. the science of nutrition
leapt into prominence, the study of the problems of
nutrition and of nutritional disorders led to major
scientific discoveries of the aecessory food factors,
the vitamins. This naturally led to further investi-

.gat ion as to what kind of food people needed and
how much to keep them healthy and alive. This in
turn had a direct influence on the largest and most
ancient industry, agriculture, and on the newly
established food industries. Agriculture, far from
being the major human traditional occupation, is
rapidly being transformed into an industry which is
becoming more and more scientific in character:
while in the field of medicine, an attempt at~ scien­
tific control of human conditions is being undertaken
so that, in future, health and not disease will be the
chief concern. In view of the large concentration
of the population in urban areas, it will be easily
realized that the food needed for them can no longer
come straight from the farm to the table. There
is also the danger that adulterated foods and im­
properly prepared foodstuffs may result in great
calamities on account of food poisoning. It has,
therefore, become necessary in most countries to
have stringent laws passed to observe rigid control
over the production and disfribution of foodstuffs.
This has led to research and development in the
science of preparing and preserving food; thus
artificial refrigeration, hermetically sealed food pro­
duction, pasteurization, sterilization and other scien­
tific methods have now become the common means
of ensuring supply of safe foodstuffs.

Role of vitamins

In the past, many diseases were attributed, and
quite rightly, to deficiencies· in diet. Of these'
perhaps the most important was scurvy, the dreaded
disease of sailors. But the study of those accessory
factors so essential in food, the vitamins, gave an
immediate impetus to the study of biochemistry
and at last chemicals, that could be used and issued
immediately for curative purposes in the shape of
vitamins, were discovered. Some of them ·are simple,
as vitamin C, but others like vitamin B are found
to contain several different substances'- each needed

for carrying out some different function in the body.
Science thus enabled us to possess the means of
ensuring a healthy life as far as food could do it
for the population of the whole world if only the
will to take advantage of the discoveries of science
were there. Yet it is unfortunate that even today
diseases due to vitamin deficiency such as rickets,
scurvy, beri-beri and pellagra are common in different
parts of the world, either due to ignorance or poverty.
And it is here that international organizations such
as the Food and Agricultural Organization of the
United' Nations are doing much and can do a good
deal more in this direction. It may be' of interest
to know that paradoxically enough the civilian
population of many European countries, which were
in the grip of the Great War, were actually kept in
better health during the war in spite of reduced
gross diet because of a scientific approach to the
qualitative contents of such diet, ignoring the quanti­
tative factor. It is needless to say that the health
and activity of the armies in the field were likewise
('nsured by attention to these nutritive factors.

Role of hormones

Of equal importance for the maintenance of health
were . minute quantities of substances produced
inside the body itself by organs such· as ductless
glands. These were known as the hormones. And
today a study of hormones is a most entrancing
study and promises to lead to great results. Promi­
nent among these hormones are the aestrogenic and
other ovarian hormones, thyroxin and insulin.
Recent advances have shown the possibility of pro­
ducing synthetic hormones or substitutes as in the
case of diabetes. The original impetus to bioche­
mical research came from medicine. Ever since
Pasteur discovered bacteria, there was always the
hope that some chemical substances could be found
that would kill the bacteria without adversely affect­
ing the patient. The first success was arrived at
by trying to see if chemicals that would colour
bacteria for recognition purposes could also be used
to destroy them. This was how the group of chemical
substances known as sulphonamides was produced
in 1932 by Domagk who was awarded the Nobel
Prize but was not permitted to accept it.

Medicine and the physical sciences

Medicine owes a great deal to the physical sciences
as well. The developments in physics led' to the
invention of a nuniber of new instruments. For a
long time, the ordinary microscope was the only
instrument powerful enough to view some of the

. animalcules which would not be seen by the
naked eye. The use of the electron microscope was
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a great advance in the field of microbiology. It
enables us to see and reproduce on photographs the
whole range of structure from those clearly visible
in an ordinary microscope, down to those of practi­
cally atomic dimensions. In the electron microscope,
viruses and bacteriophages become visible and dis­
tinguishable for the- first time and the finer nature
of such tissues as muscle and skin begins to show
something of why they have the peculiar and useful
properties that they show in living organisms. The
electron microscope can magnify up to one million
times and thus a whole new biology is coming into
existence by the use of this instrument. Besides
the electron microscope, some new modifications of
the ordinary microscope have been made, stimulated
by the competition of the electron microscope. The
most important of these modifications are the phase
and interference microscopes which enable cells to
be studied alive when previously they had to be
killed and stained. Next came the new ultraviolet
and infrared reflecting microscopes which brought
out details not otherwise visible and which could also
be used to study the chemical composition of cell
structure.

The progress of medical science has always de­
pended on the perfection of precision instruments
of observation and control. Until very recently,
these were not developed for the immediate needs
of biology. The most recent and most powerful
adjuncts to biological study have also come from
physics - the valve amplifier to measure the minute
currents and potentials in living system, the electron
microscope referred to already and the use of isotopes
and tracer elements which promises an interpreta­
tion of the actual process of transformation of
chemicals in living systems. ,These and the electro­
encephalograph for registering the drug reactions of
the human brain have led to the coming of age of
biophysics. This does not mean that biochemistry
has become less important. In fact, the post-war
period is witnessing a multiplication of antibiotic
drugs and a rational approach to that large field of
hormone therapy and pharmacology.

Radioisotopes have been used in the fields of
industry, biology, biochemistry and medicine. Leaks
in water mains and pressurized cables can be located
by adding small amounts of radioactive materials
which can be detected when they escape. Radio­
isotopes are proving indispensable in biochemistry,
for example, penicillin has been made active and
its movement observed in the body of animals.
Great progress has also been made in the treatment
of surface cancers. Such examples make us realize
that we are only at the beginning of the development
of the utilization of radioisotopes.
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When Roentgen, then an obscure Professor at
Wurzberg, first discovered X-rays in 1895, he little
realized that this was a scientific discovery of great
potentiality. The use of X-rays in the field of
medicine is well known today, whether in the diag­
nostic or therapeutic processes, and consequently
the medical profession has studied for long the
dangerous ill-effects of radiation and the remedial
measures by which people working in such plants
should be protected. In the twentieth century,
however, a great figure - one of the greatest figures
of the twentieth century physical science - emerged
in the person of Lord Rutherford. His discovery
has, as is now known, been rapidly followed up in
various fields by a large number of scientific workers
in all parts of the globe.

Pro~ress of science in India

Although sporadic attempts were made now and
then to establish institutes of science for the foster­
ing of research in some fields, yet it must be confessed
that very little was accomplished owing to the great
lack of well-equipped laboratories and incentives for
scientific workers. The whole picture has changed,
however, after the dawn of independence in this
country. The Council of Scientific & Industrial
Research was the spearhead to promote the starting
of a large number of national laboratories for various
scientific disciplines. The first of these laboratories
were the National Physical Laboratory and the
National Chemical Laboratory but separate labora­
tories have since been established for researches,
both basic and applied, in several fields of scientific
knowledge. Today, there are a large number of
these laboratories spread over the length and breadth
of this country. The work of these national labo­
ratories covers a 'very wide field indeed. The labo­
ratories afford excellent facilities for research with
the most modern techniques and every attempt is
being made to link up research with the problems of
industry, so vital for the progress of our country.
Besides the establishment of these national labora­
Jories, a great step has been taken forward to en­
courage young men with scientific talents to pursue
a career in science, un trammelled by any considera­
tions of other avenues of employment. Many have
been awarded foreign scholarships through Govern­
ment and through various organizations to acquire
modern techniques in the fields where such tech­
niques have not yet been fully developed in our own
country. Yet the attractions of other services like
the administrative services, wherein a very large
number of posts have been created, draw away
some of the best among the graduates in science
who thus are lost to science for ever. It may be
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interesting to know that in ancient days Roman
engineering ranked with Roman law in importance.
The Emperor Constantine wrote in the fourth
century: "We need as many engineers as possible.
As there is a lack of them. invite to this study
persons of about 18 years who have already studied
the necessary sciences. Relieve the parents of
taxes and grant the scholars sufficient means."
The appropriateness of similar measures being
adopted in India need hardly be emphasized.

The institution of National Professorships for the
first time has been hailed with approval by all
interested in the future of this country. We are
happy that the first National Professor to be ap­
pointed was none other thali our esteemed country­
man, Dr C. V. Raman, who is so actively engaged
in his research work today. It is a matter of con­
siderable satisfaction to all that two more eminent
sons of India, Dr K. S. Krishnan and Dr S. N. Bose,
past Presidents of the Indian Science Congress, have
been recently appointed National Professors. The
worth of a great scientist can never be measured
in terms of the market place. Speaking of Faraday,
Tyndal says that he might, with ease, have realized
an income of £ 10,000 a year during the last 30
years of his life when he earned almost nothing by
professional services. ,. Taking the duration of his
life into account, this son of a blacksmith and ap­
prentice to a bookbinder had to decide between a
fortune of £ 150,000 on the one hand and his un­
dowered science on the other. He chose the latter
and died a poor man. But his was the glory of
holding aloft among the nations the scientific name
of England for a period of 40 years." Lives of such
great scientists as Faraday's are for ever a beacon­
light for the succeeding generations of scientific
workers.

Technolo~y and science in the
plannin~ concept

Technology and science have been given a pride
of place in the planning concept of modern India.
Simultaneously with the development of the national
laboratories, steps have been taken to provide
greater facilities in the universities for carrying on
research, both fundamental and applied, and the
generous grants recently given by the University
Grants Commission - which it is hoped will be given
in a larger measure in future ~ have been greatly
appreciated by the universities. Thus the univer­
sities have, for the first time, been enabled to plan
ahead and to organize research departments in
many scientific disciplines and in other spheres of
higher learning. All this, however, needs a much
greater amount of emphasis in the educational

pattern which must be adopted in conformity with
the growing needs of a global concept of scientific
advance. It is here perhaps that a greater amount
of leeway has yet to be made and if India were to
progress and to keep abreast of the times, if it is to
be independent not merely in the political field but,
what is equally if not more important, in the scien­
tific and creative fields of human endeavour, it is
obvious that urgent measures have to be taken to
provide for the right type of education, scientific
and otherwise, to train the young men in such a
way that their creative talents will be stimulated
and that the opportunities for their acquiring the
knowledge so plentifully available today are not
diminished by any limited idea of parochial or pro­
vincial patriotism.

The lan~ua~e of science

The language that science speaks is international
and one must recognize that whatever may be the
vehicle through which scientific thought can be
conveyed, the use of this international language
is absolutely essential if progress in science in any
country is to be speeded up. And so it is that a plea
is made, to those who hold a different viewpoint,
that under present circumstances and taking into
consideration the urgent needs of the country,
nothing should be done to hamper, delay or em­
barrass the development of scientific education
whatever may be the vehicle through which such
education may be possible at present; what that
vehicle should be, there could be no doubt in the
minds of scientists.

Research in fundamental and applied sciences

It is hardly necessary to emphasize the fact that
research both in fundamental and applied sciences
should be encouraged in every manner possible.
Occasionally there is a great deal of emphasis laid
upou applied research to produce quick results:
and, while it is conceded that science in its larger
and more comprehensive sense is to be considered
in relation to what it can do for human welfare,
nothing should be done to impede the progress of
pure science as well. It was J. J. Thomson who
said: " Research in applied science leads to reforms;
research in pure science leads to revolution". This
fact has been demonstrated over and over again in
all the great discoveries of science. It is not always
wise to emphasize the utilitarian point of view in
any piece of research for, if that had been the main
consideration, some of the greatest discoveries of the
age which have stimulated many of the researches
in applied science would never have been possible.
When Archimedes ran through the streets of Syracuse
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shouting in Greek, "Eureka, Eureka ", "I have
found it, I have found it ", he described the principle
that every solid body lighter than a liquid in which
it floats sinks so deep that the mass of liquid, which
has the same volume with the submerged part,
weighs just as much as the floating body. It might
have meant nothing to that generation but we
realize today that it is this principle of hydrostatics
that is the basis of all problems of flotation and
naval architecture. Likewise when professor Fara­
day demonstrated his famous experiment that when
a magnet is brought suddenly near a coil of wire,
a slight current of electricity is produced in the
wire, even such a great scholar and statesman as
Mr Gladstone asked him the question: " After all,
.what use is it?" "Why, sir ", replied Faraday,
"there is every probability that you will soon be
able to tax it."

The plea, ' science for its own sake', has been put
forward clearly and forcibly by Sir Edward Appleton
in his Presidential Address to the British Association
for the Advancement of Science in September 1953.
"I have long held the belief ", said Sir Edward,
" that the cost of scientific research is the price we
must pay for our industrial progress. But we should
be misleading the public as well as ourselves if we
based our case for the general support of the pursuit
of science on its utilitarian aspects alone. I know
that we can claim that many· discoveries in pure
science, wpich in their time had no obviously prac­
tical import, have later proved to be the foundation
of major improvements in every material civilization.
But even that is an argument of profit and loss and,
to my mind, does not bring us entirely to the heart
of the matter. I should like to go back beyond the
achievements to the example of the scientist, be he
amateur or professional - who is impelled solely
by a passionate desire to explore and understand.
That is what I mean by science for its own sake­
when knowledge and insight are sufficient rewards
in themselves." A clearer exposition of the principle
, science for its own sake' cannot be made.

It is well also to realize that great discoveries of
science may sometimes be made in unexpected
quarters and by persons who may not be necessarily
in the forefront of scientific workers. Men and
women of different races, walks of life, temperaments
and professions have become famous scientists.
Leonardo da Vinci was an artist, Sir William
Herschell, a band leader, Lavoisier, a tax collector
and Priestley, a clergyman, Marie Curie, a political
exile, Joule, a brewer, Edison, a telegraph operator,
Einstein, a Patent Office clerk, Faraday, a bookbinder,
Halley, a gourmet and Newton, a recluse. Many are
the names of persons in diverse avocations who could
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be cited as great scientific discoverers of all ages.
In our own country, the great genius Ramanujam,
the mathematical prodigy next perhaps only to

ewton, was a clerk in the Port Trust of Madras.
So lie buried amidst anonymity some of the great
scientists who have made their names immortal.
These men and women had in common a passionate
devotion to science. It has been aptly stated that
genius flashes forth like a meteor unproduced and
unpredictable. It is not limited to any race of
people or to any particular latitude or longitude.
It has often come up from obscurity and has
flourished under poverty and persecution as well as
under the smiles of fortune. At present, we can
only hope .and pray that it will come often in our
country. Fortunately genius has a way of asserting
itself in every age. We milY feel confident that
there will be future Aristotles, Galileos, Newtons,
Faradays, Pasteurs, Freuds, Ramanujams and
Einsteins to provide new insight into the eternal
mystery of the universe.

Science and society

The relations of science to society in health, in
industry and in thought have been full of promise;
but it is a humiliating admission that the five decades
of the present century have witnessed the catastrophe
of two World Wars and of many smaller conflicts.
Even the period following the cessation of hostilities
in 1945 has been marked by conflict or international
friction in many parts of the world - Europe, Africa
and Asia. Yet during this time, scientific achieve­
ments have been so outstanding and so full of promise
for the greater possibilities of human welfilre than
ever before.

The social need of the period requires scientific
planning. The advances of biochemistry and chemo­
therapy have shown that on this side, science is
going to be more effective in human affairs than it
has ever been in the past. The whole world can be
changed more quickly now by some chemical dis­
covery such as that of paludrin for malaria. And
today the World Health Organization, taking note
of these significant advances, has launched boldly
and wisely on a programme of eradication of diseases
rather than of control of diseases. The eradication
of malaria is no longer a theoretical problem for it
has been effectively proved that by modern methods
of scientific investigation and application it could
be accomplished. This naturally necessitates scien­
tific planning so that individual scientists, often
working in ignorance of the wider implication of
their efforts to develop this or that field, may be
guided to the more urgent needs of society so that
the time lag may be saved with the saving of millions
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of human lives.. The implication is not so much
that scientists should be directed to this or that
particular purpose but rather that a better system
of scientific education should be adopted to a society
consciously aimed at securing the maximum human
welfare.

But the application of scientific remedies is not
altogether easy in an atmosphere where ignorance
and prejudice prevail. In science as in politics, a
break with tradition has always meant a liberation
of human inquiry into hitherto closed fields. If
science does not progress as rapidly as it ought to
and its beneficent influences do not reach the
masses, it is more often than not due to ancient
customs and beliefs and to a certain extent, very
naturally, to hesitation to discard such beliefs. The
greatest difficulty of discovery is not so much to
make the necessary observation but to break away
from traditional ideas in interpreting them. From
the time when Copernicus established the movement
of the earth and Harvey the circulation of blood
down to when Einstein abolished the ether, the real
struggle has been less to penetrate the secrets of
nature than to overthrow established ideas even
though in their time they might have helped in
some way the advancement of human knowledge.

War, however, produced the most outstanding
example of the conscious use of science in the twen­
tieth century industry, agriculture, medicine: and
even science itself began to be planned instead of
being left to the chance of economic forces. This
growing consciousness of the function of science was
one of the most characteristic features of the twen­
tieth century social relations. Science became fully,
consciously and immediately what it had long been
unconsciously considered, an essential part of pro­
duction. It was something worth investing in,
directly by setting up of research laboratories con­
nected with various industries or indirectly by
subsidizing universities where the workers for these'
laboratories could be trained and where basic research
.could be carried out. The number of research
laboratories established in various large-scale in­
dustries and the many research projects which
universities are being asked to undertake in connec­
tion with industrial advances are proof positive, if
such proof were indeed necersary, that science can
pay its way jf it is properly utilized.

Science knows no frontiers. Perhaps the best
example of this is the observance of the International
Geophysical Year which is noteworthy not only
because of its intrinsic value and the popular interest
evinced throughout the world in this venture but
also because it is a supreme example of scientific
co-operation among all nations when, in other fields,

unfortunately, ideologies of a conflicting nature are
so clearly manifest. It is becoming more and more
appreciated that no discovery of science can be
hidden for long. At the International Conference
on the Peaceful Uses of Atomic Energy held at
-Geneva in August 1955, the President of the Con­
ference, Dr Bhabha, said: "Knowledge once given
cannot be taken back "- a significant statement
coming from an outstanding scientist of the day.
In the light of this fact, the feverish heat with which
l13.tions are trying to compete with each other in
the race for some scientific discovery not necessarily
of a nature that will be productive of good but un­
fortunately of a type that is more designed to destroy
than to create or preserve seems indeed a tragedy
too deep for words to describe.

Science for the welfare of humanity

In another sense, all the secrecy and the mystery
that surround some of our scientific works would,
on a correct appreciation of the position, seem to
be love's labour lost. The scientist today is un­
fortunately between two compelling forces, one trying
to utilize the basis of the discoveries for the good
of humanity and the other equally concerned and
equally eager to utilize the great discoveries of science
to uses which can only lead to the destruction of
humanity with consequences too staggering even for
the imagination to dwell upon. It was a realization
of this factor that led to scientists protesting, in
season and out of season, against the abuse of scien­
tific discoveries for destructive purposes. The bio­
logic\ll warfare, that was once threatened, led to a
protest from scientists and, at the International
Congress of Microbiologists held in Rome in 1953,
the following resolution was passed: "The Sixth
International Congress for Microbiology, confident
of interpreting the thought of all microbiologists,
expresses its view that the science of 'microbiology
should have as its sole aim the welfare and progress
of humanity; that all microbiological research should
be directed to this end; and that all countries should
adhere to the 1925 Geneva Protocol." May we not
hope that in the sphere of atomic science as well,
a similar declaration would be made: that all atomic
energy would be used only for peaceful purposes
and that every discovery would be turned to endea­
vours for the improvement of conditions of living
of human society; that the psychological warfare,
which has unfortunately been continued for too long
a period, would end and that the Commissions now
in conference to concentrate upon how best to lessen
international tensions would be given divine guid­
ance such that humanity may be spared the horrors
of world conflicts and the consequent deprivation
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of precious lives and the degradation of human
society.

Spectacular as these great discoveries have been,
yet every day witnesses a new epoch-making event
which stuns the imagination of millions of people.
It would almost appear as if this is just the beginning
of ": new era of unimaginable discoveries. As we
scan the skies and behold the great doors of the
secrets of nature unfolding, we are struck dumb with
amazement and with humility. In Jean Paul
Richter's beautiful dream, a man was called up into
the vestibule of heaven and carried to universe upon

•
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universe in endless space, until his mind reeled before
the transcendental distances which were still before
him. Then the man sighed and stopped, shuddered
and wept. His overladen heart uttered itself in
tears and he said: .. Angel, I will go no further; for
the spirit of man acheth with this infinity. Insuffer­
able is the Glory of God. Let me lie down in
the grave and hide me from the persecution of the
Infinite, for end I see there is none." Then the
Angel lifted up his glorious hands to the heaven of
heavens, saying: .. End is there none to the universe
of God. Lo! also is there no beginning."
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An arran~ement for heatin~ water with solar energy for supplyin~ the
domestic needs of a small family at Delhi, using easily available and inexpen­
sive construction materials (galvanized iron sheets), has been described. The
heat collector unlt consists of a wooden box, insulated at the bottom, in which are
formed the flow channels for water by one corrugated and one plane ~alvanized

iron sheet. The upper side of the box is glazed with one or more layers of kin.
thick window glass sheets to reduce heat losses, keeping a 2 in. gap between the
glass sheets and the water flow channels.

As the length of the day is short and water requirements large during the.
winter, the heatin~ unit is set up at an angle of 45° to the horizontal to make the
best use of sunlight. Flow rates of water, through the collector unit, in the
range 4-21 gaI.jhr have been used and a rate of 7-10 gaI.jhr has been found to be
optimum under the experimental conditions employed. The efficiency of heat
transfer on a clear day is about 70 per cent which is more than that for the usual
types of heat collector units using copper pipes soldered to flat copper sheets.

I Na previous paper1 the results of some experi­
ments on a solar water heater intended to
supply the domestic needs of a small family

were presented. The heat collector unit was made of
thin copper sheets separated by a space of half an
inch and provided with longitudinal ribs for stiffening
the unit as well as for channelling water to avoid cross­
currents. In the present communication two new
types of collectors, both made out of cheap and
readily available material, namely galvanized iron
sheets, are described.

Details of construction

In one type of the solar water heater two corrugated
galvanized iron sheets are put one upon the other in
• mirror image' position in a manner somewhat
similar to Heywood's2 as illustrated in Fig. 1 (type D).
This sandwich arrangement forms nearly circular
channels for the flow of water. The two sheets are
secured by riveting at a few points along the lines of
contact. The end edges are soldered to circular
header pipes made from galvanized sheet of a thicker
gauge. Cold water is let in at the lower end and
flows up the double channels (ten in number) into the
upper header.

In the second type (Fig. I, type S), a corrugated
sheet and a plane sheet are used, the rest of the
arrangement as well as the dimensions of the sheets

being exactly the same. This form of heater reduces
the volume of water in the channels to nearly one­
half. The upper surface of the assembly in either
case is thinly coated with carbon black dispersed in
shellac-spirit solution. The complete assembly is
encased in a wooden box large enough to allow 4 in.
of sawdust insulation at the back and a similar
thickness around the sides. In order to prevent
shadows an extra space of 4 in. is allowed on the two
sides and wooden planks painted white are fixed at
an angle of 45° with the sides. The upper face of the

TYPE S

TYPE 0
FIG. 1 - SECTION THROUGH HEAT COLLECTOR UNITS [Type S
with one cornlgated and one plane sheet, and type D with

two corrugated sheets] .
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box is glazed with large sheets of l in. thick window
glass, keeping an air gap of about 2 in. between the
glass sheets and the metal heater surface. Thr
heater unit thus formed has a glazed surface area of
22·4 sq. ft and a blackened metal heat collector area
of 19·0 sq. ft. Arrangement is provided for inserting
thermometers at the inlet and outlet ends and a
constant head arrangement is used to give a uniform
rate of flow of water. A bib-cock on the outlet side
enables the rate of discharge of water to be con­
trolled.

In order to get maximum advantage of sunlight, a
moving arrangement is necessary by which the col­
lector can be made to face the sun so that at any
instant the rays of the sun strike the surface at normal
incidence. An elaborate arrangement of this type
will be expensive and, therefore, a compromise had
been made to fix the collector in a position of maxi­
mum advantage. This can be secured in the nor­
thern hemisphere by facing the collector due south
and inclining the surface by the same angle to the
horizontal as the latitude of the place. This will
ensure normal incidence at noontime at the periods
of the equinoxes, with the sun too low in winter
and too high in summer. However, in order to
make the best use of the winter snn, when the
length of the day is short and the hot water re­
quirements are large, it was decided to set up the
collector at an angle of inclination of 45° to the
horizontal (latitude of Delhi, 28°35'). This ensures a
larger measure of solar intensity during the winter
months.

