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We are ready to help you plan, install and service your

leu MONITORING SYSTEM

Certainly you need a complete choice of instruments to meet your specific monitoring requirements - and
hp offers you twenty different instruments for bed side and central station use combinable in any form
to answer your needs.

But hp can also provid~ these equally valuable services: initial system planning help to match present
needs and budget ... system installation skills by medical electronic specialists to insure reliable opera­
tion ... familiarizati on of your staff with operating techniques and equipment capabilities.
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The Journal of Scientific & Industrial Research
is issued monthly.

The Council of Scientific & Industrial Research
assumes no responsibility for the statements
and opinions advanced by contributors, The
Editorial Board in its work of examining papers
received for publication is assisted, in an hono.
rary capacity, by a large number of distinguished
scientists working in various parts of India.

Communications regarding contributions for
publication in the Journal, books for review,
subscriptions and advertisements should be
IIddrened to the Editor, Journal of Scientific &
Industriill Research, Publications & Information
Directorate, Hillside Road, New Delhi 12,

Annual Subscription

A : For libraries, Government Departments and
Industry Rs 30.00 (inland) j r. 3,10.0 or
$ 10,00 (foreign)

B : For individuals Rs 22,50 (inland); r. 2.5.0
or $ 6.50 (foreign)

Sin lie Copy

Rs 4.00 (inland) ; 6s. or $ 1.50 (foreign)

Payments in respect of subscriptions and lid.
vertisements may be sent by cheqIJe, bank draft,
money order or postal order marked payable
to Publications & Information Directorate,
Hillside Road, New Delhi 12.
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TAKE TIME TO FIND OUT

There are three distinctly new Beckman Infrared Spectrophotometers:
IR-IO - a precision instrument with a range of 2.5 to 33.3 microns

IR-II - that runs survey scans in about 10 minutes over the 12.5 to 300 micron range

tR-12 - the widest continuous range, automatic spectrophotometer ever .•. 2.5 to 50 microns

Take a few minutes to learn about these unusual Ill. instruments. Call us or write for descriptive literature.

Ex. MIs BECKMAN INSTRUMENTS Inc., U.S.A.
SOLE AGENTS

TOSHNIWAL BROTHERS PRIVATE LIMITED
198 JAMSHEDJI TATA ROAD, BOMBAY I

Kacheri Road
AlMER

A4

8SA Sarat Bose Road
CALCUTTA 16

Branches:
lEIS Jhandewalan Extension

NEW DELHI I
Round TOlna, Mount Road

MADRAS 1
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THE WEALTH OF INDIA
A Dictionary of Indian Raw Materials and

Industrial Products

RAW MATERIALS: VOL. VII (N-Pe)

Provides a comprehensive survey of published information on the distribution,
availability and utilization of raw material resources of India.

Contains 301 entries-294 on plant species, 4 on animals and animal products,
and 3 on minerals.

The major entries included in the volume are:

Nicotiana (Tobacco), Papaver (Opium), Oryza (Rice), Pachyrrhizus (Yam
Bean), Paspalum (Kodo Millet), Pennisetum (Pearl Millet), Narcissus (Jonquil),
Nyctanthes (Night Jasmine), Ocimum (Basil), Pandanus (Kewda), Pelargonium
(Geranium), Olea (Olive), Palaquium (Gutta-percha), Passiflora (Passion Fruit),
Persea (Avocado), Nanlostachys (Indian Nard), Nerium (Indian Oleander), Nigella
(Kalajira), Oxalis (Wood-sorrel), Pastinaca (Parsnip), Petroselinum (Parsley).

Oysters, Parasitic Worms, Oldenlondia, Onosma, Paeonia, Peltophorum, Neolistea,
Oroxylum, Ougeinia, etc.

Pages xxviii+330+ix, Demy 4to 9 plates and 140 illustrations

PRICE Rs 30.00, Sh. 60 or $ 9.00 (postage extra)

Can be had from:

Sales & Distribution Section
Publications & Information Directorate) CSIR

Hillside Road, New Delhi 12
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Colour-Chern CO
When you see [he thrilling world of man·
made colours around you- spectacular prints
on your fabrics, colourful inks in your
magazines, pleasing painls in the interior
of your home, fascinating tapestry and the
allractive furnishings of your drawing room,
plastic balls in the hands of your children­
remember that COLOUR·CHEM, India's
leading makers of Pigment Colours, is very
much a part of your daily life.

everywhere!

COLOUR·CHEM LIMITED
221, Dadabhoy Naoroji Road,
Fort, Bombay· 1
In dirtct parriclparion with:
FARBENFABRIKEN BAYER A.G., t
LeVl:rlrosen, W. Germany ~

FARBWERKE HOECHST AO. ~
Frankfurt, W. Germany •
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Plene SeM me details on specific lSI SERVICES:

D ASCA (Automatic SUb/ec:t CiWIon AI..r)
D scilllce CllIItlon index

.0 cu..-t C<>/ltel1l' I'hylk., SCience.
o Cut,."t eontenll Life SC_
DC_ICOntento Chomlcel S<:IeIlCel
o IndeX ChomlcUl
oE~I. Chima Infe,netlon.lls
o ISIS-ch service
o /SI Me,netlc T.,...

. D OATS IO</,/nel Article T_ Shwls)

name ___

title _

organiution _

address _

city state _

zip country _

INSTiTUTE FOR SCIENTIFIC INfORMATION • 325 Chestnut St Philadelphia Pa 19106 USA '
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EL~COTNR3~6ill~ITY ~
EQUIPMENT
Electrolytic Conductivity Solu Bridges, Indicators, Recorders and Controllers - Soil
Moisture. Salinity and Fertilizer Testing Equipment _ Concentration Indicators and
Controllers for acids, alkalies, detergents, electroplating rinses, etc • Gas and Steam
Analyzers. Continuous Sugar Detectors. Dissolved Oxygen Analyzers

BLUE. STAR"
"

A8

Self.balancing Conductivity Indicator

Soil Moisture Meter

_INSTRUMENTS INC.

CEDAR GROVE OPERATIONS

Sold and serviced in India exclusively by

~

Solu Bridge Conductivity Meter

Portable Conductivity Recorder

Ge' complete details (rom BLUE STAR offoces at:
Connaught House, Connaught Circus, New Deihl 1
Band Box House, Annie Besant Rd .. Bombay 18
7 Hare Street, Calcutta 1
23/24 Second Line Beach, Madras 1
16 Kaiser Bungalow, Dindli Road, Jamshedpur
14/1.0 Ci"il Lines, Kanpur
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BOROSIL

NOW OFFERS

CORNING®

BRAND

BEAKERS AND FLASKS
LOW & TALL FORM

UPTO 2 LITRE CAPACITY
R.B., F.B., & CON ICAL

UPTO 20 LITRE CAPACITY

FILTER FLASKS
HEAVY WALL

DISTILLATION FLASKS

STORAGE BOTTLES
NARROW MOUTH, WITHOUT STOPPERS

UPTO 20 LITRE CAPACITY,

Manufactured by :

BOROSIL
BOROSIL GLASS WORKS LTD.
CHOTANI ESTATES,
PROCTOR ROAD, BOMElAY-1
Phone: 71166

Grams: 'BOROSIL'

Branches

8/9 THAMBU CHETTYSTREET,
MADRAS-1.
Phone: 23775

Grams: 'BOROSIL

19/90 CONNAUGHT CIRCUS
NEW DELHI-1
Phone: 42176

Grams: 'BOROSIL'

4 CANAL WEST ROAD,
CALCUTTA-15

CORNINGC8 Is Registered Trade Mark of Corning Glass Works, New York U. S. A.

SPECIAL
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High-Voltage
Electrophoresis
Something
in your line?
The answer is YES if any of these subjects are of interest
to you:
biochemistry, metabolic studies, analysis of amino acids,
peptides, proteins, analytical separations of low molecular
weig ht ions.

The" finger print" pherogram depicted shows a typical
pattern of amino acid separation .. Electrophoresis was carried
out in a CAMAG cell at 5000 V within 15 minutes.
Subsequent chromatography took about 4 hours.
This is a test typically performed in various Swiss Children's
Hospitals where the CAMAG HVE system is used.

So many advantages of CAMAG's HVE equipment derive
from its unique cooling system:
high performance (SOOO V up to 200 mAo 125 V/cm).
easy to operate. safe to use, continuous observation of
pherogram, and-even if money is no object-the economic
price will be appreciated.

Our new brochure HE-66 explains how these and other
advantages are built into the unique design. Also
background information on HVE and application data are given.

Write today for your free copy of brochure HE-66
to your local dealer or direct to CAMAG.

Chemie-Erzeugnisse und Adsorptionstechnik AG

Homburgerstrasse 24
4132 Muttenz/Switzerland

Represented in more than 30 countries.
Our list of agents will be sent on request.
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Instruments
Generally
Available
Ex-Stock
• B & L •SPECTRONIC·20 '

SPECTROPHOTOMETER·CUM·
COLORIMETER

• CENCO HYVAC & OTHER IMPORTED
VACUUM PUMPS

• DR. LANGE'S FLAME PHOTOMETERS

• DR. LANGE'S & KLETT
PHOTOELECTRIC COLORIMETERS

• ABBE REFRACTOMETERS

• MICROSCOPES FOR COLLEGES AND
RESEARCH

• INDUSTRIAL FILTER PAPERS for filtration

of crude oil, diesel oil, petroleum oil,

transformer oils, etc.

• SINGLE PAN ANALYTICAL BALANCES

• ALL SORTS OF SILICA, PORCELAIN
AND GLASSWARES

For details and for 'CAMAG' catalogue
please write to

RATIONAL SALES ASSOCIATES
65-67 Sutar Chawl, Zavari Bazar

BOMBAY 2

Telephone: 327647

Telegrams: CREAMWOVE. Bombay
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Pionetr in the manufacture of sera. vacl;incs and other
immunologicals in India, BENGAL IMMUNITY has
diversified its activities inlO

• Basic production of a number of pharmaceutical
chemicals which include. amongst others. subs­
lances used in the management of tuberculosis.
leprosy. bacillary dysentery. amoebiasis. malaria.
diabetes, hyperacidity and other gastro-inlestinal
disorders. local and systemic bacterial infections
and also a radio-opaque diagnostic agent.

a Manufacture of various biochemical products like
protein hydrolysates. pcptones. liver extracts.
and enzyme preparations as well as adrenaline
and other hormonal preparations.

• Preparation of a large variety of formulated pro­
ducts.

• Presentation of a large number of injectable pre·
parations-known as R.I, Injectu1es.

Rased purely on indigenous ~now,ho", provided by a tea.m
of highly qualified per~onnel. followin{! quality control at
every stagt' of m:1nUfUClUrc and striving: relentlessly for
improvement. cl1!'>uring I~e higher standard of excellence.
utilisin~ the advanta!!cs of a well-equipped scientific and
lechnical rcsearch Cl'ntrc with TherapcutiC' Ward~ ;,1 R. G.
Kal and North Suburban Hospitals for the purpose of
clinical C'valution. Ben~al Immunily is a growing picture
of nalil'nal effo'rl and sclf-reliancc, ..chicved through h41r­
m"niou~ l'o·opcriltion bC'-lwecn scicnl;e and technolog)'.
rt~tarch and industry.

BENGAL IMMUNITY

CO., LTI>.

JSIR-JUNE 1967

Ethical
pharmaauJicab
since /9/fJ.

All



BOMBAY II

Contact Sole Selling Agents:

DEALERS IN LABORATORY EQUIPMENT
OF EVERY DESCRIPTION

Gram: • Esvij.ck '

•

PEERBHOY MANSION

460 SARDAR VALLABHBHAI PATEL ROAD

BOMBAY 4 (BR)

INDIA SCIENTIFIC TRADERS

ANALYTICAL BALANCES &

WEIGHTS

'LAB-CHEN'

for

INDUSTRIAL, RESEARCH & COLLEGI

LABORATORIES

Phone: 356336

Manufactured by

LAB-CHEM BALANCE WORKS

THE INTERNATIONAL
CHEMICAL INDUSTRIES

103-8. UPPER CIRCULAR ROAD
(ACHARYA PRAFULLA CHANDRA ROAD)

CAlCUTIA-9
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Journal of the
INDIAN BOTANICAL SOCIETY

The J. Indian bot. Soc. is a QUARTERLY now running Volume 46 (1967).

The annual subscription from 1967 (Volume 46 onwards) is Rs. 35.00
or £ 3.0.0 or $ 8.00 for a complete volume of four numbers.

BACK NUMBERS of the Journal and following SPECIAL PUBLICATIONS of
the Society are available:

Professor M. O. P. Iyengar Commemoration
Volume

Professor P. Maheshwari Commemoration
Volume - Vol. XLII A

History of Botanical Researches in India,
Burma and Ceylon:

Part I. Mycology & Plant Pathology
by Prof. S. ~. Das Gupta

Part II. Systematic Botany of Angio­
sperms by }{ev. Fr. H. Santapau, S.].

Part III. Palaeobotany by Dr. A. K }{ao

Part IV. Floral Morphology by Dr. V. Puri

Memoirs of the Indian Botanical Society:

Part II (1959)

Part III (1960)

Part IV (1963)

Rs. 30 plus Rs. 2 postage
or 50 sh. or $ 7.50

Rs. 32 or 50 sh. or $ 7.00

Rs. 5.50 or 8 sh. or $ 1.20

Rs. 4.70 or 7 sh. 10 d. or
$ 1.20

Rs. 4.50 or 7 sh. 6 d. or $ 1.00

Rs. 3.50 or 6 sh. or $ 1.00

Rs. 7.50 or 14 sh. or $ 2.15

Rs. 14.50 or 28 sh. or $ 4.30

Rs. 16.50 or 25 sh. or $ 3.50

For further par/iclliars please apply /0:

Business Manager, Indian Botanical Society
University Botany Laboratory

Madras 5
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"CORNING"
BRAND

LABORATORY
GLASSWARE

(MADE IN INDIA)

•
.. CORNING" Brand Laboratory Glassware

is now manufactured in India by

BOROSIL GLASS WORKS LTD.
Bombay

in collaboration with a world leader
in the field

CORNING GLASS WORKS
Corning, N.Y., U.S.A.

•
The Balanced Glass

"CORNING" Brand Glass is manufactured from 'harder'

heat resisting BOROSILICATE GLASS in which the

properties of mechanical strength, thermal and chemical

resistance are ideally balanced for general laboratory

application. Its formula (Corning formula No. 7740)

assures high chemical stability and still provides ex­

ceptional resistance to thermal shock. It is} therefore,

the best glass available in the market for over 99 per

cent of all requirements.

EQUAL TO ANY IMPORTED
BOROSILICATE GLASSES

Our new price list sent on request

DISTRIBUTORS

B. PATEL & CO.
DIRECT IMPORTERS & STOCKISTS OF

SURGICAL & SCIENTIFIC GOODS

27/29 POPATWADI, KALBADEVI ROAD

BOMBAY 2

Phones: 38689 & 39702 • Grams: GLASALSQRT

A14

GLASS LINED
REACTION KETTLES

COMPLETE with all ACCESSORIES, VARIOUS
TYPES OF STIRRERS, THERMOWELLS, VALVES.

CONDENSORS (single or double walled)

Made from tested M.S. plate and perfectly
glass lined. Present capacity from 5 gallons
to 100 gallons.

DISTILLATION UNITS complete with glass
coated pipes, bends, tees, etc.

These units are jacketed: suitable for steam
heating or cooling by brine.

EVAPORATORS, CONCENTRATORS, CRYS­
TALLISERS, all prepared and glass lined to
your specifications.

COMPLETE FILTRATION UNIT with sintered
glass filter plate fitted in.

PIONEERS: GLASS LINED EQUIPMENT

DR. RAO'S LABORATORY
Patel Compound, Near Nair Hospital

BOMBAY 8
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GatlSOl'S

ELEC TRICAL &

NON-ELECTRICAL
MODELS

EFFICIENT.
ECONOMIC

CLEAN & HYGIENIC

FOR INDUSTRIES - TEXTILE. GLASS. ENGINEERING AND ALL OTHER INDUSTRIES FOR CONT.
ROLLED & EFFICIENT HEATING. FOR PLANTATIONS-DRYING AND ROASTING OF TEA. COFFEE
AND CASHEW NUTS, FOR LABORATORIES-COLLEGE. RESEARCH. INDUSTRIAL. FOR HOME AND
CANTEEN ETC.-COOKING & HEATING IN KITCHENS. DORMITORIES, HOSPITALS & HOTELS.

MAKERS & DESIGNERS OF: GAS BURNERS. LABORATORY EQUIPMENT. WATER STILLS. WATER BATHS,
SHAKERS. OVENS ANO INCUBATORS, EQUIPMENT FOR HANDLING AND STORING ISOTOPES. STAINLESS STEEl.

FABRICATION, G
atlSOl'S p V T. LIM I TED~

INDUSTRY MANOR BOMBAY,18~

DIRECT IMPORTERS & MANUFACTURERS' REPRESENTATIVES.

An associate of

ASHA SCIENTIFIC CO.