In most of the types of the flat plate collectors2- 6

tried in U.S.A. and other countries water is made
to flow through a copper tube bent in a zigzag
pattern, which is soldered on the under surface of
a blackened copper plate absorber. In this pattern,
the heat absorbed by the copper plate, when
exposed to the sun, goes to heat the circulating
water via the copper pipe. This method snffers
from the following disadvantages:

1. Since a large length of copper pipe is used
(roughly 60 ft for an 8 X 3 ft plate collector and
diameter about! in.), there is considerable loss' of
, head' and this loss is increased further by the
presence of large number of bends.

2. On account of the resistance to flow offered by
the pipe, thermo-siphon circulation is considerably
reduced and if a reservoir is used for storing hot
water, the use of a pump for circulating water
becomes necessary. This adds considerably to the
installation cost of the absorber.

3. The heat transfer from the absorber sheet to the
copper pipe is not very efficient since it takes place
through a narrow limited region of contact between
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the curved surface of the pipe and the flat surface of
the plate across a thin layer of soft solder.

4. Since the copper pipes are usually separated by
3 in. or more of space, midway between two adjacent
copper pipes the temperature must be several degrees
higher than the temperature of the pipes. Thus
the temperature distribution on the surface of the
copper absorber will go through an undulating curve
along the width of the plate. Since the heat losses
from the absorber will depend on the difference of
temperature between the absorber and surrounding
air, more losses will take place from points of higher
temperature difference.

It would thus appear that compared with the
sandwich type of water heater discussed here, the
tube type collectors will invariably show higher
losses which may be offset to a limited extent by
increasing the number of cover glasses. The use of
more than one layer of glass, on the other hand,
makes the unit expensive and cumbersome. There
is the further disadvantage that a larger area of glass
surface will have to be kept clean. Further, deposi­
tion of moisture between the two glass covers is
freqnent and results in considerable loss of energy
through scattering, particularly in the early morning
hours when the sun's altitude is low. Keeping these
points in view, a cheap flat plate heat collector has
been built and data have been obtained for working
such a unit under the conditions of the North.
Indian winter, which is characterized by clear bright
sunny days. The complete set-up of a single unit
is shown in Fig. 2 and the detajls of construction
in Fig. 3.

Observations

Observations using a heat collector unit with a single
layer of glass' taken on a number of days during
October and November 1955 are presented in Table 1.
The observations were made at hourly intervals from
1030 to 1630 hrs 1ST. Observations were also made
for different rates of flow of water ranging from 4 to
21 gal.jhr corresponding to rates of flow from 1·8 to
9·4 lb. of water per hour per sq. ft of insulation area,
i.e. the effective glazed area. The average rate of
flow of water was considered since it was not possible
to maintain a strictly constant rate for any length of
time and the values given are thns nominal and are
subject to slight variation.

The values of intensity of solar radiation have been
calculated from measurements of the total intensity
of incident solar radiation and of the scattered
radiation made with a simplified type of pyrhelio­
meter (Table 1). The measurements were made at
the beginning and end of each observation period
and an average value was taken.



lIIATHUR et al.: DOMESTIC SOLAR WATER HEATER

2

7_1t--1!'4t:l~

8 -11r--~.nF-
9

13

.;.: :~ ...."...: :;;;." '::-: ::~:: ::.

. ....':: ,', ::';" : ....~

15 --++-\-\~

SECTIONAL PLAN AT A-A

FIG. 2 - COMPLETE SET-UP OF THE SINGLE SOLAR WATER HEATER U~LT [1. glass cover; 2, overflow; 3. outer CQ\'er of
water reservoir; 4, float; 5, rockwool insulation; 6, hot water outlet; 7, cold water inlet; 8, wall of water reservoir; 9, connec­
tion to water supply; 10, angle iron stand; 11, support for water heater; 12, wooden base for reservoir; 13, cold water inlet

pipe; 14, hot water outlet pipe; and 15. outer frame of the resen'oir]
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SECTION AT A_A

I=Ie+ls ••........ (1)

(I hI' = 15°); S, the solar declination on the particular
day, i.e. the angle of sun measured above or below
the celestial equator (obtained from solar almanac);
a, the solar altitude above horizon; 0, the angle of the
absorbing surface on the horizontal; I d , direct solar
energy, B.t.u./hr/sq. ft; Is' scattered radiations,
B.t.u./hr/sq. ft; and Ie' normal component of direct
solar radiation falling on the glass surface.

As a result of the incidence of the quantity I of
solar energy, the water in the heater will be heated
np and there will be a difference in temperature of
incoming and outflowing water. Let 0; be the
temperature of incoming and 00 , the temperature of
outflowing water. Then if W is the mass of water
flowing through the absorber per hour per sq. It of
the glazed (i.e. exposed) surface and 5 its specific
heat, then Qw = W.S.(Oo-O;) will give the amount of
heat absorbed by water. This should be equal to the
amount of total solar radiation, I, falling on the ex­
posed glass surface of the collector provided there is
no loss of heat due to any cause. However, there is
loss of heat not only due to radiation from surface of
top glasses as well as from the blackened surface of
the collector but also by conduction through the
back surface of the heater plate in contact with the
insulating material and by convection through air
blowing over glass surfaces. These losses depend
upon factors like ambient temperature, wind velo­
city, presence of clouds, etc. If the overall heat
transfer coefficient, k, is expressed in B.t.u./hr/sq.
ftj"F., then the total quantity of heat lost to the
surroundings, to a first approximation, will be given
by:

where 0.4 is the temperature of the surrounding
air. If we take the temperature of incoming water
O. to be the same as the ambient a-ir temperature
oA' then the heat balance eqnation can be ('xpressed
as:

I=k eo~O;-OA)+w.s.(Oo-O.)

(00 0;)
=k 2-2 +w.s.(Oo-O')

II
=2 (Oo-O.H w.s.(Oo-o.)

=(K+W.S)M ..... (4)

where K = k.f2 and M =" (0
0
-0;), the rise in

temperature of water. It is apparent from the
above that heat utilization will be maximum when
K=O.

7

SIDE ELEvATION

FIG. 3 - DETAILS OF CONSTRUCTION OF THE SINGLE SOLAR
WATER HEATER UNIT [I, rockwool insulation; 2, bottom plane
G.I. sheet; 3, glass sheet cover; 4, top G.I. corrugated sheet;

5, air gap; 6, felt padding; and 7, wooden casmg]
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From the rate of flow of water, its specific heat
and the rise in its temperature, the quantity of heat,
Qw' absorbed by water per hour per sq. ft of the
exposed glass surface of the heater was calculated
(Table 1). The ratio of this energy, Qw' to the
amount of total solar radiation, I, falling on the
exposed glass surface gives the overall efficiency of
the flat plate absorber. The total solar radiation, I,
was obtained from the observed value of Is' the
intensity of scattered radiations, and the normal
component, Ie' of direct solar radiation I d. The
component Ie is calculated from the observed value
I d of direct solar intensity making use of the follow­
ing equations.

where h is hour angle, i.e. the apparent rotation
of the celestial sphere about the earth's axis, mea­
sured westward in degfrees from the south meridian

where Ie is obtained from the following equation:

Ie=Id'(sin a.cos O+cos A.cos a.sin 0) ... (2)

in which A is obtained from the relation:

cos 3xsin h
sin A= ... (3)

cos a
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TABLE 1 -- EFFICIENCY OF SOLAR WATER HEATER WITH A SINGLE CORRUGATED SHEET WITH
DIFFERENT RATES OF FLOW OF WATER

DATE OF OBSERVATIOl\ Av. RATE TIME l:lI.
M Qw EFF. K

A~D WEATHER CONDITIONS OF WATER hrs 1ST H.t.n./sq. Jt of. B.t.n./sq. Jt %
DURING 1955 FLOW

I:at./hr

{ >030·m' 264 24·3 229 87 1·5
1130-1230 280 26·1 246 88 1·3

10 TO\'.; clear day 21·0 1230-1330 271 25·2 237 87 1-4
1330-1430 250 20·7 195 78 2·7
1430-1530 210 18·0 169 81 2·2
1530-1630 144 10·7 110 78 3·8

J1030-1130 305 26·1 218 72 3·2
1130-1230 300 28·8 244 82 2·0

9 Nov.; windy and intl'r· 19·0 1230-1330 280 27·0 229 82 1·9
mittently cloudy 1330-1430 238 24·3 206 87 1·3

l1430-1530 185 18·9 160 87 1·3
1530-1630 125 10·8 91 73 3·1

I1030-1130 275 36·0 204 75 1·9
1130-1230 303 39-6 222 74 1·9

3 Nov.; clear day 13·0 1230-1330 304 36·0 208 69 2·7
1330-1430 270 33·3 192 71 H

l1430-1530 219 26·1 150 69 2-6
1530-1630 146 16·2 93 64 3·2

{ >O,..U30 254 46·8 212 84 0·8
1130-1230 275 45·0 206 75 1·5

4- Noy.; clear day 10·0 1230-1330 274 44·1 198 72 1-6
1330-1430 238 41-4 191 80 1-1
1430-1530 186 30·6 142 77 1-4
1530-16'30 126 20·7 96 76 1-4

{ 1000-1100 192 45·0 180 93 0·2
13 Nov.; hazy and partly 9·0 1100-1200 197 39·6 163 83 1·0

cloudy 1200-1300 170 21-6 89 52 3·8
1300-1400 140 27·0 110 79 1·2

L 1400-1500 116 21·6 89 76 1·2

{ >030·m, 256 50'4 185 72 2·0
1130-1230 265 57-6 176 67 1-6

11 Oct.; clear day 7·0 1230-1330 276 59-4 195 71 1-6
1330-1430 246 54·9 177 72 1-4
1430-1530 191 50,4 159 83 0·6
1530-1630 127 27·0 83 65 1·7

{ >030·1130 268 53-1 181 68 1·9
1130-1230 285 59·4 202 71 1·7

18 Oct.; clear da\' 7·0 1230-1330 287 61·2 202 71 1-6
1330-1430 248 58·5 179 72 1·1
1430-1530 193 47·7 140 73 0·9
1530-1630 126 36'9 100 79 0·3

{'""UOO
203 27-9 88 44 4-6

1100-1200 215 44·1 135 63 2-2
12 Oct.; clear day 6·0 1200-1300 234 61·2 173 74 0·7

1300-1400 219 60·3 163 .74 1·0
1400-1500 183 55·8 105 57 0·6
1500-1600 139 64-8 160

r1130-1230 280 47·0 98 35 4·2
10 Oct.; clear da\' and hazy 4·0 1230-1330 271 72-0 134 49 2·0

afternoon ~ - 11330-1430 241 83·0 139 58 1·2
1430-1530 194 79·0 105 54 0·8
1530-1630 134 63·0 88 66 0·4

·The value of [avo is the average value during the given time interval
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TABLE 2 - WORKING EFFICIENCY OF SOLAR WATER HEATERS WITH MORE THAN ONE GLASS LAYER

DATE OF Av. RATE TiME Two GLASS LAYERS THREE GLASS LAYERS
OBSERVATION OF WATER hrs e--- r-

AND WEATHER FLOW 1ST I;v. M Qw Eff. K Ll.O Qw Eff. K
CONDITIONS gal·llir B.t.u./ of. B.t.u./ % of. B.t.u./ %

sq./t sq./t sq./t

{ 103~'''O 202 40·5 128 63 1·9 41·4 126 62 1·8
1130-1230 228 50·4 158 68 1-4 50·4 153 67 1·5

30 Dec. 1955; clear day 7 1230-1330 251 57-6 163 65 1·2 54·0 153 61 1·6
1330-1430 240 60'3 145 61 0·9 56·7 149 62 1·2
1430-1530 . 200 50·4 149 54 0·8 44·1 111 56 1·5
1530-1630 131 45·0 87 67 36·9 93 62 0·5

{ 1OW-31301130-1230 229 38·7 174 76 1'5 38·7 172 75 1·5

2 Jan. 1956; clear day 10 1230-1330 246 40·5 182 74 1-6 38·7 172 70 1-9
1330-1430 244 36·9 165 68 2·1 36·0 160 66 2·3
1430-1530 207 32-4 145 70 1·9 32·4 143 69 2·0
1530-1630 145 23-4 104 72 1·7 23·4 97 67 1-8

{ 103~3130 205 33·3 147 73 1·7 31·5 141 69 2·0
1130-1230 250 36·0 160 64 2·5 36·0 161 65 2·5

3 Jan. 1956; clear day 10
1230-1330 262 37·8 180 69 2·5 34·2 169 65 3-2
1330-1430 233 36·0 173 75 2·0 34·2 163 70 2·4
1430-1530 219 30·6 142 65 2·7 29·7 140 64 2·9
1530-1630 190 22·5 105 55 4·0 22·5 106 56 4·0

r1030-1130 111 13·5 32 29 5·9 13·5 32 29 5·9

4 Jan. 1956; windy 1130-1230 196 44·1 102 52 2·2 47·7 111 57 1·9
1230-1330 254 63·0 132 52 1·8 63·0 169 67 ' 1-8

and scattered clouds
11330-1430 219 70·2 112 51 0·9 59·4 134 61 1·5in the forenoon 1430-1530 205 68·4 121 59 0·8 55·8 125 61 1,5

1530-1630 153 59·4 91 60 0·4 45·0 92 60 1·2·

"The value of I avo is the average value during the given time interval.

The efficiency of solar heat utilization as given in
Tables 1 and 2 is calculated from the following rela­
tion:

Percentage efficiency (Eff. %)=
QUI W.S..i6 100 W.S
IX100=(K+W.S)MXlOO=(K+W.S) ... (5)

For water, where S = 1, the equation further simplifies
to':

W
Eft. %=K+W X 100 (6)

Experiments were also carried out with two and
three layers of glass sheets to see if there was any
improvement in heat utilization. The results are
given in Table 2.

Discussion

The performance of flat plate collectors has been
the subject of much detailed theoretical and experi­
mental study by several workers, notably Heywood2,

HotteJ3, Kirpicher and Baum4,5, Ward6, and others?
Ward6 has distinguished between four possible condi­
tions of heat flow in a flat plate collector, viz. (i) steady
state condition with no fluid flow, (ii) unsteady state
with no fluid flow, (iii) steady state with fluid flow
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and (iv) unsteady state with constant rate of fluid
flow. Of these, (i) relates to the steady state condi­
tion when the energy increase due to solar radiation
incident on the collector surface is exactly balanced
by the heat losses through absorption in and reflection
from the glass plates, conduction from the back of the
apparatus, and convection and radiation outwards
from the collector; (ii) relates to the initial condi­
tions when heat is just allowed to fall and tempera­
ture begins to rise but no flow is yet established;
(iii) and (iv) are the most important conditions from a
practical standpoint.

In the present set of experiments we ha've tried to
approximate to condition (iii), namely steady state
with fluid flow. It is apparent that during the early
hours of morning this is far from the case and it takes
some time for the system to reach a somewhat steady
condition of working. In the experiments the rate of
water flow through the collector has been varied from
21 gal./hr to 4 gal./hr. At the higher rates of flow it
is obvious that the rise in the water temperature, .i6,
will be less and reference to the data in column 5 of
Table 1 shows that the maximum increase in tem­
perature with a flow of 21 gal./hr is 25°F. only. With
the flow rate of 13 gal./hr, this goes up to 40°F., with
7 gal. to 60°F. and with 4 gal. to 83°F. When the
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rise iu temperature is large, i.e. with slower rates of
water flow, the losses due to radiation, conduction
and convection increase consid~rably. On the other
hand, with higher rates of flow the temperature rise
is less and the losses are correspondingly reduced.
This aspect is brought out clearly in Table 3 where
the total quantity of heat absorbed by water during
the entire working day, i.e. the sum of Qw CEQw)
over 6 hr of working day is given along with the rate
of flow of water and maximum rise in temperature
over the ambient temperature.

It will be seen from the results presented in Table 3
that as the rate of flow is reduced the rise in tem­
perature is greater, while the total amount of heat
actually absorbed by the water during a day is
reduced, the reduction being due to increased heat
losses. Part of these losses can be reduced by
(i) reducing radiation, conduction and convection
losses from the glass surface by using two or more
layers of glass and (ii) increasing the thickness of
insulating material. The effect of increasing the
number of glass layers was investigated (Table 2).
The amount of heat absorbed by water at 7 and 10
gal.jhr flow rate is recorded in Table 4.

The results show that for both the rates of flow tl1<'
total amount of heat absorbed as also the increase in
temperature is significantly less compared to the
value with one layer of glass. This agrees with the
observations made by Trombe1 at Mount Louis, that
while the multiple layers of glass undoubtedly help

TABLE 3 - HEAT ABSORBED AT DIFFERENT
RATES OF FLOW OF WATER

Av. RATE OF tQw MAX. RISE

WATER FLOW lJt·1I·lsq. It IN TEMP. OVER

gal·lilY AMBIENT TEMP.
OF.

21·0 1186 26·0
14·5 1093 34·0
\3·0 1079 39-6
10·0 1045 47·0
7·0 1002' 61·0
6·0 824 65·0

·The value represents average value recorded over a. period
of 3 days and a working period of 6 hr; hazy and cloudy
days have not bCCI~ taken into account.

TABLE 4-EFFECT OF GLASS LAYERS
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FIG. 4 - VARIATlO::\,' OF OVERALL COEFFICIENT OF HEAT

TRANSFER (K) ON DIFFERENT DAYS EMPLOYING DIFFERENT

FLOW RATES OF WATER [A, 6 gaL/hr; B, 19 gaL/hr; C, D and E,
7 gaL/hr on different days]

to reduce the heat losses, they also reduce the amount
of heat energy reaching the 'heating surface through
absorption in the glass. However, if the ambient
temperature is very low, as may happen in the colder
regions, where both low temperature and cold winds
may be present, there may be some advantage in
using two or three layers of glass. In Delhi most
of the time during the winter months there is hardly
any wind present.

The value of the overal1 coefficient of heat transfer,
/{ = ik, presented in Table 1 on reference to equation
(6) shows that heat transferred to water will be
maximum when /{ = O. The variation in the value
of /{ obtained at different hours of the day employing
different flow rates of water is shown in Fig. 4. It is
observed that both for higher rat~s of flow, i.e.
19 gal.jhr, and for lower rates of flow, i.e. 6 gal.jhr,
the /{ values show large variations reaching in some
cases a figure as high as 4·5 (Table 1). On the other
hand, for the rate of 7 gal.jhr, the variation in value
of /{ is much less and lies between 0·3 and 2. This
is more or less the case for the rates of 9 and 10
gal.jhr also. It can be concluded from this that for
the size of water heater described in this paper
the optimum flow value is 7 to 10 gal.jhr; the rate
of 7 gal.jhr should be preferred if the water is to
be heated to higher temperatures.

Av. RATE

OF FLOW

OF WATER

gal·lhY

7
10
10

tQw
lJ.t.It./sq. It

,.- -----"------,
2 layers 3 layers

830 785
924 882
907 880

~IAx. RISE IN TEMP.

OVER AMBIENT TEMP.
(oF.) WITH

,----"-----.,
2 glass 3 glass
layers layers

60·3 56·7
40·5 38·7
37-8 36·0

Conclusion

From the results of these studies it is clear that
the solar water heater is a practical proposition for
obtaining a hot water supply for domestic purposes.
For a total insulation area of 22 sq. ft the solar
energy absorbed during a working day of 6 hr works
out to roughly 22,500 B.t.u.jhr corresponding to
slightly over 1 kWh.jhr. At the rate of electrical
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water reservoir of 100 imperial gallons capacity.
connected in such a manner that thermo-siphon
action is possible and a temperature of between
120° and HO°F. could be reached during the day.
With reasonably good insulation the fall in tempera­
ture during the night did not normally exceed 20°F.
and thus it was possible to obtain running hot water
supply at about the right temperature both for
washing in the kitchen and for a shower in the
early morning hours. The heat gain for 55 sq. ft
unit will correspond to 2·5 kWh. or Rs 55 worth of
electricity every month. The domestic solar unit
will thus recover its initial cost in less than one year.

domestic energy of 2 annas per unit, this works
out to 12 annas or 7S naye paise per day or roughly
Rs 22 per month.

In some recent trials we have used a single unit
and a double unit (Fig. 5). the latter with a total
insulation area of 5S sq. ft in conjunction with a

FIG. 5 - AN INSTALLATION CONSISTING OF TWO SOLAR WATER
HEATER UNITS

Gelation Time Studies of Some Resorcinol Adhesives
A. G.GHOSH*

National Chemical Laboratory, Poona

Ma'llltscript received 16 ] unc 1958

The effect of pH. temperature and initial resorcinol-furfural ratio on the
gelation time of some resorcinol-furfural adhesives, when hardened in the normal
manner with paraform, has been investigated. The gel1lng time of the adhesives
decreases when part of the resorcinol In them is replaced by phenol.

THIS im'estigation was undertaken with a view
to developing an adhesive for bonding the
skins of a sandwich panel to the paper honey­

comb core. at temperatures close to room temperature,
within a period commensurate with the allowable pro­
duction costs. The practice generally followed in the

production of such adhesives is to react resorcinol in
molar ratios greater than I with formaldehyde or
parafonn1,2. To set the adhesh'e an additional
quantity of paraform is subsequently added. thr
amount being sufficient to raise the aldehyde content
to 1·5-2 moles per Illole of resorcinol.

• At prcscnt with thc British Paints ([ndia) Ltd.
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resorcinol-furfural ratio does not vary the setting
properties significantly. These resins share the
general characteristics of resorcinol-formaldehyde
resins as regards PH, viz. that the gelation time
decreases as the pH increases.

The viscosities of the three resin samples were
measured up to 27 days of storage at 23°-26°C. A
slight increase was noted in the resins 1 and 2 while
the viscosity of resin 3 increased to 350 cpo in 12 days
and thereafter became more or less constant. After
18 months of storage the resins were still soluble in
alcohol and spread freely.

Resin series B - From Fig. 1 it can be seen that
as the concentration of phenol is increased, the
gelation time of the resin decreases. This effect is
more striking below 60°C. (Fig. 2). According to
Hancock3, the addition of phenol to resorcinol in­
creases the stability of the resin. Therefore, it is
assumed that the decrease in gelation time with
increasing concentration of phenol is mostly due to
the fact that the order of the rates of transformation

Experimental procedure

Apparatus - The solutions were heated in a Pyrex
beaker fitted with a solid brass heating jacket around
it. The heating element was controlled by a thermis­
tor-electronic control. Temperature was controlled
within ±0·5°C. The viscosities of the solutions have
been dete.rmined with the help of a Techne indus­
trial viscometer. Techne gelation timer wa, used for
measuring the gelling time (in minutes) of the resin.

Resin series A - The resorcinol-furfural mixtures
(resorcinol-furfural ratios 1: 0,6, 1: 0·7 and I: 0·8;
pH of 60 per cent solutions of the resins being 8,0,
8·0 and 8·2 respectively) together with the catalyst
(sodium hydroxide) were heated to a temperature of
60°C. within 15 min. and kept at this temperature
for I-I! hr until a 60 per cent solution attained a
viscosity of approximately 100 cpo The resin was
then dehydrated under vacuum and made up to a
60 per cent solution (w{w) with distilled industrial
alcohoL The viscosities of the solutions varied
between 95 and 120 cpo To gel the resin, paraform
was added to the resin solution to raise the total
aldehyde content to 1·5 moles per mole of resorcinol.

Resin series B - In this series, resorcinol was
partially replaced by phenoL The total phenol­
furfural molar ratio was 1: 0·6. The resins were
prepared by reacting phenol for 30 min. at 85°-90°C.
with enough furfural to keep the phenol-furfural ratio
at 1: 0·6. The resin mixture was cooled to 50°C.
and the rest of furfural together with resorcinol
was added. The temperature of the reaction mixture
was then brought up to 60°C. and maintained at
that level for c. 2 hr or until the viscosity of a
60 per cent solution in distilled industrial alcohol
approximated to 100 cpo

Results and discussion

Resin series A - The temperature-gelation time
curves for this series of resins indicate that the original

In this series of experiments, furfural was used in
place of formaldehyde in the initial reaction, setting
being achieved by paraform as usual. Furfural, being
a solvent for phenolic bodies and resinous condensation
products, ensures a homogeneous and uniform adhe­
sive which, in practice, aids in stress distribution.
On weight per weight basis, less water is liberated
with furfural, making dehydration simpler. Also, the
higher boiling point of furfural reduces aldehyde
losses in the reaction.

In the present study, the gelling characteristics of a
resorcinQI-furfural-paraform system (series A) and a
resorcinol-phenol-furfural-paraform system (series B)
as a function. of pH, temperature and initial resorcinol
aldehyde ratio are reported.
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to a 'C' stage is in reverse to the order of initial
reactivity2,4 of different phenols as observed by
Paisley and Megson·. These resins have been used
successfully to bond sandwich skins to the honeycomb
cores at room temperatures.

Conclusion

It is possible to obtain stable, smooth flowing,
homogeneous adhesives setting at room tempera­
tures by reacting together resorcinol and furfural
and maintaining the ratio of resorcinol to furfural
greater than 1. The setting time of these adhesives
decreases if part of the resorcinol is replaced by

. phenol. The prospects for developing these adhe­
sives on a commercial scale are good as furfural,
the raw material required for these resins, can be
manufactured from the plentiful agricultural wastes
in India.
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Measurement of the Electrical Resistance of
Sized Powders at Different Bulk Densities:

Part II - Graphite Powders

T. R. GOPALASWAMY, N. R. SUBRAMANIAN & G. D. JOGLEKAR

Division of Industrial Physics, National Physical Laboratory, New Delhi

Mulll/.script received 9 May 1958

Bulk electrical resistivity and bulk density of ~raphite powders from different
sources have been determined with a view to establishin~criteria for identifyin~

the source of the ~raphite samples and for determinin~ their suitability for speci­
fic industrial purposes. Measurements carried out with 20 samples have shown
that bulk electrical resistivity and bulk density of the ~raphites decrease pro­
~ressively as th~ particle becomes more and more flaky. Electrical resistivity
increases with increase in the fineness and the ash content of the powders; surface
films on the ~raphite particles also increase the resistivity. Bulk density de­
creases with increase in the fineness of the powders and increases with increase
in ash content.

GRAPHITE samples of commerce, obtained from
different sources, find specific applications in
industry, and their identification is important.

For example, in judging the suitability of graphites
in the manufacture of graphite crucibles, dry cells,
graphite brushes and pencils, information on the
nature and source of the graphite sample is essential.
Different methods of identification such as chemical
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analysis, differential thermal analysis, determination
of surface area by nitrogen adsorption and by covering

. power, microscopical methods, and oxidation rates
ha"e been used by previous workersH . Most of
these methods aim at arriving at characteristic cons­
tants or specific ranges of magnitude for different
properties of the graphite samples which may be
considered as a guide to the identification of graphite



'Samples 1-9 were obtained in lump form, hand crushed
and further reduced in a balI mill.

tThe mesh size of samples 12, 13, 18 and 19 is according
to Tyler sieves and for the rest it is according to the I.M.M.
sieves.

collected for the 20 samples of graphite, it was found
that there is a linear relationship between the
logarithm of the electrical resistance (ohms) and the
weight (g.) of the material contained in the 2 in.
cube. The equation of the most probable straight
line representing this relationship is of the form
Y = niX + b, where y is the logarithm of the resis­
tance; X, the weight of the material in the cube; m,
the slope of the line; and b, the intercept of the line
on the y axis. b was calculated from the experi­
mental data for each sample and values of b are also
included in Table 1.

The results presented in various figures show the
variation of the logarithm of the resistance with the
weight of the sample. The number by which each
curve is designated refers to t~e sample number as
listed in Table 1.

Variation of resistance with the source of sample ­
The graphite samples 1,4,13 and 19 are more or less of
the same particle size. It is seen from Fig. l(a) that
the curve for Madagascar graphite is on the left and
that for Patna State (P.S.) graphites on the right.
The curve for Ceylon graphite occupies an inter-

TABLE 1 - CHARACTERISTICS OF GRAPHITES -
FROM DIFFERENT SOURCES

SAMPLE PARTICULARS MESH ASH INTERCEPT
No. OF SAMPLE* SIZEt % ON

Y-AXIS
b

.1 Patna State No. 501 +100 8·0 2-8
2 do -100+200 12·2 z.7
3 do -200 22·0 3-8
4 Patna State No'. 555 +100 7-6 2·3
5 do -100+200 22·0 3-6
6 do -200 40,0 3·6
7 Patna State No. 999 +100 26·4 4·9
8 do -100+200 37·0 5·0
9 do -200 40·0 5·8

10 Sample from a dry -80+150 11·3 3-4
cell manufacturer

11 do -150 33-8 3-9
12 Madagascar -20+28 11·3 2-4
13 do -65+100 13·0 2-4
14 Norwegian -200 11·2 2·7
15 Sample from a dry -200 9·0 1·9

cell manufacturer
16 Patna State No. 555; -150 4-6 l-6

froth floated and
dried to 110'C.

17 Patna State No. 555 4-6 1·3
(heated for 3 hr
at 400'C.)

18 Ceylon -35+48 10·8 3-8
19 do -65+100 16·0 3-9
20 Tailings from the -200 53·0 6·7

flotation of Patna
State No. 555

Results and discussion

The results of a typical determination of the
electrical resistance of a graphite sample given in
Table 2 show that the methocl employed gives
reproducible values. From the experimental data

Experimental procedure

The experimental procedure followed is the same
as described in an earlier papers. Three or more
readin'gs of the electrical resistance of the powders,
packed in a random manner, were taken at, each
specified number of tappings ancl the average resis-'
tance calculated, The particulars of the different
samples investigated are given in Table 1. Although,
in most cases, the experiments have been carried out
up to 100 tappings, it was found that in several cases
there was a tendency for the weight and resistance
to remain constant and showed no abnormal beha­
viour after 50 tappings. Hence in all the experi­
ments readings up to 50 tappings only have' been
taken into account,
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samples and their suitability for specific industrial
uses.

Similar work to specify the properties of graphites
s,uitable for dry cells or brushes has not been hitherto
attempted. The only property that has received
consideration so far is the ash content5 in the gra­
phites. Croft, Skewes and Walkely6 have, however,
pointed out that the ash content of a graphite used
in dry cells does fiot, to any appreciable extent, affect
the performance of the cells; also there was some
evidence that removal of interstitial gangue may
actually be detrimental. They expressed the opinion
that it is more important to grind the graphite very
fine than to remove the Jast traces of inclusions.
Therefore, it was considered that a more extensive
study of the electrical characteristics of a graphite
to be used for dry cell or brush manufacture will
he useful in the processing ~f graphite for these
industries.

Graphite is anisotropic in nature and the resisti­
vity of graphite crystals in the direction parallel to
the graphite plane is about 5 X 10-5 ohm em. at
room temperature7• The resistivity in the trans­
\"erse direction is large and difficult to determine; it
is of the order of 3 ohm cm. or more. In dry
cells, carbon graphite and metal graphite brushes,
the graphite particles are oricnted in a random
way.

The electrical resistances of a number of graphite
samples, supplied by manufacturers of graphite
articles as well as of samples prepared in the
laboratory, have been determined and compared.
The results are presented in this communication.
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TABLE 2-ELECTRICAL RESISTANCE OF PATNA STATE No. 555 GRAPHITE POWDER

[Particle size of graphite, 100 mesh (I.M.M.); ash content, 7·6%]

No. OF TAPPINGS
._-------~

0 10 20 30 40 50

r 2·70 0·70 0·75 0·70 0·60 0·60
I 2·70 0·70 • 0·65 0·60 0·60 0·60

Resistance, ohms tv. 2·50 0·70 0·65 0·60 0·60 0·60

2-63 0·70 0·68 0·63 0·60 0·60

L
96·80 118·50 122-10 124·60 126·10 126·60
96·40 116'60 122·90 125·10 125·10 127·50

Wt of graphite, g. 97·60 117-70 123·20 124-90 124-20 127·00

96·90 117-60 122·70 124·90 125·10 125·40

1.1

(0) (b) (c)

0.9 30 20 08

13

0 7 2.6 0.6

w
u
z 0.5 2.2 0.4 c<t
~
(J)

in
w 03 1.8 02a:: 6

(!)

0
..J 0.1 1.4 0

0

-0.1 10 -02

-03 0·6 -0.4
50 70 90 110 130 70 90 110 130 60 80 100

WEIGHT OF POWDER (2 IN,CUBE),g.

FIG. 1 - VARIATION OF RESISTANCE OF THE GRAPHITE ·SAMPLES WITH (a) SOURCE; (b) ASH COl'TENT; AND (cj PARTICLE SIZE

mediate position. Madagascar graphite is the flakiest
of all the samples whereas the Patna State graphite
is the least flaky and Ceylon graphite is intermediate
in the size range studied2. As the graphite becomes
more and more flaky, the straight line graph shifts
to the left, or, in other words, the resistivity of the
sample decreases for a given bulk density. Chapiro
and Vessolovski9- 1,l have observed that the resistance
of different graphites examined by them diminished

progressively according to their crystalline state,
the more crystalline the material the lower its resis­
tance. Thus, it is seen that graphites from differ­
ent sources behave differently when tested by the
method' followed. ·Graphite selected for the test
should, more or less, be of the same· size and ash
content.

Variation of resistance with ash content - Fig. l(b)
shows the variation of the resistance of graphite
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samples which are from the same source and of the
same size, but of varying ash content. With in­
crease in ash content, the curve shifts vertically and
becomes steeper indicating that the resistance in­
creases with ash content.

Variation of resistance with part-jcte size - It is
difficult to get natural graphite powders from the
same source, varying in size but with the same ash
content. This difficulty was overcome by taking a
floated graphite (Patna State 555) with 1·3 per cent
ash content. The graphite has so Iowan ash content
that by grinding the floated sample no material
variation in the ash content would occur. The
graphite was ground to different finenesses to obtain

fractions of -20+40, -40+80 and -80+150
I.M.M. mesh sizes and the electrical resistance of the
powders (2 in. cube) was determined. The results
presented in Fig. 1(c) (graphs marked A, Band C
refer to the size fractions -20+40, -40+80 and
-80+150 respectively) show that as the particle size
of the sample is reduced, the curve shifts up vertically
and to the left indicating that the resistivity of the
samples increases as the powder becomes finer and
finer.

Variation of resistance with size and ash content­
The variation in the resistance characteristics of the
graphites, when both the ash content and the par­
ticle size vary, is brought out in Fig. 2. As the

120 140 60 80 100 120 140

o WOE R (2 IN.CUBE), g.

19

13

\

2·10

3

1'70

1'30

0'90

l.J
0'50

u
z
<I: 0·10
I- 0
<J)

--0 '30
<J)

l.J

a: 2·10
C) 11

0

\1· 70
...J

1·30
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0'50
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0

-0'30
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FIG. 2 - YARIATJOl\" OF RESISTANCE OF GRAPHITE SAMPLES WHEN BOTH ASH CONTENT AND PARTICLE SIZE. VARY
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material gets finer, it increases in its ash content
(Table 2). The effect of increasing the ash content
is to shift the curve up vertically and a little to the
right. The curves show that as the particle size is ­
reduced the curves shift upwards and to the left.
Size reduction brings about a marked shift to the left.
An anomaly is noticed, however, in the case of lines
corresponding to samples 8 and 9. The ash content
does not differ much for the two samples and as such
this anomalous behaviour may be due to the nature
of the ash and the nature of its association with the
graphite particles.

Effect of surface films on resistance - The effect of
surface films on the electrical resistance can be seen
from Fig. 3, which shows the behaviour of a sample
(16) of floated graphite and of the same sample after
heating to 400°C. (17). From Fig. 3 it can be seen
that the only change brought about by heating the
sample is in its resistance. The lowering in the
electrical resistance of the sample can be explained
as due to the removal, as a result of heating, of the
adsorbed flotation oils taken up by the particles.
It was also observed that fall in the electrical
resistance of the graphite powders depends upon its
particle size. As the particle size is increased the
variation in resistance is reduced.

0.7 ,....--------------,

16

0.5

III
u

0.3z
0(....
UI

UI
III
a:
\!) 0·1
0
.J

0

-0.1 -

-0.3 '-:-----'------''-----.........
40 60 60 100

WEIGHT OF POWDER (2IN. CUBE),g.

FIG. 3 - EFFECT OF SURFACE FILMS ON TilE RESISTANCE OF
THE GRAPHITE SAMPLE

64

Variation of bulk density with the SOltrCe of gra­
phite - The variation of the bulk density of the sam­
ples with the source, size and ash content is shown
in Fig. 4(a, band c respectively). The graphs show
not only the differences in the resistance of the
powders but also the differences in bulk density of the
graphite samples. Samples 1, 4, 13 and 19 have
more or less the same size and their ash content also
does not vary much. It is seen from Fig. 4(a) that
Madagascar graphite shows the least bulk density.
Patna State graphites have high bulk densities.
while Ceylon graphite has an intermediate value.
This difference in bulk density is due to the differ­
ence in the shape of the particles of the different gra­
phites. As the shape of the particles departs from
a cubical one, the packing of the particles becomes
less dense12•

Variation of bldk density with size and ash content ­
It is known that the bulk density of powders de­
creases with decrease in their particle size provided
no change occurs in the shape of the particles.
This holds true of graphite powders also. Fig. 4(b)
illustrates such a variation for samples 1", 2. 8, 9, 12,
13. 18 and 19. The ash content of these samples
does not vary much', but there is a difference in
their particle size. The bulk density increases with
an increase in the ash content for powders having
more or less the same size. This is clear from the
graphs for samples 6 and 16 in Fig. 4(c).

Summary

From the results presented it is evident that
graphites from different sources behave differently
as regards their electrical resistance and bulk density.
The electrical resistivity and bulk density decrease
as the particles become rnpre and more flaky. The
electrical resistivity increases with increase in the
fineness and the ash content of the powder. The
effect of surface films is also to increase the resistivity
of the powders. The bulk density of the graphite
powders decreases with increase in the fineness of
the powders and increases with increase in ash
content. The results also show the usefulness of
electrical resistance and bulk density measurements,
not only for identifying graphite samples from
different sources, but also for determining the suit­
ability of a graphite sample for a specific purpose.
These results also bring out the fact that the suit­
ability of a graphite for a specific purpose should not
be judged merely on the basis of its ash content.
For the same bulk density, a low ash graphite does
not necessarily have a lower resistance than the
one with a higher ash content within certain limits.
The resistivities of graphite powders depend upon
their particle size, shape and ash content.
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The yields of linters, hulls and meats from a commercial variety of cottonseed
subject to ' mill-run' cut and two-sta~e cut are presented; both the operations
are followed by hul1in~ and separation. The quality of linters under the two
processin~ conditions has been assessed. The power consumed for delintin~

and hul1in~ operations has been determined.
The yield of linters is hi~her in ' mill-run' cut althou~h the quality of linters

obtained by first cut in the two-sta~e cuttin~ is superior. The power consump­
tion for cutting linters by , mill-run' is lower than that for two-sta~e cuttin~.

COTTONSEED

FIG. 1- FLOWSHEET: ARRANGEMENT OF UNITS IN THE
PROCESSING OF COTTONSEED

some of the uncut seeds from the top deck of the
separator are delivered through a conveyer to a hull
and seed separator. The meats, some hulls and
smaller uncut seeds pass through the perforations
to the lower deck, through the smaller holes of which

HULLSMEATS

DUST

STUDIES on the production of linters from a
commercial sample of cottonseed were pre­
viously reported l . In the work presented here

the same type of cottonseed has been used to study
the yields of linters, hulls and meats, the power
consumed for each step of processing and the capacity
of the units under various operating conditions. The
commercial cottonseed used was a mixture of high
and low lintered varieties in the proportion of 78: 22
(estimated by manual segregation). The lint contents
of the mixture and its separated components on 8
per cent moisture basis were: mixture, 10·86; high
lintered component, 13·15; and low lintered compo­
nent, 4·31 per cent.

Thearrangement of the units in the processing of
cottonseed is shown in Fig. 1. The cottonseed con­
taining varying amounts of foreign matter such as
locks of cotton, sand, earth, twigs, etc., is fed by a
bucket elevator to a 6 in. conveyer which drops the
seed to a safety shaker; here, the' oversize' foreign
matter is separated on one side, sand and fine dust
on the other, and the cleaned seed is conveyed with
the help of a conveyer and an elevator to the delinter
chute. The material passes through the feeder at
controlled rates, through a permanent magnet to the
141 saw delinter. During delinting, some dust and
hulls fall to the bottom due to 'moting' and the
linters are collected on a rotating condenser.

The delinted seeds are fed by a drag elevator to a
24 in. bar type huller, which is so adjusted that 80
per cent of the seed is cut. The cut seeds fallon to a
shaker separator for purifying. The larger hulls and
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TABLE 1- YIELD OF PRODUCTS AND POWER CONSUMED FOR MILL·RUN ADJUSTMENT PROCESS

(Adjustments: middle stud; index, 0; IT)

RUN WT OF TIME POWER. POWER LINTERS DUST OVER- HULLS HULLS MEAT POWER POWER
No. SEEDS TAKEN FOR FOR tb. tb. SIZE BELOW tb. lb. FOR FOR

tb. hr DELINT- DELlNT- lb. LINTER HULLING HULLING
ING ING lb. kWh. PER TON

kWh. PER TON kWh.
kWh.

60 1082 3-8 28·5 59·0 65·0 47·0 6·0 23·0 139·0 802·0 16·5 34'2
(6'0) (4,3) (0'6) (H) (12-8) (74-1)

61 1187 3·5 28·0 52-8 62·5 27·0 3·0 35'5 171-5 877'5 17·0 3201
(5'3) (2'3) (0'3) (3'0) (14-1) (73-9)

62 1253 3·8 30-0 53·7 62·0 26·0 5·5 39·5 154·0 916·0 18·0 32-2
(5'0) (H) (0'4) (3-2) (12-3) (73'2)

Av. 1174 Jo7 28·8 55-2 63-2 33·0 4·9 32·3 154·8 865·2 17-2 32-8
(H) (2-8) (0'4) (2-8) (13-2) (75-5)

Percentage yields are indicated in parentheses.

TABLE 1- YIELD OF PRODUCTS AND POWER CONSUMED FOR FIRST CUT IN THE DOUBLE CUT
PROCESS

(Adjustments: olltermost stud; index, 6; 2T)

RUN WT OF TIME POWER POWER LINTERS DUST OVERSIZE HULLS DELINTED
No. SEEDS hr kWh. PER TON lb. lb. lb. BELOW SEEDS

lb. kWh. "- LINTERS lb.
lb.

66 3920 6·7 43·0 24-6 118·0 84·0 8·0 121·0 3590·0
(H) (H) (0'2) (H) (91'7)

67 1960 3·3 20·0 22-9 45·0 39·5 3'5 46·0 1820·0
(2-3) (2-0) (0'2) (204) (93'0)

Av. 2940 5·0 31'5 23-8 82·0 61·8 5·8 84·0 2705·0
(2'7) (H) (0'2) (2-8) (9204)

Percentage yields are indicated in parentheses.

the fine meats pass to a conveyer which carries them
to storage. Due to reciprocating movement of the
shaker separator, the meats form a lower layer below
the uncut seeds and hulls, on the intermediate deck.
The nozzle is so adjusted as to pick up the uncut
seeds and hulls which are delivered to the conveyer
carrying similar material from the top deck, while
the lower meats layer joins other meats passing
to the storage.

The hulls and the uncut seeds are elevated and
conveyed to a hull and seed separator, where the
lighter hulls are carried away in a current of air,
while the heavier uncut seeds drop to the bottom of
the separator and are passed back to the huller.
The' hulls are beaten in a perforated rotating drum
tailings beater to free them of adhering particles of
meats, and the hulls and meats are conveyed to
storage.

Experimental procedure

•MiU-Tun' adjustment - With • mill-run' adjust­
ment, which yields maximum linters in one delinting
operation, the yields and power requirements were
determined during three runs of complete processing,

viz. delinting, hulling and separation. The results
are presented in Table 1.

Adjustment fOT two cuts - In Table 2 are recorded
the results of two runs so adj usted that in the first
instance about 2·5 per cent of linters were cut.
The partly delinted seeds were then subjected to a
second cut, such that the maximum amount of lin­
ters is obtained without damaging the seeds. The
data are presented in' Table 3.

Evaluation of data

The average percentage yields of various products
obtained in both adjustments are recorded in Table
4. It is seen that the yield of .\inters is higher using
the •mill-run' adjustment, although the quality of
linters by first cut (ash content 2·9 per cent) is
superior to that of the •mill-run' (ash content 4·27
per cent). It is also seen that the yield of linters is
only 5·4 per cent by mill-run and about 4·0 per cent
by double cut, though the linter content of the
original seed is 10·86 per cent. The low yield is due
to the fact that the adjustments made are such that
the seed is not damaged during delinting and the
linters are not contaminated with hull-pepper. The
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TABLE 3 - YIELD OF PRODUCTS AND POWER CONSUMED FOR SECOND CUT AND HULLING IN
THE DOUBLE CUT PROCESS

(A djustmmts: middle stud; index, 0; 1T)

RUN WT OF TIME POWER POWER LINTER DUST OVER- HULLS HULLS MEATS POWER

No. SEEDS TAKEN FOR PER TON lb. lb. SIZE BELOW lb. lb. FOR
lb. hT SECOND kWh. lb. LINTER HULLING

CUT lb. kWh.
kWh.

68 3590 9-4 61 38·0 46·5 31·0 4·0 19·0 529·0 2960·0 33'5
(1'2) (0·8) (0'1) (0'5) (13'5) . (75'5)

·70 1820 3·2 32 39-4 27·5 16·0 2·0 12·0 278·0 1470·0 14·0
(1-4) (0'8) (0'1) (0'6) (14'2) (75'0)

Av. 2705 6·3 47 38'7 37·0 23·5 3·0 15·5 404·0 2215·0 23·8
(1'3) (0'8) (0'1) (0'6) (13-8) (75'3)

Percentage yields are given in parenthesc3.

TABLE 4 - YIELD OF PRODUCTS BY MILL RUN AND DOUBLE CUT PROCESSES

PROCESS YIELD OF PRODUCTS TOTAL
~

Linters Dust Oversize Hulls Hulls Meats
% % % below % %

linter
%

Mill run 5·4 2-8" 0·4 2·8 13-2 75·5 100·1
Double cut

First cut 2·7 H 0·2 2·8
7S:3} 99·7Second cut 1·3 0·8 0·1 0·6 13-8

TABLE 5 - POWER CONSUMPTION FOR CUTTING LINTERS

PROCESS WT OF LINTER YIELD POWER POWER
SEEDS r , ( ...

\ PER LB.
lb. First Second Total First Second Total OF LINTER

cut cut lb. cut cut kWh. kWh.
lb. lb. kWh. kWh.

Mill run 1174 63·2 63·2 28·8 28·8 0·456
Double cut 2940 82·0 37·0 119·0 31·5 47·0 78·5 0·660

yield compares favourably with those obtained by
Murti et al.2 , who obtained an average yield of 4·4
per cent of linters during the ' mill-run' of American
type of seed containing an average lint content of
9·7 per cent calculated on 10 per cent moisture
basis.

Normally the American practice is to cut about
1,5-3,0 per cent during first cut in a total of about
8 per cent recovery of linters. In the present set of
experiments on double cut, the yield of linters by the
first cut is more than that by the second cut. This
is not a common industrial practice.

The average power consumption for cutting linters
by' mill-run' and by double cut is shown in Table 5,
which indicates that the power is lower for 'mill­
run ' than for the other. The high power consump-
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tion in the latter is compensated by obtaining a part
of the linters of superior quality. If there is a good
demand for first-cut linters at a price which will
compensate for the extra power consumed, it is
advantageous to produce linters in two cuts.
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The mechanism of atmospheric corrosion of metals has been investi~ated

by measurin~ the rates of corrosion of aluminium, copper, nickel, zinc and
mild steel in humid synthetic atmospheres containin~ sulphur dioxide. The
effects of varyin~ humidity, temperature, sulphur dioxide concentration, duration
of exposure of the metals, sin~ly or in combinations, on the rates of corrosion
have also been investi~ated.

It has been observed that each metal requires a minimum humidity for the
initiation of corrosion. Aluminium exhibits a critical humidity (80 per cent
R.H.) at which the rate of corrosion is accelerated; mild steel exhibits critical
humidities at 60 and 75 per cent R.H., and copper and zinc do not exhibit any.
The rates of corrosion of the metals depend on the temperature of the atmosphere,
the thickness of the moisture film on the metal surface, the nature of the corro­
sion products and the permeability of the films of these products to moisture
and acid. Rise in temperature increases the rate of corrosion as a result of
acceleration of the chemical reaction between the metal and the acid, up to a
point, beyond which it falls due to lower solubility of sulphur dioxide in water
vapour which does not ~et condensed on the metal surface.

HUMIDITY, temperature and gaseous as well as
solid pollution are the principal factors con­
tributing to the corrosion of metals exposed

to natural atmospheres. The behaviour of certain
metals on exposure to several, types of outdoor and
sheltered conditions has been studied by a number of
workers1-'. While field work of this nature has been
extensive, studies on corrosion under strictly defined
conditions in the laboratory have been fews-9•

In the present investigation the corrosion of some
common metals and metallic couples exposed under
laboratory conditions to one or more of the specific
corrosive factors, viz. relative humidity and com­
position of the atmosphere, temperature and dura­
tion of exposure, have been investigated, and the
results are presented in this paper.