~mH G4\AM: : 'ASHACOM' PHONE: llBSS

!Em SUPERIOR LAMP BLOWN
mm PYREX GLASS APPARATUS;
~~~g~ ASSEMBLIES ACCESSORIES
mm OF ALL TYPES

~6 Man~~~~tured by

SCIENTIFIC EQUIPMENT
MFG. CO.

• Selenium metal rectifiers

• Rotary switches up to II pole II way
• Potentiometers, adjustable resistances

for different ratings

• Spectral chokes/Ballasts for SV, Wotan.
Fluorescent lamps, etc. etc.

RADIOTONE PRODUCTS

These as well as battery chargers. d.c. units and
transformers for various ratings are our special
products and in demand with Industry, Trade
and Government Departments.

Write giving details of your requirements. You
will find our quotations for these and also
transformers, rectifier units, etc., very attractive.

RADIOTONE products cover a wide range of
articles in Electrical & Electronic industry.

RADIO ELECTRIC PRIJATE LTD.
MANUFACTURE~S OF RADIOTONE PRODUCTS

Lamington Chambers. Lamington Road
BOMBAY 4

503. GIRGAUM ROAD. BOMBAY 2.

Inte rchangeabl e Labo ratory
Glassware 'Our Special it/

......
WE SUPPLY COMPLICATED RESEARCH APPARATUS

)SIR-IUNE 170 AI5



Pintsch Bamag AG, West Germany

Sales Representatives:

MOTWANE
PRIVATE LIMITED
127 Mahatma Gandhi Road, Post BOl No. 1312 Bombay-t
Phone: 2S2337.Gr;,ms: 'CHIPHONE' all orfices • Branch.s al:

New Oelhi, C.lcutta, Luc:know, Kanpur, Madrn and Bangalore.

G\\l~
EFFICIENCY

A LIFT WITH

];

lNTSCH BAMAG
MATERIAL HANDLING

EQUIPMENT
.~ ~ 8iiCL ",(;II1L1t

o Electric Hoists 0 Lifting Magnets 0
Electromagnetic Belt Separators 0 Electro·
magnetic Clutches and Brakes
Experience af the last several years is wedded
to knowledge of today for Motwane to bri ng
you the finest in material handling equipment
for steel, machine tool, sripbuilding, trans·
port, paper, rubber, textile and woodworking
industries, We place this invaluable experi.,'
ence at your service with our wide range of'
PINTSCH BAMAG material handling equip­
ment of international fame.
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byImplements

ILMENAU

Chromatography

GLASWERKE

Paper

VES

available from stock

I. Chropa developing implement for ascending and descending methods.
Cat. Nos. 001-1 and 001.1-2

2. Chropa drying implement for quick drying of chrQmatographs at
various temperatures. Cat. No. 005

3. Chropa implement for applying substance. Cat. No. 009

4. Special Chropa Sprinkler. Cat. No. 006

PHARMA TRUST
114 Princess Street, Bombay 2

INDEX TO ADVERTISERS

ASH" SCn-:STlFIC Co., BOWBAY AI!)

BAStC & SVNTIIETIC CHEMICALS PRIVATE LTD., CALCUTTA A:!'O

B":NG.U hlNUSITY Co. LTD., C.'LCUTTA AlI

BLUE STAR ENGINEERING Co. (PRIVATr;;) LTD., BOMBAY AS

BOR0511. GLASS WORKS LTD" BOliBAV Af)

B. PATEL & Co., BOMBAY AI"

BRITISH DRUG HOUSES (INDIA) PRIVATE LTD., BOll BAY A:!;)

Cuu.:"'s ..... (ORPOI{ATIO:-l, DELHI A~ J

COLOUR-CHEM LTD., BOMBAY Ali

(SIR PUBLICATIONS & ISFORMATIOS DIRECTORATE,

NEW DELHI Ar" PI, :!.,l

DR. RAO'S LABORA.TORV, BOMBAY :\I~

GASSONS PRIVATE LTD., BOMBAY AI:,

GHARPURE &. Co., CALCUTTA A:!lS

HtNDUST:\S LE\'ER LTD., BOMBAY A:!4

IsOIA SCIENTIFIC TRADERS, BOMBAY A12

hml.o\s BOTASIC.o\L SOC1ETY, MADRAS ;\\:1

I:"lSTITUTE FOR SCIEfrrlTlFIC INFORMATION, PHILADELPHIA. .Jr, ";"

INTERNATIONAL CUENICAL INDUSTRIES, CALCUTTA AI:!

J. T. JAGoTIANI, DOMBAY A:!~

K. SCIENTIFIC INDUSTRIES, CALCUTTA

I\:. S. HmL)::K.O\R, BOMBAY

LABORATORY FURNISHERS, BO!JBAY

)fARTIN & HARRIS (PRIVAn:) LTD" Om'DAY

~10DERX SCIENTIFIC INSTRUIIIENt" CO., BO~(fIAY

MOT\n.SE PRIVATE LTD., BOMBAY ..•
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Current

Opinion Survey of Scientists &
Technologists

THE results of a survey of the opinions and
attitudes of scientists and technologists in India

in respect of their environment and working condi­
tions are incorporated in a report* issued by the
Research Survey & Planning Organization of the
Council of Scientific & Industrial Research. Con­
ducted primarily to study and isolate social and
human factors affecting scientists' motivations and
performance in research institutions, the survey had
four specific objectives: (I) to study the attitudes
of scientists towards science in general and scienti­
fic research in India in particular, and towards
matters of immediate concern to them, such as
their work environment, job conditions, interpersonal
relations, etc.; (2) to assess the nature and extent of
difficulties scientists often encounter (or feel they
encounter) in their work; (3) to correlate the findings
in respect of the above points with the personal
variables of individuals, such as academic qualifica­
tions, age, experience, status, achievements, pro­
fessional affiliations, etc.; and (4) to establish relation­
ships between scientists, their attitudes and their
work environment.

Replies were received from about 2143 scientists
located in universities, national laboratories, govern­
ment research organizations and private/industrial
research establishments to an exhaustive question­
naire so planned as to allow the analysis to centre
around a number of variables, representing their
status in life and their psychological reaction to
environmental factors. The findings and the con­
clusions based on them incorporated in the report
are related mainly to (I) the general structure of the
sample in terms of age, experience, sector of employ­
ment and academic qualifications; (2) socio-economic
status of the respondents as revealed through salary,
family size and occupation and income of fathers;
(3) inter- and intra-sectoral mobility trends among
scientists; (4) analysis of professional activities and
related attitudes; (5) pattern of internal and external
communication; (6) bivariate and multivariate
analysis of interrelationships between autonomy in
project selection, satisfaction with the projects
selected, relations with supervisors, credit for research,
etc. ; and (7) opinions and evaluation of foreign trained
scientists of the working conditions in India and
abroad.

Majority of the findings emanating from the survey
stress the obvious. There are, however, some points

• Aqueil Ahmed & Gupta. S. P. (with the assistance of
Bhatnagar, D. I<.l. Opinion survey ofscientistsalldlec1mologisls,
Survey Report No. 9 (Research Survey & Planning Organi.
zation, CSIR, New Delhi), 1967, Pp. 74+viii.

Topics

On which the findings tend to depart from. the
expected trends. On a few points, such as moblhty
of scientists, average time spent on projects, cayses
for termination of projects, etc., the survey provides,
perhaps for the first time, broad indications w.hich
may be of interest to the sponsors of research projects
in the country. From the point of view of the
respondents' standing, the survey reveals ~hat a
majority of the scientists come from low-m~ome

families with traditional non-scientific occupatIOns.
Private/industrial research establishments pay their
scientists comparatively better, especially in s~nior
jobs; scientists in state government research II!Stl­

tutions are the lowest paid ones. The earnmgs
of foreign trained scientists are comparatively
higher than those of their counterparts trained
in India.

Scientists in the universities and industry are
found to be most mobile and those in the national
laboratories least mobile. Recruitment and job
changes are mostly within sectors (except national
laboratories). National laboratories attract the
largest percentage of scientists from other sec~ors

with the Jeast outflow to other sectors. There IS a
discernible shift from science teaching and routine
scientific work to active research. Higher salary
and better research facilities are pointed out as
the two major inducements prompting scientists
to change their occupation. According to the
survey, given a choice, more than 50 per cent of
Indian scientists would prefer to work in a research
institute or a university laboratory in a foreign
country.

In terms of publication activity, the survey
shows that the age group 31-45 years is the
most productive. By and large, Indian scientists
publish their research work in Indian journals;
similarly three-fourths of the total society member­
ship is confined to scientific and professional societies
in India. The average number of publications and
society membership per scientist is higher for univer­
sities and private/industrial research institutions
than for national laboratories and other govern­
ment research institutions. Field-wise, the average
number of publications is highest in medicine and
biological sciences and lowest in engineering and
social sciences. A large majority of scientists are
currently engaged in applied research, except in
universities where fundamental research is preferred.
In general, a larger number of projects is complet~d
per scientist in medicine and engineering than m
other fields.

Roughly one quarter of the projects undertaken
are terminated before completion - a majority of
them within a year of their being started. The
reasons stated for tenninating the projects are
promotion, transfer or termination of service, lack
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of resourceS and official cancellation or postpone­
ment of the research project or the research pro­
gramme. Maximum research utilization is claimed
by scientists in government and private/industrial
sector and least by those in national laboratories
and universities.

While a majority of scientists express satisfaction
with their current research work and harmony
with the research supervisors, over 50 per cent
of the foreign trained scientists feel the working
environment in India less congenial than that in
foreign countries.

Dr C. Radhakrishna Rao

DR C. R. RAO, Director, Research & Training
School, Indian Statistical Institute, Calcutta,
has been elected a fellow of the Royal Society,

London.
Dr Rao (b. 10 September 1920) passed his M.A. in

Mathematics from the Andhra University and M.A.
in Statistics from the Calcutta University. At the
age of 28 he was appointed Professor of Statistics
at the Indian Statistical Institute, Calcutta. Prior
to his appointment as Director of the Research &
Training School, he was Head of the Division of
Theoretical Research & Training for about 15 years.
While on deputation at the Duckworth Laboratory,
Cambridge, Dr Rao worked on an Anthropometric
Project concerning the origin of the ancient inhabi­
tants of Gebel Moya (Africa) and got his Ph.D. for
this work. He also worked on a genetical problem
in the mapping of chromosomes in mice under
Sir Ronald Fisher. He received his Sc.D. also from
Cambridge University on the basis of his published
work in statistics.

Dr Rao has made fundamental contributions
to the theory of estimation. He is responsible for
introducing new criteria of large sample estimation
to remove some of the anomalies in' the existing
criteria and to distinguish between estimators which
are considered equivalent under the existing criteria.
He has provided an elegant theory of the method of
least squares using the concept of a generalized
universe of singular or rectangular matrices. He has
also developed a theory of calculus of generalized
inverses and considered its application to problems of
mathemltical statistics. In the field of combinatorial
mathematics. Dr Rao has introduced new combina­
torial arrangements called orthogonal arrays of
strength. In the area of finite geometrics, he has
developed methods for a cyclic generation of linear
snbspaces and a construction of spreads in geometry.
He has also made significant contributions to
statistical methods in biometric research. In connec­
tion with the theory of probability. Dr Rao's work
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on the characterization of the normal distributions
is of great interest.

Dr Rao is the author of over 100 research papers
in statistics, besides two books: (1) Advanced statistical
methods in Montetric rcsearch and (2) Linear statist-ical
inference and -its applications, both published by
John Wiby & Sons, New York. He is a joint author
of three books on the results of anthropometric
surveys of Uttar Pradesh and Bengal in India and
Gebel Moya ill Africa and a book on Formulae and
tables for statistical wurk.

Dr Rl.O is the J"t'cipient of Shanti Swamp Bhat­
nagar M(~morial Award of the Council of Scientific &
Industrial l{esearch, and the Guv Medal in Silver of
the Royal Statistical Society, Lon"don. He is a mem­
ber of the fnternational Statistical Institute, fellow
of the National fnstitute of Sciences of India, and
fellow, Institute of Mathematical Statistics, USA.



Biological Membranes·
C. R. KRISHNA MURTY

Central Drug Research Institute, Lucknow

ONE of the most fascinating fields of biochemical
research in recent years has been the structure
and function of biological membranes. Indeed,

from the significance it has in many fundamental
biological phenomena and judged from the explosive
interest evinced by investigators in unravelling its
properties, the biological membrane vies with bio­
chemical genetics in holding the central position in
biology today. Although we have gained some
understanding of the molecular mechanism of the
replication of DNA and RNA, we are woefully
trailing behind in regard to our knowledge of
structure and function in the living cellI It is
gratifying, however, to see the upsurge of interest
in membranes which have now been established to
be intimately associated with the function of
mitochondria, endoplasmic reticulum and the plasma
membrane of living cells.

The structure and function of biomembranes has
been the subject of many reviews, monographs and
symposia in recent years2- S• The volume under
review presently contains forty-six papers pre­
sented at a conference held by the New York
Academy of Sciences in October 1965. The medley
of papers included in this volume represents a
cross-section of current trends in researches on
biological membranes and provides a rich fare of
reading material. As happens inevitably in such
conferences, many papers arc reproductions of
already published papers with minor changes here
and there with an occasional attempt to evaluate
critically the experimental approaches and models
employed in biomembrane research. From his own
research orientation, the reviewer has found the
monograph useful and stimulating. What follows
is the result of his attempt to draw a cogent picture
of the exciting events of this story as they arc being
unfolded in front of us today. The author of this
review confessC's, due to his own academic limita­
tion, his failure to evaluate the implication of the
mathematical approaches and membrane structure,
profound as it is, and confines himself only to thC'
biochemical aspects of the subject. .

Structure of Membranes
Though the existence of membranous structures

has been known for over a century, it is only after
the arrival on the scene of electron microscopy with
ultrathin sectioning and sophisticatecl shadow cast­
ing proccdun·s. that it has been possible to visua­
lize them. Examination of several preparations
from a variet v of cells has led to til" enunciation of
the concept oi unit memhrane by RobC'rtson whereby
a membran(~ is considered to consist of a single
continuous bilayer of lipid with the nonpolar

-Based on the proceedings of a (:onference. Iholcgical
membra11CS: Reullt prop,ress, held by the Nl'W York
Academy of Sc:icncl'~ in Octtlber 1965. and puhlished ill
AIlIl. N.Y. Acad. Sci .. 137 (Art. 2) (1966), 403-1048.

carbon chains at the centre of the membrane and
the polar ends pointed outwards. The mem­
brane is " a chemically asymmetric system with a
general pattern of organization of the constituent
molecules". The techniques employed for visua­
lizing membranes are critically reviewed by Robert­
son in his paper (pp. 421-440). The globular
substmcture associated with membranes is un­
doubtedly linked to the idea of elementary unit parti­
cles directing function in membranes. The unitary
membrane concept, based on an intelligent collation of
electron microscopic and X-ray diffraction evidence,
is an extension of the earlier model" proposed by
Danielli and Daveson on permeability, surface tension
and electrical conductivity measurements of cells.

Relevant to the study of living biological mem­
branes is the development of artificial membrane
systems or 'biomolecular leaflets' made by mixing
under controlled conditions a phospholipid like
lecithin, albumin and cholesterol. Such models
have permitted detailed kinetic studies of permeabi­
lity of ions using radio-tracer diffusion and osmotic
flow techniques and also the relative influence of
the nature of the phospholipids in determining the
thickness of the membranes. The discussion of
the possible existence of water-filled pores in such
membranes by Hanai, Haydon and Red Wood and
Thompson and Huang (pp. 731-744) in relation to
diffusion or permeability reveals the usefulness of
these artificial 'leaflets' as experimental tools.
The data obtained with such 'leaflets' must now
be correlated with the large volume of information
already available on the permeability of synaptic
membranes or erythrocyte membranes or the plasma
membranes of unicellular organisms.

The chemical structure of biomembranes has
been investigated using mainly myelin sheaths,
erythrocyte membranes, mitochondrial or micro­
somal membranes and the membranes of a few gram
negative and gram positive bacteria. Techniques
for isolating membranes from subcellular structures
have also become highly sophisticated now with
the availability of density gradient centrifugation
and gel filtration procedures. The ratio of protein
to lipids in sueh membranes has been found to vary
[rom 0'5 to 5·0. Cerebrosides constitute the major
part of the phospholipids of myelin and sphingo­
myelin tJ\at of erythrocyte membrane". The nature
and proportion of the individual phosphatides in
mitochondrial and microsomal membrane determine
the integrity of their function. Bacterial plasma
membranes appear to be devoid of sterols and their
fatty acid composition shows wide variation sug­
gestive of a chemical basis for the relative suscepti­
bility of bacterial membranes to antibiotics. The
difference in the ionic composition of membranes
could be responsible for different rates of ion trans­
port as evident from the studies of Tosteson on
sheep red cell mC'mbranes (pp. 577-590).

231



J. SCIENT. IND. RES., VOL. 26, JUNE 1967

Function of Membranes

The main functions of biomembranes are ion
transport, provision of a protective guard to ~he
internal mileu of which they form the surroundmg
barrier formation of a base matrix on which enzyme
organi~ation is achieved and to be the. site or lo~us
of specific binding of pharma~olog~cally aC~lve
substances, antibodies, viral nucleic aCids or to~ms.

Of these, by and large, ion transport has ~ece~~ed
the maximum attention in view of the availability
of elegant radio-tracer techniques. The volu~e
under review contains a dozen papers on this
subject along with a very skil!~l discussion of t~e
theory of membrane permeability by ~owenstem

(pp. 441-469). The role of membrane m enzy~e

organization is evident nowhere better than m
mitochondrial systems with which Packer, ?toc­
ckenius Chance Green Rollenberg and Lelinmger
have . ~ade :xtremeiy valuable .contributio~s
(pp. 624-708). The location of spec.lfic meta.bol~c

sequences in the membranes of mltoch?ndna IS

revealed in five membrane systems as pomted out
by Green:

Plasma membrane --->- Glycolysis

/Proteins

Endoplasmic reticulum --->- Synthesis of --+Fatty acid

'\..Phospholipids

(

Proteins
Microvilli --+ Terminal hydrolysis

Polysaccharides

/Citric acid cycle

Mitochondria -4 Fatty acid oxidation

'\..Fatty acid elongation

Chloroplasts --->- Synthesis of sligar from CO, and H,O

In the words of Green, "The ultrastructure of
membranes is the meeting ground of morphology,
biochemistry and physiology. It is in the mole­
cular details of the ultrastructural pattern that the
biochemist can find the answers to phenomena
such as energy transduction, energized transloc~t.ion

of ions and water, active transport, contractility,
etc. These molecular details provide the subject
material of membrane biochemistry."

Future Trends in Membrane Research

The extensive work on membrane involvement
in ion transport and energy transduction has
opened out vistas of investigations directed against
the understanding of the molecular basis behind
nerve impulse transmission or the interconversion
of chemical into mechanical and electrical energy
at membrane junctions or the transformation of
optical energy into chemical energy in two systems
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so diversified from each other such as the visual
system of the animals and the chloroplasts of the
green plants. The function of the neuron cell in
impulse transmission and integration still awaits
elucidation. The phenomenon of cell to cell adhe­
sion, the chemical recognition behind it and the
building up of cells into network of tissues remain
to be understood in simple chemical terms. There
is already behind these properties an implied role
of electrical charges and chemical bonds which need
to be elucidated more precisely.

The viral DNA membrane interaction as revealed
in simple Escherichia coli-DNA phage system or
vaccinia DNA-Hc La cell system has made it
possible to understand the molecular basis of viral
pathology. Is there any role of interferon in
altering the membrane susceptibility or specificity
of the host? Or is the specificity of infection
merely a reflection of the chemical c:>mposition of
the membranes? In pharmacology, the concept
of receptor sites of drugs has become one more
fashionable peg for hanging hypothesis on modes
of drug action. Excepting with the anaesthetics
no advance has been made as to the exact mole­
cular nature of such receptors. Does the receptor
represent a specific chemical organization on the
lipoprotein surface either in primary structure or
in tertiary conformation? Several such questions
occur to one as one surveys the panorma of investi­
gations rendered possible with membranes.

Conclusion
It is not fair to expect a conference with such

wide scope as reviewed above to suggest solutions
to problems of membrane structure and function.
Presumably there was hardly any time for discus­
sion of the data or if such discussion did take place
the comments from 'the pit' have not been con­
sidered worthy of being recorded. Be that as it
may, one definite fruitful purpose of the conference
has been to bring the different papers into one
handy volume revealing several methods of experi­
mentally approaching the innumerable problems
that still remain to be solved in the field of the
biomembrane biochemistry.
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IQSY Symposium

T HE National Physical Laboratory (NPL) was
the venue of a Symposium on the Inter­
national Quiet Sun Year (IQSY), held during

15-17 December 1966 under the joint auspices of
the Indian National Committee for IQSY and
NPL. The IQSY (January 1964 to December
1965), a follow-up of the International Geophysical
Year (IGY) of 1957-58, is one of the largest inter­
national cooperative scientific ventures. India is
one of some 63 countries participating in the IQSY
programme.

The symposium covered the fields of meteorology,
ionosphere, cosmic rays, solar activity, geomagnetism,
aeronomy and space research. It was attended by
over 100 participants from several research institu­
tions and universities.

Over 90 papers (11 from NPL) were submitted
for the symposium, which was divided into six
sessions, covering different disciplines.

Solar Activity

One session was concerned with the sun itself.
The sun was quietest during 23-28 July 1964
which has been subsequently declared as a special
interval for intensive study. From August 1964
through January 1965, the activity increased slowly
and irregularly, but during the next three months
another decrease occurred.

Although the sun was extremely quiet, solar
flares occurred on 26 January 1964, accompanied
by a solar radio noise burst. Solar X-ray enhance­
ment was recorded with an US satellite during this
event, the flux for wavelengths below 8 A. rising
to 3,3 X 10-3 ergsfcm.2fsec., about 100 times larger
than the generally recorded value at this time.
Another flare occurred on 16 March 1964, accom­
panied by several ionospheric effects, the largest
during the IQSY period. On 5 February 1965, a
proton flare accompanying a bright flare of im­
portance 2+ occurred, and the excess absorption
resulting from impact of solar protons was recorded