Materials and methods

Samples - Panels (2 X 1 in.) of mild steel (Si, 0·07;
S, 0·044; P, 0'049; Mn, 0·023; C, 0·07 per cent), copper
(Cu, 99·8 per cent), zinc (Zn, 99·6; Pb, 0·009 per
cent) and aluminium (AI, 99·5; Si, 0·12; Fe, 0'3;
Cu, 0·08 per cent) cut from 18 gauge sheets were
used in the tests. The panels were freed from mill

scale, where present, and cleaned with toluene and
methanol before exposure.

Exposure tests - The specimens were kept in glass.
bottles containing sulphuric acid of densities corres­
ponding to relative humidities of the atmosphere
desired. The specimens were hung on glass hooks
suspended from rubber bungs used to seal the
bottles. Requisite amount of sulphur dioxide was
liberated by adding calculated amount of a strong
solution of sodium thiosulphate to the sulphuric acid
in the bottles. The change in the relative humidity
of the atmosphere as a result of the addition of
thiosulphate solution was negligible. The bottles
were kept in incubators maintained at definite tem­
peratures. The rate of corrosion of the metal panels
was followed by weighing them at intervals and
noting the weight gain dOe to corrosion; the speci­
mens were finally derusted to determine the loss in
weight of metal due to corrosion (expressed as loss of
metal). Mild steel was derusted by cathodic treat­
ment in 5 per cent sulphuric acid (wt/vol.) contain­
ing an inhibitor; copper, brass and nickel by dipping
them in 5 per cent sulphuric acid at room tempera­
ture; zinc by treatment with 10 per cent cold chromic
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acid solution; and aluminium by immersion in cold
concentrated nitric acid. Unless otherwise stated,
the conditions under which the experiments were
carried out were as follows: sulphur dioxide concen­
tration, 0·3 per cent; duration of exposure, 7 days;
~nd temperature, 40°C.

Results

Influence of humidity - The results of tests on the
influence of humidity on the corrosion of different
metals exposed to an atmosphere containing 0·3
per cent by volume of sulphur dioxide are presented
'in Fig. 1. It is seen from Fig. 1 that in the case of
mild steel, there are two critical humidities (the
primary one at 60 per cent RH. and the secondary
at 75 per cent RH.) at which there is considerable
increase in corrosion rates. Above 75 per cent RH.,
the corrosion rate (loss of metal) curve is almost
linear up to the' maximum humidity (99 per cent).
In the case of copper a continuous increase in the cor­
rosion rate is opserved with increasing humidity and
no critical humidity is noticeable. Corrosion of zinc
starts at 50 per cent RH. and the curves are more or
less linear. There is a distinct fall in corrosion rate
of zinc at maximum humidity (99 per cent), which is
probably due to the influence of products of con­
densation. No critical humidity is noticed for zinc,
whereas the critical humidity for aluminium is 80
per cent RH. and the rate of corrosion rises markedly
up to 99 per cent RH.

The corrodibility of the metals in an atmosphere
containing 0·3 per cent sulphur dioxide and at 40°C.
and 89 per cent RH. is in the following decreasing
order: mild steel, zinc, copper and aluminium.

Influence of sulphur dioxide concentration - The
influence of sulphur dioxide concentration on the rate
of corrosion of different metals is shown in Fig. 2.

There is a steep rise in the rate of corrosion (weight
gain) of mild steel beginning with a sulphur dioxide
concentration 0·3 per cent which is maintained up
to 0·9 per cent. Thereafter, the curve tends to
flatten up to 1·9 per cent and then falls. The curve
for loss in weight after derusting shows a rapid fall.
In the case of zinc, within the entire range of. con­
centration studied, the rate of corrosion is approxi­
mately proportional to the concentration of sulphur
dioxide. There is a very slow rise in the rate of cor­
rosion of copper with increase in the concentration of
sulphur dioxide. In the case of aluminium the curve
for weight gain shows rapid rise with sulphur dioxide
concentration, whereas the curve for loss in weight
shows a very slow rise.

Comparative rates of corrosion of different m.etals­
The comparative rates of corrosion of mild steel,
aluminium, copper and zinc are presented in Fig. 3.
Mild steel is the most corrodible metal, followed by
copper; corrosion of zinc and aluminium is of a
smaller order. The influence of varying sulphur
dioxide concentration is most marked in the case of
mild steel.

Effect of temperature - The rate of" corrosion of
copper and mild steel at 10°, 30°,40° and 60°C. and at
89 per cent RH. was studied. The corrosion [loss
of metal (in mg.) in a 2 X 1 in. specimen] in the case
of the metals at different temperatures was respec­
tively: copper-l'9, 7'5,27 and 27 and mild steel­
65, 135, 175 and 130. These values show that the
corrosion rates increase with temperature up to
40°C., after which there is no further change in the
case of copper but a slight fall in the case of mild steel.
For zinc and aluminium, the corrosion rates do not
increase with temperature.

Influence of sulphur dioxide available per unit
area of mctal- One, two and three mild steel panels,

MILD STE:E:L COPPE:R ZINC ALUMINIUM
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FIG. 1 - INFLUENCE OF VARYING HUMIDITY ON THE CORROSION OF METALS BY SULPHUR DIOXIDE [0-0-0. weight gain;

0-0-0, loss of metal: concentration of S0" 0·3 per cent]
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representing 4, 8 and 12 sq. in. of area, were exposed
to an atmosphere containing the same amount of
sulphur dioxide. The R.H. of the atmosphere was
maintained at 80 per cent. 'The loss in weight of the
panels was 35, 25 and 14 mg. respectively which
indicates that the rate of corrosion increases with the
quantity of sulphur dioxide available per unit area
of the metal, though it is not strictly proportional
to the increase in area.

Effect oj Intermittent exposure to sulphur dioxide

In these experiments sulphur dioxide was intro­
duced into the bottles containing the specimens every
third day. '

Influen.ce of duration of exposure - Corrosion rate­
time curves for different metals at increasing con­
centrations of sulphur dioxide and for varying periods
of exposure (Fig. 3) are mostly exponential over
the first part and flatten towards the time axis
which shows that corrosion is rapid in the initial
stages.

Influence of concentration of sulphur dioxide - The
final corrosion values for the metals (Fig. 3) have been
plotted against sulpliur dioxide concentrations in

Fig. 3 which also shows the sulphur dioxide to metal
ratio in the corrosion products. In the case of mild
steel there is an increase in corrosion with increasing
sulphur dioxide concentration up to about 0·9 per cent
after which there is a fall up to 3·8 per cent. This is
followed by a slight rise at 9'9 per cent. It is interest­
ing to note that the fall in corrosion rate after about
I per cent concentration of sulphur dioxide was also
observed in the earlier experiment in which sulphur
dioxide was introduced initially and the panels were
exposed for 7 days: A close similarity is observed
between' the corrosion rates and the sulphate-iron
ratio (Fig, 4), indicating that there is a change in the
composition of the products of corrosion with increase
in the rate of corrosion.

Corrosion of zinc increases rapidly with increase in
sulphur dioxide concentration but no maximal value
is obtained as in the case of mild steel. The sulphate
content of the corrosion product increases up to a
sulphur dioxide concentration of 1 per cent (Fig. 4).
This is followed by a fall in sulphate content and
thereafter there is no further change in the composi­
tion of the corrosion product up to the maximum
concentration of sulphur dioxide employed.
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in Table 1 show that when panels of the same metal.
are exposed together the corrosion of the panels
decreases with increase in the number of panels
exposed. The extent of corrosion of nickel and mild
steel panels when they are exposed together remains
the same as when they are individually exposed.
When panels of mild steel, nickel and zinc are ex­
posed together, the corrosion of mild steel and nickel
is reduced and that of zinc increases.

Rates of reaction of metals with sulphur dioxide­
The rates of reaction between different metals and
sulphur dioxide, measured in terms of the gain in
weight of the panels after exposure for different
intervals, are presented in Table 2.

Taking the final maximum corrosion values (metal
loss) from Table 2 for each metal as lOOper cent,
the corrosion values for the' respective metals at

FIG. 4 - SULPHATE4METAL RATIO IN THE CORROSION PRODUCT

AND CORROSION OF METALS AT DIFFERENT CONCENTRATIONS
OF SULPHUR DIOXIDE [a-a-a. weight gain; O-[J-O.

weight loss]
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FIG. 3 - INFLUENCE OF VARYING THE PERIOD OF EXPOSURE
'ON THE CORROSION OF METALS [SO, added every third day

to the system; R.H., 75 per cent]

In the case of copper the rate of corrosion increases
rapidly lip to a concentration of 1·5 per cent sulphur
dioxide and thereafter it goes on increasing slowly.
There is a close parallelism between the corrosion
value (weight increment) and sulphate-copper ratio
(Fig. 4) which shows that the composition of the
corrosion product changes with the concentration of
sulphur dioxide.

Corrosion of metals in proximity with one another­
Panels of mild steel, aluminium, nickel and zinc were
exposed to an atmosphere of sulphur dioxide (con­
centration of 5°2, 0·6 per cent; R.H., 89 per cent).
The panels were in close proximity to one another,
but not in actual contact. The results presented
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TABLE 1- CORROSION OF METALS EXPOSED
n;~IVIDUALLYOR WITH OTHER METALS

(R.H., 89%; tPIIIP., 40°C.; cone. of so" 0·6%; exposure
period, 7 days)

PANEL No. OF CORROSION!
EXPOSED PANELS PANEL

mg.

:\lild steel 1 29.
do 2 239'
do 3 187t

Zinc 1 38
do 2 23'
do 3 18t

Nickel 1 .5
do 2 28'
do 3 18t

Mild steel 255
Nickel 28

Mild steel 187
Zinc 31

Nickel 20
Zinc 33

:\lild steel 152
Nickel 8
Zinc 31

, A"erage of 2 values.
t Average of 3 values.

TABLE 2-RATE OF REACTION BETWEEN
METALS AND SULPHUR DIOXIDE

(Cone. of so., 0'6%; R.H., 89%; temp. 400 G.)

PERIOD MILD STEEL ZINC NICKEL
OF ~~~~

EXPO· Wt lIIetal Wt Metal Wt Metal
SURE incre- loss incrc- loss incre~ loss

hr ment mg. ment mg. ment mg.
mg. mg. mg.

2 H 5·. 7·. 13·5 .·7 2·8

• 10·• 8·8 IH 20·8 H .·5
7 11·9 12·7 H·O 2H 9·2 H

H M·7 117-6 IH 24·7 25·0 16·1
72 ISH 267·7 18·1 27·9 3H 27-2

168 163·6 366·2 20·8 34·3 53-9 50·9

intermediate stages have been calculated and plotted
against the period of exposure in Fig. 5. It is ob­
sen'eel that during the first 7 hr of exposure mild steel
corrodes a little more than 3 per cent; after 24 hr it

. rises to 32 per cent and in 2 days it is more than 70
per cent. Nickel shows a similar behaviour but the
corrosion is more than that in mild steel after the
first 7 hr; after 24 hr the value is nearly the same as
that for mild steel and thereafter the rise is steady
up to the maximum value. Zinc behaves differently.
During the first 7 hr, it is corroded to the extent of
c. 72 per cent of the maximum value, and thereafter
it 'rises steadily reaching 100 per cent over a period of
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FIG. 5 - COMPARATIVE RATES OF CORROSION OF METALS BY
SULPHUR DIOXIDE ON EXPOSURE FOR DIFFERENT PERIODG
[Concentration of SO" 0·6 per cent; R.H., 89 per cent; and

temperature, 40°C.] .

7 days. These results suggest that when these metals
are exposed together as in the previous experiment,
zinc would react with sulphur dioxide faster than
other metals which would thus be • starved' due to
depletion of sulphur dioxide from the system.

Corrosioll of galvallic cOllples - Couples made by
clamping pairs of panels of different metals with
insulated nuts and bolts were exposed for 7 days to
an atmosphere of R.H. 89 per cent and containing
0·6 per cent (vol./vol.) sulphur dioxide. Non-gal­
vanic couples were run simultaneously to serve as
controls.

The corrosion of mild steel was reduced in contact
with zinc, the loss in weight per panel being about
220 mg. in the control and 137 mg. in contact with
zinc. The loss in weight of zinc, on the other hand,
increases from 33 to 44 mg. This trend, however,
was not so marked in other galvanic couples. In the
case of copper and mild steel, and copper and zinc
couples, all the metals showed slightly enhanced
corrosion as compared to the controls.

Discussion

In a system consisting of the metal surtace, water
vapour and sulphur dioxide, water vapour is distri­
buted between the gas phase and the surface of the
metal, a film of water being formed on the metal
surface. Sulphur dioxide is distributed between the
gas phase and the film of water present on the metal
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surface, a solution of sulphur dioxide being formed
on the latter, initiating corrosion. Thus, the amount
of sulphur dioxide and the humidity, on which the
thickness of the moisture film formed on metal surface
depends, influence the rate of corrosion (Figs. 1and 2).
The nature of the products of corrosion, the per­
meability of the metal oxide, hydroxide and sul­
phate films produced as a result of corrosion, to
moisture and acid, and the breakdown of the films
determine the rates of corrosion of metals. Thus,
in the case of iron, an oxide film is formed at
lower humidities which grows and gets strengthened
with time and confers resistance to corrosion
under low humidity conditions. At higher humi­
dities, moisture may be absorbed by the oxide,
encouraging the formation of a film of ferrous or
ferric hydroxide. This enhances the rate of corro­
sion and corresponds to the' primary critical humi­
dity for mild steel at about 60 per cent (Fig. 1).
At still higher humidities there is a breakdown of the
hydroxide film and further attack on new centres,
opened up on the metal surfaces, takes place, accelera­
ting the rate of corrosion of. the metal. This corres­
ponds to the second critical humidity (75 per cent;
Fig. 1). Aluminium exhibits only one critical humi­
dity at c. 80 per cent, whereas copper and zinc do
not show any critical humidity. A minimum humi­
dity (R.H. 40 per cent) is, however, required for the
formation of the corrosion product (Fig. 1).

In the presence of sulphur dioxide, oxidation of
sulphur dioxide to sulphur trioxide takes place on the
metal surface, which, in the presence of moisture,
forms sulphuric acid leading to increase in corrosion.
The acid formed has a more pronounced penetrating
effect on the films of the products of corrosion, which
are reacted upon, exposing fresh metal surface to
corrosive attack. The amount of acid formed de­
pends on the quantity of sulphur dioxide present and
the corrosion rates are thus influenced by the latter
(Fig. 2).

At low temperatures and high humidities, the
metal surface is covered with a film of moisture.
At higher temperatures less condensation takes place
and the film of moisture on the metal surface is dis­
continuous. As the temperature rises there is. also
a diminution in the solubility of sulphur dioxide in
water. Consequently, temperature has a dual effect:
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up to a certain point it increases corrosion by accelera­
ting the chemical reaction between metal and sulphur
dioxide, but at higher temperatures, corrosion rates
fall due to the above reasons.

The moisture contenr of the atmosphere, the
amount of sulphur dioxide, temperature, the nature
of corrosion product formed by each metal are,
therefore, the initiating and controlling factors for
corrosion.

The oxide/hydroxide films formed on mild steel are
less compact and non-continuous and are easily sus­
ceptible to penetration by moisture, gases and
electrolytes, whereas in the case of zinc, copper and
aluminium, the films are more continuous, compact
and stronger, and their breakdown does not take
place easily. The corrosion rates of the latter metals
are, therefore, less influenced by changes in em'iron­
mental conditions.

Close proximity of dissimilar metals influences
their corrosion rate in two ways: (1) the metal which
reacts with sulphur dioxide more readily is corroded
more than the one which does not so readily react
with sulphur dioxide, and (2) a galvanic couple is
formed whereby the baser metal gets corroded more
rapidly than the nobler metal.

Acknowled~ement

The authors are grateful to Dr T. S. Subramanian,
Shri J. J. Bagchi and Shri N. K. Mukerji for
their assistance in the course of this work. The
paper is published with the kind permission of the
Director of Research and Development, Ministry of
Defence.

References

1. HUDSON, J. C. & STANNERS, J. F., J. appl. Chem., 3 (1953),
86.

2. AMBLER, H. R. & BAIN, A. A. J., J. appl. Chem., 5 (1955),
437.

3. A.S.T.M. Symposium on the Outdoor Weathering of
Metals 60 Metallic Coatings, Washington, ·1934.

4. SANYAL, B. & SINGHANIA, G. K., J. sci. industr. Res., 15B
(1956), 448.

5. VERNON, W. H. J., Trans. Faraday Soc., 23 (1927), 159.
6. EVANS, U. R., Corrosion -Passivity 60 Protection (Edward

Arnold, London), 1948.
7. SANYAL, B. & PRESTON, R., Chem. Ind., 37 (1952), 1126;

38 (1953), 995.
8. VERNON, W. H. J., Trans. Faraday Soc., 31 (1935), 1678.
9. PRESTON, R. ST J. & SANYAL, B., J. appl. Chem., 6 (1956),

26.



Anodic Stripping Method for the Determination of Local
Thickness of Electroplates: Part I- Design of

Electronic Relay & Its Application
to Measurement of Thickness of

Chromium Electrodeposits
S. SATYANARAYANA & D. L. ROY

Central Electrochemical Research Institute, Karaikudi

M alluscript received 20 September 1958

A method based on anodic strippin~has been developed for the determination
of the local thickness of electrodeposits. An improved strippin~ cell of simple
desi~n, a simple low-cost and efficient stainless steel ~asket and an electronic
relay circuit constructed for the purpose are described.

A small spot on the surface of the test piece is anodically dissolved usin~ a
lar~e stainless steel cathode which is desi~ned to serve as a container for the
electrolyte. At the moment of completion of anodic dissolution of the electro­
deposit, the chan~e in the anode potential (due to the basis metal comin~ in con­
tact with the electrolyte) is fed to a two-sta~e d.c. amplifier, and is made to
actuate a relay which stops aneelectric timer and indicates the strippin~ time
automatically. The strippin~ time is directly related to the thickness of the
electrodeposit.

The accuracy of the technique and its applicability to the measurement of
the thickness of thin chromium deposits on industrial basis metals like steel,
nickel, brass and copper have been examined. The method is comparable with
the microscopic method in its accuracy and is particularly suitable for measuring
the thickness of very thin electrodeposlts.

THE corrosion resistance and wear resistance of
electrodeposited metals are mostly determined
by the thickness of the coatingl . As such,

determination of the thickness of electroplates, parti­
cularly the thickness at the significant surface
regions on the specimen, is of prime importance as

"a quality control measure. Specifications in electro-
plating2 involve" the minimum thickness of the
coated metal or alloy on such significant surfaces,
depending on the type of use which the article is
put to.

Most important of the destructive methods is the
optical microscopic test at the desired spot. The
equipment used is expensive and requires a skilled
operator, considerable "time and labour. Further,
the tests are at highly localized points and the results
are, therefore, inaccurate for thin coatings3•

Among the non-destructive methods, the magnetic3

and electromagnetic'methods are app1icable only for

magnetic basis metals and relatively non-magnetic
coatings. These "methods have many other limita­
tions and the accuracy may not be more than ±1O
per cent. Other (at present) less useful methods are
the ultrasonic·, X-rayS, eddy current6 and thermo­
electric7 methods.

Mesle's chord method8, a semi-destructive one, is
not as widely and as easily applied as the chemical
jet test method9• In the B.N.F. jet test, a uniform
jet of a suitable corroding solution is impinged on the
surface of the specimen under carefully standardized
conditions, and the time of penetration of the coating
is empirically correlated ",ith its thickness. While
the method is relatively quick, it has the following
disadvantages: (i) high temperature coefficient, (ii) dif­
ficulty in detecting the end point and (iii) consider­
able error due to subjective factors. The average
deviation in thickness measurement may be ±15
per cent. In an attempt to increase the ease of
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detection of end point, Glazunov'O, Britton", Lind­
say'2 and Gentryl3 attempted to correlate the change
in voltage or current at the completion of stripping
when initially a voltage was applied across the jet or
the solution.

In addition to the above methods, there is one
based on anodic stripping. The main advantages
of the anodic stripping method for thickness evalua­
tion are: (i) it can be made independent of subje~tive
errors; (ii) it is not based on the study of a highly
localized region as in the microscopic test, and,
therefore, gives a better idea of local thickness; (iii) it is
applicable both to magnetic as well as non-magnetic
coatings; (iv) only a very small quantity of the
electrolyte solution (about 1-2 ml.) is required;
(v) the tested spot can be easily refinished because
of the small, clearly defined, circular stripped spot;
and (vi) the accuracy of the method can be high as
it is not highly temperature dependent (because of the
low temperature coefficient of electrochemical pro­
cesses), and potential changes can be quite sharp in
suitable electrolytes, so that the end point is accu­
rately registered by the instrument.

Anderson and Manue]14 described the anodic spot
stripping method for the measurement of the thick­
ness of chromium electrodeposits, and obtained
values with an accuracy of ±2 per cent by visually
observing the change in current at the end point.
Francis's described a thyratron-operated relay CIrcuit
which stopped a timer at the end of anodic stripping,
and proved the general applicability and high accu-

racy of this method of measuring local thickness of
electroplates. At least one firm in the U.S.A.18 has
placed on the market a handy electronic instrument
with automatic cut-off at the end point and direct
reading of thickness, based on the anodic spot analysis
method.

Since the Francis circuit is 90 V. and 4·5 V. battery
operated and uses a relatively complicated gasket
design, and since the details of the commercial
Kocour instrument are not available, an attempt
has been made here (I) to design an electronic relay
amplifier and end point detector, (2) to design an
easily replaceable gasket sealing arrangement, (3) to
evolve suitable electrolytes for different systems and
(4) to establish the degree of accuracy of the method
under the experimental conditions employed.

Experimental p·rocedure

Apparatus (Fig. I) - The rectified and filtered d.c.
output (about 420 V.) from the rectifier tube, 5Y3, is
used to supply proper plate voltages to 6AC7 and
6SJ7 sharp cut-off pentodes. To operate these
pentodes as sharp cut-off tubes, and thereby ensuring
proper amplifier response, it was found necessary to
maintain the screen voltages constant. This was
done by using voltage regulator tubes, VRI50 and
VR75. The VRI50 was chosen (to operate at
150 V.), because the grid and cathode of the second
stage are already at 75 V. with respect to ground.
The d.c. supply for electrolysis is obtained from the
VR75 through the potentiometer P"

FIG. I - CIRCUIT DIAGRA>I OF THE ELECTRONIC SYSTEM [R, = 100 KO; R, = 100 KO; R, = 100 0; R, = 2000; R, = 80 KO;
R, = 500 KO; R, = 200 KO; R, = 10 KO; R, = 10 KO; RiO = 22 KO; 1',= 100 KO; P, = 1 KO; C, = 32 iLl'; ~,=0'01 iL~; C,=
32 iLF; LI = ISH; L, = 2 KO (2 rna. relay); VI = SY3; V, = 6AC7; V, = 6S]7; V. = VRISO; V, = VR7S; X-X = 6·3 \. a.c.;
Y_Y = 5·0 V. a.c.; A, = 0-5 rna. d.c.; A, = 0-10 rna. d.c.; M = anodic stripping cell; N = electriC stop watch; B = 100

rna. crystal rectifier]
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It can be inferred from the above data that the
large stainless steel cathode does not. change its
potential while the minimum anode potential change
by stripping of the chromium layer is 0·2 V. (in case
of steel base) which is enough to actuate the relay
when P2 is initially set.

ANODE POTENTIAL CATHODE
V. (NHE) POTENTIAL, V. (NHE)

Cr Cr Cr Cr STAINLESS

over over over on STEEL

Cn brass Ni steel

Before strip- 1-09 1-09 1·09 1·09 1-10
ping

After stripping 1-45 1-40 1·35 1·30 1-10

Results

The applicability of the electronic relay and the
gasket design was first studied with reference to the
determination of local thickness of thin chromium
e1ectrodeposits on the industrial basis metals, viz.
copper, brass. nickel and steel. The electrolyte
used was 3N NaOH, the c.d. used was 8 amp./dm.2•

The electrode potentials measured before and after
stripping are given below:

A

FIG. 2 - STR1PPING CELL

SATYANARAYANA & ROY' DETERMINATION OF LOCAL THICKNESS OF ELECTROPLATES

The stripping cell (Fig. 2) consists of a stainless
steel vessel (A) of about 10 ml. capacity. At the
base, the vessel has a constriction, i.d., tin., o.d.,
te- in. and about t in. long. Thin rubber tubing
(about! in. length), of the type used for cycle tube
valves, is slipped inside the bore to t in. and the rest
of the rubber tube is doubled up on the outside of the
constriction. This defines a definite area on the
surface of contact, and this area is not appreciably
altered by slight changes in clamping pressure. The
vessel is held by a clamp and is simply pressed on to
the test. specimen at the chosen spot and the top .of
the constriction (covered with rubber) effectively
prevents any liquid leakage.

The electrolyte (1'0-2·0 mI.) is poured into the cell,
and any air bubble is removed by momentarily lifting
the gasket from the specimen, and the liquid that has.
leaked out is removed by absorbent paper. Electro­
lysis is now started at the required current (2-3
milliamperes. in the case of chromium electroplates)

.hy adjusting Pl' A2 is quickly adjusted to the
proper (predetermined) value by setting potentio­
meter P2. After stripping is complete, the time
indicated by the electric timer is directly related to
the thickness, since the area of the anode spot can be
measured. The stripped area was found to be
constant within ±O'S per cent at constant current
density, but it is a function of c.d.. decreasing if the
c.d. is increased, which is presumably due to an
edge effect. It is, therefore, necessary to use the
same stripping current density for all tests.

Procedure -- In the first stage, the grid bias is
obtained by rectifying the a.c. output from the 6'3 V.
heater winding, using a crystal diode. For a given
cell system, consisting of a particular basis metal,
electroplate and electrolyte, the initial anode potential
being fed to the grid must be compensated so that
only further variations in the potential will actuate
the relay after amplification. This compens3tion is
carried out by setting potentiometer P2• Ammeter
A2 furnishes a visual indication of the setting.

To calculate the thickness. it is necesslTY to ensure
constancy of the electrolysis current with time,
constancy of the stripped area in different thickness
determinations, and to choose such an electrolyte
as to have 100 per cent anode efficiency. A suitable
electrolysis current, indicated in ammeter Al • is
obtained by adjusting Pl' This current is kept
constant during electrolysis. by having in series with
the cell a resistance Rs large enough to make the
changes in cell resistance relatively inappreciable.

When the stripping is complete. the anode potential
changes, and the relay is actuated and stops an
electric stop-watch. The cathode potential remains
constant because of the large area. A signal lamp
can also be made to light up. The instrument 'thus
automatically measures the stripping time and,
therefore. the coating thickness.

The operating point of the relay is determined by
the setting of Pi' The sensitivity of the instrument
is such that a minimum anode potential change
(at M) of 100 mY. fed to the grid circuit of the first
stage will actuate the relay. For chromium and
most other electroplates. this sensitivity is quite
adequate..

To get a reproducible stripping area, different
designs involving rubber gaskets with precision per­
foration have been employed14- ls• These gaskets
are not easily and cheaply replaced. A simple, low­
cost and efficient gasket design for stripping has been
evolved in the present work.
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TABLE 1-THICKNESS OF ELECTRODEPOSIT
AND ANODIC STRIPPING TIME

THICKNESS ANODIC STRIPPING TIME (sec.) OF SPOT
OF ( ......

ELECTRO- No.1 No.2 No.3 No.4 No.5
DEPOSIT

I'

1·7 267 266 264 265 265
2·5 383 380 385 386
3·2 508 505 509 512

The instrument was calibrated in the following
manner. Chromium was electroplated on a flat,
polished copper catho.de, held parallel to a fiat lead
sheet anode. The sides of the two electrodes, which
were .not facing each other, were coated with paraffin
and pressed against the wall of the perspex cell.
Under these conditions the central region of the
cathode is known17 to get a uniformly thick coating.
The thickness of the electroplate at different places
in the central region was measured. The results are·
recorded in Table 1. It is to be pointed out that
increasing deviations in 'stripped area are observed
at thicknesses greater than about 2·5 fl even at
constant c.d. These deviations can be minimized by
using a suitable stirrer to reduce concentration pola­
rization. Since the majority of industrial chromium
plate is in the range of 1·0 fl no stirring is necessary
under these conditions.

The mean deviation of the stripping times (Table 1)
is ±2 per cent which is possibly due to the variations
in the thickness itself.

Sections were cut at different thickness regions
and the chromium thickness measured with an
optical microscope and compared with the values
calculated from the anodic stripping time. The
values obtained for chromium plate thickness by the
two methods for two sections were: 1·8 and 2·6 and
1·7 and 2·5 microns respectively.

These results show that the thickness values for the
electroplate obtained with the instrument developed
by us are in agreement with those obtained by the
microscopic method within the limits of accuracy
of the latter method. The thickness calculated from
the stripping time is thus accurate to within ±5
per cent.
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The method is particularly useful for measuring the
thickness of very thin coatings (few millionths to
hundred thousandths of an inch) for which other
methods are not reliable. The test takes only c. 5 min.
for completion :ind requires 1to 2 ml. of the electrolyte
solution; the tested spot can be easily refinished
(for example, by brush plating) since it is small and
well defined. Further. the method greatly minimi7.es
errors arising from subjective factors. The amplifier
is assembled from easily available radio parts. The
rubber seal for the gas~et is easily and inexpensively
renewed. It can. therefore, be concluded that this
method for the determination of the local thickness
of electrodeposits has many advantages over other
methods. Work on the extension of the method for
quantitative data on composition of solutions and
potential changes involved for other single metal and
alloy coatings is in progress.
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THE SOURCES OF INVENTION by John Jewkes, David
Sawers & Richard Stillerman (Macmillan & Co.
Ltd, London), 1958. Pp. xii + 428. Price 31s. 6d.

In these days it is generally taken for granted that
research must necessarily be on a very large scale
if it is at all to meet modern requirements.' As a
result, research is getting more and more institutiona­
lized. It is becoming concentrated in large labora­
tories backed up by an elaborate research organiza­
tion whether in the government sector, in large
industrial establishments or at the universities.
It is this powerful trend which the authors of
this book have sought to assess from an impartial
angle.

They have tried to emphasize that the modern
system of research organization has some inherent
drawbacks. The disincentives which large organiza­
tions may create for the research worker with an
independent bent of mind have been pin-pointed in
the book. For instance, the natural tendency of
such an organization is to direct research from the
top. Organizational rules and procedure tend to
create an atmosphere where behaviour according to a
set pattern is at a premium. In such surroundings
people who can toe the line with other members of a
large research group are likely to succeed more
easily than the independent minded man, parti­
cularly the talented man at the bottom, who might
find it impossible to have his way in a heirarchical
structure, with its unavoidable screenings and inter­
ferences by executives at different levels. Modern
large-scale research is, therefore, confronted with the
most difficult task of organizing originality without
diminishing its power.

By a searching analysis of a typical compilation
01 the most important inventive contributions of the
twentieth century, the authors bring out the startling
fact that even during this century, which is popularly
believed to be the age marking the eclipse of the
independent inventor, the contribution of the inde­
pendent inventor is at least as significant, if not more
important than that of large-scale organized research.
Large laboratories can claim to have originated
outstanding successes such as acrylic fibres, cello­
phane tape, continuous hot-strip rolling, crease
resisting, DDT, diesel-electric locomotive, duco lac­
quers, fluorescent lighting, freon refrigerants, krilium,
methyl methacrylate polymers, modern artificial
lighting, neoprene, nylon, polyethylene, silicones, syn­
thetic detergents, terylene, tetraethyl lead terylene

and transistor. But an even more impressive list
of cases can be ranked as individual invention in
the sense that much of the pioneering work was
carried out by men working on their own without
the backing of research institutions and usually
with limited resources and assistance, or, where
the inv.entors were employed in institutions, these
institutions, as in the case of universities, are such a
kind that individuals were autonomous, free to follow
their own ideas without hindrances. Under this latter
group the authors mention air-conditioning, auto­
matic transmissions, bakelite, ball-point pen, cata­
lytic cracking of petroleum, cellophane, chromium
plating, cinerama, cotton picker, cyclotron, domestic
gas refrigeration, electric precipitation, eJectron
microscope, gyro-compass, hardening of liquid fats,
helicopter, insulin, jet engine, kodachrome, magnetic
recording, penicillin, 'polaroid' hand camera, power
steering, quick freezing, radio, safety razor, self­
winding wrist-watch, streptomycin, sulzer loom, syn­
thetic light polarizer, titanium, xerography, and the
zip fastener'.

The authors have devoted careful attention to the
problem of making things easier for the small inventor.
They stress the important role which the patent
system can play in affording much-needed protection
to the small inventor working on his own. While
they also favour a system of direct monetary awards
to meritorious inventors, they readily recognize the
numerous complications which will have to be faced
in introducing any practicable and effective system
of awards. Such a system of awards must be broad
based to be effective. Apart from awards to a few
inventors who may prod,uce outstanding works of
genius, a scheme of assistance and encouragement
must embrace talented inventors, who may not all
be geniuses. Just as a vast amount of money and
resources are invested in the organized sector of
research, a liberal amount should be set apart for
promoting and helping the efforts of the small
inventor; this in spite of the genuine risk that some
of the resources would inevitably get into the hands
of imposters and mere cranks, and the risk of sinking
money in some impractical schemes sponsored by
crazy inventors. The authors make a strong plea
for creating conditions under which the independent
inventor can thrive and prosper, and point out
that in this matter, the social attitude towards
such inventions should also be reorientated. ,The
independent inventor must not be treated as a
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misfit in the modern set up, but given his proper
place.

Various other factors affecting modern industrial
innovation have been carefully studied, and the com­
prehensive evidence which the authors have collected
throws light upon many questions under discussion
today.

A valuable part of the book consists of summaries
of case histories of the twentieth century inventions
which according to the authors constitute (with
certain exceptions such as recent developments in
space travel, atomic energy, and the electronic devices
employed in 'automation') a representative cross­
section of the technical progress of this century.
Part II of the book which contains these highly
inforn1ative and interesting summaries can be said
to constitute a book by itself.

To sum up, the book is an admirable study of the
causes and consequences of industrial innovation, a
subject which has received little systematic attention
during the first half of this century. Industrial
innovation is one spring, if not the mainspring, of eco­
nomic progress, and all who are interested in this very
important subject will, no doubt, read the book with
interest and profit.

R. B. PAl

RECENT ADVANCES IN GELATIN AND GLUE RESEARCH:

Proceedings of a Conference Sponsored by the
British Gelatin & Glue Research Association.
Edited by G. Stainsby (Pergamon Press, London),
1958. Pp. 277. Price 70s.

This monograph is a compilation of the authoritative
accounts of the recent progress in theorigin, structure,
physical and chemical properties of gelatin, and their
relation to commercial preparation and uses of gelatin.
With the increasing attention given in recent times
to collagen and gelatin, this volume will be warmly
welcomed by researchers in this field.

The general editor has achieved a considerable
measure of success in editing and compiling the papers
covering a wide range of topics presented at the
International Conference at Cambridge in 1957 under
five sessions.

The volume opens with the Conference Lecture by
Pauling on the recent progress on the origin and
structure of collagen.

The problems connected with the structure, genesis
and properties of connective tissue have been criti­
cally analysed and introduced by Gustavson in
Session 1. The stability of its structure is attributed
to hydrogen bonding (Burge et al.) and to the alde­
hydes present (Landucci et al.). The mechanical
properties and macro-structure of collagen have been
discussed by Harkness. Robb-Smith has clarified
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the position of reticulin as a member of the collagen
family. The biogenesis of collagen has been reviewed
by Jackson who favours Schwann-Virchow hypo­
thesis. Ramachandran, from his novel X-ray data,
has suggested the formation of collagen from an
elastin-like substance; this demands further evidence
according to Jackson and Smith.

Session II deals with soluble collagens, shape,
structure and molecular weights of gelatin with an
introduction by Pouradier. Bowes et al. have shown
that alkaline extracts of skins contain two or more
non-collagenous proteins as well as an acidic poly­
saccharide.

The products obtained by controlled degradation
have been reported by Gallop et al., and Astrup et al.
have suggested that acid-soluble ichthyocol is the
initial step in the degradation of collagen to gelatin.
Courts and Stainsby have presented evidence for
multi-chain gelatin molecules by measuring their
average chain lengths and molecular weights. Doty
and Nishihara have determined the molecular weights
of soluble collagen by different methods and refine­
ments in these calculations have been suggested by
Williams.

A part of this session relates to synthetic poly­
peptides. The structural aspects of polypeptides
have been well summarized by Bamford. The physi­
cal and chemical properties of poly L-proline have
been compared with those of collagen and gelatin
by Blout. Kurtz et al. describe the synthesis of poly
L-hydroxy-proline and copolymers of proline and
hydroxy-proline that exhibit gelatin-like properties.

Ward introduces in Session III the problems con­
nected with the conversion of collagen to gelatin.
The possible types of pre-treatment and extraction
and the factors such as species, age and type of tissues
that give rise to the differences in the conversion of
collagen into gelatin and in the products formed
have been adequately discussed by Fysh and Kuntzel
et al. The differences in the behaviour of acid and
alkali processes gelatin have been well brought out
in the paper of Veis et al. In modifying and conver­
ting collagen into gelatin, shortening of chains and
breakdown of inter-chain linkages by heat or hydro­
gen bond breakers have been put forward by Courts,
whereas SeiHer et al. find that collagenase produces
a number of unstable fragments with helical con­
figuration that undergo thermal unfolding.

Bailey has summarized the recent developments
on the use of ion-exchange resins. Eastol, Lench
and Watson, comparing the recent results of amino
acid composition for vertebrate and invertebrate
collagen, have shown that chemical properties of
collagen are not necessarily related to physical pro­
perties like shrinkage temperature.
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The chemical and physical properties of gelatin
have been discussed in Ses·sion IV with an excellent
introduction by Ferry. The N- and C-terminal
amino acids contents suggest the. hydrolysis of
peptide bonds during thermal conversion of collagen
to gelatin (Heyns). Gelatin rigidities and melting
points were shown to be not markedly affected by dif­
ference in pH, molecular weight (Ward) whereas
James has shown that this property is affected by
guanidino content. The molecular processes involved
in pre-gelation studying birefringence, the viscosity
and elasticity of gelatins with the use of ultrasonics
have been discussed by Bourgina and Pryor et al.
respectively. Kenchington has described the chemi­
cally modified cross-linked gelatin.

The relation between the properties of gelatin and
its industrial use has been presented by Blake in an
introduction to Session V. The contribution of
guanidino chain to the protective colloidal action
(Davis), the influence of impurities on gelatin in pro­
viding a diverse phase for oil/water emulsions (Kragh),
and the polarographic method for the determination
of the polypeptide impurity (Maren) have been dis­
cussed. The differences observed in the hardening
of gelatin solution (Pouradier), monolayers (Tachi­
bana et al.) by various tanning agents have been
reported. Tourtellotte has discussed the chemical
modification of gelatin for improv~d physiological
functions.

The volume is concluded with a selection of contri­
butions to the discussions on the various papers
presented at the conference.

Y. NAYUDAMMA

SOME CATALYTIC GAS REACTIONS OF INDUSTRIAl.
IMPORTANCE by J. C. Ghosh, S. K. Bhattacharya &
M. V. C. Sastri (M.S. University of Baroda, Baroda),
1958. Pp. xi + 356. Price Rs 13.50

This book is an outcome of a series of lectures deli­
vered by Dr J. C. Ghosh at the University of Baroda
under the Maharaja Sayyaji Rao Gaekwad Hono­
rarium Lecture Series during 1948-49.

The book is divided into seven chapters. The first
chapter deals with the fundamentals of adsorption
and catalysis and incorporates some of the latest
developments in the subject. The section on mixture
adsorption by catalysts is particularly interesting.
The second chapter gives an account of the synthesis
of ammonia. A special feature of the chapter is a
fairly detailed description of the processes followed at
Sindri and at Travancore for the manufacture of
ammonium sulphate. This information is not easily
available. The third chapter on the synthesis of
urea is important in view of its manufacture at
Sindri. Chapter IV describes the synthesis of oil

from coal by the Fischer-Tropsch and related pro­
cesses. The Koppers-Totzek and the Lurgi gasifica­
tion processes for the production of synthesis gas are
exhaustively dealt with. Chapter V is a good review
on the hydrogenation of coal and tar to oil. Chapter
VI deals with the synthesis of methanol. The
section 011 the differential thermal analysis of cata­
lysts used in its preparation is quite interesting. The
last chapter reviews the synthesis of higher alcohols.

There are a few mistakes in the book which may be
rectified when it is revised. In the first chapter, in
the section on multi-layer theory, cr.edit has been
given to Brunauer, Deming, Deming and Teller for
the development of the theory. Actually, it was put
forward by Brunauer, Emmett and Teller and
extended by the above-mentioned authors.

While discussing the mechanism of the Fischer­
Tropsch and Oxo processes in Chapter IV, no mention
is made of the hydrocarbonyl concept proposed and
still held by the U.S. Bureau of Mines workers.

The book is interesting and informative,. and it
should be welcomed not only by the research worker,
but alsa by those engaged in industry. It should be
a useful addition to all technical libraries.

A. KIN!

SURFACE ACTIVE AGENTS AND DETERGENTS: Vol. II,
by Anthony M. Schwartz, James W. Perry &
Julian Berch (lnterscience Publishers Inc., New
York), 1958. Pp. xv + 839. Price $ 17.50

Schwartz and Perry's Surface Active Agents: Their
Chemistry and Technology appeared in 1949 and was
at the time the only book which gave a comprehensive
account of the synthesis, manufacturing practices,
physical chemistry and practical applications of
surface active agents. Although other books on
surface activity and surface active agents have ap­
peared in the interval, Schwartz-Perry has conti­
nued to be the standard book on the subject. The
physical chemistry of surface active agents, however,
has been treated more fully and fundamentally in
Moilliet and Collie's Surface Activity and in books on
surface chemistry and physics. The modification of
the title to Surface Active Agents and Detergents
seems unnecessary since detergents are surely in­
cluded in surface active agents. The book under
review is a supplement to the earlier volume on
surface activity and is mainly devoted to a coverage
of developments during the period 1947-56. This
arrangement obviously has both advantages and
disadvantages. By excluding the material contained
in the 1949 edition, which covered the literature up
to 1947, space has been conserved and it has been
possible to deal in great detail with the patents and
publications of 1947-56. On the other hand, it has
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made Vol. II somewhat difficult to read, and it is
unsatisfactory for obtaining a clear and balanced
picture of any aspect of the wide field of surface
activity. Part IV on 'Practical Applications of
Surfactants' might well have been shortened consi­
derably and the parts dealing with the basic organic
and physical chemistry of surfactants expanded.
Little knowledge of real value is to be obtained by
making a long list of practical applications of sur­
factants. A textile, cosmetic, paint or other techno­
logist who has to choose a surface active agent suit­
able for a certain process or project will not get
material assistance from reading the short section
which deals, unavoidably, in a superficial manner with
his particular branch of technology. Apart from
these minor points of criticism, the book represents
a most .diligent and scholarly effort to survey recent
progress on surfactants and is a necessary addition
to every library concerned with chemical technology.

Following an introduction, which gives an all­
too-briei account of general considerations, the book
is divided into four parts: Part I - Processes for
Synthesizing and Manufacturing Surfactants; Part
II - Special Function Surfactants and Composi­
tions; Part III - The Physical and Colloidal Che­
mistry of Surfactants in Theory and Practice; and
Part IV - Practical Applications of Surfactants.
The volume is a complete and dependable source of
reference'since practically no book, paper or patent
on the subject of surface active agents appearing
during the last ten years has been omitted.

K.V.

PROGRESS IN CRYSTAL PHYSICS: Vol. I - THERMAL,
ELASTIC AND OPTICAL PROPERTIES by R. S.
Krishnan (S. Viswanathan & Co., Madras), 1958.
Pp. vi +198. Price Rs 20.00 or 30s.

This monograph deals with thermal expansion,
thermal conductivity, elastic constants, photoelastic
effect and thermo-optic behaviour of crystals, Faraday
effect in diamagnetic crystals and dielectric pro­
perties of ionic crystals.

In each chapter first the progress made in the
theory of the particular property. of the crystal and
also in the technique used for experimental investi­
ga;tion has been summarized and the data available
in the literature have been tabulated. Bibliography
of the papers from which these data have been com­
piled has also been included at the end of each
chapter. In the first chapter on thermal expansion
emphasis has been laid on the variation of Gru­
neisen constant with temperature. In the chapter
on thermal conductivity discussions on the temperature
variation of thermal conductivity have been included.
The data tabulated in this chapter include the ratios
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of thermal conductivities of a large number of
crystals along different axes. The chapter on
elastic constants includes a mathematical resume and
the constants required for the 32 classes of crystals
have been tabulated. The experimental methods
have also been summarized. In the chapter on
photoelastic effect in crystals, the theoretical dis­
cussions are more exhaustive. An outline of Mueller's
theory of photoelasticity has been included and
tables showing particular constants required for the
32 classes of crystals have been given.

In the discussions on the effect of temperature on
the dispersion of crystals, an expression for the tem­
perature coefficient of refractive index has been de­
duced following Ramachandran and Radhakrishnan.
Data for temperature variation of a large number
of crystals have been tabulated in detail.

The chapter on Faraday effect in diamagnetic
crystals deals with theoretical discussions on varia­
tion of magneto-optic rotation with wavelength and
temperature, and with Faraday effect in crystals.
Values of Verdet's constants and anomaly factor
have been given for a large number of crystals. In
the last chapter a resume of the theory of dielectric
constant of ionic crystals has been given and the
values of dielectric constant, temperature coefficient
of dielectric constant and low frequency dielectric
loss have been tabulated for a few inorganic crystals.

It appears from the list of references that in each
of these branches of crystal physics valuable contri­
butions have been made by the author and his
colleagues at the Indian Institute of Science, Banga­
lore. It also appears from the contents that the
different chapters have been written by different
sets of writers chosen from the workers at Bangalore,
although in the text itself no mention has been made
of these names below the titles of the chapters. It
has, therefore, been possible to include in the moi10­
graph a masterly review of the work done in the
different branches of crystal physics. Such a review
will serve as a source of inspiration and will be ex­
tremely useful not only to workers in these lines but
also to those workers in other lines who may be in
need of the data reported in this monograph. The
price of the volume may appear to be a little high
but if the high cost of paper and printing he taken
into consideration, the price is moderate.

S. t. SARKAR

NUCLEAR RADIATIOI\ 11\ FOOD & AGRICULTUHE by
W. Ralph Singleton (D. Van Nostrand Co. Inc.,
Toronto, New York, London), 1958. Pp. xii +379.
Price 64s.

This book is based on material presented before the
International Conference on Peaceful Uses of Atomic
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Energy held in (;ene\'a in 1955, reports of which
were published in sixteen volumes in 1956. It
consists of eight parts dealing with the uses of radio­
isotopes in agriculture; studies on photosynthesis;
plant physiology, pathology and cytology; soils and
fertilizers; genetic and biological hazards of nuclear
radiation; genetic eradication of insect pests; crop
improvement and food sterilization. A careful
selection of topics out of a very large number of
papers has made it a very useful publication. The
presentation of complicated subjects has been very
lucid and easy. Since the book is on a rapidly pro­
gressing science, the material presented three years
back does not satisfy a specialist, who is anxious to
know the latest developments. A scientist interested
in this field certainly gets a very clear impression of
the ideas upon which recent developments are based.
This book can be recommended for students and
research workers.

R. V. TAMHANE

THE INDIAN EPHEMERIS AND NAUTICAL ALMANAC FOR
THE YEAR.1959 (India Meteorological Department,
Ministry of Transport & Communications, Govern­
ment of India, New Delhi), 1958. Pp. xxiv + 404.
Price Rs 12.00

This is the second year of publication of this annual
and it has appeared somewhat later than last year.
The volume shows that efforts have been taken to
take note of the criticisms made of the first volume
and data have been presented in a more easily
utilizable manner by our almanac makers. The
calendar part includes, under the column' Phenomena',
the movements of Jupiter and Saturn which were not
indicated in the first number. A change, which
people in the southern part of the country may not
accept, is the transit of the sun. What was Mesadi
in 1958 becomes Vaisakhadi in the 1959 version. An
addition is the movement of the moon in the different
l'asis indicated at the bottom of the calendar. The
principal festivals section does not seem to have any
place for either the Tamil New Year's Day or the
Telugu New Year's Day. The dates for Ayudha Puja
also differ from the dates accepted by the Madras

Government. The data provided in the volume
conform to the latter version and the almanac is
incorrect. The current volume is better bound than
the first volume. '

S. V. ANANTAKRISHNAN

INDIGENOUS DRUGS OF INDIA by R. N. Chopra,
1. C. Chopra, K. L. Handa & L. D. Kapur (U. N.
Dhur & Sons Private Ltd, Calcutta). Second
Edition, 1958. Pp. xxxii + 816. Price Rs 50.00
or lOSs.