at the polar latitudes with equipment measuring
cosmic radio noise.

Several papers were presented by the Astro­
physical Observatory, Kodaikanal, NPL, Tata
Institute of Fundamental Research (TIFR) and
Physical Research Laboratory (PRL), Ahmedabad,
describing the sun and its few but distinctive
disturbances during this period. The observations
of the Kodaikanal Observatory were principally
concerned with the behaviour of the sun in the
optical region, those of the TIFR in the radio
spectrum, and those of PRL concerned the observa­
tions in the X-rays monitored from three US
solar radiation satellites, 1964·-01-D, 1965-16-D and
1965-93-A. The work of NPL concerned the patrol­
ling of the sun through the associated ionospheric
effects.

The TIFR work showed that the shape of the
quiet corona is consistent with the theoretical
prediction based on a smooth corona, while the
NPL work indicated that there is a threshold flux

of solar radio noise which must be exceeded before
a sudden ionospheric disturbance (SID) is observed.
The NPL work has also shown that for the few
flare events, for which satellite measurements are
available, a combination of satellite X-ray data
and the accompanying ionospheric effects can
provide a powerful tool for the study of D-region
aeronomy.

Observations were reported from NPL with a
new technique involving minute frequency shifts
(of the order of a few cycles) that can be noted
with some solar flares, in very stable frequency
signals, such as from the ATA time and frequency
standard transmissions at 10 Mc/s. from Delhi.
Analysis work by Dr Saha and Dr Mitra (NPL)
located the seat of this disturbance in the E-region
of the ionosphere, through enhanced solar X-ray
emission, during flares, in the wavelength range
10-100 A.

Geoma~netic Studies
Important papers presented in the field of geo­

magnetism concerned the characteristics of the
equatorial electrojet. Ground measurements of the
quiet-day ranges in the horizontal field at the
magnetic observatories of Trivandrum, Kodaikanal,
Annamalainagar and Alibag by the India Meteoro­
logical Department showed that the width of the
electrojet is about the same during solar minimum
as during the solar maximum: the half width
decreased by only 20 km., from 297 to 276 km.,
from 1958 to 1964. The location of these electro­
jets, recorded with magnetometers flown in five
rockets over Thumba, and reported by workers of
PRL, is found to be in the neighbourhood of
100 km., with an occasional second peak around
150 km. Evidence was presented to show that
the southern hemisphere day-time current systems
in the ionosphere penetrated into the northern
hemisphere up to as much as 110 geographical
latitude or about 30 magnetic latitude. A sub­
stantial number of sudden commencements were
found to occur without any related visible or radio
radiation activity of the sun. It was suggested
that these were produced as a result of sudden
decrease of solar plasma pressure from an M-region
beam.

Micropulsations recorded at the National Geo­
physical Research Institute (NGRI), Hyderabad,
were described. The pulsation activity had an
inverse relation to magnetic activity.

Ionospheric StUdies

Ionospheric sozmdings - A network of nine
stations from Delhi to Trivandrum 'sounded' the
ionosphere regularly, hour after hour, day after
day, and mapped the ionized regions over India.
It was reported that the irregularly appearing
layer around 100 km., called sporadic E which at
times can be sufficiently intense to reflect even
television frequencies, was apparently unaffected
by meteoric influx, often cited as a major
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cause for its production in the middle latitudes.
It was also shown that in the middle latitudes
this layer was most likely to occur at 09 and
18 hours.

Satellite radio signals - An interesting study
initiated before IQSY and continued through the
IQSY period concerned the top side of the iono­
sphere (above 300 km., normally inaccessible to
ground-based sounders) made through ground
measurements of radio beacon transmissions from
selected satellites. These studies were first initiated
at NPL with the Russian satellite Cosmos V in
1962, and were later intensified when the inter­
national satellite S-66 was launched by USA for a
coordinated reception programme in stations scat­
tered over the globe. In addition to NPL, the
stations at Ahmedabad, Hyderabad (DLRL), Kodai­
kanal and Thumba gradually entered into this
programme. The distribution of these stations is
such that between these it is possible to map the
ionization over a wide geographical area, and
identify and examine large-scale ionization clouds
in the high atmosphere.

On many nights, and sometimes during day, the
satellite signal 'twinkled', and this 'twinkling'
could be related to sporadic E and to a diffuse
region around 300 krn. called spread F. On some
days, ·the ionization in the path of the satellite was
found to be unusually large; but there was no
evidence of any unusual solar or geomagnetic acti­
vity on these days.

Ionospheric absorption - Vertical incidence pulse
technique of measuring absorption of radio waves
in the ionosphere was employed by All India Radio
and PRL. The attenuation in the ionosphere
decreased steadily with the decline of solar activity.
The absorption (a matter of great concern to radio
communication engineers) during IQSY was one­
third of that during IGY.

Six papers were presented on the cosmic radio
noise technique of absorption measurement. This
technique measures attenuation of radio waves of
galactic origin, as it passes through the ionosphere.
Three such equipment were in operation at NPL
during the IQSY, two at Ahmedabad and one each
at Thumba and Banaras. New ideas on the reduc­
tion techniques were presented from NPL. Papers
from PRL, Ahmedabad, and by Dr Saha of NPL
indicated how such measurements could indicate
electron temperatures in the F-region of the iono­
sphere.

Ionospheric drijts - The upper atmosphere is a
region of strong winds, which at times can be as
large as 300 km./hr. It is likely that at the higher
levels the electrons and ions move quite differently
from the neutral particles. The motion of these
ionized particles has been measured, as during the
IGY, at a number of stations. All India Radio
reported drift velocity at Trivandrum to be about
3 times as large as at Delhi, and the tendency for
this velocity to be higher in the evening hours.
Difficulties and pitfalls in the interpretation of the
records were pointed out by the group of workers
from the Andhra University, Waltair, from simul­
taneous measurements of phase and amplitude of
the signals. Comments on the status of the tech-
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niques of measurement and interpretation were also
made by S. N. Mitra.

Cosmic Rays

At this session, contributions came principally
from TIFI{ and PH.L. In a balloon flight made
from Hyderabad on 15 April 1966, TIFR found
some evi(1<:nce for the emission of high energy
neutrons from the sun in the ellergy range 50-500
MeV. Vertical proton and helium flux was measur­
ed over Hyderabad. Tl\(~ flux of primary protons
was found to be between 130 and 100 particles/m 2

sterad. sec. and of helium about 15 particles/m.2

sterad. sec. These values are essentially the same
as during the IGY and it would appear that solar
modulation effects on the helium and proton com­
ponents ncar equatorial latitudes are very small.

Characteristics of the anisotropy of galactic
cosmic rays during IQSY were described by
Dr Sarabhai and his colleagues (PRL). From the
same group an analysis of solar cosmic rays during
16 flares was presented, and it was shown that the
results are consistent with the hypothesis of cosmic
radiation flowing away from the sun in intertwined
filaments, defined by the magnetic field structure
in the solar wind.

Aeronomy

Composition oj the atmosphere - Dr Bhatnagar
and Dr Mitra (NPL) presented a model of the
atmospheric density and temperature to heights of
700 km. from drag observations of 46 satellites.
The exospheric temperature was found to be only
900°K. during day and 700°K. during night for
the IQSY, as against 2000°K. during day and
1600oK. during night for the IGY. The density at
700 km. was only one-thirtieth of that during the
IGY. The air began to be richc-, in helium and
hydrogen above 500 km., whereas during IGY atomic
oxygen predominated up to around 1500 km.

Dr Mitra also presen ted evidence to show that
neutral nitric oxide, an important minor constituent
of the atmospherl', has a concentration of only
about one-billionth of the molecular oxygen at
70 km., and that in the lower ionosphere a complex
series of chemical reactions occurs. Negative ions
are abundant below 70 km. during day and 90 km.
during night.

Atmospheric winds - Dr Bhavsar (PRL) presented
results on wind measurements above 100 km. from
clouds of sodium, artificially produced with rockets
flown from ThumlJa. The clouds were photo­
graphed by a network of stations, about 100 km.
apart. It was found that over Trivan(lrum' and
at heights above 115 km., the zonal component of
the winds is more regular than at middle latitudes.
The zonal component is mainly towards l'ast be­
tween 115 and \40 km. and towards west between
\40 and 180 km. The winds were stronger in the
evening than in the morning'. Other papers pre­
sented concern(~d airglow.

Meteorolo~y

The major topics covered by the papers on
meteorology were ozone, radiation balance, atmo­
spheric electricity rUld tropospheric turbidity. It



SUBBA RAO: INTERNATIONAL SYMPOSIUM ON PLANT PATHOLOGY

was found that dust pollution in the haze layer at
2500-5000 ft has been much larger from 1962
onwards, both over Delhi and Poona.

Evidence of biannual oscillations in the lower
troposphere from Observations at two equatorial
stations, Gan and SiRgapore, were reported by
Dr Ananthakrishnan of India Meteorological Depart-

ment. Its likely connection with biannual varia­
tion in ozone content of the stratosphere was sug­
gested by Prof. K. R. Ramanathan (PRL). Results
of 18 successful meteorological rocket firings, indi­
cating mainly easterly wind flows in the strato­
sphere and frequent westerlies above 50 km., were
presented.

The First International Symposium on Plant Pathology III India
. S. SUBBA RAO

MicrobioI"gy Divisinn, Indian Agricultural Research Institute, Delhi 12

THE Indian Phytopathological Society in
collaboration with the Indian Council of
Agricultural Research (ICAR) organized and

conducted the first International Symposium on
Plant Pathology at the Indian Agricultural Research
Institute (IARl), Delhi, to mark the 20th anniversary
of the young society. The deliberations began on
27 December 1966 and extended up to 1 January
1967 and during those days the campus of IARI
was indeed a beehive of activity. Thirty-one dele­
gates from overseas and about 300 delegates from
India attended the symposium. There were 15
regular sessions and 6 panel discussions which
covered probably all aspects of plant pathology
from such fundamental aspects like toxins and
enzymes to applied aspects such as plant disease
control by means of antibiotics. An international
exhibition on plant pathology focused attention
on practical aspects of tlte subject both to the
specialist and t he layman alike.

On the opening day of the symposiulll, Shri C.
Subramaniam, Union Minislt'r for Food, Agri­
culture, Community Development and Cooperation,
Dr B. P.· Pal, Director-General, ICAR, and
Dr M. S. Swaminathan, Director, lAIH, stressed tilt'
need for scientific inpnts in agricnlture ancl men­
tioned how challenging" it would be for plant patllo­
logists to free till' cOlllllry from hUllgl'r and mal­
nutrition by contrulling plallt dis!'a,.'s and pe'ts.

Cereal Pathology

Dr R. Prasada (IAJ< I, Ddhi) pleaded for an
international approach tu ('()lllrol wheat rusts alld
showed Itow wincl currents from Nepal, Pakistan,
Afganistan and Iran may be responsible for the
dissemination of uredospores. Maize rust uredo­
spores secrde a self-inhibitor which prevents its
germination. This inhibitor is an unsaturate(1
organic compound which is non-volatile and heat
stable, probably a phenolic compound akin to
phloroglucinol. Dr M. K. Roy and Dr R. Prasada
had something to say about this inhibitor.
Dr H. (, Young (Jr) (Oklahama State University,
Stillwater, USA) spoke about tlH~ variation in
virulence alvl its relation to the use of specific
resistance for con trol of w hea t leaf rust and

informed that the wheat leaf rust alternate host
does not function in the United States of America.
Dr L. M. Joshi (IARI, Delhi) showed how external
environment would influence the infection of
Puccinia hordei - maximum infection taking place
in 10-12 hr at 20-23°(, Growth and pathogenicity
of bunt of paddy was the theme of a paper given
by Dr A. Narain (Orissa University of Agriculture
and Technology, Bhubaneswar). The paper dealt
with teliospore germination of Neovossia horrida.
Pathogenicity tests confirmed that the fungus
causes infection through the flower of paddy during
anthesis.

Dr (, S. Holton [United States Department
of Agriculture (USDA)] dealt with the subject of
survival of oat smut species in the United States of
America. He revealed that the disparity in the
relative prevalence of Ustilago avenae (loose smut)
and U. kolleri (covered smut) in the USA has
increased from 2: I to 9: 1 in less than 4 decades
because of the fundamental difference in the ability
of the two species to release the spores - the loose
smut having proved successful because of its ready
release of spores, while the covered smut is not so
successful owing to its delayed release of spores.
Dr V. V. ChenaJu (IARI, Delhi) estimated the
losses of wheat in India due to Alternaria leaf blight
to be as high as 99 per cent in susceptible varieties,
such as NP 830, when the infection takes place in
the boot lraf stage. A report on the leaf blight
disease caused by Alternaria triticina and its control
measures was given by Dr A. S. Prabhu (IARI).
A new downy mildew of maize incited by Sclerop­
thora rayssiae var. zeae was reported by Dr M. M.
Payak and Dr B. L. Renfro (IARI) who explained
the biology, geographical distribution and diffe­
rential host response to the pathogen. Other
papers induded a Widespread epiphytotic of
Gibberella rot in USA by Dr A. J. Ullstrup (Purdue
University, Lafayette, USA) and an instance of
wilt of maize caused by Fltsarittm moniliforme by
the Ranchi Agricultural College workers. The
Orissa Agricultural College workers from Bhubanes­
war spoke about brestan 60 (triphenyl tin acetate)
which they found most effective in controlling blast
of rice caused by Pyriwlaria setariae although
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aureofungin and ceresan lime dust were more or
less equally effective. Dr N. V. Sundaram of
Coimbatore was of the opinion that ziram, melprex
and copper oxychloride could completely arrest the
germination of conidia of Spacelia sorghi which
causes the sugary disease of sorghum.

Prof. Paul Neergaard (Statens Plantetilsyn,
Hellerup, Copenhagen) narrated that about 50
important pathogens occur on rice and stressed the
need for seed testing and certification to ward off
losses due to seed-borne in feet ions of rice. Several
methods to test varietal resistance to blast, bacte­
rial blight, tungro virus, stem rot and sheath blight
diseases of rice have been developed at the Inter­
national Rice Research Institute (IRRI), Manila,
and they were well illustrated and described by
Dr S. H. Ou of the institute. In the discussion on
bacterial blight of rice caused by Xanthomonas
oryzae, Dr D. N. Srivastava and Shri Y. P. Rao
(IARI) mentioned how the epiphytotic is vitally
important in any consideration regarding formula­
tions of future agricultural programmes in India.
The discussions centred round the practical aspects
of control measures of the disease and the intro­
duction of Taichung-Native I variety of rice which
has the beneficial property of high yield and non­
lodging character coupled with susceptibility to
the attack of bacterial blight. Dr T. Muzukami
of Japan mentioned that losses due to bacterial
blight were about 60 per cent in his country under
severe disease conditions, while Dr S. H. Ou (IRRI,
Manila) maintained that the losses in yield were
well offset by the increased output of grains if
Taichung-Native I was cultivated. Another facet
of the discussions was that Taichung-Native I
offers a fertile substratum for the proliferation of
Xanthomonas oryzae which would indeed be de­
vastating by cumulative increase in the 'inoculum
potential' of the organism in years ahead, al­
though the high yields by the variety may appear
attractive in the near future. Dr S. Y.
Padmanabhan (CRRI, Cuttack) reported on the
trials conducted in different parts of India on the
efficacy of chlorine water and streptocycline spray
combinations in the control of the disease. Dr K.
Ramakrishnan (Agricultural College, Coimbatore)
inquired whether enough quantity of the antibiotic
could be made available to combat the disease so
as to be economical. Dr G. Rangaswami (Agri­
cultural University, Bangalore) and others wanted to
know if any in vitro tests were performed on the anti­
bacterial property of chlorine water. Dr M. R. S.
Iyenger of Baroda added a note of caution by saying
that any control measures recommended for bacterial
blight must pass through rigorous laboratory and
field experiments.

Dr S. Y. Padmanabhan (CRRI) referred to the
possibilities of mutation breeding for disease resis­
tance to rice pathogens such as HelmintJlOsporiu11l.
The Kalyani University workers tested 40 mono­
sporic isolates of Heiminthosporiu11I oryzae to see
if any biochemical characters could be related to
variation in parasitism but found no correlation
between both the properties. Dr N. L. Dhawan
(IARI) presented results of genetic analysis of
resistance to leaf blight of maize incited by
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Helminthosporium turdcum in certain inbred lines
of the host. It was revealed that the variances of
both general combining ability and specific combin­
ing ability with regard to expression of disease
reaction were highly significant.

Virus Diseases

There were several sessions on virus diseases of
plants, including a session on tissue culture studies
in plant pathology. The spotlight fell on Dr Karl
Maramorosch (Boyce Thomson Institute, New York).
both for his eloquent exposition of scientific inquiries
and his sense of humour. In fact, a hall packed
with audience listened to his popular lecture on
the opening day most attentively. The lecture
was a scientific elocution interspersed with truly
original humour. Dr Maramorosch spoke about the
detection of mechanically transmissible virus in
seed which requires the use of indicator plants for
assaying. The examination of ultrathin sections
by electron microscopy could provide evidence for
virus detection which, however, is not quite practi­
cal either for quarantine work or for seed certifica­
tion. Insect tissue cultures have been used by
Dr Maramorosch to assay viruses accurately and
he has been able to devise techniques for raising
insects aseptically and grow cells of several
species of grasshoppers. Inoculation of such cells
in vitro with three different plant pathogenic
viruses resulted in cell destruction within 5-7 days.
In this way, an assay method for plant viruses
could be more accurate than local lesion method
where wounding of host plants is essential, resulting
in the entry of perhaps more than 10,000 virus
particles. The Poona workers headed by Dr S. P.
Capoor revealed that a preliminary fasting of
aphids in grassy shoot of sugarcane would improve
the efficiency of aphids to acquire the virus.
Dr Kishan Singh of Lucknow narrated that of all the
aphids on sugarcane, Longiunguis sacchari was the
commonest and the aphid successfully transmitted
the virus responsible for the grassy shoot disease of
sugarcane in northern India. Dr B. B. Nagaich
[Central Potato Research Institute (CPRI), Simla]
spoke about the variations in the ability of Myzus
persicae to transmit potato virus Y and leaf
roll. Dr S. P. Raychaudhuri and his associates at
IARI, Delhi, gave an account of the virus disease
of mulberry and mosaic disease of maize in India
and indicated that th,' host ran~e for the latter
was confined only to grasses. They also related
the fact that the symptom expression of tomato
leaf-curl was much ;klayed when tomato seedlings
were root-dipped in 50 p.p.ro. gibberellic acid prior
to transplanting. It was also mentioned that at
least two viruses, tristel':a and gre('ning, were present
in the die-back affected trees of various citrus
species in India. Experimental evidence has proved
that soil drenchin~ of larKe cardamom plants by
thiouracil before or at the time of inoculation and
dip treatments of infected rhizomrs in hydroquinone
showed signs of virus inhibition in the case of
.mosaic disease of cardamom. It was explamed
how the virus concentration of potato virus X in
tomato decreased with increasing levds of both
zinc and iron in the medium in which the plants
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were raised. The Lucknow University workers
provided evidence to show that certain amino
acid sprays on tobacco plants either reduced or
enhanced the local lesion produced by tobacco
mosaic virus (TMV). Dr S. Sarkar (Max Planck
Institute fUr Biologie, Tubingen) detailed the
methods by which he has followed the biosynthesis
of free infectious nucleic acid and intact nucleo­
proteid particles of TMV in primary infected tobacco
leaves. The only lady participant from overseas,
Dr]. Dijkstra (Laboratory of Virology, Wageningen)
said that she was able to inhibit the TMV on
tobacco leaf discs by floating them on 6-azauracil,
an analogue of pyrimidine, although the inhibitory
effect was neutralized by prolonged flotation of discs
on water. The electron micrographs shown by
Dr J. Brack (Czechoslovak Academy of Sciences,
Prague) showed some particles in mitochondria of
viruliferous leaf hoppers which he interpreted as
virus particles.

Dr R. L. Steere (USDA) participated in a panel
discussion on serology of viruses and demonstrated
a simple agar-gel method for the purification of
plant viruses. He also gave an illustrated account
of a new freeze-etching unit and showed electron
micrographs of recently prepared specimens by
using the technique. The technique has new
possibilities of studying cell structures and processes
of virus multiplication. Dr George Morel (Institut
National de la Recherche Agronomique, Versailles,
France), a world authority on tissue culture, showed
how viruses could be eliminated from plants by
repea ted culturing of tissues in vitro. Dr George
Melchers (Max Planck Institute fur Biologic, Tubin­
gen) spoke about the genetical aspects in callus­
culture work and showed how callus-cultures arc
distinguished by great genetical inhomogeneity.
Dr S. P. }{aychaudhuri (lAm, Delhi) gave an
account of several viruses maintained in his labora­
tory on tissue cultures and hoped that such studies
would lead to a type culture collection of viruses
at a national level.

Dr T. H. King, FAO plant pathologist from
Thailand, pointed out the rccent occurrences of
virus diseases of rice in various parts of Thailand
and South-East Asia. Dr S. H. Ou (IRRI,
Philippines) cxplained the symptomatology and
transmission of tungro virus, orange leaf virus,
yellow dwarf virus and grassy stunt virus with
the aid of excellent colour slides. H(, also men­
tion('d that the diseases of rice known by different
local names wcre found to be one and the same
upon careful examination and cited the example
of Penyakit mera in Malayasia and tungro disease
in the Philippines. Dr S. P. }{aychaudhuri men­
tioned that recently a virus disease of rice showing
leaf yl'!lowing symptoms, very much resembling
tungro discaSl~ and transmitt('d by Nephotettix
bipunctatus, has been encountered at Delhi, Cuttack
and some parts of West Bengal.

Resistance to Disease and Chemotherapy
Ever since Millardet in France discovered the

, bordeaux' mixtme in 1882, the sci('Ilce and
technology of plant chemotherapy are ever on the
increase. Judging from the report of more than

one worker in the symposium, the bordeaux mix­
ture is still holding fort for many a fungal infections
of plants. Dr James G. Horsfall (Connecticut
Agricultural Experiment Station, New Haven, USA)
was undoubtedly the pivotal figure in this scientific
deliberation which included a session on resistance
and immunity to plant diseases presided over by
Dr A. B. Joshi (ICAR). Dr Horsfall listed not
only an array of chemicals which inhibit sporula­
tion of Alternaria solani, but also explained the
physiological mechanism involved in such effect.
Apples are susceptible to powdery mildew caused
by Podosphaera leltcotricha and the losses due to it
are considerable. It was shown by Dr M. J. Thiru­
malachar (Hindusthan Antibiotics Ltd, Pimpri)
that aureofungin, an antifungal antibiotic, could
control the disease on a field scale to the extent of
100 per cent when 4·5 g. of the antibiotic in 100
gallons of water was sprayed on plants. Green
tubers of potato arc known to contain 'solanin',
an antifungal alkaloid. It was again pointed out
by Dr M. J. Thirumalachar that in India where
storage rots of tubers are considerable, the simple
method of storing the tubers after they are greened
could profitably be exploited to safeguard against
fungal pests during storage of potato. Dr M. R. S.
}yenger of Baroda presented evidence on the
antifungal action of streptomycin, while Dr G.
Rangaswami of Bangalore showed that an anti­
biotic from Streptomyces garYPhallis was potent
against Helminthosporillm. Dr S. Y. Padmanabhan
(CRRI, Cuttack) and Dr S. N. S. Srivastava of
Simla . narrated the results of their studies on
several antibiotics including griseofulvin on rice
diseases. Indeed, Dr M. S. Swaminathan and
Dr M. S. Chatrath (IARI, Delhi) added new light
to the deliberations by focusing attention on the
role of radiation in plant pathology and plant
disease control. Dr C. S. Venkat Ram (United
Planters Association of South India, Coimbatore)
told how dramatic eradicative control of blister
blight of tea was obtained by spraying nickel
chloride hexahydrate at the rate of 0,75-1'0 oz.
nickel per acre, while Dr V. Agnihothrudu (Rallis
India, Bangalore) narrated the control measures of
coffee diseases in India. Continuous application of
copper fungicides to control grape anthracnose
leads to the development of resistant strains of
the pathogen; evidence in support of it was pre­
sented by Dr lit S. Reddy and Dr A. Appa Rao
of Hyderabad. Fungicidal treatments influence the
microflora of seeds and Dr D. Suryanarayana of
Ludhiana showed how different fungicides have
different influences 011 the microflora of bajra seeds
in storage.

Host-Parasite Relations

Prof. T. S. Sadasiv<ln (Madra> University). who
is well known for his work on the fusariose wilt
of cotton, gave an account of the importance of
toxins and enzymes in the manifestation of plant
diseases. Dr R. Kalyanasundaram of Madras said
that fusaric acid, a metabolic product of certain wilt
inducing fusaria, interferes with the iron metabolism
of test organisms. Dr D. Subramanian of Madras
and Dr A. Mahadevan (Annamalai University) laid
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emphasis on pectic enzymes in relation to fusarial
wilts, while Dr K. V. Srinivasan (Sugarcane Breed­
ing Institute, Coimbatore) showed how Glomerella
tllcumanensis produced pectic enzymes and c.ellulases
both in vitro and in vivo. Speaking of enzymes,
Dr S. Venkateswaran (University of Houston and
Georgetown University, Washington) showed how
enzymatic changes occur when TMV infected and
healthy tobacco tissues were grown in tissue cultures.
Even the entry of symbiotic Rhizobium into the
roots of legumes was shown by Dr N. S. Subba Rao
(IARI, Delhi) to be governed by pectic enzymes
produced in the root environmcnt. Dr M. J.
Thirumalachar spoke about necrotin, a new antibiotic
phytotoxin, produced by Myrothecimn roridum.
Several papers dealt with the amino acid metabolism
and amino acid composition of plants in health and
disease of plants - Dr P. N. Patel (University of
Udaipur) on Pseudomonas infections of plants,
Dr M. V. Nayudu (Venkateswara University, Tirupathi)
on Xanthomonas malvacearum, Dr A. Narain (Orissa
University of Agriculture and Technology, Bhuba­
neswar) on tikka disease of groundnut, Dr H. C.
Arya (University of Rajasthan, Jaipur) on healthy
and Sclerospora graminicola infected bajra and
Dr S. Sinha (Agra College, Agra) on Colletotrichum
graminicolum infection of sorghum. Dr Sinha also
spoke of cicerin, a phytoalexin associated with the
blight of gram caused by Ascochyta rabiei which
evoked considerable interest. The blast of rice
caused by Pyricularia oryzae was shown by
Dr Suryanarayanan (Madras University) to be
governed by genotype-nycto temperature reactions.
Dr Ramesh l\laheswari (Delhi University) crisply
summarized that establishment of the rust colonies
following inoculations with rust uredospores appear
to depend on the properties of host's surface.
Dr V. V. Chenalu (IARI) informed that respiratory
rates of infected leaves were much higher than
those of the healthy ones in the case of cowpea
mosaic virus infections. Dr M. S. Dounine (Timir­
jazev Agricultural Academy, Moscow) gave an
aCCount of immunological relations of globulins of
plants and their pathogens and stressed their im­
portance in evaluating disease resistance. Cephalo­
sporium was found to be a non-pathogenic internal
inhabitant of tomato seedlings and detailed studies
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for the past ten years by Dr C. C. Allison (Ohio
State University, Columbus, Ohio, USA) have
revealed that the fungus mitigates the symptom
development of tomato plants infected by Fusarium
oxyspor1l1n f. lycopersici.

Taxonomy

The Agra session of the symposium provided a
chance for the participants to mix pleasure with
pursuit of science. A group of taxonomists headed
by Dr M. J. Narasimhan discussed the taxonomic
position of phytopathogenic fungi in the Botany
Department of Agra College. Dr J. A. Von Arx
(Centralbureau Voor Schimmelcultures, Baarn,
Netherlands) said that the classic system with one
division and four classes of fungi Archimycetes,
Phycomycetes, Ascomycetes and Basidiomycetes
did not agree with phylogenetic considerations.
Instead, he proposed four different divisions­
Myxomycota, Chytridiomycota, Oomycota and
Eumycota. He also distinguished the following
classes - Zygomycetes, Endomycetes, Ascomycetes,
Basidiomycetes and Dcuteromycetes (fungi im­
perfectii). Shri R. L. Munjal (IARI) discussed
the taxonomy of photopathogenic fungi in general,
while Dr C. V. Subramanian (Madras University)
particularly dealt with the taxonomy of gramini­
colous pathogens hitherto classified in the form
genus Helminthosporimn but more recently in
Drechslera. Dr M. J. Thirumalachar dealt with the
taxonomy of Spaceloma parasitizing Ficus spp.
The Jobner school of workers headed by Dr N.
Prasad spoke about the speciation in Colletotrichllm.
Dr M. M. Payak and Dr L. M. Joshi (IARI) spoke
about the taxonomic considerations of berberis
aecidia in relation to life cycle of wheat rust in
India.

The physiologists did not leave the taxonomists
alone. Dr K. S. Deshpande and Dr K. B. Desh­
pande (Marathwada University, Aurangabad) showed
how HelminthosporillTll atypica and H. apatterne
differed in carbon utilization, pectic enzyme pro­
duction and even pathogenicity on wheat. Finally,
Dr R. Andal (Madras University) differentiated
Fusarill1n species on their ability to produce indole
compounds in culture and stressed the importance
of physiological aids in taxonomy.
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Prof. Govindachari briefly indicated the possible
biogenetic paths for the synthesis of the tylophora
alkaloids.

There was greater interest in the chemistry of
plant products; eight papers were contributed on
natural products and four dealt with synthetic
organic chemistry.

Synthetic Chemistry
Dr S. Ray (Lucknow) described the synthesis of

3,4-diphenyl chromenes and chromans which were
required for testing as antifertility agents. These
coumarins are of interest in view of the antifertility
activity of l,2-diphenyl-3,4-dihydronaphthalenes
recently reported by the Upjohn Co.

Dr A. Raychaudhuri (Calcutta) spoke on the
structure of the byproduct formed in the prepara­
tion of 7-chloro-4-hydroxy-3-carboxyquinoline from
diethylethoxymethylene malonate and m-chloro­
aniline. These quinolines might be useful as anti­
coccidiostatic agents.

Dr T. George (Bombay) described the synthesis
of a series of new tricyclic compounds from

O
N the occasion of the fifty-fourth session of the
Indian Science Congress, held at Hyderabad,
a symposium was organized on the chemistry

of natural and synthetic drugs. In all 36 papers
were submitted as seen from the abstracts, but
actually only one-third of the papers were read
during the two-day meeting, apparently due to the
absence of the authors who had planned to attend
the congress.

Prof. T. R. Govindachari, who presided over the
two-day session on 4 and 5 January 1967,
inaugurated the symposium with his talk. on the
tylophora alkaloids. He surveyed the enhre field
of tylophora alkaloids which are all derivati~es of
phenanthroindolizidine and discussed in detail the
degradative and synthetic work which established
the structure of tylophorine (I). The synthesis of
tylophorinine and tylocrebrine established the
structures (II) and (III) proposed for the natural
products. With the discovery of vincaleuco­
blastine, there is growing interest in the search
for natural compounds which are useful as anh­
tumour agents. He reported that some. of th.e
tylophora alkaloids have shown cytotoxIc ach­
vity.
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Dr A. Banerji (Delhi) read a note on the chemical
constituents of some plants which are used in the
Ayurvedic system of medicine.

Dr N. Adityachaudhury (Kalyani) presented a
paper on the alkaloids of Papaver mtdicaule. This
is shown to contain mainly rhoeadine. Rhoeagenine,
dubirheine, protopine, narcotine, narceine and nor­
narceine are minor constituents.
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4-hydroxyca~bostyril. The synthesis of 2,3-dihydro­
3-ketoqumohno[3,4-bJ-1 ,4-~hi?xin, 2,3-dihydro-3­
k!,to-4H-qUlnohno(3,2-b)thlazme and their deriva­
hves was reported. NMR spectra of these com­
pounds were discussed in detail. Dr Rajappa
(Bombay) (read by. Prof. T. R. Govindachari)
rep?rted the syntheSIS of a number of O-aminoacyl
derIvahves of benzohydroxamic acids. These com­
poun?s .were. found to possess anti-inflammatory
achvlty m mice when administered by subcutaneous
route, but were inactive orally.

Natural Products

Mrs K. Misr!,- (Allahabad) spoke on the various
chemical conshtuents of guava tree bark which is
reported to be of medicinal value. The trunk bark
c?nt.ains leucoc3:'anidin, ellagic acid and 4-~-gentio­
blOslde of ellaglc acid. The root bark was found
to contain a gallotannin of unusual structure.

Dr B. S. Joshi (Bombay) reported a series of new
germacranolides from the roots of N eolitsea zeylanica.
Structur.es were proposed for neolinderane, zeylanine,
zeylal1lcme and zeylanidine based on spectral and
degradative evidence.

~rof. S..Rangaswami (Delhi) gave a talk on the
~U1nones I.s?late~ from a market drug called

Saptarangl which could probably be Casearia
esculenta. Structures were proposed for the four
new naphthoquinones (IV-VII) based on degradative
and spectroscopic evidence.

The leaves of Dalbergia lanceolaria are reported
to possess anti-inflammatory activity. Dr A.
Malhotra (Delhi) discussed the structure of a new
isoflavone glycoside named lanceolerin, isolated
from the leaves. This is shown to have the struc­
ture (VIII). 7-Methyltectorigenin and biochanin-A
were also isolated from the leaves.

J]n
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B1NDAL: INTERNATIONAL CONFERENCE ON ACOUSTIC NOISE & ITS CONTROL

complaints, makes anti-noise laws difficult to frame.
W. Hawel (Germany) presented some interesting
results fr.o~ research on psychoacoustics based on
hIS defimtlOn of annoyance of noise according to
which. " any sound is annoying if, and only if, it is
expenenced by a person of reference as being in­
consIstent WIth Ius or her momentary intentions".
The background of this definition is the hypotheti­
cal construction of a framework of five parameters
- personality, situation, activity, quality of sound
and the sound level itsclf. One is more sensitive to
noi~e. when in a bad humour or engaged in certain
activIty.

The results presented were derived from the
statements of a subject as to how happy or annoyed
he would be under certain conditions of noise,
obtained by 72 possible combinations of these five
variables. From the data so collected a multi­
dimensional matrix has been derived which is
suggested as a reasonable framework for field
research. In another paper, W. Hawel described
an 'annoyance level meter' explaining how this
matrix of subjective effects could be realized in
the form of an electrical network.

Aircraft Noise

Aircraft noise is measured as 'perceived noise
level' in units of PN db. (p~rceived noise decibels).
Maximum levels of 110-112 PN db. have been adopt­
ed for daytime operations and about 102 PN db.
for the night. K. D. Kryter (USA) contributed a
paper dealing with human response to aircraft noise,
relating subjective 'noisiness' with measurement
in PN db. The tests were carried out on a large
scale with 125 listeners, 50 being out of doors and
the remainder seated in a number of rooms in two
houses. It was shown that subjective noisiness
from an aircraft could be predicted within a range
of 1-4 PN db. depending on the experiment. In
another paper a detailed study of the basic concept,
measurement ann control of exposures of sonic
boom was presented hv H. H. Hnbhard and D. J.
Maglieri (USA). . .

A paper from a !-,:roup of six (;crman scientists
based on the work at Frankfurt-am-Main airport
with a system for automatic monitoring aircraft
noise, in operation for 2 years, was presented. It
consists of a central control room, six cxternal
monitoring stations located at t hl' l'dge of n.>sidcnti:d
areas and a monitoring vehide. At :In\, time when
the sound level excl'l'cls a cl'I'lain precleterminl'd
value, a chart indicating th,' extent of deviation
and the length of time it lasts is printed out. The
record includes all important. details, including
flight numbers, weather conditions, airline and
take-off directions. The equipment has shown its
usefulness in analysing the noisy operation condi­
tions. M. Bernard and P. A. Lienard (France)
presented two papers on calihration and measurc­
ment techniqucs at high levcls in difficult conditions
of vibration and temperature in aerospace studies.

Machine and Industrial Noise

The spectra of noise radiated by machines may
be specified in different ways depending on the
purposes for which the data are required. If a

single criterion is needed for comparing machines
or to indicate roughly overall subjective effect,
sound levels using one or more weighing networks
may be adequate. If a sound attenuating enclosure
or a resilient mounting is to be designed, or the
total subjective effect of the machine when in a
room with other noise producing equipment is to
be calculated, rather more detail of the noise spec­
trum is needed in terms of the second pressure
level in contiguous octave, half or one-third octa~e

bands covering the audible range. A paper contn­
buted by A. J. Ellison (UK) and C. ]. Moore (Turkey)
presented data on the acoustic noise radiation
measured by a small electric machine. A polar
diagram for such a machine shows a number of
lobes and other features which depend on the shape
of the machine, the way in which it vibrates and
its size relative to measuring distance.

The morning session of the third day of the con­
ference started with a paper dealing with noise in
industry. Some aspects of control of noise in a
chemical industry were discussed. Two papers
dealt with specific technical problems and another
with specification of noise limits for new plants and
machines.

A practical and comparatively cheap method of
reducing the noise from a large power transformer
was discussed by R. S. Jackson, L. Jump and
J. D. Lawrence (UK). The approach to the prob­
lem is to reduce the radiated sound energy by
attaching panels to the ribs on the transformer
sides and possibly also on the top. An attenua­
tion of the order of 7 db. has been Teported
with 68 per cent of the transformer surface
covered.

Road Vehicle Noise
With the increasing number and power of vehicles

on the roads, the traffic is becoming a major source
of noise and has, therefore, become a field of con­
,iderable interest for quite some time. Objection­
able noise from motor vehicles is usually caused by
violent acceleration in low gear. W. Denby (UK)
niscussed the results obtained with a simplified
measuring procedure compared with the method
using a 10 m.p.h. maximum approach spee~ st~n­
dardized by International Standards Orgamzahon
(ISO Recommendation 362) for potential use at
vehicle inspection stations and roadside checks.
The results obtained by the two methods are
reported to be in fair agreement.

R. Martin (Germany) described some results of
comparativc sound level measurements o! motor
vehicles carried out with a number of lornes on a
roller test stand. The measurements were taken
with a moving microphone at a constant speed and
constant distance around the contours of the
vehicles. The observations were also taken with
different engine speeds and engine loads in each
case. The results obtained yielded some useful
information regarding the direction of maximum
noise emission, resonance of mufflers and the
disturbances of the sound field .due to inter­
ference effects with relation to the influence
of different engine speed and engine load
conditions.
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Concludin~ Remarks

The work on noise currently in hand at various
laboratories in Britain covers a very wide range of
problems, from industrial deafness to sonic booms.
The British attitude towards noise problems in

Technical Visits

The last day of the conference was devoted to
visits to several institutions specializing in studies
in acoustics. The participants had a choice of
going on anyone of the following visits: (i) National
Physical Laboratory, Teddington, and London air­
port (Heathrow); (ii) the Building Research Station,
Garston, and Standard Telecommunication Labora­
tories, Harlow; and (iii) the Institute of Sound &
Vibration Research, the University of Southampton.

The low frequency noise of underground trains in
London has been the cause of interference in tele­
phone conversation in offices and to make it accept­
able an entire building would have to be mounted
On springs. The SOOO-ton auditorium of the new
Odeon cinema near Marble Arch had been put on
rubber mountings at a cost of £ ISOOO t~ keep the
rumble out. The new BBC broadcastmg house
extension is also facing a problem of ambient noise
from underground trains.

A paper by C. L. S. Gilford (UK) describ~d tl:e
techniques used to measure background nOise m
sound and television studios and the design require­
ments for ensuring that it remains below an accept­
able level. Another contribution on a similar aspect
came from ]. Dunsbee and F. Billingsley (UK)
who drew attention to the predominance of traffic
as a source of ambient noise and the difficulty of
correlating ambient noise with a simple description
of the locality.

Among the papers presented on the fourth day
were those on noise control in the design of air­
conditioning plant in a hospital ward, noise produced
by hydraulic systems, details of sound transmission
from one part of a building to another, and noise
from water installation units in buildings.

Ambient Noise

j. SCIENT. IND. RES., VOL. 26, JUNE 1967

recent years can be judged by the followin!? facts.
In 1960 an official committee headed by SIr Alan
Wilson was appointed to examine the nature, sources
and effects of the problem of noise and to advise
what further mcasuri:S can be taken to mitigate it.
The committee presented a comprehensive rep?rt
[Noise (HMSO, London), 1963, 2056] to the Bnhsh
Parliament in July 1963 and also suggested some
more practical amenoments to t~e' Noise. Abatement
Act' which came into force dunng 1960 In UK.

This conference was the second of its kind to be
held in England, the first being 'T~e Control. of
Noise' held in June 1961, at the Nahonal PhySIcal
Laboratory, Teddington. During 1966, Britain w.as
the host of two international conferences on air­
craft noise held in London. The newly formed
British Acoustical Society has been busy arranging
over half a dozen meetings and symposia on various
aspects of noise problem, during the session 1966:67
and still the British feel themselves to be 'lagging
behind' in this field. This may probably be .due to
the fact that many other advanced countnes are
taking still more practical and stringent steps
against noise.

Codes have been drawn up in a number of coun­
tries specifying minimum noise reduction standards
for houses and for working places. In USA indus­
trial deafness is a subject for industrial compensa­
tion and large sums are paid out. In UK although
occupational hearing loss is not compensable as
yet under the •Workmen's Compensation Act',
hearing aids are made available to th~ deaf free ~f
charge. At a school near London airport expen­
ments are in progress, where a classroom has been
provided with acoustic windows, w~ich .close. auto­
matically when the roar of a passing let aircraft
exceeds a certain value.

So far little awareness has been shown (in these
or other'ways) towards the noise problem in India.
The present-day studies confirm that the price of
peace and quiet is increasing in the modern world,
and any further delay in correctly ~ssessing .the
magnitude of future noise problems In a rapidly
developing country like India is bound to have
serious after-effects.
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NORMAL TISSUE NEOPLASTIC TISSUE
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Fig. 1 - Embden-Mayerhof (EM) and HMP pathways for the metabolism of carbohydrates in. normal and neoplastic tissues
[A 30 per cent slowing down of TeA cycle and an acccleration of HMP pathway takes place In most of the cancers seen 10

the clinic]
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It will be seen that cumpuunds with six-membered
heterocyclic rings and furan and pyrrolidine deriva··
tives were in"ctive (Tables 1 and 2) against both the
Yushid<l. (ascites) sarcoma and solid fibrosarcoma.
Among the thiophelle compounds tested, thiophene­
2,5-dicarboxylic' acid (TDA), 2,5-dimercaptomethyl­
thiophene (MMT), thiouronium derivative of 2,5-di·
mercaptomethylthiophene (TUMMT) anu 2,5-dicarb­
ethoxy-3,4-dihydroll.ythiophene (DICETOL) were
found to be effective against Yoshifla (ascites) sar­
coma and also against tTallsplantable fibrosarcoma.
With TUMMT treatment for ten days only, the
Yoshida sarcoma transpJallted animals survived their
llormal life-span without any trace of malignancy.
The corresponding controls died by the 5th day after
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6-phosphogluconic acid, sedoheptulose-7-phosphate
and erythrose-4-phosphate were considered. Anti­
metabolites of ribose-5-phosphate, glucose-6-phos­
phate and fructose-6-phosphate were not considered
because these woulu interfere with EM and other
normal pathways also and may prove to be toxic9.

6-Phosphogluconic acid is known to exist predomi­
nantly as a gamma-lactone. There is some evidence
to show that enzymatically produced 6-phospbo­
gluconic acid may be present as a delta-lactone.
It was, therefore, decided to prepare antimetabolites
of both the gamma-lactone and also the delta­
lactone. In Fig. 2 are given the possible structures
suggested for the proposed antimetabolites. Furan,
pyrrole and thiophene structures were considered
as antimet<l.bolites for gamma-lactone, whereas thia­
pyran and oxathiane derivatives were considered
for preparing antimetabolites of delta-lactone.
Eighty compounds have so far been synthesized
and their anticancer properties against transplant­
able Yoshida sarcoma (ascites) in rats and solid
fibrosarcoma in Swiss mice investigated". Yoshida
sarcoma is a very rapidly growing tumour and kills
the animals on the 4th or at the most on the 5th
day after transplantation. The compounds to be
tested were usually injected intraperitoneally 24 lir
after the transplantation of the Yoshida sarcoma
(ascites) cells. Solid fibrosarcoma is a compara­
tively slow growing tumour, it kills the transplanteu
animals by about the 25th day. In the chemo­
therapeutic screening, the compounds were injected