The first author of this book requires no introduction.
He is well known for his extensi\'e a!ld long-standing
work in the field of indigenous drugs. The present
book will be warmly received by those interested in
this field. The authors have taken into account the
chemical and pharmacological data and have suc­
cessfully integrated the same with the clinical and
commercial aspects. It is interesting to note that
the workers in this field are often likely to overlook

. the utilitarian value of indigenous drugs which the
first author has constantly emphasized throughout
his career. A certain overlapping in the data in­
cluded in the various books the first author has
published so far is inevitable. However, in ·certain
details, this book should have completely included
the previous works of t>he same author. The status
of the first author, the size of the- present book and
the labours involved in its preparation are likely to
tempt the reader to consult it as a reference guide.
Such a reference guide, however, has to be complete.

The economic structure of India has considerably
changed since the Second World War. It would have
been very much instructive to learn the figures of
production, export and import of various drugs
during the post-war period.

The pressure from the extra-medical fields for con­
ducting research on indigenous drugs has been conti­
nuously increasing in the last ten years. On the
other hand, the advent of several specific synthetic
drugs has apparently challenged their importance.
The publication of the present work will certainly
help to clarify this conflicting position.

R. B. AURORA

83



Publications Received

GENERAL AND INORGANIC CHEMISTRY FOR UNIVER­
SITY STUDENTS by J. R. Partington (Macmillan
& Co. Ltd, London), Third Edition, 1958. Pp.
xxiii + 927. PriCI" 60s. net

NOMOGRAMS FOR CHEMICAL ENGINEERS by O. P.
Kharbanda (Heywood & Co. Ltd, London), 1958.
Pp. xii + 247 (103 illustrations). Price 80s. net

SCIENTIFIC ENCYCLOPEDIA (D. Van Nostrand Co.
Inc., Toronto, New York, London), Third Edi­
tion, 1958. Pp. 1839 including 1400 illustrations
and 12 colonr plates. Price £ 11

THERMODYNAMICS by Virgil Moring Faires (The
Macmillan Co., New York), Third Edition, 1957.
Pp. xxi + 543. Price $ 7.50

STATISTICAL PHYSICS: Vol. 5 of Course of Theoff~tical

Phycics by L. D. Landau & E. M. Lifshitz (Per­
gamon Press Ltd, London, New York, Paris, Los
Angeles), 1958. Pp. x + 484. Price 80s. net

MANAGEMENT - PRINCIPLES AND PRACTICES by
Dalton E. McFarland (The Macmillan Co., New
York), 1958. Pp. x + 612. Price $ 6.95

SURVEYS OF INDIAN INDUSTRIES: Vol. II, by B. S.
Rao (Oxford University Press, Bombay), 1958.
Price Rs 20.00

I:-<TERNATIONAL GUIDE TO EUROPEAN SOURCES OF
TECHNICAL INFORMATION. Edited by Gerard
A. Dreyfus (European Productivity' Agency oi
the OrganizatIOn for European Economic Co­
operation, Paris), 1957. Pp. 439. Price 165.;
$ 2.50; 800 Fr.

THE WORK OF WHO - 1957: Annual Report of the
Director-General to the World Health Assembly
and to the United Nations (World Health Organi­
zation, Geneva),. 1958. Pp. vii + 183. Price
6s. 9d.; $ 1.25; Sw. Fr. 4

TECHNICAL DRAWING by Frederick E. Giesecke,
Alva Mitchell & Henry Cecil Spencer (The
Macmillan Co., New York), Fourth Edition, 1958.
Pp. vii + 844. Price S 10.00

THE FIRST TEN YEARS OF THE WORLD HEALTH
ORGANIZATION (World Health Organization,
Geneva), 1958. Pp. vii + 538

FOUR-AxES UNIYERSAL STAGE by P. R. J. Naidu
(published by the author, Univprsity of Madras),
1958. Pp. x + 106

TRANSiSTOR TECHNOLOGY: Vol. I - Bell Labora­
tories Series. Edited by H. E. Bridgers, J. H.
Scaff & J. N. Shive (D. Van Nostrand Co. Inc.,
Toronto, New York, London), 1958. Pp. xxxvii +
661. Price 1315. 6d. .

TRANSISTOR TECHNOLOGY: Vol. 2 - Bell Labora··
tories Series. Edited by F. J. Biondi (D. Van
Nostrand Co. Inc., Toronto, New York, London),
1958.. Pp. xiii + 701. Price 131s. 6d.

PHYSICAL ACOUSTICS AND THE PROPERTIES OF
SOLIDS - Bell Laboratories Series by Warren
P. Mason (D. Van Nostrand Co. Inc., Toronto,
New York, 'London), 1958. Pp. xii + 402. Price
67s. 6d.

84

NUCLEAR REACTOR METALLURGY by Walter D.
Wilkinson & William F. Murphy (D. Van Nos·
trand Co. Inc., Toronto, New York, London),
1958. Pp. ix + 382. Price 42s.

AVIATION MEDICINE - SELECTED REVIEWS, Agardo­
graph 25. Edited by Clayton S. White, W.
Randolph Lovelace II & Frederic G. Hirsch
(Pergamon Press Ltd, London), 1958. Pp. vii +
305. Price 70s. net

PERKIN CENTENARY, LONDON - 100 YEARS OF SYN­
THETIC DYESTUFFS (Pergamon Press Ltd, London),
1958. Pp. xii + 136. Price 42~. net

SOME PIIOBLEMS OF CHEMICAL KINETICS AND REACTI­
VITY: Vol. I, by N. N. Semenov (Pergamon Press
Ltd, London), 1958. Pp. x+305. Price 50s.
net

MATHEMATICS FOR ENGINEERS - Part II, by W. N.
Rose (Chapman & Hall. Ltd, London; Distri­
butors ill India: Asia Publishing House, Bombay),
Fifth Revi.sed Edition, 1958. Pp. xii + 403.
Price 25s. net

GAS TURBINES FOR AIRCRAFT by Arthur W. Judge
(Chapman & Hall Ltd, London; Distributors in
India: Asia Publishing House, Bombay), 1958.
Pp. vii + 439. Price 60s. net

ACCELERATORS OF IONS AND ELECTRONS by Gestmir
Simane (Constable & Co. Ltd, London), 1958.
Pp. 191. Price 16s. net

Il\TRODUCTION TO THE THEORETICAL AND EXPERI­
MENTAL ANALYSIS OF STRESS AND STRAIN "­
McGraw-Hili Series in Mechanical Engineering,
by A. J. Durelli, E. A. Phillips & C. H.
Tsao (McGraw-Hill Book Co. Inc., New York,
Toronto, London), 1958. Pp. xxx + 498. Price
S 12.50

REFLEX KLYSTRONS by J. J. Hamilton (Chapman &
Hall Ltd, London; Ddribl/tors in India: Asia
Publishing House, Bombay), 1958. Pp. xi +
260. Price 45s. net

\'APOUR-LIQUID EQUILIBRIUM by Eduard Rala, Jiri
Pick, Vojtech Fried & Otakar Vilim (Pergamon
Press Ltd, London), 1958. Pp. xviii + 402.
Price 90s. net

AIR INTAKE PROBLDIS IN SUi'EHSONIC PROPULSION,
Agardograph 27. Editor: J. Fabri (Pergamon
Press Ltd, London), 1958. Pp. xx + 82. Price
3005. net

THE PROCEEDINGS OF THE THIRD SYMPOSIUM ON
COSMICAL GAS DYNAMICS - Symposium Series,
Symposium No.8. Edited by J. M. Burgers &
R. N. Thomas (Smithsonian Symposium Publi­
cation No, 1, International Union of Theoretical
& Applied Mechanics & International Astronom:­
cal Union), 1957. Pp. 905-1108

THEORETICAL PRINCIPLES OF ORGANIC CHEMISTRY:
Vol. II, by Walter Huckel (Elsevier Publishing Co. ,
Amsterdam, London, New York, Princeton; Dis­
tribl/tors: D. Van Nostrand Co. Inc., London),
1958. Pp. xi + 1046



NOTES & NEWS

Bacterial and Viral Infections

A SYMPOSIU~I 0:-; CHEMOTHERAPY
in Bacterial and Viral Infections,
organized by the Central Drug
Research Institute, Lucknow, was
held at the Institute during 2-4
November 1958. More than 40
delegates from different parts of
the country attended the sympo­
sium. Forty-four papers inclu­
ding a paper each from England,
Czechoslovakia and Indonesia were
presented for discussion in four
technical sessions.

During the first session twenty­
seven papers, on the chemotherapy
in bacterial infections, discussed
subjects like molecular configura­
tion of anti-tubercular and anti­
mycobacterial agents, electronic
status of the potential reactive
centres in such molecules and the
inter-atomic distances that provide
a working hypothesis for chemo­
therapeutic investigations. The
importance of the multi-enzyme
attack method in the chemo­
therapeutic investigations as
against the traditional device of
an anti-metabolite against a single
enzvme or its substrate was em­
phasized. The problems of T,B..
leprosy, cholera and dysentery
from chemotherapeutic angles were
discussed right from the enzymatic
pathways in the causative organism
to the synthesis of different types
of compounds and their testing.
Excellent results have been ob­
tained with cortisone therapy in
pulmonary tuberculosis and extra­
pulmonary tuberculosis under ade­
quate antibiotic cover in critically
ill patients, clinically resistant
cases, endobronchial tuberculosis,
laryngeal tuberculosis, tubercular
meningitis, and in one case which
was bacteriophagically resistant to
drugs. The results of clinical trials
on the role of synthetic drugs like
p - ethylamino - P' - aminodiphenyl
suIphone (S.N. 44) and p-methyl­
amino-p'-aminodiphenylsulphoxide
(S.N. 87) in the treatment of
leprosy, presented in two papers,
show that S.1\. 87 is superior'
to 4 : 4-diaminodiphenyl suiphone
(DDS) or S.N. 44 and side reactions

are fewer with sulphoxide S.N. 87.
The antibiotic neomycin has been
studied for its vibriocidal activity
against cholera and its effect on
experimental cholera in the infant
rabbit. The results show that in
casein hydrolysate mediuQl neo­
mycin is vibriocidal in a concen­
tration of 2 Ilg./ml. and a popula­
tion count of 106 vibrios/ml. The
antibiotic was reported to prevent
the death of infant rabbits suffering
from experimental cholera if it is
given fairly early and its use in
cases of clinical cholera was sug­
gested. Methods for determining
the sulphonamide resistance of
beta-haemolytic streptococci in
vitro were also discussed.

The importance of folic acid in
inhibiting bacteriophage; role of
ribonucleotides, specially yeast
adenylic acid (YAA), in Ranikhet
disease virus; and the utility of
average survival rate and viral
titration methods, in assessing the
chemotherapeutic activity, were
discussed in five papers during the
second session. Studies on the
effect of various ribonucleotides on
the chick embryo strain of Rani­
khet disease virus have revealed
that yeast adenylic acid has a
marked effect on the virulence of
the virus both in vivo and in vitro.
Other nucleotides such as uridylic
acid, cytidylic acid, guanylic acid,
muscle adenylic acid and adeno­
sine diphosphate do not have a
similar effect on the virus.

The third session was concerned
with the technique of testing com­
pounds in filariasis, the role of
hetrazan in filariasis, the mecha­
nism of action of nucleotoxic agents
in malignant diseases and recent
trends of research in antimalarials.
It was observed that chloroquin
behaves like other drugs containing
quinoline group and at the same
time inhibits DNA synthesis in
vitro, which the nuclei of the mature
schizonts and merozoites contain
in much excess than RNA which
is in excess in the gametocytes.
This two-way action of chloroquin
may be responsible for its supe­
riority over quinine. Desoxy hexa­
hydroquinine. a modified. form of

cinchona alkaloid, and its effect as
an amoebicidal agent in rats were
discussed in detail. The meta­
bolism of L. donovalli and the sen­
sitivity of yeast-like fungi to stan­
dard drugs were elaborated.

The papers presented at the
concluding session discussed mis­
cellaneous chemotherapeutic agents.
Piperazine was considered as the
drug of choice in the treatment of
ascariasis. The isolation of two
antibacterial substances, X340 and
X1285. from soil micro-organisms
and their properties were reported.
The former is presumed to be a
new member of the tetracyclin
family of antibiotics. This anti­
biotic, in contrast to other well­
established tetracyclines, has poor
solubility in water. The antibiotic
X1285 has been found to be a pro­
mising amoebicidal compound even
in its present crude form. When
administered orally this antibiotic
has been found to be free from
toxic symptoms in intestinal amoe­
biasis of rats.

Theoretical and Applied
Mechanics Congress

THE FOURTH CONGRESS ON THEO­

retical and Applied Mechanies was
held at the Bengal Engineering
College, Howrah, from 28 to 31
December 1958, under the Presi­
dentship of Dr S. R. Sen Gupta,
Director, Indian Institute of Tech­
nology, Kharagpur. About 250
scientists and engineers from seve­
ral countries, viz. Australia, Burma,
Czechoslovakia, Egypt, Hungary,
Italy, Japan, Poland, U.S.A. and
the U.S.S.R., besides those from
India, participated in the delibera­
tions of the Congress. Forty
papers were read at the Congress.
The subjects dealt with included:
Finite deformation; Visco-elasti­
city; Stress waves; Stresses in
strips; Columns and discs; Plasti­
city; Elasto-porous problems; Vi­
bration and stability, Fluid flow;
Ballistics; and Statistics.

In his presidential address, Dr
S. R. Sen Gupta stressed the im­
portance of experimental methods
in the solution of engineering
problems. He considered in de­
tail the causes of cracking of
some capitals of stone columns in
the Arts Faculty Building of the
Osmania University, Hyderabad.

Half-hour addresses on propaga­
tion of elastic waves across conti-
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nents and oceans; propagation of a
cylindrical shock wave produced
by the instantaneous release of
energy from an infinite wire into
the surrounding medium; and on
molecular aspects of gas flow were
delivered. Two popular lectures,
one on 'The present concept of
the universe' and the other on
'Mechanics and the engineer',
were arranged during the Congress.

Some important lines of research
considered at the Congress and a
few of the conclusions arrived at
are briefly described below.

Bending of a non-homogeneous
transversely isotropic plate, taking
finite strains into account, and the
stresses due to nucleus of thermo­
elastic strain in an infinite solid in
the presence of rigid spherical in­
clusion were discussed. A solution
was presented for the mixed boun­
dary value problem for a thin
elastic plate with a triangular hole.
A semigraphical method was des­
cribed for determining the influence
diagrams in loaded plates. Studies
on experimental stress analysis by
reinforced concrete deep beams
have indicated the difference in
stress distribution and reinforce­
ments of deep beam from those of
a simple beam. Experimental in­
vestigation into the strength of
concrete under combined stresses
has confirmed the basis of failure.
criteria developed theoretically.
The critical value of Bingham num­
ber for rotatory flow of visco-plastic
material determined were discussed
and a method was described for the
design of portal frame with heavy
axial load by the plastic wall.

Approximate solutions to the
characteristics of the slip flow
regime in fluid flows were reported.
An electrical analogy to the prob­
lem of volute siphons was pre­
sented. The flow of a rotating
fluid past a sphere in a large cylin­
drical pipe was investigated by
considering an initial value prob­
lem; this has confirmed the ex­
perimental result that the waves
ultimately are propagated only in
the downstream side. The prob­
lem of an infinite plane lamina
started from rest with acceleration
and the flow of a visco-elastic
liquid near a stagnation point
were considered. The velocity de­
fect law for turbulent boundary
layer flow over smooth surfaces
was shown to hold also for rough
surfaces. The results of studies on
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the compressibility effects in invis­
cous curved flows and the energy
losses in pipeline due to Globe
values in series were reported.

The burning condition inside an
H{L gun before nozzle operation,
some aspects of microseismic waves
associated with cyclones, and longi­
tudinal vibration under damping
were discussed. Information col­
lected on crankshaft failures en­
countered by internal combustion
engine users was presented and
the effect of inlet pipe on the volu­
metric efficiency of a four-stroke
single cylinder internal combustion
engine was evaluated. The accu­
racy of the saddle point method of
integration to cosmic ray shower
problems was shown to be more
than 90 per cent. Several methods
were discussed for the computation
of propagation of tides in rivers.
The application of coincidence prin­
ciple in the design of electronic
tachometers was demonstrated.

Convention of
Telecommunication Engineers

THE SECOND TECHNICAL CONVEN­

tion of the Institution of Telecom­
munication Engineers, New Delhi,
was held on 27 and 28 December
1958 at the Indian Standards
Institution. Practising engineers,
research scientists drawn from
various research centres, univer­
sities, national laboratories, engi­
neering institutions and services
research organizations participated
in the Convention. Twenty tech­
nical papers, covering transmis­
sion, propagation and reception of
radio waves; mathematical and
physical theory and their applica­
tion to the design of communica­
tion equipment; ionospheric and
radio physics studies; electronic
circuitry (including transistorized
ones); measurements of sound ab­
sorption, etc., were presented and
discussed at the Convention.

Two papers, one on a transistor­
ized rural community receiver (for
use in India) and its performance,
and another on the tropicalization
of communication equipment in
India, are of special interest. The
former attempts to evaluate the
most economic design of a transis­
torized receiver by balancing the
capital cost and the complexity
of design and operation against the
certain advantages, viz. negligible
heating ~p,low operating and main-

tenance costs and reliable perfor­
mance of transistorized circuitry.
The latter paper brings out the sig­
nificance of climatic and durability
tests for electronic components and
equipment and the importance of
safety considerations in designing
electronic equipment meant for
use in the tropics; it also gives the
national and international stan­
dards laid down for such tests.

A method for tuning a magne­
tron by means of a variable per­
meability ferrite has been proposed
in another paper. In this method,
instead of the usual mechanically
tuned shorting plunger. a ferrite
material is placed near the shorted
end of the line where the d. mag­
netic field is strong. Tuning is
effected by controlling the effective
permeability of the ferrite by means
of modulating the current through
a magnetizing coil. Absence of
sliding contacts and other mecha­
nically moving parts is a distinct
advantage of the method. Among
other specialized instruments re­
ported is a new high resolution two­
antenna interferometer for the
study of bright radio spots and
bursts in the sun on 3·2 em. waves.
The instrument enables exploration
of the different regions of the
Fourier spectra of the angular
brightness distribution without
having the necessity of displacing
the antennas. The arrangement.
enabling the instrument to be
utilized for both parallel and crossed
polarizations makes it particularly
suitable for the study of brightness
distribution of the polarized and
unpolarized sources on the sun.
Another interesting device des­
cribed is an electronic speech sam­
pler for articular measurements
which can accurately determine,
in position and duration, the seg­
ments of vowels, semi-vowels and
consonants from nonsense CVC
words for articulation measure­
ments.

Other papers presented and dis­
cussed were: (I) Application of
Boolean algebra to the logical
design of switching circuits, (2)
Investigation on radiation from
the disturbed sun at 100 Mc/s.,
(3) Absorption of sound under
water by wedges, (4) Wooden panel
absorbents for low frequency sound
absorbents, (5) Root-locus ap­
proach to the design of feedback
control systems, and (6) Theory of
of tapered dielectric rod aerials.



New methods for production
of labelled compounds

THE INCREASING DEMAND FOR
molecules which cannot be readily
labelled by the usual methods, viz.
biosynthesis, chemical synthesis
and chemical exchange, has led to
the development of two new me­
thods - recoil labelling and radia­
tion-induced labelling. These me­
thods often involve a form of iso­
topic exchange which are different
from other chemical changes in
that they do not rely on thermal
energy (and catalysts) to activate
the exchange process. Instead
they give an excess of energy to an
individual atom by nuclear recoil
or radiation process, and allow this
energy to accomplish labelling.
The labelling of an organic com­
pound by these methods is com­
paratively simple and easy, and
does not require very elaborate
equipment.

Nuclear recoil method - Nuclear
reactions produce atoms which
possess much greater than thermal
energies in the form of ionization,
electronic excitation, and/or high
kinetic eJ;lergy. This extra energy
allows a freshly produced radio­
active atom to undergo compa­
ratively unusual chemical reac­
tions (' hot-atom reactions ') with
organic compounds. An important
fraction of these energetic chemical
reactions lead to isotopically la­
belled molecules which are either
chemically identical with, or closely
related to, the surrounding organic
molecules. In this form radio­
active molecules are obtained mere­
ly by permitting the radioactive
recoil atoms to lose their energy
and come to rest in the presence of
the desired pure compound.

Useful nuclear reactions for recoil
labelling must form a desirable
isotope with a good cross-section.
The most important reactions are
shown in Table I. The tritium
atoms from each reaction have
high kinetic energies and long
ranges, even in condensed phases­
H3 from LiB recoils through a dis­
tance of 40 !J. in solid organic
molecules. This long recoil range
allows irradiations to be carried
out in a thermal neutron flux under
a variety of experimental arrange­
ments. The lithium compound
used as H3 source and the organic
compound to be labelled must be
completely mixed, but need not be
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TABLE 1 - NUCLEAR REACTIONS
FOR RECOIL LABELLING

REACTIO~ NEUTRON RECOIL

CROSS-SECTION ENERGY
barns keV.

Li'(n, a)H' 945·0 2740
He'(n, p)H' 5400·0 190
NU(n, p)CU l·g 40

homogeneous. The H3 recoils will
thoroughly penetrate the organic
fraction in crude powdered mix­
tures, stopping proportionally in
each phase. Irradiations can also
be carried out with slurries, gels,
and with liquid and solid solutions.
Natural lithium (7'5 pcr cent LiB)
compounds are always used - the
radiation damage effects are such
that enriched LiB compounds offer
no improvement in yields or
specific activities3. Tritium from
He3 is very convenient and useful
for irradiations in the gaseous
phase.

Approximately 10-50 per cent
of the H3 atoms stopped in an
organic compound will react to
produce a labelled form of the
compound. These tritium incor­
porations will take place in all of
the H-positions of the molecule,
including the normally non-labile
C-H positions. Some of the remain­
ing H3 atoms will be found in mole­
cules similar to the organic parent
compound, while a large percentage
will be found as simple molecules
such as hydrogen and methane.
The higher charge and mass of the
recoiling (14 atom, as well as the
lower' recoil energy, result in a
much shorter range. A negligible
percentage will escape into another
phase in a mixed powder; normally
C14 recoil labelling is limited to
homogeneous, nitrogenous mix­
tures - either pure molecules or
solutions. The (14 recoils will
combine with the parent molecule
in two important ways: (a) substi­
tution to replace one of the ordi­
nary carbon atoms without other
detectable change in the molecule,
and (b) addition to form a close
relative of the parent molecule.
Approximately 0·1-10 per cent of
the recoil atoms may follow each
of these two reactions in specific
cases; the remaining CI4 atoms will
he found in other derivatives, de­
gradation products, and polymer
from the parent molecule.

The specific activities which may
be obtained in a given molecule by
nuclear recoil labelling are limited
by the general radiation destruc­
tion of the compounds in an irra­
diated mixture, as well as by
the nuclear reaction cross-sections,
half-lives, and percentage incor­
poration into a particular mole­
cule.

By this procedure highly radia­
tion-resistant molecules such as
benzoic acid have been labelled
with H3 activities as high as 5 X lOB
disintegrations per minute per milli­
gram (DPM{mg.), while activities
of 2 X lOS DPM/mg. have easily
been obtained for glucose, reser­
pine, cholestane, etc.

Radiation labelling - Labelled
organic molecules can be obtained
by e;xposure to some form of ioniz­
ing radiation of a mixture of an
organic compound and one con­
taining the radioactive isotope.
Tritium-labelled molecules have
been successfully produced by sup­
plying radiation in the form of
electric discharge, external C0 60

source9, and self-irradiation with
highly radioactive pure tritium
gas. The radiation causes the
ionization of the organic molecules,
and the subsequent reactions of
excited ions with the radioactive
source compound produce a
labelled form of the original mole­
cule. Some of these reactions also
lead to radioactive products which
are close relatives of the original
molecule. Since the labelling pro­
cedure depends primarily on the re­
action between the organic ions and
the tritium molecules, an intimate
mixture is necessary. The best
results with self-irradiated tritium­
organic mixtures are obtained with
high tritium pressures and large
exposed surface areas for liquid or
solid organic compounds. Mixtures
of several curies of tritium with a
gram of organic material for seve­
ral days have produced specific
activities of 107 to 2 X 108 DPM{
mg. in molecules such as toluene,
cholesterol, digitoxin, lysozyme
and ribonuclease. .

The most important experi­
mental problem in all these me­
thods is the purification of the
labelled compound following irra­
diation. Multi-step physico-che­
mical purifications yield products
of radiochemical purity. When a
reliable and simple scheme of puri­
fication is available, these labelling
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methods are easier to perform than
all but the simplest chemical and
biological synthesis. The most
serious limitation of these new
methods is, however, the non­
specific and non-uniform nature of
the labelling process; but as the
important applications of labelled
compounds obtained by these me­
thods are in tracer experiments in
which the molecule remains intact
throughout, the location and dis­
tribution of radioactivity within
the molecule is of minor importance
[New methods for the production of
radioisotope labelled compounds, F. S.
Rowland, Second United Nations
International Conference on Peace­
ful Uses of Atomic Energy, Geneva,
1958).