subcutaneously near the tumour mass. The treat­
ment was started on the 6th ur 7th Jay after
transplantation. The criteria of designating the
compound active or inactive was as follows. If the
survival of Yoshida sarcoma bearing rats in treated
animals was more than double that of controls,
then the compound was considered active and
worthy of further investigation. Whereas in the
case of solid fibrosarcoma, if the weight of tumour
in treated animals is less than half of the controls on
the 25th day, then also the compound was classified
as active and worthy of further investigation.
Some of the results are presented in Tables 1-5.
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Radiation Sensitivity of Tumours and
Effect of Oxygen

The biological effects of radiation are known to
be rneoiated in two ways: (i) effects brought about
by direct 'hits' on some important cell consti­
tuents, and (ii) thosc produced by indirect action
mediated through free radical!' formed as a result
of action on water molecules. In practice, although
direct effects arc seen to some extent, it is the
indirect effects that predominate. It is now well
established that the primary effects of radiation
are as shown in the reaction sequence given below
and result in the formation of Hand OH radicals.

H °
Knockin~ off eltctrons

2 ,H.o++e- (1)

H 20+~W+OH (2)

II ° -Capture of electrons 0-
2 +e ----H2 (3)

H20_IO"izalio~ ....H+OH_ (4)

Hand OH radicals arc formed in the vicinity of
tracks of ioni~.ing radiations. Since Hand OH radi­
cals are highly reactive and have affinity for each
other, their close proximity usually results in their
recombination to form water as shown in Eq. (5).

H+OH -~H20 ..,(5)
In the presence of oxygen, however, hydrogen

rad~cals combine with oxygen to form perhydroxy
radIcals.

H+02-----+H02 ... (6)
Since h):'dro~en radicals are removed, the danger

~f recombmatIOn disappears and oxidizing radicals
lIke OH and H02 can exist in irradiated medium for
some time. There i~ s~fficient evidence to suggest
tbat most of the radIObIOlogIcal effects are mediated
through the sequence of events shown above.

Radiosensitivity of tissues depends to some
extent on oxygen tension inside the cell. It also
depends on the state of mitotic activitv of the
tissue. Actively dividing cells appear to" be more
sen.sitive to radiation damage than the resting cells.
TIllS does . ~ot neces,;aril~' mean that resting cells
are InsensItIve to rachatIOn damage. Cells which
have been irradiated in the resting stage and then
caused to proliferate often show a great deal of
damage at their first division. Malignant cells arc
usually rapidly dividing and hence radiatiun damage
mamfests 111 these much marc readily. It is this
propcrty which has been e:-'I'loited in radiotherapy
of mahgnant dIseases. ]n routine radiotherapy
scrupulous care has to be taken to reduce the normal
tissue close and at tile same time increasc the
tumour dose. It is with this object in view that
rotation beam radiation therapy and other radiation
devices have come into vogue.

Deschner and Grayll have shown that the radio­
sensitivity increases with increase in partial pres­
su~e of oxygel.l up t.o.40 mlTI. of Hg or so. Beyond
thIS the radIOsensitIvIty does not increase with
increase in partial pressure of oxygen. This rela­
tionship of radiosensitivity of cells to partial pres­
sure of oxygen is shuwn in Fig. 5. Since most of
the cells, even those sit uated at the venous end,
have a partial pressure of 40 mm. of Hg or more,
their radiosensitivity is uptimum.
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Fig..4 -.Schematic representation of oxygen and nutrient
gradient 10 tumour ~Since there is a diminishing gradient of
oxygen tension from the periphrv to the centre of the tumour
ma~s. the radioscnsitivit)' of tumour cells also diminishes from
penphery towards the centre. As such the cells lying inside
the tumour mass aTe elthe-r partially damaged or not damaged

at all with radiation exposures]

Fig. 3 - Effect of TDGA on survival of Yoshida sarcoma
(ascites) bearing rats [The treated animals lived their normal

life-span without any trace of malignancy]

Handicaps in Radiotherapy of Cancer

By virtue of the fact that malignancy is charac­
teri~ed by rapid and unrestrained growth, the
multiplication of neoplastic cells far exceeds that
seen in the stromal cells and blood vessels.
Vascularity and the supporting stroma cannot
cope up with the rapid and explosive cellular multi­
plication of the neoplastic cellslO• One, therefore,
finds that the tumour mass consists entirely or
mostly of neoplastic cells without adequate blood
vessels flowing through it. The entire tumour
mass has thus to obtain its nutrients and oxygen
~rom . the periphery. This is schematically shown
In Fig. 4. The peripheral cells are usually the
first to come in contact with the flow of nutrients
and oxygen from the surrounding spaces. Since
these are rapidly multiplying, they' plunder' most
o.f the nutrients and oxygen for their own prolifera­
tion and allow very little to trickle inside, with the
resul.t th~t a sort of a diminishing concentration
gradient IS set up from the periphery to the centre
of the. tumour mass: As the tumour gets bigger
and bIgger, the penpherally situatcd cells utilize
the. entire supply of nutrients and oxygen and a
regIOn of anoxia and starvation is produced in the
central area of the tumour. This is probably the
reason why necrosis is invariably seen in the centre
of the tumour mass.
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Fig. :' - Rt:latioTlship hel\.... cell radiosensitivity ;tlld oxygt':!1
t('nsic)f!

If a comparatively large tumour is irradiated,
only the peripheral cells, which have an oxygen
tension round about 40 mm. of Hg, will be radio­
sensitive. The cells lying inside, away from the
periphery, will have comparatively less oxygen and
hence their radiosensitivity also will be rliminished.
If such a tumour is irrarliateti, only the peripheral
cells will be damaged and the cells lying inside the
tumour mass wili be damaged partially or not at
all. This would mean that although the tumour is
exposed to adeCluate radiation dose, it may not be
possible to eradicate the entire tumour mass com­
plete!y. On discontinuation of radiation treatment,
the cells which arc I.ving inside, away from the
periphery, would burst into mitotic activity, and
the malignant growth will recur. This is probably
one of the reasons why disappointing results are
obtained in radiotherapy uf sume tumours. One
way of getting over this difficulty is to increase the
oxygen tension of cells lying inside and thus make
them radiosensitive.

Gray et al. l2 , Churchill-Davidson d al. la and
Sangej·14 ,tried this by putting the animal or the
patient under 3--1- atmospheres of oxygen. Since a
gradient of oxygc'n is believed to exist from the
periphery to the centre of the tumour mass, it was
anticipatc'd that hv boosting up the oxygen pres­
sure in the surrounding tissue, it may be possible
to proportionately increase the intracellular oxygen
tensiun in the cells of the tumour mas~. By adopt­
ing this procedure, these workers obtained interest­
ing results. Rut the process of putting tlw patient
in a closed chamber each time radiation is to be
delivered, and iucreasinl; oxygen pressure to 3-4
atmospheres, irradiating the tumour while the
patient is under the pressure and slowly releasing
the pressure, required 3-4 hr and wa, fraught with
certain hazards tu the patient. An alternative
procedure to incH'ase the oxygen tension inside
the tumour mass has been evolved in our laboratory
and its practical application has met with consider­
able success.

Increasing the Radiation Sensitivity
of Tumours

The uptake of oll.ygen and its utilizatiou in the
cell for metabolic process takes place through the
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Krebs' tricarboxylic acid (TCA) cycle and through
the hexose monuphosphate (HMP) oxidative path­
way of glycolysis. In malignant tissue it is well
known that the respiration and TCA cycle are
impaired to about 30 per cent and the HMP path­
way is accelerated. Any substance which inter­
feres with the lIMP pathway will, therefore, inter­
fere with the utilization of oxygen by tumour cells.

Cumbined action of DICETOL and radiation was,
therefore, studied on transplantable fibrosarccma
in Swiss mice. A large number of mice were trans­
planted with fibrosarcoma (solid). After about
eight days, mice having same tumour sizes were
divided into four groups: (I) the control group
with no treatment whatsoever; (II) DICETOL
treated group received, starting on eighth day,
DICETOL for a period of five days at a dose of
1 mg. twice a day (total 9 mg,) given subcuta­
neously; (III) radiated group, animals in this
group received on the 12th day one irradiation of
42 rad. X-rays on the tumour; (IV) animals in this
group received treatment of DICETOL for 5 days
between 8th and 12th day followed by radiation
on the 12th day. Radiation was given immediately
after the last DICETOL injection; and (V) in the
fifth group radiation was given on the 12th day,
followed by DICETOL treatment for succeeding
5 days. Rate of tumour growth was recorded.
Inone experimen t the animals were obserVEd till
their natural death, whereas in another experiment
the animals were killed on the 25th day after
tumour transplantation, and tumour - weight
recorded.

The effect of combined action of DICETOL and
radiation is shown in Fig. 6. It will be seen that
when DICETOL is given first followed by radiation
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the tumour growth is markedly inhibited. Neither
DICETOL nor radiation alone was effective to the
same extent in inhibiting the tumour growth.
In Fig. 6 one finds that most of the control group
anim,l1s died by 26th-28th day after tumour trans­
plantation. Those receiving either DICETOL treat­
ment or the radiation exposure died by the 32nd
anet 34th day (average) respectively. While the
animals receiving DICETOL followed by radiation
exposure lived for much longer periods. Buth radia­
tion and DICETOL are anticancer agents, but the
result seen with group IV are not due to additive
action because in group V, where DICETOL was
administered after radiation exposure, no inhibition
of tumour growth was seen. This suggests that
administration of DICETOL before radiation ex­
p05ure potentiates radiosensitivity of tumour mass.

Since there is a fairly wide margin of safety
between therapeutic effectiveness and toxicity, it
is felt that pretreatment with DICETOL before
radiotherapy may be helpful in increasing the
efficacy of radiotherapy in the control of malignant
growths.

Toxicity Studies

Acute and chronic toxicity studies showed that
TDA, DICETOL and TDGA could be given respec­
tively 15, 30 and 50 times the daily dose in one
instalment without anv side effects. Administra­
tion of ten times the fherapeutic dose for over 15
days did not materially alter the morphology of
liver, spleen, kidney or gastro-intestinal tract.
The only abnormality seen was the complete dis­
appearance of glycogen from the livers of DICETOL
treated animals.

Since the margin of safety appeared to be fairly
wide, DICETOL and TDGA have been tried in
advanced and incurable cases. This choice of the
clinical material automatically restricted the correct
evaluation of their chemotherapeutic properties.
Even so, subjective improvements were seen. Life
expectancy was enhanced. The growth of the
tumour appeared to be slowed down, pain dis­
appeared and the patient felt better. No toxic
side effects were seen and blood picture remained
normal even after prolonged administration of
compounds. While no spectacular cures are
claimed, there is sufficient evidence to show that
as long as the treatment was given there was defi­
nite arrest of tumour growth. This improvement
was unaccompanied by any obvious toxic side
effects. It is anticipated that combination of
these drugs with either radiotherapy and/or inter­
mittent use of the cytotoxic drugs might lencl a
longer lease of life to cancer patients.

Summary

Although acceleration of HMP is nut an essential
prereq.uisite for the initiation of malignancy, it is
essentIal for the maintenance of rapid growth in
most of the rapidly growing tumours. In an
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attempt to preferentially interfere with the tumour
growths, over 80 antimetabolites of HMP pathway
intermediates were synthesized and screened for
anticancer activity. The results of the screening
tests are reviewed in this paper. Seven of these
antimetabolites tC'ited, viz. thiophene-2,5-dicarb­
oxylic acid (TOA), 2,5-dimercaptomethylthiophene
(Mi\IT). thiouronium derivative of 2,5-dimercapto­
methylthiophene (TUMMT) and 2,5-dicarbethoxy­
3,4-dihydroxythiophene (DICETOL), thiodiglycoliic
acid (TGDA), thiodiglycol (TDGOL) and thio­
dipropionic acid (TOPA). have shown anticancer
activity in experimental chcmotherapy of cancer;
with four of these, viz. TU~1MT, TDGA, TOGOL
and TDPA, complete cures of Yoshida sarcoma
have been achieved. Since the margin of safety
between therapeutic effectiveness and toxicity is
fairly wide, two compounds, DICETOL and TDGA.
were tried clinically in advanced and incurable
cases of cancers, and tumour growth appeared to
be arrested as long as the treatment lasted.

One of the major handicaps in radiotherapy of
cancer is the poor vascularity of tumour mass,
which renders the tumour cells comparatively
deficient in oxygen and, therefore, insensitive to
radiation damage. Increased availability of free
oxygen in the tumour mass is achieved bv inter­
fering with the utilization of oxygen through HMP
pathway. A combination of pretreatment with
antimetabolites of HMP pathway followed by
radiation exposures has been shown to increase the
radiosensitivity of tumour cells considerably.
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Hydrogasification - An Efficient Method for the Exploitation of
Low Grade Indian Coals

N. V. SUBRAHMANYA SASTRl

Regional Research Laborator)', Hyderahad

I NDIA dr:J.ws her energy requirements mainly
from non·commercial sources. At present, there
is a great imbalance in the pattern of energy

consumption in the country with heavy dependence
of the domestic sector on non-commercial fuels
like cowdung, firewood, charcoal, etc. According
to the estimates of the Energy Survey of India
Committee l , the total domestic energy demand
will reach 317 million tonnes coal equivalent (mtce)
by 1980, of which 248 mtce n1:1Y be non-commercial
fuels. There is thus an urgent need to find suitable
substitutes based on commercial fuels in order to
conserve the forest wealth and the valuable cattle
manure. Of the commercial energy sources, hydro­
electric power and petroleum do not hold much
promise due to their limiteu availability in the
country. Therefore, the only promising source for
commercial energy appears to be the vast reserves
of 1m'! grade coals (estim:lted at 155,000 million
tonnes). D;)m~stic coke m:mufactured from these
coals by carbonization has certain drawbacks like
lower efficiency of utilization, ash disposal problem,
etc. These problems m:Linly associated with the
physic.t1 form of coal could be circumvented if solid
fuel is converted into gaseous fuel. A gaseous fuel
has several advantages over coal. It could be
easil.l:' stored, could be economically transported by
plp~IJnes through long distance grids (at a cost 12
p~r cent that of electric energy), and it gives rise
to no ash problems in comhustion. In India, the
supply of coal gas has not begun except to a limited
extent in Bombay aflll Calcutta. But there is an
imm~nse potential [or till' llse o[ coal-basc'd gaseons
fuels, especially in the urban an'as.

In prodncing a Kaseous fuel [rom coal, the main
considerations arc cost, quality o[ gas and thermal
efficiency of the Kasification procc'ss. None of the
present-day coal I{asilication processes meets all
these requirements. (;aseons fuels with a heating
value of about 450 B. Lu. per standard cubic feet
(scf) are derived from coal c;lrhonization plants
or steam-air/oxygen gasification plants. In thl.'
latter case the processes 1'<.'slilt in very low thermal
effici~ncies due to the higldy ,'x"therrnic combustion
react lOllS. LurKi pressure gasification process waS
an Important development among efforts towards
achieving total gasification of coal. But the gas
from a Lurgi unit has a low calorific value (400-450
B.t.u./scf) and needs enrichment with petroleum
prouucts to come up to the standard of domestic
gas. An additioJlal and serious drawback of this
process is the requirement of costly tonnage oxygen.
Various investigations have been initiated for the
production of high heating value gas (1000 B.t.u./
scf) from coal, the ultimate aim being the efficient
utilization of low grade coals. These researches
have considerable significance to countries like

India where natural gas resources are limited and
the proper and efficient utilization of vast deposits
of low grade coals is important. The investigations
have proceeded mainly in two directions: (1) cata­
lytic methanation of synthesis gas (CO+H2)

produced by steam-oxygen gasification of coal; and
(2) direct high pressure hydrogenation of coal or
coke to methane.

The first process is technologically in a more
advanced stage. But it is a two-step process
(gasification and methanation), involving large exo­
thermic heats of reaction, wherebv as much as 20
per cent of the potential heat of feed gases is lost.
On the other hand, coal hydrogasification for pro­
ducing methane could be carried out in a single
step. The exothermic heat of reaction between coal
and hydrogen does not exceed 10 per cent of the
potential heat of reactants and theoretical thermal
efficiencies approaching 90 per cent are attainable.
In addit.ion, direct coal hydrogasification processes
completely dispense with oxygen, which may
account for as much as 40 per cent of the cost of
gas production in the conventional gasification
processes like Lurgi. Hydrogasification of coal
thus offers immense potentialities for the efficient
utilization of low grade coals in the country. The
principles of, and the recent developments in, the
hydrogasification of coal have been reviewed in
this article.

Much of the earlier work on the hydrogasifica­
tion of coal has been due to the pioneering investi­
gations of Dent.2,3 at the Gas Council Laboratories,
UK. His work has demonstrated the feasibility
of carrying out the reaction between hydrogen and
carbon in coal at reasonable rates and of sustaining
the react.ion autothermally with moderate preheat
of the feed hydrogen. Research work on similar
lines leading to an understanding of the kinetic
and technological problems connected with the
process has been undertaken at the Institute of
Gas Technology and the Bureau of Mines, USA,
and the CSIIW Laboratories in Australia. Two
excellent comprehensive reviews on hydrogasifica­
tion of coal have recently been published4,5.

A knowledge of the thermodynamics and kinetics
of the hydrogasification process and a thorough
understanding of the technological problems
involved are essent.ial for the design and operation
of commercial scale reactors. Before considering
these problems, it is worth while to consider various
basic hydrogasification processes and the limitations
imposed by thermodynamics.

Raw Material and Energy Requirements of
Ideal Processes

Channabasappa and Linden6 evaluated the
theoretical process requirements and ideal thermal
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The first ord8r rate cOilstant J( is a function of
both temperature and reactivity of coke. The
reactivity of coke decreases with the degree of gasi­
fication. As morl; and more carbon is gasified, the
rate constants for different coals tend to approach
each other. This is due to the increasing similarity
of different coke.> as graphitil.a.tion proceeds.

Mosely anel l'aterson15,IG have concludecl from
char hydrogasification studies at temperatures in
the range 600-1000°e. and pressures up to 600 atm.
that though the initial rate of hydrogenation is very
large, it rapidly decreases to a steady value a.nd
this decrease is inrkpcndent of the extent of carbon
gasification, depencls upon time and temperature,
and is related to volatile matter content. The
rate of methane formation is directly proportional
to hydrogen pres;;ure. This leads to the conclusion
that all the carbon, both fixed and volatile, can be
hydrogenated at the initial high rate if temperature
and pressure are sufficiently high.

Problems Confronting Commercial Processes

The basic problems in the design of hydrogasifica­
tion reactors have been considered by Linden".
These concern with high pressure and high tem­
p~rature op~ration of the reactor, control and utiliza­
tion of exothermic heat of reaction, the agglomerat­
ing tendency of coals and coal pretreatment condi­
tions and the economic production of hydrogen.

Materials of con~truclion- Some major problems
connected with the technology of the hydrogasifica­
tion process are yet to be sulved satisfactorily.
At present there are very few metals which with­
stand the combined action of high pressures and
temperatures in the presence of hydrogen as required
in a coal hydrogenation reactor. High pressure
vessels m:tde of austenitic steels show satisfactory
p~rformlnce at moderate temperatures. But the
strength of these metals falls r~pi'lly at tem­
peratures above 400°C. ,lue to the setting in of
creep or plastic flow of the metal. Hydrogen
diffuses into the metal, combines with carbon to
form m~thane which develops pressure, causing
fi.;sures at the grain boundarie~. Therefore, the
m~clHnical design of hydrogasification reactor is
complicated. The design of the reactor should be
based on the actual life period, determined from
stress to rupture t,'sls. However, with the present­
dly advances in high pressure technology and with
the advent of new materials of construction like
tantalum, problems encouutet"l'c! in the construc­
tion a.nd 0p2ration of commercial scale reactors
can be overcome.

Coal pretreatment - Many coals show ~l tendency
to agglomerate under the conditions prevailing in a
hydrogasification unit. This tendency can be over­
come by a relatively mild pretreatment of coal at
300-500°e. The optimum conditions for bituminous
coals17 are fluidized pretreatment in air and nitrogen
for about 1 hr at a maximum temperature of about
315°e.

TemperatuYC cOII!rol- As the carbon-hydrogen
reaction is highly exothermic, adequate measures
arc necessary for the control of reaction tem­
perature; increase in reaction temperature has an
adverse effect on the equilibrium methane yield.

Proper utilization of the exothermic heat largely
determines the overall thermal efficiencv of the
process. The heat released is of the -order of
21 kcal. per mole methane formed. Several re­
action systems for hydrogasification have been
proposed for the control and utilization of the
exothermic heat of reaction. A complete analysis
of these systems has been given by LindenS.
Gasification can he done with hydrogen alone or
hydrogen-steam or oxygen-steam mixtures. Gasi­
fication with steam-hydrogen mixtures can also be
attempted. The purpose of steam addition is to
absorb the exothermic heat of reaction between
carhon and hydrogen by the endothermic steam­
carbon reaction. Additional hydrogen is produced
by steam decomposition, reducing the external
hydrogen reqnirements. Von Fredersdorff18 has
shown that a large heat deficiency exists if total
hydrogen requirement were to be met by steam
decomposition alone.

Hydrogen production - The source of hydrogen
and its cost of production form two important
factors in the overall economics of the hydrogasi­
fication processes. Efforts have been made to
utilize the inactive residual chars from hydrogasi­
fication reactors for hydrogen production and to
produce supplemental hydrogen in the systtm itself
by steam decomposition. At present there are three
methods of producing hydrogen from coal or chars:

(i) Coal or char is reacted with steam and oxygen
in a fluidized bed to produce synthesis gas which is
then shifted to give hydrogen.

(ii) Steam-iron process - Coal or char is used to
raise steam and generate producer gas. The Fe-FtO
(5: 95) mixture is converted to a Fea04-FeO (80: 20)
mixture in an oxidizer by steam oxidation produc­
ing hydrogen. The oxides of iron are reduced in a
reduction cell with producer gas to form the
FeD-Fe mixture, thus completing the cycle.

Katell and Faber19 estimated that the total ope­
rating cost of hydrogen production for the first
two processes for a plant of 30 million scf capacity
per day is of the order of Rs 2.85 per thousand sd.
The purity of hydrogen in the first process is 96·9
per cent, whereas it is not less than 99·8 per cent
in the steam-iron process.

(iii) The Texaco partial oxidation process - The
main advantage of this process is its versatility.
Feeds ranging from methane and petroleum stocks
to coal can be used in this process. A feed system
delivers precisely controlled quantities of fuel,
oxygen and other reactants into a refractory-lined
reactor where the fuel is burned to produce hydro­
gen and carbon monoxide. When solid fuels are
used, they are fed as suspension in water, which is
delivered by a pump to the preheater where water
is vaporized and the fuel preheated. \Vith coal,
a suspen;;ion type gasifier is used.

Of the above three processes the steam-iron process
has definite advantage over the other two as oxygen
is completely avoided and the purity of hydrogen is
higher.

Commercial Hydrogasification

A commercially sllccessful hydrogasification
scheme should combine the following features:
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Fig. 2 - Two-stage hydrogasificatiotl sehcrnt' combined with slt'am-iron proc('ss

high methane content; product gases, the best
means of control and utilization of exothermic
heat of reaction and the most economical means
of hydrogen production. The mode of contacting
coal and gases is of importance in determining the
rate of gasification and the methane content of
the product gases. If the flow is cocurrent, the
highest available hydrogen partial pressure and
temperature will be used to accomplish the easy
first stage reaction and the potential for high gasi­
fication rate of the less reactive residual char is
lost. Therefore, countercurrent flow of feed gases
and coal is preferable. A fluidized bed is obviously
the best means of controlling temperature as it has
the most desirable heat transfer characteristics.
But a unique feature of a fluidized bed reactor, a
disadvantage in this case is the absence of axial
temperature gradient. A controlled temperature
gradient along the bed is desirahle to achieve the
highest overall reaction rate. As the gases flow
through the coal bed, the methane content will
decrease. Since the value of the equilibrium cons­
tant for the reaction C+2H2 = CH. decreases
with increase in temperaturc, the maximum allow­
able temperature at the inlet will be higher than
that at the exit. The highest overall rate will
be obtained when the temperature distribution
approaches closely the optimum temperature pro­
gression. Such a controlled temperature distribu­
tion is not possible in a fluidized bed.

The control of exothermic heat of reaction is
simplified by using hydrogen-steam mixtures instead
of hydrogen alone in gasification. The introduction
of steam serves two purposes. Endothermic stearn
decomposition reaction acts as a heat sink for the

exothermic carbon-hydrogen reaction and simul­
taneously additional hydrogen is produced. Also,
the construction of the reactor is simplified by the
elimination of internal heat transfer surfaces.

All these desirable features have been ccmbined
in a two-stage hydrogasification process in conjunc­
tion with stearn-iron process for hydrogen prcduc­
tion, visualized by the Institute of Gas Technology
(IGT), Chicago20• A flow diagram of the hydro­
gasification process, based on the IGT process, is
shown in Fig. 2. The scheme combines the advant­
ages of countercurrent flow with those of fluidized
bed operation. There are two reactors, one operat­
ing at 900°C. and the other at 650°(. The high
temperature reactor receives the less reactive coke
from the first stage reactor. The coke particles are
kept in a fluidized state by steam-hydrogen mixture
coming from a steam-iron unit. The steam-carbon
reaction is sufficiently fast at this temperature to
utilize the exothermic heat generated by the
carbon-hydrogen reaction and considerable amount
of additional hydrogl'll is produced. It has been
estimated that the external hydrogen requirement
can be reduced to 70 per cent of tbe total by stearn
decomposition. Tbe product gases frcm the high
temperature reactor, which contain ahout 30 per
cent of methane, an' cOlltaeted with a moving
hed of pretreated coal countercurrcnt]y in the low
temperature reactor. The countercurrent operation
and the lower temperature of the first stage reactor
make it possible to obtain higb concentratiun of
methane in the product gases. The product gases
from the low temperature reactor arc upgraded in
respect of calorific value by catalytic methanation
after necessary purification and the adjustment of
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TABLE 1 - REl.ATIVE EFFICIENCIES OF TJlREE IMPORTANT

Co ..\!. GASIFlCATTOr\ PROCESSES

(.Basis: Production of gas with 1 million Rt.u. heating
value)

Coal rcquired, lb. 145 125 102
Oxygen required, 11,. 114 39 nil

(99 per cent pure)
Heating value of 1000 987 1000
product gas, D. t.1I Jscf

Thermal efllci(,Ilcy, 'Yo 55 &<J 78
Economics

Plant invcstmcnl. &75 490 300
Rs million

Cost of gas, 9'6$ 6'00 4'1
Rs/milIion B.t.u.

CO-H, ratio. The residual c1wr from the second
stage reactor is used for producer gas generation
and steam raising.

The advantages claimed for this scheme are
complete elimination of oxygen, efficient control of
exothermic heat of reaction bv steam decomposi­
tion and generation of additiollal hydrogen in the
system.

Comparative Study of Plant and
Production Costs

The main features :lI1d the relative efJiciencies of
the three processes, viz. (i) Lurgi gas purification­
catalytic methanation, (ii) gasification with hydro­
gen using residual char for hydrogen generation,
and (iii) steam-hydrogen gasification followed by
purification and catalytic methanal ion, are presented
in Table 1 (ref. 21).

The capital investment for a plant producing
gas with 90 billion B.t.u. heating value per day
has been reported by Benson and Tsaras21 . The
cost of production with coal costing Hs 30 per ton
and oxygen Rs 40 per ton is given in Table 1.

The relative costs of various domestic fuels
worked out taking into account their combustion
efficiencies come to (in Rs/million B.t.u.): charcoal,
27·50; firewood, 28'50; leco, 25·10; kerosene, 29·50;
LPG, 60·00; LTC coke (Rs 125/ton), 20·70; bri­
quette coke (Rs 165/ton), 27·30; and electric power
(10 paise/unit), 37·50. Compared to the cost of
the above fuels, the cost of high B.t.u. gas obtained
by the gasification processes comes to: Lurgi gas
methanation process, 13·75; partial hydrogasifica­
tion process, 8·10; and hydrogasification combined
with steam-iron process, 5·0 Rs/millian B.t.u.

These are only relative figures and emphasize
the advantage of converting solid fuel energy into
gaseous fuels. The produdion of gaseous fuels
would involve large initial investments for the plant
and for building efficient distribution systems.
However, the tot a] investment cost compares favour­
ably with that of thermal power plants. The

estimated cost of a thermal power plant in India is
about Rs 12,500 per million B.t.u./day (Rs 1CCO
per kWh)22 against the estimat£d figure of Rs 75CO
for a plant prcducing high B.t.u. gas21 • The
maximum plant dflcicncy of a pGwer plant ba££d
on coal is about 40 pCI' cmt, whereas practical plant
efficiencies approacbing 70 per cent can be attained
in hydrogasiflcation plants.

Summary

The various thermodynamic, technological and
operational aspects of the hydrogasification of coal
and fuels for producing high calorific value gas for
use as a d0mestic and industrial fuel are discus>£d.
The economics of production of gas by these main
gasification procedures, viz. (i) Lurgi gas methana­
tion, (ii) partial hydrogasification, and (iii) hydro­
gasification combined with steam-iron process, are
considered.
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REVIEWS

ISOBARIC SPIN IN NUCLEAR PHYSICS edited by
John D. Fox & Donald I{obson (Academic
Press Inc., New York), 1966. Pp. xiv+896.
Price $ 9.00

The book under review presents the proceedings
of an International Conference on Isobaric Spin in
Nuclear Physics, held at Tallahassee, Florida, in
March 1966. This was the first conference on this
subject, which is now recognized to have a bearing
on many aspects of nuclear structure and nuclear
reactions. Judging by this book, the objective of
bringing together active scientists in this field in
order to compare techniques, ideas and results has
been achieved with marked success.

There were five sessions in each of which some
five to eight papers were presented and discussed.
Topics of fundamental importance, such as charge
dependence of nuclear force, isobaric spin conserva­
tion in beta-decay, isobaric spin dependence of the
nucleon-nucleon interaction, isobaric spin and ana­
logue spin, and isobaric spin and the optical model,
figured during the various sessions and the authors
are of worldwide reputation in these fields. In
addition, there are some 30 contributed papers
which discuss the properties of individual nuclei.

This book, which runs to some 900 pages, is
invaluable for those actively engaged in work on
nuclear structure and nuclear reactions.

B. V. THOSAR

LA DIFFUSION DANS LES SOLI DES by Y. Adda &
J. Philibert (Institut National des Sciences &
Techniques Nucleaires, Saclay, and Presses Univer­
sitaires de France, Paris), Vol. 1, Pp. xvii+666;
Vol. 2, Pp. xvii+667-1268. 1966. Price 212 fr.

The book under review forms part of a series on
nuclear sciences and experimental techniques.
Based on a course of lectures delivered by the
authors at Quebec and Buenos Aires, each chapter
is well illustrated bv a number of sketches, photo­
graphs and tables.' At the end of each chapter,
a number of references to books as well as original
papers are given.

Two special features of this treatise are: (i) wher­
ever possible the topics under discussion arc first
analysed theoretically and next in terms of experi­
ments; and (ii) a number of practical examples arc
given, however, collecting the detailed mathematical
derivations in full, appropriately in appendices to
each chapter. This reviewer noted sixteen of them
in Chapter III.

Though primarily intended for metallurgists, the
first eight chapters and, in the opinion of this
reviewer, also Chapters XIV, XV and XVII would
be of interest to research workers studying non­
metals. Indeed other chapters too will interest the
latter, for solids do include non-metals and an
underlying unity in the basic laws governing the
behaviour of metals and non-metals (subject always
to refinements depending on the individual cases)
might yet exist. After all, nature is indivisible.
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The range of topics covcred in this . heavy'
treatise-heavy both in quality and quantity-may
be understood by scanning through the titles of
the above cleven chapters, to start with. (In any
case shortage of space will allow only that). The
titles arc: Introduction to the diffusion phenomena,
in gcneral (I); A broad survey of crystal defects (II);
Solutions to Fick's law (III); Methods of preparing
specimens and following the kinetics of diffusion
(IV); Refinements to Fick's law from thermodyna­
mic principles (V); Considerations of random atomic
movements (VI); Correlations between atomic jumps
(VII); Influence of pressure (XIV), temperature
(VIII), as well as temperature gradient (XV); and
Diffusion coefficients, rheological theory and applica­
tions to metals (XVII). The authors show that
through rheological observations one can measure
diffusion cOnst:.lI1ts much lower (by an order of
100-1000) than by any other method including
radioisotope techniques (3 X 10-17 cm."jsee.).

The authors give experimental results for metals
and alloys, with and without chemical concentra­
tion gradient and for intermetallic phases in the
last three chapters (IX to XI) in Vol. 1. Diffusion
phenomena occurring in grain joints and crystal
surfaces arc discussed in the first two chapters
of Vol. 2. Chapters XVI and XVIII, which could
have been consecutive, deal with diffusion in the
presence of an electric field and in halogen com­
poullth. Chapter XIX gives an account of diffusion
in oxidcs. The omission of any reference to the
work of Prof. J. Bcnard is conspicuous here. An
excellent compilation of tables giving valuable data
on error function, diffusion constants, etc., consti­
tutes Chaptcr XX.

The book cnds with a list of referenccs arranged
in alphabetical order and a numbcr of useful
excrciscs. The publication is strongly recommended
to any solid state scicnce laboratory. It is printed
in excellcnt art paper with no misprints. The
authors an, to be congratulated for their lucid
style and practical approach. Finally, this re­
viewer cannot resist a word of appreciation for
their kecn aesthetic Sense, e.g. on pag-c 9 they have
stressed in a pieturcsque manncr how the interest
of immediate practical utility and case of inter­
pretation run in oppositc directions. How true
indeed r

A. VISWANATHAN

INllUSTRlAI. CHI,MISTHY: I'"rt 1- METALLURGY by
R K. Vas (Asia l'uhlishing House, Bombay),
1966. Pp. 147. Price Rs 8.00

The book undcr review, written by an experienced
teachcr in chemistry, has well followed the much
dcsired dictullJ 'discourage memorizing and en­
courage undcrsl anlling '. Meant primarily for the
three-ycar degrce course in chemistry, this book
could be used as an introductorv exercise for
students of chemical engineering fhough not for
mctallurgy students.



REVIEWS

Part I of the book dealing with metallurgy has
been divided into 12 chapters. The first chapter
introducing the metals in general discusses in some
detail metallic bonds and alloys, electronic structure,
and some physical characteristics. The remaining
eleven chapters are devoted to the occurrence,
extraction, properties and uses of the metals
sodium, magnesium, aluminium, iron and steel,
copper, nickel, zinc, tin, lead, gold and silver.
Being a text-book for Indian students, extraction
processes undertaken in India have bcen stressed,
though the general practices have been included,
taking care to stress the up-to-date methods.

The book is lucidly written and would meet the
fond hope of the author if it succeeds in l'ngendering
origiml thinking and expression. The hook in its
147 pages includes 23 simple line diagrams, a
number of flow sheets, a few useful tables, and an
appendix. It is moderately priced.

A. A. KRISHNAN

INDUSTRIAL CHEMISTRY - INORGANIC AND ORGANIC
by D. M. Samuel (Hooyal Institute of Chemistry,
London), Monographs for Teachers Series Nos. 10
and 11, 1966. Pp. 46 and 34. Price 7s. 6d. and
6s. respectively

These publications, the 10th and lith in the series
of monographs on various aspects of chemistry by
the Royal Institute of Chemistry, London, provide
a very concise and elementary account of industrial
inorganic and organic chemistry.

The monograph on industrial inorganic chemistry
deals with the subject matter under two main sub­
heads, non-metals (and their compounds) and metals
(and their compounds). Non-metals dealt with are
inert gases, hydrogen, boron, carbon, silicon, nitro­
gen, phosphorus, oxygen, sulphur and halogens.
The metals discussed arc lithium, sodium, copper,
beryllium, magnesium. zinc, cadmium, rl1f~rcury,

calcium, barium, aluminium, titanium, germanium,
tin, lead, arsenic, chromium, manganesc, iron,
cobalt and nickel.

The monograph on industrial organic chemistry
deals with the heavy organic chemicals of industrial
importance. The subject matter has been distri­
buted under two heads, aliphatic (paraffins, oletins,
acetylene, halogen compounds, alcohols, ethers and
epoxides, aldehydes and ketones, carboxylic acids
and derivatives, esters and nitrogen compounds)
and aromatic compounds (aromatic hydrocarbons,
nitro and amino compounds, sulphonic acids, phe­
nols, alcohols, aldehydes, ketones and acids, and
dyestuffs).

The level of treatment is such that what is
commonly available in the text-hooks of inorganic
and organic chemistry has been omitted and recent
trends in the manufacture of the import'l.nt chemi­
cals have bc('n reported. Actual production figures
in UK have also been reported wherever possible.

The basic aim with which these monographs
have been prepared is to introduce the subject of
industrial chemistry at the ordinary '0' level,
so that those students who enter the chemical
industry after their school education arc exposed
to recent developments in manufacturing processes.
Hence they arc also expected to serve as guides to

the teachers of secondary schools in selecting and
presenting the subject without having to over­
burden the course with greater details on industrial
chemistry.

Although they serve the ahove purpose well,
it is felt that at least sOme of the processes dealt
with should have been presented in simple flow
charts in order to impart the 'feel' of industrial
chemistry.

S. ZAHED HUSSAIN

THE MOSSBAUER EFFECT AND ITS ApPLICATION TO
CHEMISTRY by V. 1. Gol'danskii (D. Van Nostrand
Co. Inc., New York), 1966. Pp. 119. Price
$ 4.95

The Miissbauer effect is one of the greatest dis­
coveries of our times. It has no longer remained
merely a curiosity in nuclear physics but its impor­
tance to widelv diverse areas such as solid state
physics, metallurgy, chemistry, biology and even
geology has now been clearly realized.

Prof. Gol'danskii's monograph illustrates in a
very lucid and concise manner the many diverse
applications of the Miissbauer effect to chemistry
and thus satisfies the long-felt need of chemists and
chemical physicists for a book of this type. The
first three chapters describe briefly but adequately
the theory underlying the discovery, and give a
clear account of the observable parameters, such
as the chemical or isomeric shift in the Miissbauer
line, the quadrupole splitting of the line in the
presence of an electric field gradient in the mole­
cule and also the Zeeman splitting of the line due
to internal magnetic fields. An exhaustive survey
of the data on Miissbauer effect in iron and tin
compounds is given in the later chapters. The
importance of this type of work for understanding
molecular structure and the nature of chemical
bonding in these compounds is the main theme;
however, the use of these experiments for problems
of chemical kinetics, radiation chemistry and physi­
cal chemistry of polymers has also been illustrated
using a few selected examples.

Prof. Gol'danskii is one of the pioneer workers
in this field. The monograph reflects the varied
chaptas of the work of the Russian scientist in this
area. This book is invaluable to research workers
in this field as it forms an excellent review of the
subject and gives data of the Russian work which
is otherwise not easily accessible. The book is
also inspiring for those not initiated into this kind
of work. Although Miissbauer effect has been
discussed in several international conferences, only
a few monographs e:.jst on this subject and most
of them are mainly written for the physicists by
the physicists. This monograph is a valuable
addition which the teachers and research workers
in inorganic chemistry should find particularly
useful.

The title of the book is a bit misleading, because
it also contains two excellent articles on the use
of nuclear quardupole resonance in chemical crys­
tallography written by two other Russian authors,
G. K. Semin and E. 1. Fedin. The main features
of NQR spectroscopy and the details of the
apparatus used for this kind of work have been
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discussed and the importance of this technique in
as:ertaining bond character, the. non-equivalent
sites in crystals and for the study of crystal im­
perfections and thermal motions in solids have been
illustrated. Compilation of NQR data given in
these articles enhances the value of this review for
persons working in the fields of both NQR and
Mosshauer effect.

C. R. KANEKAR

COMPILATION OF MASS SPECTRAL DATA bv A. Cornu
& R. Massot (Heyden & Son Ltd, London, and
Presses Universitaires de France, Paris), 1966.
Pp. xv+617. Price £ 14.10; $ 42.00

This is a compilation of mass spectral data of some
5000 compounds, studied over a period of years at
the L'lboratory of Mass Spectrometry, Centre of
Nuclear Studies, Grenoble. The data listed include:
(first line) name of compound, ten strongest peaks,
molecular formula and index category; (second
line) reference number (source of spectrum), mole­
cuhr w~ight, reference value (height of base peak/
height of a reference peak of a reference standard;
this value is useful for the calculation of absolute
peak heights) and relative abundances (of the ten
peaks listed). The book is divided into four sec­
tions, each section representing a different index
category. Thus, Section A is by reference number,
Section B by mJlecular weight, Section C by mole­
cular form:Ila and Section D by fragment ion values
(including the molecular ion). The compilation
conrs a wide variety of organic compounds and the
difbrent ways of indexing used greatly facilitate
the id~ntificationand analysis of listed compounds.

The book m:Ist find a place in all laboratories
using m'lSS spectrometry. It is well produced.

SUKH DEV

MODERN ASPECTS OF POLAROGRAPHY edited by
Tomihito Kamb'lfa (Plenum Press, New York).
1966. Pp. iii+245. Price S 10.00

This volume containing thirty-two papers by recog­
nized authorities on polarography gives a bird's­
eye view of the research trends and activities in
this fast developing branch of physical chemistry.
It is a special issue in honour of Prof. lsamu Tachi,
the leading polarographist of Japan who retired
from Kyoto University in November 1962. Since
polarography embraces a variety of physico-chemical
phenomena, the topics treated cover a wide spec­
trum including adsorption. catalysis and kinetics
at the electrode-electrolyte interface, the double
layer structure and morphology of the waves,
organic polarography in relation to structure and
free energy, polarography in non-aqueous media,
polarography with carbon paste electrodes, a.c.
polarography and new instrumentation, clinical and
industrial applications, etc. The great diversity
of interests in these papers makes it difficult to
arrange them in any logical sequence and, there­
fore, none has apparently been attempted.

It is difficult to pick and choose frum this colour­
ful bunch of communications. The papers by
Brdicka and Nemec, Breyer, Biegler and Bauer,
Kolthoff and Khalafalla, Kuta, Maironovskii and
Frumkin, Shinagawa, Nezu, Muromatsu and Oka
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will particularly hold the interest of those devoted
to an understanding uf the mechanism and kinetics
of redox reactions at the micro-electrode. Delahay's
paper on the coulostatic methud breaks new ground
on the application of this elegant technique to the
study of adsorption and electrode kinetics. Zuman's
review paper is an able presentation of the relation
between polarographic behaviour and structure in
respect of organic compounds. The book will
excite the interest uf not unly lhe fastidious eIectro­
chemist but also of the organic chemist, hiochcmist
and discerning analytical chemist. The attractive
get-up and printing are also consistent with the
material presented.

P. R. SUBBARAMAN

AN INTRODUCTION TO COMPUTER PROGRAMMING by
Henry Mull ish (Gordon & Breach Science Pub­
lishers, New York). 1966. Pp. xi +244. Price
$ 5.00 (paper); $ 14.50 (cloth)

Once in a while one comes across a book that
makes a departure from the oft-beaten tracks.
This book is a unique one. It is different because
it is so forthright and introduces the subject more
in the style of 'do-it-yourself' which gives a feel
for programming to a beginner in computer sciences.
Even in the type, size and presentation the book is
different. The treatment is lucid, easv to follow
and is based on a number of problems such that
the whole framework is problem-oriented. There
are a number of quizes after every few chapters
which help the student in assimilating whatever he
has learnt up to that time.

The author brings the reader straightaway into
the midstream with a short introduction of a few
pages which pieturizes a typical computer centre.
The programming language used is Fortran II,
which is a right choice, considering that most
of the modern computers arc Fortran-oriented.
Further, it can be argued that familiarization with