A new synthesis of aldehydes

A NEW CONVENIENT SYNTHESIS OF
aldehydes, which is claimed to pro­
vide a valuable new preparative
route from the carboxylic acids to
the corresponding aldehydes, is re­
ported. The synthesis consists in
the reduction of acid chlorides by
addition of lithium tri-t-butoxy­
aluminohydride in diglyme solution
at -78°. The procedure has been
used successfully in cases of 30
representative acid chlorides exhi­
biting widely varying structural
characteristics. Aromatic acid
chlorides containing substituents in
the meta and para positions form
aldehydes in yields of 60-90 per
cent. Many types of substituents
can be tolerated, including. those
which might be considered sensitive
to reduction, such as nitro, cyano
and carbethoxy.

An example of the new method
of synthesis is provided by the for­
mation of p-nitrobenzaldehyde from
p-nitrobenzoyl chloride. p-Nitro­
benzoyl chloride (0'200 mole, 37·1 g.)
was dissolved in 100 ml. of di­
glyme and placed in a flask fitted
with a stirrer, a separatory funnel,
low temperature thermometer and
nitrogen inlet and outlet. The
flask was flushed with dry nitrogen
and cooled to approximately _78°
by immersion in a cooling bath of
solid CO2 and trichloroethylene. To
the stirred flask the reagent, 0·200
mole of lithium tri-t-butoxyalu­
minohydride in sufficient diglyme
to make 200 ml. of solution, was
added over a period of 1 hr, avoid­
ing any major rise in temperature.
The cooling bath was then removed

88

and the flask allowed to warm up
to room temperature, over a period
of approximately I hr. The con­
tents were then poured on to
crushed ice. The precipitated alde­
hyde (with some unreacted product)
was filtered, pressed dry, and then
extracted several times with 95
per cent ethanol. . Distillation of
the solvent gave 24·5 g. of crude
aldehyde, m.p. 103°_4°, a yield of
81 per cent. Recrystallization
from hot water (or aqueous ethanol)
gave 20·3 g. of light yellow flakes,
m.p. 104°-5°, a yield of 67 per cent
[J. Amer. chem. Soc., 80 (1958),
5377).

Synthesis of DNA

SCIENTISTS AT THE SLOAN-KETTER­

ing Institute have announced the
synthesis of a substance that has
the characteristics of natural DNA
(deoxyribonucleic acid). The syn­
thesis was successfully carried out
without using any natural DNA or
enzymes to help building the living
molecule as has been done in pre­
vious attempts to synthesize DNA.
In' this synthesis nucleotides were
used as the starting material. The
most important problem was the
prevention of the separation of the
DNA-like molecules as soon as they
are formed by the coming together
of the nucleotides. This difficulty
was overcome by shaking the
nucleotides with a solution of
, Ecteola', a substituted cellulose,
which has special affinity to DNA
but not to nucleotides. As Ecteola
removes the DNA-like molecules
from the solution more are formed
by the nucleotides in order to res­
tore equilibrium. The synthetic
DNA molecule could be washed off

. the surface of the Ecteola with sol-
vents.

The DNA-like substance thus
obtained is expected to have an
important role in cancer treatment
because it interferes with the acti­
vity of natural DNA. This in­
ference is based mainly on the
finding that artificial DNA inhibits.
the natural substance's ability to
cause heritab.le changes [Sci. News­
lett., 74 (1958), 166].

Anti-cancer antibiotics

AT THE SIXTH ANNUAL ANTIBIOTICS
symposium held in Washington a
number of new cancer fighting anti­
biotics were reported.

Actinobolin, derived from a spe­
cies of Streptomyces, shows activity
against a wide range of tumours in
animals at relatively high doses­
around 1000 mg./kg./day. Best
results are obtained with young
tumours - 24 hr implants - while
against well-established tumours the
results are not too good. The
mechanism of action of the anti­
biotic seems to be different from
other anti-tumour agents like 5­
fluorouracil and amethopterin. Mi­
tomycin C, an antibiotic isolated
from Streptomyces caespitosus by
Japanese scientists, has shown pro­
mising result in human patients.
In ten patients in which the Mito­
mycin C was given to prevent
recurrence of malignancy after the
radical surgery, one patient re­
covered completely while the other
nine showed excellent results. Mito­
mycin C treatment is generally
accompanied by leucopenia but the
patients recover within three weeks
after medication is stopped. Being
low in toxicity its use in more
tumours like leukemias and chorio­
pithelioma has been suggested.

Streptovitacin A, an antibiotic
isolated as one of the components
of beer solids from streptomyces
fermentation, has shown activity
against a wide range of tumours in
animals, especially young ones,
with best activity against Sarcoma
180. It has also been reported
that the difference between an
effective dose of Streptovitacin A
is small and further the chemical is
only a growth inhibitor and not
carcinolytic [Chem. Engng News,
36 (43) (1958), 19J.

A new sterol

A NEW COLOUJU.ESS CRYSTALLINE
sterol, physarosterol, has been re­
cen tly isolated from the slime
mould, Physarum polycephalum.
The sterol has been shown to have
an empirical formula C30H6003 and
is an unsaturated, trihydroxy sterol
with one of its hydroxyl groups in
the 3~-position. The basic skeleton
is a cyclopentenophenanthrene nu­
cleus. The sterol has been isolated
by separately homogenizing three
different batches of tissue (15-20 g.
each) in the hydrualic homogenizer
with three volumes of 0'007M
potassium arsenate buffer (PH 7·0).
The homogenate is acidified with
sulphuric acid and one-third volume
of alcohol is adcied. After addition



of filter aid, the slurry is filtered
using vacuum. The yrllow filtrate
was saturated with sodium chloride,
filtered, and continuously extracted
with ether until no more pigment
was carried over into the solvent.
The ether extract was concentrated
to 100 ml. at 60°C., made alkaline
with 4N sodium hydroxide solution
and again extracted five times with
ether. The colourless ether solu­
tion is allowed to evaporate slowly
at room temperature when a layer
of lipid formed on the top of the
solution and crystals deposited on
the bottom of the vessel [Nature,
Lend., 182 (1958), 1234].

Analysis of nuclear materials ­
new developments

NEW AND IMPROVED METHODS OF
analysis of thorium, beryllium,
niobium and tantalum, and ura­
nium in nuclear raw materials de­
veloped by and successfully applied
over a period of years at the Indian
Atomic Energy Establishment,
Trombay, are presented in a paper
to the Second United Nations
International Conference on the
Peaceful Uses of Atomic Energy
[New and improved methods of ana­
lysis of some nuclear raw materials
by V. T. Athavale et al.].

Thorium - Oxalic acid separa­
tion of precipitated thorium oxa­
late from iodates is not quite accu­
rate. An improved procedure has
been worked out wherein iodate
separation of thorium has been
carried out in 40 per cent nitric
acid containing oxalic acid suffi­
cient to complex zirconium, tita­
nium and bismuth. Only in pre­
sence of large proportions of these
interfering elements was a repreci­
pitation found necessary. Thorium
hydroxide formed is finally con­
verted to oxide. The method has
been successfully applied to the
analysis of monazite sand. Also,
using the principle of this method,
over 2000 complex minerals and
ores with thorium content down to
0·01 per cent have been analysed
with accuracy. The method is sim­
pler than the standard method.

Beryllium - In the determina­
tion of macro quantities of beryllia
in minerals, particularly beryl,
associated felspar, quartz, apatite
and mica interfere in the procedures
of estimation. The method after
Schoeller and Powell, in which the
major amount of alumina is re-
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moved by sodium carbonate fusion
and the residual aluminium and
iron removed by oxine precipita­
tion, is reproducible but gives a
value for BeO always lower by 0·2
per cent as compared to other
methods. In samples with high
apatite, the method is unreliable.
For overcoming this, a rapid volu­
metric method has been developed
which consists in precipitating be­
ryllium as phosphate in presence of
EDTA and titrating against stan­
dard bismuth perchlorate using
diallyl-dithio-carbamido hydrazine
as an extraction indicator. In the
presence of small amounts of titania
in weathered samples of beryls,
addition of a little hydrogen per­
oxide at the time of precipitation
obviates crror due to the precipita­
tion of titania as phosphate. Fur­
ther saving in time of analysis is
achieved by first fusion of beryl
with sodium fluoride followed by
fuming with sulphuric acid. The
solution is then directly available
for the phosphate precipitation and
titration.

Another quicker method deve­
loped is based on the adsorption
of beryllium on a cation-exchange
resin, IR 120, from a solution in
which all the associated elements
are converted to anionic complexes
with EDTA at pH 3·5 and titanium
as peroxy complex with hydrogen
peroxide. The adsorbed beryllium
is then eluted with hydrochloric
acid, precipitated as hydroxide,
ignited and weighed as beryllium
oxide.

An indirect colorimetric method
developed for determining trace
amounts of beryllium in alloys and
low grade ores is based on the
spectrophotometric estimation of
the equivalent phosphate as molyb­
diphosphoric acid. The lowest
limit of determination in the final
solution is about 70 IJ-g. of beryllium
in 20 ml.

Uranium - Extraction of ura­
nium by TBP with a countercurrent
column is used for the recovery of
uranium from ores, metal wastes,
etc. Based on this extraction, a
volumetric method has been de­
veloped which can be applied to
the analysis of uranium in monazite
and also in various intermediate
products in the manufacture of
thorium nitrate and crude uranium
salt from it. The range of deter­
mination is from 1 mg. to 100 mg.
of UPs and 0·01 per cent of UaOs

can be determined in thorium
nitrate by taking a 10 g. sample.
The small amount of thorium ex­
tracted with uranium does not offer
any difficulty during the reduction
of uranium in a Jone's reductor.

The method is as follows:
(i) the sample is brought into
solution in the form of nitrates and
the acidity adjusted to 2N, parti­
cular care being taken to see that
chlorides are absent; (ii) uranium
is extracted with a 5 per cent solu­
tion of TBP in kerosene thrice,
followed by a couple of washes
of the organic phase with 50 per
cent ammonium nitrate solution;
(iii) the TBP extract is stripped
with water (twice) and then with a
solution of ammonium carbonate
(50 per cent w/v), and the strip­
pings fumed with sulphuric acid;
and (iv) uranium is reduced to the
quadrivalent state by means of a
Jone's reductor and titrated with
standard eerie sulphate using fer­
roin as indicator. For the range
10-100 mg. UaOs, 0'02N eerie sul­
phate (I ml. = 2·806 mg. UaOs) is
used; and for the range 1-10 mg.
U,Os' 0·008N eerie sulphate
(I ml. = 1-122 mg. UaOs) is useful.

In estimating trace amounts of
uranium in thorium nitrate, the
extraction of thorium is prevented
by complexing it with EDTA and
uranium is extracted with 5 per
cent TBP in kerosene at pH 2·5
using calcium nitrate as salting-out
agent. After washing the organic
phase with saturated ammonium
nitrate (PH 2,5) the uranium is
back extracted with ammonium
carbonate and determined fluori­
metrically.

Beryllium - new analytical
methods

8- HYDROXYQUINALDINE (2 - ME­
thyl-oxide), which is very similar
to oxine in its analytical properties
except that it does not form alu­
minium chelate in acetic acid-ace­
tate nor in ammoniacal solutions,
is found useful in volumetric, gra­
vimetric, spectrometric and fluoro­
metric determinations of beryllium.
The methods of beryllium estima­
tion with this reagent are simple
and fairly s.ensitive. The precipitate
formed is well defined, insoluble,
crystalline, easily filtered and
washed and thermally stable. The
gravimetric factor is very small,
0,02770, and the volumetric factor
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is low, I m!. of O·IN potassium
bromate solution corresponds to
0·1127 mg. of beryllium so that a
few milligrams of beryllium can be
determined, both gravimetrically
and volumetrically with accuracy.

Gravimetric determination - To a
solution containing 2-10 mg. of
beryllium, 5 m!. of 4N ammo­
nium chloride solution and 5 m!. of
10 per cent sodium tartrate are
added and then the volume is
brought to about 50 m!. The solu­
tion is heated to 60°-70°C.,
and the pH is brought up to
about 9 with 2N ammonium hy­
droxide, thymol blue test paper be­
ing used. Then, sufficient amount
of 8-hydroxyquinaldine solution
is added, dropwise with stirring, so
as .to contain 20-30 per cent in
excess of the amount necessary to
precipitate completely the beryl­
lium present in solution. The re­
sulting precipitate is digested at
this temperature for about half an
hour to facilitate crystallization
of the precipitate, and the preci­
pitate is filtered through a weighed
sintered-glass filter crucible (poro­
sity No.4). washed several times
with small portions of dilute am­
monium hydroxide (1: 100) and
dried at 110°C. to constant weight,
which will be obtained in about
half an hour. 'The weight of
beryllium present in the sample
is calculated by multiplying the
weight of precipitate by gravi­
metric factor 0·02770.

Volumetric estimation - The che­
late, containing 2-10 mg. of
beryllium, after being precipita­
ted and washed similarly as in
the gravimetric procedure, is dis­
solved in hot 6N hydrochloric acid,
in which case 20 m!. or more are
necessary in proportion to the
amount of precipitate, and trans­
ferred to a glass-stoppered flask.
To this solution are added a few
drops of 0·1 per cent solution of
methyl red as indicator, then ti­
trated slowly with standard potas­
sium bromate-bromide solution
with constant stirring, and after
the colour has changed to yellow,
a few millilitres of standard potas­
sium bromate-bromide solution are
added. The flask is stoppered'and
allowed to stand for a' few minutes
and 1 g. of potassium iodide added
and titrated against O·IN sodium
thiosulphate solution using starch
as indicator. From the amount of
standard potassium bromate-bro-
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mide solution required to bromi­
nate the 8-hydroxyquinaldine, the
weight of beryllium can be cal­
culated. As before, I m!. of O·IN
potassium bromate-bromide solu­
tion corresponds to 0·1127 mg. of
beryllium.

Spectrophotometric procedurl' ­
Approximately 35 m!. of slightly
acidic solution containing not more
than 30 fl-g. of beryllium are treated
with 5 m!. of 10 per cent ammo­
nium chloride solution and 3 m!. of
8-hydroxyquinaldine solution, and
the pH of the resulting solution is
adjusted to 8·0 ± 0·2 with 2N am­
monium hydroxide. The solution is
transferred to a cone-shaped 130
m!. separating funnel which is
graduated at 50 m!., with a few
m!. of rinsed water, and the volume
made up to 50 m!. After standing
for half an hour, extraction is made
with 10·0 m!. of chloroform add­
ed from an automatic measuring
pipette, by vigorous shaking for a
minute. The chloroform layer is
drawn off into a small amber glass
bottle with glass stopper, contain­
ing a gram of anhydrous sodium
sulphate, and is shaken to remove
droplets of water. Then the ab­
sorbency of this extract is measur­
ed at 380 mfl-. Beryllium is deter­
mined by the use of a calibration
curve which is prepared by similar
treatment of a series of .known
amount of beryllium. By this
method, 2-30 fl-g. of beryllium
in, approximately 40 m!. can be
determined with accuracy. Small
quantities of aluminium do not
interfere with this method, and
even in the presence of a minute
amount of iron, beryllium can be
determined by making a correc­
tion for the iron present.

For fluorometric determination,
approximately 35 m!. of slightly
acidic solution containing 0'3­
3·0 I-lg. of beryllium arc treat­
ed with 5 m!. of 10 per cent
ammonium chloride solution and
2 m!. of 8-hydroxyquinaldine solu­
tion, and the pH of the solution is
adjusted to 8·0 ± 0·2 with 2N am­
monium hydroxide. The solution
is transferred to a separating fun­
nel with a few millilitres of rinsed
water, and the volume made up
to 50 m!. By the same procedure
as in spectrophotometric method,
extraction is made with 10·0 m!. of
chloroform and the chloroform solu­
tion is dried with anhydrous sodium
sulphate. Then the intensity of

fluorescence of this chloroform solu­
tion is measured with a Beckman
photofluorometer setting the chloro­
form at 0 and the standard quinine
sulphate solution to 100 (or 50 when
the intensity of fluorescence of the
sample solution is stronger than
this standard) on the transmit­
tancy scale with the selector switch
in the I-position. Beryllium is
determined by the use of the cali­
bration curve prepared by simi­
larly treating a series of 6wn
amounts of beryllium.

This method is accurate for de­
termining beryllium up to 0·35 fl-g.
in 40 m!. of solution [New ana­
lytical methods for beryllium by
Kenji Motojima, Second United
Nations International Conference
on the Peaceful Uses of Atomic
Energy, Geneva, 1958].

Geology of Uranium

To ENABLE THE ENGLISH-SPEAKING

countries to keep abreast of the
latest Russian developments in the
field of fissionable material, parti­
cularly uranium, the Consultants
Bureau Inc., New York, have
recently made available an English
translation of a supplement (No.9,
1957) to the Soviet ] oltrnal of
Atomic Energy devoted entirely to
current problems on geology of
uranium. The translation is titled
as Geology of Uraniwm (124 pp.;
case bound; price $ 6.00). This
supplement is a collection of 12 im­
portant papers by leading Soviet
specialists in tlleir respective fields
written in a concise style and which
are graphic expositions of the main
problems encountered in current
im'estigations, with emphasis main­
lyon the study of uranium depo­
sits which formed contempora­
neously with sedimentary rocks.
The important role of diagenesis
and of subsequent epigenetic and
metamorphic phenomena, which
have produced redistribution and
concentration of uranium under
favourable geological conditions, is
clearly illustrated by actual cases.
Processes which lead to formation
of epigenetic infiltration uranium
deposits in coal basins are tho­
roughly analysed and the various
hypotheses reported, in Soviet and
foreign literature, on the 'origin of
such deposits are discussed in de­
tail. Besides, the new work CO\'ers
a comprehensive survey of aerial
geophysical methods in various
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FORTHCOMING INTERNATIONAL SCIENTIFIC CONFE'RENCES, 1959

Research Wing of the Central
Board of Geophysics.

• The I nternatiollal Convmtion on
Transistors and Associated Semi­
conductor Devices has been planned
by the British Institution of Elec­
trical Engineers. The convention
will be held from 25 to 29 May
1959 at London. About 2000
experts from many countries in­
cluding the U.S.A. and the U.S.S.R.
are being invited to participate in
the convention, which is going to be
the most comprehensive ever held
on the subject. The convention will
cover design, manufacture, basic
theory, transistor characteristics,

of India have appointed a Com­
mittee for Exploration Geophysics
under the Central Board of Geo­
physics. The Committee consists
of: Shri L. N. Kailasam, Secretary,
Central Board of Geophysics and
Chief Geophysicist, Geological Sur­
vey of India (Convener and official
member); Dr B. C. Roy, Director,
Geological Survey of India, Dr
M. B. Ramachandra Rao, Director
of Geophysics, Oil & Natural Gas
Commission (official members); and
Dr M. S. Krishnan (non-official
member). The Committee will ad­
vise tJie Central Board of Geo­
physics in formulating research
programmes at the Geophysical
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• Committee for Exploration Geo­
physics - At the recommendation
of the Central Board of Geophysics
at its seventeenth meeting held on
29 October J958, the Government

Dr B. B. Dey (Obituary)

Announcements

countries; methods for radiometric
study of uranium in three-compo­
nent ore containing radioactive
elements of the manium and
thorium series; a descri ption of
several new minerals (including
recent data on nenadl~evite); and
the results of thermal investi­
gations on a number of uranium
minerals. This highly authorita­
tive volume not only gives a most
up-to-date account of Soviet pro­
gress in this branch but also adds
new knowledge on the subject and
stimulates further investigations
on the geology of uranium.

DR B. B. DEY, FORMERLY HONO­

rary Director, Central Electro­
chemical Research Institute, Karai­
kudi, passed away at Madras on
17 January 1959.

Dr Dey (born, 1 November 1889)
was educated at the Presidency
College, Calcutta. He took his
D.Sc. degree from the London
University and joined the Presi­
dency College, Madras, as Professor
of Chemistry and was later appoint­
ed Principal of the College. He
was the first Indian Director of
Public Instruction, Madras, and
was also Director of the Biochemi­
cal Laboratory, Madras University,
for sometime. He was also the
first Director of the Central Elec­
trochemical Research Institute,
Karaikudi.

Dr Dey published a large number
of memoirs in different fields of
chemistry, specially on electro­
organic compounds and natural
dyes. He was the author of the
book Laboratory Manual of Organic
Chemistry.

He was a member of the Aca­
demic Council and a Fellow of the
Senate of the Madras University.
He was a member of the Indian
Advisory Board of the Institute of
Chemistry, the Council of the
Indian Chemical Society and of
various research committees of the
Council of Scientific & Industrial
Research.
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applications and equivalent cir­
cuits. The meeting will enable the
exchange of infofIl1ation on vari­
ous production techniques and a
discussion and assessment of their
applications. It will also provide
a basis on which further develop­
ments can be foreseen and planned.

An international trade exhibition
covering all aspects of transistor
and semiconductor devices will
also be held simultaneously with
the convention.

• P. C. Dutta, Professor of Organic
Chemistry, Indian Association for
the Cultivation of Science, ]ada,'­
pur, Calcutta, has been awarded
a Commonwealth Research Bur­
sary under the Royal Society and
Nuffield Foundation Scheme. The
scholarship is tenable for 10 months
commencing from May 1959. The
award will enable Prof. Dutta to
gain experience in the field of ali­
cyclic compounds related to terpe­
noids, at the Imperial College of
Science & Technology, London,
and at Oxford.

• Dr M. C. Khosla., Central Drug
Research Institute, Lucknow, has
been awarded the Swiss Govern­
ment scholarship' for postgraduate
study{training in Switzerland du­
ring 1958-59. The subject of study
Dr Khosla would pursue is svn-
thetic organic chemistry. .

• Award ofDoctorate Degrees - The
following ha"e been awarded the
Ph.D. degree of the Delhi Univer­
sity for the theses noted in paren­
theses against their respecti\'e
names:

Shri Kesho l{am Laumas (A
study of natural and s.'l'nthetic
leucounthocyanidills) ; Shri Bal
Krishna Sharma (Electroche'mical
properties of some layer-lattice sili­
cates in relation to their structure,
with special reference to the role of
structural hydroxyl grOlJps); Shri
G. B. Venkatasubrilmanian (Syn­
thesis of some lichen def>sl:des and
mould toluqui1lollcs); Shri Ram
Niwas Goel (A clte'mical study of
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nat'Urally occurring fiavanones and
3-hydroxy fiavanones); Shri Indra
Kumar Vasil (The cultivation of
excised anthers and the culture and
storage of pollen grains) and Shri
A. T. Natarajan (A cytogenetical
study of the effects of mutagens on
plants with special reference to the
ind'Uction of mutations).

Shri Shashikant Avantilal Vasa­
vada has been awarded the Ph.D.
degree of the Poona University for
his thesis entitled Studl:es in the
au/oxidation of fats.

INSTRUMENTS AND
APPLIANCES

Differential thermal and
thermogravimetric analysis
apparatus

THE U.S. NATIONAL BUREAU OF
Standards has devised an auto­
matic arrangement combining both
the differential thermal and ther­
mogravimetric analyses apparatus
conducing to ease of operation,
saving of time and effort. The
differential thermal analysis appa­
ratus is useful to study reactions in
solids at high temperatures, e.g.
reversible transitions in solid solu­
tions of divalent carbonates, oxide
systems and mineral polymorph­
ism, which cannot be done by the
usual quenching. The method
consists in heating the sample at a
carefully controlled rate and ob­
serving the slight deviations from
the impressed heating rate due to
reactions that absorb or evolve
heat. In solid state reactions in­
volving a gaseous phase, sample
weight also changes as the reaction
proceeds. Such reactions can be
studied by the thermogra\'imetric
apparatus which automatically re­
cords the weight changes as a func­
tion of time and temperature.
This apparatus is employed to
study the high-temperature be­
haviour of natural and synthetic
minerals (oxides, carbonates, phos­
phates, etc.). The final Dutput of
the combined unit is obtained on a

single recording chart which simul­
t~U1eously exhibits the three quan­
hhes temperature, change in weight
and the differential temperature,
plotted against time [Tech. News
Bull. U.S. Bltr. Stand., 42 (1958),
129].