any particular popular programming language can
set up a broad base for the student to make diver­
sions into ut!wr programming languages such as
Algol. The number of problems covered have
variety and encompass different topics. wherein the
problems could be tackled with the help of digital
computers.

Problems such as solving of simple quadratic
equations. compntation of simple and compound
interest mortgage amortization, electoral sampling
problems, racdrack problems. and simple statistical
analysis prohlems. and solution of functions are
some of the illustration examples. The author
then takes the reader into slightly more interesting
areas such as Do-Loops, sub-routines and matrix
algebra. It is surprising that Boolean algebra has
been introduced at the very end which should have
been cuvered in earlier chapters.

The treatment of the entire text, although non­
rigorous and non-mathematical, still holds the
interest of the reader up to the end and brings
home the basic concepts of computer programming
very vividly. Since the book is primarily concerned
with computer software, the machine organization
and peripheral equipment have been treated mini­
mally. On the whole, the buok is an excellent
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contrihution to the art of computer programming;
particularly for those interested in learning computer
prog-ramming, on their own, it would be of il1\'alu­
able help.

P. K. PATWARDHAN

MODER:ol OPTICAL ENGINEERING: THE DESIGN OF
OPTICAL SYSTEMS by Warren .J. Smith (McGraw­
HIll Book Cu. Inc., ew York), 1966. Pp. 476.
Price S 15.00

This modern trcatise on the rlcsign of optical
systems and related subjects is remarkable in the
manner in which the available information is
cond~nsed and presented with the matured know­
ledge of the author. The text is adequately illus­
trated with neat diagrams, useful equations and
inform:ltive tables which makes the book valuable
for anyone interested in optical instruments.

After giving the general principles briefly in the
first 16 pages, the main subject is introduced in
chapters on image formation (first order optics),
and ab~rrations and is later developed in chapters
on stops and apertures, optical computation and
design of optical systems (two chapters). The
metho1s of irn:lge evaluation are treated separately
in a short but very interesting chapter. One of the
chapters is devoted to prism and mirror systems
and another to the basic optical devices like tele­
scopes, microscopes, range finders, anamorphic
systems, fibre optics, etc. It also has two useful
chapters on the eye and colour, and radiometry
and photometry. The remaining two chapters
cover uptical m:lterials and coatings, and optics in
practice; a practical man may find many useful
hints in these chapters. A collected bibliography
in classified form is given in 19 pages as a guide
for further study.

It is but natural that in a work of this range
and magnitude some topics are dealt with either
in a passing manner or arc left out altogether.
The reader does not find informatiun on binocular,
stereoscopic or projection systems, not to say of
less popular subjects of opt halmic and optomedica I
systems. Specialized systems used in phase con­
trast, interference, incident light and polarized
light microscopy and similar techniques are also
not covered in any details.

The book is primarily iutended for reference by
practising uptical designers which purpose it serves
adequately. The underlying mathematics bas
rightly not been discussed from the scratch.
Only important equations an' given, many of which
are fully illustrated with worked out examples.
In some cases systematic procedures for the design
of lens systems are given which will be of benefit
to the beginner. The articles like optical specifica­
tions and tolerances, optical mounting techniques.
and the analysis of unknown optics indicate the
intimate knowledge of the author of the optical
designers' problems. The book, therefore, can be
regarded as a must for an optical designers' library.

On the whole, the book is considered as a
noteworthy contributiun on the subject of its
title, which has only a very few books of this
type.

RAM PRASAD

HIGH PRESSURE MERCURY VAPOUR LAMPS AND
THEIR ApPLICATIONS eclited by W. Elenbaas
(Philips Technical Library, Eindhoven; Disfri­
butorsin India: E.!. Publications, Bombay), 1965.
Pp. xi+303. Price Rs 44.00

The book deals .,...ith several aspects of the mercury
high pressure lamp, both fundamental and applied.
Each topic is written by a specialist in the field.
Chapters III and IV dealing with the shapes, sizes,
fittings, output lumen and lighting applications
will be most useful to the lighting engineer. High
luminous efficiency is the main advantage of the
HP mercury lamp, but one of its drawbacks is the
colour of the light. Certain methods of colour
con'ection are described and the use of the lamps
primarily for street lighting, yard lighting in rolling
mills, hangars and for floodlighting are illustrated,
There is an interesting section on the discharge, its
start, its maintenance, its failure, temperature rise
and the role of the outer envelope.

The earlier chapters refer to the scientific aspects
of the problem, viz. the electrical discharge, com­
position of light, luminous efficiency and the use
of the fluorescent material. The chapter on lumine­
scence and fluorescent materials is a welcome
feature of the book.

Chapter VI refers to a variety of applications of
high pressure mercury vapour lamps for scientific
and medical purposes. The ultraviolet emission
lamps with quartz or special quartz envelopes
which are not needed for ordinary lighting purposes
find other uses, particularly in photo printing,
copying, photochemical reactions, sterilization and
fluorescent analysis.

The last chapter refers to the possible improve­
ments in the performance of high pressure dis­
cbarges in the directions required for different
purposes. A notable development is the use of
metallic iodides as traces in the discharge tubes
which suppresses the mercury light but produces
lines of the metal atoms and ions that improve
luminous efficiency and offers scope for better colour
rendering.

The book is intended to hring into forefront the
value of high pressure discharge lamps, particularly
the mercury lamp, its applications and its potentia­
lities. Well illustrated with scientific and technical
data in the form of drawings, graphs, tables and
photographs, the book will provide a reading with­
out strain. It will serve the purpose for which it
is intended, valuable for the scientific worker, the
lighting engineer and even more valuable to the
applied physicist and the scientifically minded
engineer.

C. RAMASASTRY

DESIGN, OPERATION AND TESTING OF SYNCHRONOUS
MACHINES by G. C. Jain (Asia Publishing House,
Bombay), 1966. Pp. xiv+676. Price Rs 75.00

The book under review is a well laid out book
dealing with three aspects of synchronous machines:
design, performance or operational aspect, and test­
ing and commissioning. Each part is covered in
detail and, in fact, the material contained in the
book makes it quite suitable for use both hy an
advanced student and a practising engineer.
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Although most of the information contained in
the various chapters of the book is already well
known, it has been compiled in a systematic manner
and the book is, therefore, quite useful. The author
starts with the basic aspect of the synchronous
machines and goes on to the mechanical construc­
tional aspects. The treatment in this chapter is,
however, too brief and some more details of mecha­
nical design should have been given. The author
then goes on to armature windings and discusses
the cause, effect and means of suppressing the
time harmonics in the voltage waveform, The
chapters on armature reaction and reactances are
well written and should be of great use. Factors
involved in the computation of open-circuit and
short-circuit characteristics from the designer's view­
point and methods of computing them from design
and experimental data, have been explained. The
author also deals with the theoretical aspects of
the behaviour of synchronous machines under
steady state and transient conditions. The tran­
sient and sub-transient reactances have been
thoroughly discussed. These chapters are very well
presented and the latest techniques in machine
analysis have been explained. The chapter on
'Excitation system of synchronous machines' is
particularly well presented and contains valuable
information.

On the whole, the book is very good and, but
for a few slips and printing mistakes and some
occasional repetitions, is very well presented.

The price of the hook appears to he prohibitive,
compared to many already established books of
foreign publication.

This book is undoubtedly a valuable addition to
the reference books in the field.

M. SEN GUPTA

TECHNICAL REFERENCE BOOK ON VALVES FOR THE
CONTROL OF FLUIDS (Pergamon Press Ltd, Oxford),
S2cond Edition, 1966. Pp. 342. Price 40s.

This book is a commendable effort by a manufac­
turers' organization to bring together most valuable
technical data for the users, on the products manu­
factured by their members, It is a model for other
similar organizations to follow to earn the goodwill
of the d~signers and users of the respective specia­
lized items.

The present book supplies essential technical
guidance and data on the use of valves for the
manipulation of flowing solids, liquids and gases,
It also provides detailed information on the valves
manufactured by individual producers in Great
Britain. The book is divided into three parts, viz.
Technical reference, Buyers guidc to valves manu­
factured in Great Britain for the control of fluids,
and Trade names and marks.

The technical reference part contains a glossary
of valves and valve parts, guide to valve selection,
valves for automatic process control, materials
of construction, five-language (English, French,
German, Italian and Spanish) glossary of valves
and valve parts, graphical symbols for pipes and
valves, valve installation and maintenance, valve
end connections, flow rate and friction in pipes,
valves and fittings, material specification, valve
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standards, steam tahles and, lastly, conversion
tables.

In Part 2, a [(uide to manufacturers of different
types of valves amI information cn individual
manufacturers arc provided. Part 3 includes trade
nameS and trade marks and an index.

Mr W. R. Blakeborcmgh, Chairman of BVMA, in
his foreword to this book has written, "A valve
can only perform its duty satisfactorily if it has
been selected correctly to meet the service condi­
tions. IIhnufacturers are often asked to supply
valves without being given details of the use to
which they will he put in service." The informa­
tion provided in the book helps ill specifyirg by
the customers their requirement and supply of the
right type of valve by the manufacturer to ensure
that the valve supplied will give satisfaction in
service and the type chosen will be the most suit­
able and economical. In these processes of specify­
ing and supplying valves a comprehensive format
for giving customer requirement would have been
of great value.

N. R. KULOOR

RESEARCH IN ELECTRIC POWER by Philip Sporn
(Pergamon Press Ltd, Oxford), 1966. Pp. xvi
+64. Price 7s. 6d.

The author discusses the indispensable need for
research in electric power, the specific fields which
call for research and the manner in which the vast
research programme could be accomplished.

While tracing the history of growth of the elec­
tric power industry in USA, the author has pro­
jected for the year 2000 an increase of 6-6 times
generation, 6·2 times peak demand and 4·33 times
total revenue per year, as compared to 1963. The
lower figure for revenue indicates that the electrical
energy should be supplied at a much lower cost
than at present in order to maintain a steady rate
of [(rowth in the utilization of electrical energy; and
this feedback relationship can be maintained only
through constant research in various fields of elec­
tric power.

The author has strcssed the need for research
on problems like increase in conversion efficic[1cy
of coal, development of large sized units of 1000­
1200 M\V, a.c. trallsmission at 1000-1100 kV.,
long-distance d.c. trammission, llCW methods of
switching and protection ill distribution, etc.
Amollg the important challenges indicated by him
is the devclopment of a.c. circuit breakers for high
voltage systems capabk of clearing faults in a
maximum time of OIlC cycle. However, the opti­
mum interrupting time for circuit breakers conti­
nues to be a controversial question and many
modern systclJls still scc'nl to prefer breakers with
longer brcaking time and, thercfon', less su~ceptible

to trivial mechanical and othcr failures.
The author points out the. dangers of centralizing

the research agency in a large and diversc country
like USA and outJines the various forms of coopera­
tion and the areas in which the clectric utilities,
manufacturers, academic institutions and govern­
ment could join hUIlds in carrying out research
programmes. He indicates that even if 75 per
cent of the electric utilities were to spend only
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about 0·5 per cent of their revenue, enough financial
supP?rt would be available for carrying out an
exciting research programme.
. The lectures covered in the hook are essentially
mtended to serve as a call for dynamic leadership
of the electric power industrv and bolo financial
support. Although the lecturL:s are directed mainly
tow:lrd~ the creation of the necessary leadf'rship in
the Ul11ted States, the basic ideas contained in them
would, by and large, find application in anv pro-
gressive ,ociety. -

S. S. MUHTHY

THE WEALTH OF INDIA, RAW MATERIALS, Vol. VII:
N-Pe (Council of Scientific & Industrial Research,
New Delhi), 1966. Pp. xxviii+330. Price
Rs 30.00 or 60s.

Volume VII of Wealth of India - Raw Materials has
maintained the high standard associated with the
other volumes in the series. It deals with 294 plant
species, 4 animals and animal products and 3 mine­
rals-a total of 301 entries covering in alphabetical
order under the letters N to Pe. In the treatment
?f the plants the detailed description of the species
lS preceded by a general description of the genus,
~rovJdJng a very useful background for a compara­
tIve study. More or less a similar pattern has
been followed in the case of animals also. Among
the plants, fairly comprehensive accounts have
been given of food-yielding species (Oryza sativa)
and fodder-producing grasses (Pennisetum spp.).
In addition, important plant products like tobacco
an~ 0fJium have also been described. Among the
amma.s, oysters have ranked prominently as they
ought to. In the minerals dealt with, petroleum
and natural gas have rightly taken a prominent
pla~e. Some of these accounts are original contri­
butions from experts like Dr K. Ramaiah on Oryza,
Dr G. N. Gupta on Ocinl1£11l and Dr K. Veerabhadra
Rao on oysters, while the rest have been compiled
by the CSIR staff in consultation with authorities
in their respective fields.

The volume contains several illustrations - 140
figures in black and white and 9 plates, of which 4
are colvured. The plates. particularly the coloured
ones, arc highly impressive. It also contains a
good in~lex giving common names in English and
the IndIan languages an(1 also the regional and
trade names.

On the whole, the treatment of the subject is
very good, containing statistical data wherever
available and necessary, and a high standard is
mamtalIled right through. The present volume is a
very useful publication both to the research worker
and the general reader alike.

P. S. RAO

PUBLICATIONS RECEIVED

MATSCIE~CE SY~1P()SIA ON THEOllETICAL PHYSICS
edited by Alladi Ramakrishnan (Plenum Press,
New Yurk). 1966. l'p. :-;iii+167. Price $ 9.50

SYMPOSIA ON TIlEOHI':TICAL PHYSICS edited by Alladi
Rlmakrishnan (Plenum Prl'SS, New York). 1966.
I'p. :-;i +236. Price $ 12.50

WORLlJ ECONOMIC SURVEY, 1965: Part I - THE
FINANCING OF ECONOMIC DEVELOPMENT; Part If

- CURRENT ECONOMIC DEVELOPMENTS (United
Nations, New York), 1966. Pp. xiv+196. Price
$ 4.50; Rs 27.00

ENGINEEf{)NG KINEMATICS hy Alvin Sloane (Dover
Publications Inc., New York), 1966. Pp. x+310.
Price $ 2.25

MODERN ASPECTS OF ELECTROCHEMISTRY, No. -l.
edited by J. O'M. Bockris (Plenum Press, New
York). 1966. Pp. viii+316. Price S 12.50

THE THEORY OF EQUILIBRIUM OF ELASTIC SYSTEMS
AND ITs ApPLICATIONS by Carlo Alberto Pio
Castigliano; translated by Ewart S. Andrews
(Dover Puhlications Inc., New York), 1966.
Pp. lxiv+360+ 15 plates. Price $ 3.00

A SIMPLE ApPROACH TO ELEcmONIC COMPUTERS hy
E. H. W. Hersee (Rlackie & Son Ltd, Glasgow,
and Gordon & Breach Science Publishers Inc.,
New York), Second edition, 1967. Pp. xi+261.
Price S 7.50 .

AXIOMATIC FIELD THEORY edited hy M. Chretien &
S. Deser (Gordon & Breach Science Puhlishers Inc.,
New York), 1966. Pp. xi+516. Price $ 32.50

P.\RTICLE SYMMETRIES edited by M. Chretin & S.
Deser (Gordon & Breach Science Publishers Inc.,
New York), 1966. Pp. xi+691. Price $ 35.00

INSTITUTE OF AGRICULTURE, ANAND, INDIA, SILVER
JUBILEE SOUVENIR 1940-65 (Director, Institute of
Agriculture, Auand) , 1966. Vol. I-EDUCATION;
Pp.64. Vol. 2 - RESEARCH; Pp. ix+xxii+250.
Vol. 3 - EXTENSION; Pp. 33

PRINCIPLES OF SCIENTIFIC & TECHNICAL WRITING
b~T Jackson E. Morris (McGraw-Hill Book Co. Inc.,
New York), 1966: Pp. xvii-j-257

ADVANCES IN HETEROCYCLIC CHEMISTRY: Vol. 6,
edited by A. R. Katrit7.ky & A. J. Boulton
(Academic Press Inc., New York). 1966. Pp. xv
+468. Price $ 18.50

ADVANCES IN ATOMIC & MOLECULAR PHYSICS: Vol. 2,
edited by D. R. Bates & Immanuel Eastermann
(Academic Press Inc., New York), 1966. Pp. xi
+484. Price $ 16.50

MIXING: THEORY AND PRACTICE: Vol. 1, edited by
Vincent W. Uhl & Joseph B. Gray (Academic
Press Inc., New York), 1966. Pp. x+340. Price
$ 15.50

MICROWAVE SCANNING ANTENNAS edited by R. C.
Hansen (Academic Press Inc., New York), 1966.
Vol. 2, Pp. xv+400. Price $ 15.50. Vol. 3,
Pp. xvi+422. Price $ 16.50

HYPE!{SONIC FLOW THEORY: Vol. 1- INVISClD
FLOWS bv Wallace D. Hayes & Ronald F.
Prob:;tein "(Academic Press Inc., New York), 1966.
Pp. xv+602. Price $ 16.50

PEROXIDES, SUPEROXIDES AND OZONlDES OF ALKALI
AND ALKALINE EARTH METALS by IJ'ya Ivanovich
Vol'nov; translated from the Russian by J.
Woroncow (Plenum Press, New York), 1966.
Pp. xiv+ 146. Price $ 9.00

ACHEMA J AHRBUCH 1965-67 (Dechema Deutsche
Gesellscbaft fiir Chemisches Apparatewesen e.v.,
Frankfurt-am-Main), 1966. Vol. 1 - EUROPEAN
l<ESEARCH IN CHEM1CAL ENGINEERING; Pp. R32
+ 1088. Vol. 2 - TECHNICAL DEVELOPMENTS IN
CHEMICAL ENG1NEEmNG; Pp. R53+683. Vol. 3
-GUIDE TO CHEMICAL ENGINEERING IN EUROPE;
Pp. Rl4+623
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first time for measuring reaction
heats. The heat of reaction for the
formation of triphenylmethyl­
peroxy radicals by the oxidation of
triphenylmethyl radicals was found
to be -9,0 ±0'4 kcal. per mole.
This is the first time t he heat of
reaction has been measured for the
reaction between a hydrocarbon
radical and oxygen.

Triphenylmethyl radicals are
formed in the lattice of triphenyl­
acetic acid and triphenylmethyl
bromide and iodide when irradiated
with cobalt-60, and give out a
symmetric ESR signal at a g value
of 2·0024. But when oxygen or air
is admitted into the crystal lattice
the signal appears at a g value of
2,014, indicating the formation of
triphenylmethylperoxy rmlicals.
The conversion is 95 per cent
complete in 30 min. The reaction
is reversible and the equilibrium
can be controlled by varying either
the temperature oroxygen pressure.
The heat of reaction is calculated
from the temperature dependence
of the equilibrium constant which
in turn can be computed from the
ESR signal intensities [Chem. Engng
News, 44 (No. 23) (1966),48].

Analyses of metals and alloys
by ~as chromato~raphy

The application of gas chromato­
graphy for the quantitative analysis
of certain metals, alloys, carbides,
oxides, sulphides and salts has been
reported [Chem. Engllf, News, 44
(No. 51) (1966), 32]. The sampl{'s
are fluorinated by elemental fluo­
rine and the fluorides determined bv
gas chromatography. A res{'arcII
gas chromatograph, modified to
include a special stainless steel
reactor-injector system with n poly­
tetrafluoroethylene column (22 ft
long and lin. diam.) and a stainless
steel thermal conductivity cell (with
nickel filaments) have been used.
The column is pncked with 15
per cent Kel. F oil No. 10 (poly­
trifluoromonochloroethylene) on
40-60 mesh chromosorb 'I' (poly­
tetrafluoroethylene). The weighed
sample 011 ;In electrically heateo
nickel elemellt is introduced into
the reaction cavity and fluorine gas
admitted, after evacuating the
cavity to remove air. The sample
is electrically heated at red heat for
1 min. and the reaction products
swept immediately into the column.
During analysis care has to be
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taken to prevent the formation of
oxyfluorides. The temperature of
the reaction cavity has to be main­
tained above the boiling point
of the least volatile fluoride to be
examined. Using this technique
quantitative methods have been
developed for the estimation of
U, S, Se, Te, W, Mo and Re [Analyt.
Chcm., 38 (1966), 1860J.

Isoprene unit in sRNA

An isoprene unit has been iso­
lated for the first time from sRNA
by Dr R H. Hall of the Roswall
Park Mc'morial lnstitute, Buffalo,
New York. The isoprene containing
nucleoside has been identified as
N6-tl2 (isopentenyl) adenosine from
spectral evidence (IR, UV, NMR
and mass spectra), and its identity
established by synthesis [J. Am.
chem. Soc., 88 (1966), 2614]. This
is the first naturally occurring
compound with kinetic activity
known to be an integral part of
sl~NA.

sRNA obtained from yeast was
enzymically hydrolysed and the
nucleoside isolated by partition
chromatography, in an yield of
15 mg. of isoprenyl nucleoside
from 60 g. sRNA. This nucleoside
accounts for 0·1 mole per cent
of the totalnucleosides from yeast
sRNA and 0·05 mole per cent
in the nucleosides of calf liver
sRNA.

It is probable that this compound
may have the structure of the N'
isomer in sRNA and rearrange
to the N6 isomer during the enzymie
hydrolysis involved in the isolation
procedure. The full significance of
this nucleoside and its role in the
biological activity of RNA are yet
to be understood [Chem. Eng1/g
News, 44 (No. 23) (1966), 20].

Bacterial fixation of CO2

A r{'(lllctive carboxylic acid
cycle for fixing carbon dioxidl'
has been found in the photo­
synthetic bacterium -Chlcrotifl1ll
thiosulphatophilum-at the Dept
of Cell Physiology, University of
C,difornia, Berkeley, USA. The
intermediates in the cycle, part
of which reverses the Krebs citric
acid cyck, have thp carbon skele­
tons of a varietv of amino acids.
The new cycle converts four mole­
cules of carbon dioxide into one
molecule of a C4 dicarboxylie acid,

thus differing frem the Calvin
cycle for carbon assimilation by
photosynthetic cells, which con­
verts one molecule of carbon
dioxide into the equivalent of
one-third of a molecule of thiose
phosphate. The other difference
between the two cycles is that
while the Calvin cycle provides
amino acids via 3-phosphoglycerie
acid, the new cycle provides a
direct path to amino acids. The
reductive carboxylic acid cycle
absorbs energy supplifd frcm the
reduced ferredoxins, and adeno­
sine triphosphate (ATP). In the
cycle, ferredoxin acts directly in
the carboxvlation of acetvl co­
enzyme A· to pyruvate, ·which
with ATP gives phosphoenol­
pyruvate. This ccmbines with
another molecule of carbon di­
oxide to give oxalacetate.
Succinyl coenzyme A, obtainfd
through oxalacetate and ATP,
reacts with ferredoxins and carbon
dioxide giving IX-ketoglutarate.
To complete the cycle oc-keto­
glutarate gains anot her carbon
dioxide molecule giving citrate
via isocitrate. Citrate aleng with
ATP gives acetyl coenzyme A.
By single amination, the inter­
mediates, oc-ketoglutarate, pyru­
vate and oxalacetate, could give
glutamic acid, alanine and aspartic
acid respectively. This pathway
has been identified by exposing
suspensions of the bacterium to
labelled carbon dioxide and identi­
fying the products at various
time intervals [ChI1ll. Engng News,
4.4 (No. 17) (1966), SO].

Synthesis of the S-peptide
portion of a natural enzyme

A significant portion (S-peptide)
of a natural enzyme (beef ribo­
nuclease A) has been synthesized,