Calorimeter for rapid
determination of heat of wetting

A CALORIMETER SUITABLE FOR THE
rayid determination of heat of
adsorption as low as 0·001 cal.{g. is
described. The apparatus consists
essentially of a cell filled with an
adsorbent, thermocouples placed
in direct contact with the adsor­
bent and a suitable jacketing ar­
rangement. The cell is kept at a
constant tempe~ature and a liquid
is allowed to flow through the cell
at a constant rate. The rise in
temperature that results when the
liquid comes into contact with the
solid is measlll'ed by the thermo­
couples. The heat of adsorption
of the liquid on the solid is eva­
luatect by reproducing the tem­
perature rise by passing a known
current through a nichrome coil
(resistance, 10 OJ, situated at the
centre of the cell. Heats of re­
placement of one liquid by an­
other liquid on a given adsorbent
may be estimated by allowing a
carrier liCluid to flow through the
cell at a constant rate and intro­
ducing into this liquid the second
material. The thermoelectric effect
is measured either with a galvano­
meter or a potentiometric recorder.

An ice bath encloses the cell con­
taining the adsorbent which is
retained by a small plug of cotton­
wool. A capillan' jet is attached
to the eno of the separating funnel
containing the carrier liquid and
the bore of the jet controls its rate
of flow. A glass tube connected
directly to the cell and extending
to a special attachment is used
for introducing small Cluantities of
unknown substances from a micro­
meter syringe [Na/IIYe', I_Dlld., 182
(llJ5R), 1152!.



Progress

INDIAN INSTITUTE OF SCIENCE, BANGALORE

THI~ FORTY-EIGHTH ANNUAL REPORT (1956-57) OF THE

Indian Institute of Science, Bangalore, records a
sustained progress in research and developmental
activities as revealed by over 200 research papers
emanating from the Institute. The annual budget
of the Institute was Rs 69,13,800. The strength of
the scholars in the various departments was 395
which included two students from Nepal under the
Colombo Plan and two students from Yugoslavia
under the Government of India Reciprocal Scholar­
ships Scheme. A postgraduate diploma course in
Automobile Engineering was started during the
year in the Department of Internal Combustion Engi­
neering. A postgraduate course in High Voltage
Engineering was started at the instance of the All­
India Council of Technical Education. A one-week
course on Measurement Techniques in Mechanical
Engineering was organized at the Institute.

General chemistry - Studies on the inhibition of
corrosion of aluminium have shown that among the
various inhibitors used, gum arabic, with an inhibitor
efficiency of 86 per cent, is the best for corrosion
inhibition of aluminium in sodium hydroxide solu­
tions.

A method has been standardized for the estimation
of lithium as orthophosphate of lithium, by employ­
ing potassium phosphate reagent of pH 9·5. The
amount of lithium that can be determined is 5 mg. to
100 mg., even in the presence of sodium and potas­
sium ions. The solubility correction factor was
found to be 0·36 mg. for every 50 m!. of the precipi­
tating medium. Methods have been worked out for
the spectrophotometric estimation of arsenic, anti­
mony, tin, bismuth, copper, zinc and iron present in
pig lead. Analytical methods have been developed
for the estimation of lithium as trilithium phosphate.

Synthesis of samin, a degradation product of
sesamolin, has been achieved. Conversion of samin
into sesamolin is in progress. A number of amino
acid conjugates and their derivatives have been
prepared as possible tuberculostats. Four of the
new derivatives of isonicotinic acid have been shown
to inhibit the in vitro growth of tubercle bacilli up to
I: 10,000 dilution. The gross structures of carissone
and isomers of selinene have been synthesized. The
synthesis of Cl,-acid, which is a degradation product
of abietic acid, has been achieved. A stereo-specific
route for DL-6-methoxy-podocarpane has been estab­
lished. The mechanism of abnormal Dieckmann
condensation has been fully explained. In the field
of heterocyclics, a few new t]uinazolones have been
synthesized.

Biochemistry - A new electrophoresis technique
Itas been developed for the separation of minor pro­
tein components from blood. As the minor compo­
nents are different in various types of dis.eases, the
technique affords an easy method for diagnosis and
prognosis of diseases such as cancer, tuberculosis, etc.
Other important investigations relate to the isolation

Reports

of enzymes synthesizing flavin nucleotides from yeast
and the isolation of a new antibiotic, ~-guttiferin,

from gamboge. Large number of actinomycetes have
been screened from soil samples collected from various
parts of South India for the formation of antibacterial
and antifungal substances. Investigations on the
nutritional value of heated vegetable oils and their
adverse effects on digestibility and growth in animals,
physico-chemical studies on indigenous seed proteins,
anti-coagulants from plant materials and disorders
of blood coagulation under pathological condit.ions
constitute other important lines of investigations
during the period. Microbiological and structural
analyses of 73 soil samples have shown that some
relationship exists between the structure of the soil
and the physiological groups of micro-organisms
it carries.

A method for microbiological assay of iron has been
standardized by making use of Clostridium lacto­
acetophilum and the method has been tried in
determining the iron contents of indigenous fermented
products in wide use as tonics. Likewise, micro­
biological procedures have been adopted for examin­
ing the fermented products for the claims made in
their behalf in the Indian Pharmacopoeia.

Physics - The research activities centred round
the various problems connected with solid state
physics. One of the important achievements has
been the development of techniques for growing
crystals of alkali halides from melts. The develop­
ment has reached a stage when crystals weighing 2lb.
can be grown with ease. Under a scheme sponsored
by the C.S.I.R. an analogue computer of an entirely
new design for the summation of the double Fou­
rier series encountered in crystal structure analysis
using the synchronous magnetic recorder developed
is under construction.

The thermal expansioto data for CsBr in the tem­
perature range _1400 to 300°C. have been deter­
mined for the first time; this data will be of great
use in optical instrumentation. An accurate photo­
electric polarimeter, capable of measuring rotation
to an accuracy of a few seconds of arc, was set
up and precise magneto-optic data over the range
.\5790-.\2848 have been obtained for a large number
of crystals and glass. In each case it has been
possible to correlate the magnetic-optic dispersion
with optical dispersion. The magneto-optic me­
thod developed earlier has been perfected for the
study of the dispersion of piezo-optic coefficient in
glasses.

Metallurgy - The effect of unsaturated fatty acids
in the flotation of non-sulphide minerals like calcite,
quartz, etc., was investigated by both contact angle
measurements and vacumatic cylinder flotation
tests. A comparison of the performance of oleic and
linoleic acids, under identical conditions of collector
and hydrogen-ion concentrations and temperature
through contact angle measurements on calcite, has
revealed that equilibrium is attained quicker in the
case of the latter; the difference being pronounced at
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higher pH values. The suitability of Indian vegetable
oils containing high percentages of unsaturated fatty
acids in mineral flotation is being assessed.

A process has been developed for the separation
of hafnium from zirconium which yields a valuable
zirconium intermediate analysing less than 0·2 per
cent hafnium.

The standard technique of obtaining replicas from
the surface of aluminium by anodic oxidation and
stripping the resultant oxide film from the surbce by
amalgamation with mercury has been modified for
obtaining satisfactory replicas from duralumin type
alloys. A method for reclaiming the specimens after
amalgamation has been devised.

Chemical technology and chemical engineering - A
total gasification process for low rank Indian coals
has successfully been completed and the process has
been worked out on a pilot plant. A pilot plant for
hydrocarbon synthesis was nearing completion and
was expected to go into operation soon.

The erection of a pilot plant for the reduction of
haematite using the fluidized solids technique is in
progress. Thc separation method for purification
of Indian graphites has shown that graphite from
any impurity level can be easily purified, without
any pre-treatment, up to 98 per cent in certain cases;
the graphite thus purified showed boron contents
less than 3 parts in 10 million or less making them
useful for atomic reactor purposes.

Internal combustion engineering - The Kirloskar
10 h.p. diesel engine (1500 r.p.m., type 1M 11 X 11)
and Central 10 h.p. diesel engine were tested at the
instance of their makers for their rating using power
alcohol as the fuel. It has been shown that pro­
longed operation of a diesel engine with neat alcohol
as the principal fuel does not lead to any adverse
effect and besides there is noticeable reduction in
engine deposits. The following investigations were
completed as well: Wear in high speed diesel engines
operating on power alcohol as principal fuel; combus­
tion chamber for a medium speed horizontal diesel
engine; the effect of heating the inlet air in a diesel
engine inducting alcohol; stress analysis in the
Kirloskar 10 h.p. engine; two-stroke diesel with self­
induced fuel injection; flame propagation in oscillating
gas columns and particle separation in free vortex,
continuous and pulsating flow; and air-cooling of S.l.
engines by exhaust-operated ejectors.

Data on heat-transfcr by liquids cnclosed in
vertical tubes have been obtained and studies are
being carried out on liquid metal heat transfer
systems. Forced convection heat transfer data have
been obtained with mercury and the work is being
extended to the system Na-K-Pb, and to Bi, Sn and
Hg alloys. .

Electrical communication engineering - In the field
of microwaves, the subjects of study have been the
radiation field of a dielectric rod antenna, and the
propagation characteristics of a conductor embedded
in three coaxial dielectrics. Work was also carried
out in designing suitable matching terminations for
surface waves of 3·2 cm. travelling over single
wires. Other studies in progress in this field include
the use of tubes (in place of crystals) as microwave
detectors and parallel metal strips as artificial
dielectrics.
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For the accurate measurement of voltages in the
transformer analogue computer under construction
a null method has been devised and a direct reading
equipment for rapid measurements has been cons­
tructed. A preliminary design for a quick acting
voltage regulator for use in the transient analyser
has been completed. For use in the study and
analysis of the behaviour of electric circuits and
equipment under different types of surge waves, a
small mobile generator for 100 kV. has been designed.
A 500 kV. 12·5 kW. secondary impulse generator is
being completcd in which the triggering is achieved
by trigatron circuit; this method avoids the oscillions
that are prcsent on the front of the impulse wave
when the surge generator is fired by an impulse of
more than 50 kV. A dust sampling device to study
the dust loading of boilers has been designcd and
fabricated. An imported frame costs about $ 2000
whereas the one fabri.cated in the laboratory would
not cost more than Rs 1200. The frame has been
subjected to ahout 600 kV. r.m.S. and has withstood
this voltage.

LAC RESEARCH

IN SEPTEMBER 1956, THE INDIAN LAC CESS COM­
mittee celebrated its Silver Jubilee. In order to
focus attention on the necessity for increasing the
utilization of the lac products within the country,
and in view of a severe competition from Siamese lac
and synthetic materials, an exhibition of lac and lac
products was organized as a part of the celebrations.

An Export Promotion Council for Shellac with the
object of promoting the exports of shellac and other
lac products was constituted in June 1957 under the
Ccntral Ministry of Commerce with a contribution
of Rs 50,000 from the Committee and Rs 1 lakh
from the Government of India.

During the year under report steady progress in
extension of lac cultivation was achieved in the
States of Assam, Bihar, Orissa, Uttar Pradesh,
Bombay, Madras and Andhra. The total production
of all the four lac crops this year was the highest
(13,15,000 maunds) in the last five years and even
higher than the normal production of 11,16,000
maunds (based on the average production of ten
years preceding 1956). Though lac was exported to
82 countries during the year, yet the total quantity
of the lac exported was less as compared to last
year. A number of meetings of the Committee during
the years 1956-57 were held and the important items
discussed at the meetings related to regulation of
prices by fixation of maximum and minimum prices
at the export stage, measures to improve the lot of
primary producers, training in lac cultivation to
instructors in the National Extension Training Centres
and setting up of nucleus brood farms.

A summary of the research work done at the
Indian Lac Research Institute, Namkum, during
1956-57 is given below.

Entomological research - The method of improving
crop production on palas (Butea monosperma) by
artificial partial defoliation has enabled an increasing
number of trees to be brought under cultivation every
year so that at present the entire forest at Kundri
with over 40,000 palas trees is under regular lac
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cultivation. Partial defoliation has proved better
in preserving brood from the summer crop. At
Namkum, where the summer is not so severe, partial
defoliation does not appear to have any particular
advantage over non-defoliation.

The work carried out on the influence of environ­
mental conditions on the lac insect showed that with
Rangeeni strain, all the insects died after the first
instar stage at 18°C. and relative humidity (R.H.)
29-82 per cent. At a temperature of 25°C. and
R.H. of 52-87 per cent, some insects survived till the
completion of their life cycles. Similar results were
obtained with the J(lmtmi strain also. It was gene­
rally noticed that the development was faster at
higher temperatures than at lower ones.

In a survey of lac enemies and their parasites, it
was observed for the first time that rats cause rather
heavy damage to lac crop, feeding on lac and
removing broodlac sticks. It was also found
that rats consume the adult lac insects from the
broodlac.

Chemical research - A rapid method for the deter­
mination of the bleach index of lac for its standar­
dization and grading involves bleaching of the lac
at 37S'±I°C. instead of 2T±2°C. and applying a
constant correction of -3 to the bleach index value
determined from the bleach index versus colour
ratio curve. The time of determination can be
reduced by this procedure from 24 to 3 hr. For
reading the values directly and also for eliminating
the necessity for the correction factor of -3, a new
reference curve appropriate to the bleaching of lac
at this enhanced temperature may be employed. With
a view to bring about improvements in the manu­
facture of seedlac, shellac, bleached lac, etc., a number
of new methods were tried. For the manufacture
of shellac it was found that if the final acid precipita­
tion of alkali-dissolved lac was carried out in an
atmosphere of carbon dioxide, the final product has
very nearly the same colour as shellac made by the
country process. In the manufacture of shellac by
autoclave the colour of the product can be greatly
improved by using a stainless steel steam-heated
cooking pan. Also if the seedlac is moistened before
being put into the sieves, the time of melting is
shortened, and the colour of the final product is also
improved.

EUROPEAN ORGANIZATION FOR NUCLEAR .
RESEARCH: ANNUAL REPORT, 1957

THE SUCCESSFUL COMPLETION AND BRINGING INTO

operation of the 600 MeV. synchro-cyclotron at full
energy on 1 August 1957 was the most significant
event in the programme of the European Organiza­
tion for Nuclear Research (EONR) during 1957. It
marks the beginning of a new and active phase of
experimental research. Thus the practical realiza­
tion of the fundamental aim of the Organization, viz.
providing facilities of a unique kind for co-operative
experimental research for visiting scientists from
member States, has been attained after years of
planning, preparation and execution. An extensive
experimental programme to be carried out with the
help of this super-energy accelerator has been worked
out.

The Proton Synchrotron Division, with all its
branches installed at Meyrin by 1957, has completed
the design, planning and ordering stage and entered
upon the most active phase of construction of the
machine and its ancillary parts. A special research
group formed to outline a programme on new prin­
ciples of particle accelerators directed its research
effort towards electron plasma rings and beam
stacking methods.

The Theoretical Study Division, besides its role in
providing for the eminent visiting and guest scientists
for profitable exchanges with the EONR staff and its
research fellows, leading to experimental checking of
theoretical conclusions on the one hand, and setting
fresh theoretical problems as new experimental facts
come to light on the other, has carried out a number of
useful theoretical studies. Outstanding among them
are the studies on radiative pion-nucleon scattering
and development of a new simple method of solving
integral equations occurring in the general theory of
pion-nucleon interactions.

The Scientific and Technical Services Division was
engaged in the development and design of bubble
chambers, hydrogen liquefying plant, electronic
computer programming and calculations, and of
methods for instrumental evaluation of track cham­
ber pictures, which accessories are of immense impor­
tance in connection with the experimental work with
the two super-energy machines.

The Electronics Group devoted its efforts to supply
the experimental teams with the necessary electronic
instrumentation either by developing new or cons­
tructing and assembling of conventional equip­
ment. Chief among the equipment developed during
the year were: IOO-channel Hutchinson Scarrof pulse
height analyser with nickel wire memory; trochotron
scalers (1 MHz region); millimicrosecond coincidence
circuits with discriminators; fast pulse generators;
prototype of photograph evaluation instrument; delay
boxes (hand operated and remote controlled); robot
printer for printing from scalers; and control circuits
and flash equipment for bubble chambers.

During the year the number of staff has registered
a considerable rise and there were about 250 technical
personnel and 36 fellows. The total budget for 1957
was estimated at 61,825,800 Swiss francs. A number
of colloquia and conferences, on specific aspects of
subjects like experimental high energy physics, ele­
mentary particle theory, electronic instrumentation
for nuclear research, etc., have been organized and
valuable results and experience on such studies were
exchanged. More than 50 research papers emanating
from the various Divisions of the organization have
been published during the year.

Some important studies conducted and outstanding
results obtained by the research Divisions are briefly
outlined below. .

Theoretical Studies Division - The activities of this
Division related to the detailed study of the pro-

,perties, structure and interactions of elementary
particles, low energy phenomena like beta decay,
quantum field theory, nuclear models, and excited
states of the nucleus. Mention should be made of
(1) a detailed study of the production of a meson in a

. pion-nucleon collision and (2) a study of the scatter­
ing of high energy electrons by nucleons. These two
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studies are expected to have immense significance in
the experimental fields. A complete analysis of a
one-dimensional model of field theory which partially
overcomes the difficulties encountered by the phy­
sical theory has been undertaken by one group.
Another group's studies resulted in the formulation
~f several theories intended to explain some recently
observed facts in hyperon or K-meson decay (branch­
ing ratios of :E+, comparison between mean lifetimes
of:E+ and :E-, and non-conservation of parity in these
types of decay). The group has also given a general
description of weak interactions in which new par­
ticles are incorporated and which accounts for decays
with and without leptons..

Proton Synchrotron Division - Work in this Division
during the year was mainly confined to a number of
theoretical and experimental investigations aimed at
proper design or to improve their performance (by
experimenting with new designs) of the functional
components and of the ancillary equipment of the
proton synchrotron. In one study the practical
conditions on the rates of sweep and exciting pertur­
bations to avoid the' lock-in' in betatron oscillations
under dynamic working conditions have been estab­
lished. The oscillation analogue was improved by
(1) a direct display of the phase plane paths of one­
dimensional particle on an oscillograph screen and
(2) a pulse generator producing 20 adjustable pulses
per revolution. for the simulation of misaligned mag­
nets. The device will be used for the study of
methods to straighten a distorted closed orbit. For
the study of the mechanism of particle loss by beta­
tron oscillations, a second analogue has been devised
using electrons • suspended' in a combined electric
and magnetic field. In this analogue a bunch of
electrons can be subjected to all the kinds of pertur­
bations likely to be encountered in the machine.

Budker's proposal for the design of a plasma ring
oscillator, which has the distinct advantage of having
a smaller radius of curvature of the accelerated par­
ticles. has been examined in detail. To realize the
necessary formation of a very thin high current
plasma thread with sufficient stability and lifetime
to permit one acceleration cycle, the proper method
seemed to be to form such a beam starting with a
neutral plasma in a toroidal chamber situated in a
betatron type field which is used to accelerate the ions
in the plasma. Investigations on methods of ionizing
hydrogen at very low densities revealed that high
frequency discharge where the diffusion is quenched
by a high frequency electric quadrupole field is
advantageous because it does not need magnetic fields.
Theoretical study of the problem of stability of a
pinched ring current against bending perturh.ations
(kinks) indicated that a plasma ring current. cannot
be obtained without applying powerful stabilizing
forces in addition to that due to the magnetic field
shaping the ring.
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An improved electronic analogue computer for
studying the phase motion of particles has been
constructed and used to mea';ure the anisochronism
of large amplitude phase oscillations. The results
obtained for the static (no acceleration) case agreed
with theoretical values. Experience with large gas­
filled Cerenkov counters has ~iven encouraging
results and attempts to realistically determine how
big a chamber can be built for use with the EONR
accelerators are being made.

synchro-cyclotron Divisil)1! - Assembly and testing
of the various component units of the synchro­
cyclotron like the d. system. ion source. beam
bending magnets. power supplY, etc., have been com­
pleted and the machine has been put into operation
at full energy. A number of special equipment
required in connection with the experimental pro­
gramme envisaged to be carried Ollt on the" machine
have been constructed or tested. Chief of them are'
two argon-filled beam monitors (evacuated multi­
plate ionization chambers) with a saturation inten­
sity of 108 protons/sq. cm./sec.; a current integrator
(accuracy, 0·3 per cent) to measure the charge col­
lected in the beam monitor chambers; a 25 MHz
scaler; a ' cyclotron simulator' which gives trains of
pulses similar in pattern to those to be expected from
the cyclotron; two hydrogen targets for transmission
experiments with pions; and a source of protons pola­
rized prior to acceleration.

A negative pion beam of c. 200 MeV. has been suc­
cessfully extracted from the cyclotron at an intensity
of 7 X 10' pions/sec. over an area of 100 sq. em.
The nuclear absorption of these pions in copper
corresponded to a geometrical cross-section.

Experiments designed to show the circular polariza­
tion of Y-rays following ~-decay were undertaken.
The circular polarization of the y-rays was measured
by transmission through magnetized iron. The
results on a number of allowed Gamow-Teller transi­
tions were found to agree with the two-component
theory of the neutrino. The neutrinos emitted in
such decays should be of the same helicity (orienta­
tion of the spin with respect to the direction of
motion).

The Spallation Group constructed equipment needed
for the tritium measurements in targets and meteo­
rites. The general parts of this set of apparatus
consist of a h.f. generator to degas targets under
vacuum, a vacuum system and a low level counting
arrangement for low activity. Tritium measure­
ments have been made from experiments on the irra­
diation of iron targets with high energy protons from
the synchro-cyclotron. A preliminary tritium pro­
duction cross-section of 50 mb. has been obtained at
400 MeV. (the beam was found not very accurately
centred). The comparison between the production
rates of protons and mesons will be of special interest
for small nuclear fragments like tritium.
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• high softening point
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These brilliant white, exceptionally
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Safe & Dependable

INJECTABLES
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medical profession are processed in our laboratories. They are made from standard chemicals
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rigid neutrality tests before they are selected for use. These injectables are, therefore. guaranteed
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A well aimed blow by Pyrex

Obtainable from all main dealers

INDUSTRIAL SALES EXPORT DIVISION, JAMES A. JOBLING & CO. LTD.
WEAR GLASS WORKS, SUNDERLAND, ENGLAND
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RO-TAP SIEVE SHAKERS
with

AUTO TIME SWITCH

Also

WARBURG'S APPARATUS

COLD INCUBATORS

B.O.D. INCUBATORS

BI-METAL THERMOSTATS

HOT & COLD
THERMOSTATIC BATHS

etc.

Man ufactu red by

UDAY SCIENTIFIC INDUSTRIES PRIVATE Ltd.
5 BHABANATH SEN STREET, CALCUTTA 4

Gram: UDAYINDUST Phone: 55-3777

r-~~ '::C;~~~~'~'~" '~'~ ~ 'I'~'~.~'~ ~" .", 'I
For all your requirements of laboratory glassware, apparatus, appliances, t

instruments, acids, chemicals, stains, water and +
gas taps, etc. etc.

please write to:

I THE CENTRAL SCIENTIFIC SUPPLIES

I 2A~~:~ARNo~D~ IT~~TB:~AM i
SOUTH INDIA

Telegrams: SYPHON Telephone: 89 Extension 123

It - - - - - - - - - - - - . - - - - - -,:.-.~~i~:~;' -:A~~: ~------------------ I
53 NARASIMHARAJA ROAD, BANGALORE 2 t

+ +
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CRAFTSMAN
A SYMBOL OF QUALITY AND SERVICE

proudly offer

CAHN - WORLD'S FOREMOST
ELECTRO·BALANCE WITH REMOTE WEIGHING

AND

RANGE.SELECTOR (6 RANGES)

from 0 to 100 mg.

MICROGRAM PRECISION AND ACCURACY

operates on 6 VOLTS DRY BATTERY

One Second Readings

Made by:

CAHN INSTRUMENT CO., U.S.A.

WORLD'S SMALLEST, LIGHTEST ECG
"VISOCARD·SOOO" (Portable in Briefcase) ECG

Also "VISOCARD" 1-2·] Channel Electro-cardiographs

for BALLISTO, VECTOR, PULSE, HEART-TONE Tests

( Cheapest Prices)
Made by:

ING. WOLFGANG von KARAJAN, AUSTRIA VISOCARD 5000

from

Made by:

KALOREX

Rob. MUELLER, GERMANY

Apparatus used by the Government
of West Germany in Municipalities.

Mines and Technical'lnstitutes

INCENDIARY and ASPHYXIATING GASES

RAPID TESTS FOR HO, CO" CH. and 0,
in three minutes

EXCLUSIVELY REPRESENTED BY:

CRAFTSMAN
Gram: CRAFTRONIC

\
\
\
\

PROTECTS MINES and DRAINS WORKERS I ~
\
\
\

~

~

I
\

IELECTRONIC CORPORATION (PRIVATE) LTD. \
SETHNA HALL, NESBIT ROAD, MAZAGAON. BOMBAY 10 \

Phone: ~2H6 ~
J.-...,....,............................,'"""'..........,..,.~~....,....."....,.....,... ................."....,.....,......",..~~~

SP/Crl/l
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