for the first time, by scientists
at the University of Pittsburgh.
The synthesized portion is found
to ccmpare well in its activity
with the S-peptide from natural
sources.

The first step in the synthesis
of the S-peptide involves prepara­
tion of a tetrapeptide, tert-butyl­
oxy - carbonyJphenylalanyl- r-tert­
butylglutamylglutamine azide,
followed by coupling of the tetra­
peptide with the nonapeptide, hisH­
d yImet h ionylaspart ylserylseryl­
threonylserylalanylalanine d-sulph­
oxide to yield a tridecapeptides.
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The decapeptide product is then
purified by countercurrent dis­
tribution. The purified com­
pound is freed of the tert-butyloxy­
carboxyl bbcking group by treat­
ment with triflLlOroacetic acid. The
tridecapeptide is further coupled
with a heptapeptide to prepare a
protected eicosapeptide which on
treatment with trifluoroacetic acid
liberates free eicosapeptide d-sul­
phoxide. Reduction of this free
peptide with thioglycolic acid yields
S-peptide.

S-peptide is finally purified by
first combining with natural
S-protein and then chromlto­
graphing the resulting plrtially
synthetic enzyme on Amberlite
CG 5 [Ch~m. EngJlg News, 44
(1966), 22].

A new technique for locating
double bonds in fats

A microreactor developed at
the Northern Utilization Labora­
tory of US Department of Agri­
culture, Peoria, enables rapid
location of unsaturation in fatty
esters and determination of the
fatty acid contents of vegetative
oils. Unsaturation is located by
an ozonization method and the
fatty acid contents via trans­
esterification.

The existing methods involving
preparation and separation steps
are time consuming and require
large samples. but with the pre­
sent technique microlitre samples
are reacted (with ozone) in the
microreactor and the products
injected directly into a gas chro­
matograph for analysis. The
complete analysis is over in 1 hr.

The microreactor, made out of a
soldering gun, consists of a copper­
encased, t in. outer diam. stainless
steel U-tube, which fits between
the poles of a soldering gun,
replacing the gun's tip. A hypo­
dermic needle is fixed to one end
of the tube. On the other end
is a glass connection and a septum
through which the sample is intro­
duced.

For locating unsaturation, 2-5 [J.l.
sample is placed in the micro­
reactor and a strcam of ozonized
oxygen is passed over it at room
temperature. When the reaction
is complete, the oxygen flow is
shut off and helium is allowed to
flow. The outlet needle is inserted
on the reactor into the injection
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port of the chromatograph and
the reactor is heated to 250°C.
by activating the soldering gun.
This decomposes the ozonide and
volatilizes the product. The
resulting aldehydic fragments are
swept into the chromatograph.
For the transesterification, used
in measuring the fatty acid con­
tents of triglyceride vegetative
oils, 2 [J.l. of oil and 3 !J.l. of 2·7M
sodium methoxide (in methanol) are
introduced into the microreactor.
The reactor is heated to 50°C. for
20-30 sec. and immediately formic
acid is added. After removing the
excess reagents from the resulting
methyl esters (by heating the
reactor to 100°C.), the temperature
is raised to 250°e. and the esters
are swept into the chromatograph
in a stream of helium.

This is claimed to be the first
method for quantitative determi­
nation of the position of unsatura­
tion in complex mixtures, the
earlier methods being limited to
qualitative determination on a
single compound [Chern. Engng
News, 44 (No. 37) (1966), 21].

A meth9d for isolating
mammalian deoxyribonucleic
acid

A method for isolating DNA
from a variety of mammalian
tissues using a small amount of
deoxycholate has been described
by Dr J. Philip Savitsky and
Dr Frieda Stand of Montefiore
Hospital and Medical Centre, New
York [Biochim. biophys. Act'l, 114
(1966), 419].

The method involves removing
the mammalian tissues, immedi­
ately freezing them in solid CO2
(-60°e.) and storing them in the
frozen form. The frozen tissue is
weighed and then thawed slowly
(30 min.) in a volume of 6 ml./g.
tissue of 0·04 per cent sodium
deoxycholate + O·IOM NaCI
+ 0·05M sodium citrate (PH 7)
in an ice bath. If the tissues
contain much fibrous connective
tissue (thymus, spleen, lung) it is
necessary to treat the mixture
in a Waring blender or Virtis
mixer for 10-15 sec. The suspen­
sion is then gently ground at
ooe. in a glass-teflon homogenizer
to break all the cells. The extent
of homogenizatiori required for
any tissue is determined by micro­
scopic examination and cell counts.

The suspension is then centrifuged
at 3000 r.p.m. for 10 min. The
supernatant is poured off and
the sedimented ' nuclear' fraction
washed repeatedly with the same
initial volume of the ice-cold 0·04
per ccnt sodium deoxycholate­
saline-citrate solution till the
supernatant wash fluid is clear.
The supernatant wash fluid should
not he even slightly viscous; deve­
lopment of viscosity during wash­
ings means that the concentration
of deoxycholate is too high and
the insoluble DNA-histone is dis­
sociating. The final sediment is
extracted vigorously with twice
the initial volume of ice-cold 2M
NaCI for 3 min. at O°e. The
mixture is centrifuged at 4000
r.p.m. for 15 min. The super­
natant containing the extracted
DNA plus protein is poured into a
flask; an equal volume of chloro­
form-amyl alcohol (10: 1) is added;
the mixture is shaken thoroughly
and centrifuged. A total of 10-12
of these deproteinization steps is
performed on each DNA extract.
The final aqueous DNA super­
natant is carefully separated from
the chloroform phase and filtered.
Two volumes of ethanol are then
rapidly added to the cold 2M
NaCl + DNA solution. The pre­
cipitated white DNA fibres are
gathered by winding on a glass
rod and gently pressing the excess
fluid out on the side of the beaker.
The fibres are dissolved in NaCI
solutions of varying concentra­
tions and in standard buffers
(PH 7) with shaking (30-60 min.)
if necessary. The moderately
viscous, clear solutions obtainerl
are filtered and stored in aliquoh
frol-en at _20° or -60°e. The
final concentration of DNA in
these solutions ranges from 100
to 300 [J.g./ml.

Thc method is more effective
when frol-en-and-thawed tissues
arc used as the starting material
rather than fresh tissues.

Stimulation of activity of
chicken liver dihydrofolic
reductase by iodine

Six- to tcnfold stimulation by
iodinc of thc activity of chickcn
liver dihydrofolic reductase, the
enzyme catalysing the triphuspho­
pyridine nucleotide-dependent
reduction of dihvdrofolic acid to
tetrahydrofolic ~cid. has been



observed. The sulphydryl groups
of the enzyme are believed to be
intimately involved in the sti­
mulated activity. This idea is
supported bv the fact that the
pretreatment" of the enzyme with
iodoacetamide which ties up the
sulphydryl group completely abo­
lishes the stimulation due to iodine.
The activation of the enzyme was
achieved by titrating 200 ml. of
crude enzyme eluate with succes­
sive increments (0,05 mI.) of
0·016N iodine. After each addi­
tion of iodine, the activity of an
aliquot of the enzyme preparation
was determined in the standard
assay mixture. At the time of
the maximal stimulation (about
seven times the initial activity)
the enzyme solution was absorbed
and eluted from a hydroxylapatite
column. The active fractions were
combined, precipitated with
ammonium sulphate, and immedi­
ately desalted through a column
of Sephadex-25. The activated
enzyme seemed to remain stable.

The iodine is believed to react
with the enzyme via a sulphydryl
group, presumably through the
formation of dihydrofolic reduc­
tase suIphenyl iodide and the
interaction of this activated form
of the enzyme with mercapto­
ethanol, glutathione and other
sulphydryl compounds should yield
a mixed disulphide, rather than re­
liberating the enzyme SH group.

When the iodine-treated enzvme
was reacted with mercaptoethanol
(10 mmoles) and passed through
Sephadex-25, the original em.yme
was regenerated. Evidence for
this is that both iodine and
mercurials activated the enzyme.
When the iodine-treated en7.yme
was reacted with a similar concen­
tration of glutathione, a deacti­
vated enzyme was regenerated.
However, it did not rl'spond tu
iodine or ll1ercurials, indicating
that a new form of dihyctrofolic
reductase, possibly a disulphidc
derivative, is formed by the action
of glutathione. The activation by
iodine po,;sibly takes place at a
specific site distinct from the
catalytic site [Chen!. EllgJl~ NC1IJS,

44 (No. 41) (1966), 24].

New high energy-density
battery

A new high energy-density bat­
tery, with a purous lithium anode
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and an organic electrolyte has
been developed by Electrochimica
Corp., USA [Chern. Engng News,
44 (No. 47) (1966), 24]. The
porous lithium anode is made
by a special process to ensure
that it has a correct degree of
porosity to allow high current
densities of the order of 100
amp./sq. ft of anode surface. The
cathode is made of cupric
chloride. The organic electrolyte
which replaces the water systems
of conventional batteries has a
high degree of conductivity and
good reversibility towards the elec­
trode reactions. The battery has
a theoretical energy density of 503
W. hr/lb.; the net energy density
for a 6 amp. hr cell when dis­
charged during 10 hr is 68-72 W.
hr/lb. The corresponding values
for silver-zinc and lead-acid
batteries are 200 W. hr and 60 W.
hrlIb. for theoretical energy
de'nsity and 40-43 W. hr/lb. and
8-10 W. hr/lb. for net energy
density respectively. While the
temperature range of operation
for silver-zinc and lead-acid bat­
tcries is 0-l30°F., the new battery
can operate in the range _400 to
160°F. with Faradaic efficiencies
of about 80 per cent. Because of
cheapness and abundance of
lithium, the new battery may
eventually replace the costlier
silver-zinc batteries in many port­
able communication equipment. A
rechargeable version of the battery
i~ also under development for use
in automobile power systems.

Pediatric Research

This new international journal
of human developmental biology
is the successor to Annales Paedia­
lrid (Vol. 207). Sponsored by
the American Pediatric Society,
the European Club of Pediatric
Research and the Society for
Pediatric Research, this new bi­
monthly commenced publication
in January 1967. The journal is
intended to provide a medium for
presentation of research communi­
cations dealing with behavioural,
biochemical and structural aspects
of human development and de­
velopmental biology as well as
interpretative studies leading to
improved understanding of both
morbid and normal processes.
The annual subscription for the
journal is S 18.00 for students,

interns and resident physicians
and S 25.00 for others. Further
details can be had from the
Editor, c/o Department of Pedia­
trics, University of Florida College
of Medicine, Gainesville, Florida,
USA.

1.1.T. Journal of Mathematical
and Physical Sciences

Sponsored and supported by the
Indian Institute of Technology,
Madras, this new journal, c?mmenc­
ing publication in. ~pnl 1?67,
will be devoted to cntlcal revIews
and short original papers i~ applied
mathematics and theoretical phy­
sics. Manuscripts for publication
may be add.ressed. to anyon~
of the executive edItors: Alladl
Ramakrishnan,WarnerKoch, P.M.
Mathews, S. D. Nigam or S. ~.
Srinivasan. The annual subscnp­
tion for the journal is Rs 60.00 or
$10.00 for institutions and Rs 20.00
or $ 4.00 for individuals.

British Coal Utilization
Research Association

The annual report of the associa­
tion for 1965 presents an account
of the research and development
activities of the various divisions
during the year. An imp?rt~nt
development has been the deslgnmg
of cast iron undergrate baffies for
reducing high ash pit losses pro­
duced during the burning of low
rank washed coals on a vibrating
grate. These blocks also prevent
overheating. .

Two boilers, one of these m~or­

porating a single f~ed mecham.sm
and a reciprocatmg de-ashmg
mechanism to remove ash and
clinker, have been tested for the
smokeless combustion of coal by
, trickle feed' method. The experi­
ments have resulted in theintroduc­
tion of the following modifications:
modified method of introducing the
overfire air; reduction in the size of
the combustion chamber to increase
the combustion rate per unit area
and the relative size of the secon­
dary heating surface. A rapid. a.nd
continuous thermal conductiVIty
method for the analysis of flue gases
for automatic domestic boilers
operating with on/off control has
been developed.

The addition of fly ash to flue
gases has been found to reduce the
corrosion of alloy steel water tube
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boilers at 745°C.; doubling the
effective amount of ash has resul ted
in 70-80 per cent reduction in
corrosion. Experiments using flue
gas atmosphere have shown that
the corrosion mechanism is the one
in which complex sulphates act as a
source of S03 which will be reduced
to sulphide and oxide ions on the
metal surfaces. The kinetics of
503 formation in the system
S02-02-S03' in the presence of
various contaminants like nitrogen
dioxide acting as catalysts have
been studied in static and floating
systems up to 1000°C. and mecha­
nisms in both systems elucidated.

Twelve different coals, covering
a wide range of rank, have beeIt
examined for the weight loss due to
thermal decomposition of size
graded particles suspended in
nitrogen in the temperature range
300-1000°C. and with heating
times 30-100 millisec.; it has
been found that swelling coals de­
compose initially much faster than
non-swelling coals. No detectable
difference was observed between
the results obtained in the presence
of nitrogen and oxygen.

The following three methods for
rapid heating coal have been
developed to enable the study of
the nature and composition of the'
primary decomposition products of
coal: conduction heating using a
stainless steel gauze in which the
fine coal is embedded and heated
in a few milliseconds bv a condenser
discharge; radiation' heating in
about 3 millisec., achieved by a
pulse of intense light applied to a
small coal particle by means of a
flash discharge tube; and feeding
coal into a flame so that the
carbonaceous products of coal com­
bustion can be readily distinguished
from those of the carrier flame.
All the three methods involve
different heat transfer conditions
and the products of decomposition
are markedly different. During the
investigations on the porous struc­
ture of graphites. it has been
observed that the heating of
nuclear grade graphite brings about
an irreversible change in the porous
structure from that at the room
temperature. resulting in narrowing
and even closing of some previously
open pores.

To study the behaviour of mine­
ral particles at high temperature.
an apparatus has been designed
which enables closely graded
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particles (20-100 [L) of selected
minerals to be injected into a flame
under laminar flow conditions with
residence times that can be varied
over the range 10-80 millisec.;
experiments are under progress on
quartz, kaolinite, muscovite and
calcite and the seed materi:tls,
potassium carbonate and sulphate,
at temperatures 1830-2030°C.

A relative line intensity method,
involving measurement' of argon
spectral lines from a high tem­
perature spinning plasma has been
developed to measure the tempera­
tures in the range 5000-10000°C.
By calibrating the emulsion using
plasma as a light source and using
a manually operated micro densito­
meter, accuracies in the range
±9-20 per cent were achieved.

Based on the application of
nuclear magnetic resonance a reli­
able automatic laboratory method
has been developed for the routine
estimation of moisture content of
coals and cokes. A prototype
automatic process chromatograph
for the analysis of H" 02' N?, CH••
CO" CO and C2H. within a 10 min.
cycle period and at the same time
providing quantitative analytical
data in a form that can be fed to a
data logger has been built for use
with p.i. flame test plant.

Announcements

• The Second International Con­
ference 011 Crystal Growth will be
held at the University of Birmin­
gham. England, during 15-19 July
1968. Basic theory of cryst al
growth, nucleation, kinetics and
transport processes of fundamental
importance to crystal growth of
metals and non-metals such as
electrothermal deposition, and new
techniques of crystal growth arc the
subjects on which contributions
will be accepted. Details can be
had from Prof. A. D. McQuillan.
Dept of Physical Metallurgy and
Materials Science, Univ('fsity of
Birmingham, England.

• Intemational Association for til;;
Stndy of Clays - From June 1966,
Comite International Pour ['Etude
des Argiles (CIPEA), founded in
1948,has been renamed the Associa­
tion Internationalc Pour l'Etnde
des Argiles (AIPEA). The asso­
ciation will promote international
cooperation in clay research and
technology and organize meetings,

such as the International Clav Con­
ference and publish the res~lts of
clav research. The annual member­
ship fee f"r inclivicluals is 5 Swiss
francs. Tlw association will orga­
nize tlw 1969 International Clay
Confefl'llC<' in September 1969 in
Tokyo. Clay mineral st ructures,
clav minl'l'al genesis, clay water
sys'tems, eby organic compounds
and industrial applications of clays
are the snbjeets to be discussed
in the scil'lItific sessions. Informa­
tion regarding AII'EA can be had
from Prof. U. Schwertmann, Insti­
tnt fiir Bodenkunde der Techn.
Universiliit, Engler AIle 19-21,
1 Berlin 33, Germany. Information
regarding the cOllference can be
obtained from the Organizing Com­
mittee, 1969 International Clay
Conference, the Geological and
Mineralogical Institute, Tokvo Uni­
versity of Education, Otsuka,
Bunkyo-kn, japan.

• The J(aIinga. Prize for the year
1966 has been awarded to Prof.
Paul Couderc, French astronomer
and author of a number of widely
rcad popular books.

An honorary lecturer in Astro­
physics at the Ecole polytechnique,
Prof. Couderc has to his credit
a number of publications in astro­
nomy, physics and the philosophy
of science. His twenty popular
science hooks include The expan­
sion of the Universe and The wider
Universf, apart from one on rela­
tivity. Many of these have been
translated into several foreign
languages including English,
Danish, Spanish. Italian, Greek,
Hungarian. Portuguese and japa­
nese. Prof. Couderc has been the
Secretary General of the French
National Conllllittee for Astronomy
(1946-60), Vice-President of the
Astronomical Society of France
and Vice-Chairman of the Com­
mittee on Science of the French
Radio and Television Network
(1941;-60). He was also a found­
ing Illemher of the French Asso­
ciation of Science Writers and
an adviser to the Palais de la
Decouvert.: in Paris.

• Prof· Dilll'sh Mohall, Director,
Central Building Research Insti­
tute, has been elected President
of the Indian National Society of
Soil Mechanics and Foundation
Engineering for a term of two
years (1967-69).
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AS HAIR OILS, BRILLIANTINES, SOAPS,

AGARBATTIES, FACE POWDERS, ETC.

FOR SAMPLE A;-.JD PRICE, PLEASE WRITE TO THE ABOVE ADDRESS

For Precision Graph Papers, Meteorological Charts
and Circular Recording Charts of

Every Description

Please Contact:

CHHENNA CORPORATION
7/23 Darya Gunj • P.O. Box 1728

DELHI 6

• Sectional Papers • Millimetre Graph Papers • Logarithmic Papers • Frequency
Papers • Triangular Co-ordinate Papers • Polar Co-ordinate Papers • Isometric
Scaled Papers • Probability Charts • Circular Recording Charts • Longitudinal

Sectional Papers. etc. etc.

Distributors in India

Kilburns
Calcutta Bombay Madras New Delhi Dishergarh
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HINDUSTAN LEVER
need ...

RESEARCH SCIENTISTS for their expanding Research Unit at
Bombay to carry out research work in the following fields:
1. Organic Chemistry: Structure and synthesis of organic compounds

related to essential oils, fine chemicals, fatty acids.
2. Biochemistry: Biochemical aspects of skin metabolism; the biochemi­

stry, enzymology, processing and nutrition of food products.
3. Process Development: Development of new processes for the manu·

facture of products in foods, detergents, chemicals and oils and
fats; Design and fabrication of pilot plant; Basic Studies on unit
processes.

4. Microbiology: Microbiological methods for the preparation of new
foods, dairy products, enzymes and fine chemicals.

Applicants should have a good academic career, adequate experience
in modern research techniques and should be capable of carrying out
original research on a wide range of problems of interest to the
Company. The upper age limit is 35 years.
Research experience of at least upto doctorate level in the respective
fields is essential and subsequent research experience in a University,
Research Institution or Industry is desirable,
The positions are in the Covenanted Management Grade of the
Company and offer an excellent research career.
Applieations should be sent to the Head of the Personnel Department,
Hindustan Lever Limited, P.O. Box 409, Bombay, within 15 days from
the date of this announcement.
Please mark the envelope 'Research Unit',

HINDUSTAN LEVER RESEARCH UNIT
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Specify' AnalaR' whenever you need analytical reagents. Ensure factory-packed.
effeotively labelled. completely reliable materials for every analytical procedure in
your own laboratories. .AnalaR' reagents are not expensive. working hours are.
Unreliable results can be most expensive of all. For micro-analytical work there are
B. D.H. .M. A.R.· reagents; and for all general laboratory purposes some seven thousan'd
B. D. H. Laboratory Chemicals. with well over a thousand of them carrying printed
specifications of purity.

ALSO AVAILABLE Organic and Inorganic Laboratory Reagents. Biochemicals. Volu­
metric solutions for analytical use. 'Alfloc' Solutions for water testing. Indicator and
Test Papers. Stains and Staining Solutions. Indicator Solutions for pH measurements.

@ Laboratory Chemicals British Drug Houses (India) Private ltd.
Laboratory Chemicals Division,
13 Graham Road. Bombay 1·
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~CHE!J:?' THE GROWTH OF OUR "FAMILY'·!
WHAT'S NEW?

MONOPAN
The Students Microscope

DIAPAN
The Research Microscope

THERMOPAN
The Microscope For An

Analytical Chemist

NEOPAN
The Teaching and

Laboratory Microscope

FLUORPAN
The Routine

Fluorescence Microscope

A26

COMPACT-ELEGANT-VERSATILE
Outstanding Instruments with the New Exclusive SIMULTAN focussing
concept that set the pace in microscope design ior years to come.
All this in addition to the vast range oi existing microscopes, microtomes
& accessories.
The right instrument for the right job for every customer.
Sold and Serviced in India by:
Exclusive Agents and Distributors

NEO..PHARMA INSTRUMENTS CORPORATION
Kasturi Bldgs., J. Tata iload. Bombay-1.

Technical Service Offices: Bombay· Calcutta· Delhi· Madra<;
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Ftan;l includes:

a VOLTMETERS. AMMETERS. G. P. O. DETECTORS
• RESISTANCE BOXES. P. O. BOXES. RHEOSTATS
• EXTERNAL SHUNTS. A.C./D.C. CONVERSION EQUIPMENT

AND ALLIED ITEMS.

@ ElECTRICAL INSTRUMENTS

MADE. SOLD & SERVICED BY:

SETT & DE 16, GANESH CHANDRA AVENUE
CALCUTT A-13 • PHONE: 23-9588

AGATE MORTARS & PESTLES
(Grade AI)

Absolutely and totally flawless quality, both internally and
externally. These Agate Mortars and Pestles are being
exported to very well-known users and trade houses in
U.K., U.S.A., Japan and all other countries of the world.

Sizes available from 20 mm. to 200 mm. diameter

Also available

All types of IP THERMOMETERS for the Petroleum Testing Laboratories

PLEASE CONTACT

LABORATORY FURNISHERS
DHUN MANSION, 186C VINCENT ROAD, DADAR, BOMBAY 14

Phone: 442761 Telegram LABFURNISH

Branch Office: KAPASIA BAZAR, AHMEDABAD 2
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IMPORTED
LABORATORY EQUIPMENT

AVAILABLE EX·STOCK/INCOMING CONSIGNMENT
• SWISS METROHM MAINS & BATTERY OPERATED PH METERS
• ENGLISH 'EEL' PHOTOELECTRIC COLORIMETERS
• ENGLISH 'EEL' FLAME PHOTOMETERS
• ENGLISH 'EEL' ABSORPTIOMETERS
• ENGLISH 'EEL' SPECTRA SPECTRO-COLORIMETERS
• ENGLISH 'EEL' FLOW THROUGH SPECTRA
• GERMAN BECK KASSEL BINOCULAR MICROSCOPES 'UF BI'
• GERMAN BECK KASSEL STEREOSCOPIC MICROSCOPES
• DUTCH 'NEDOPTIFA' PHASE CONTRAST MICROSCOPES

MODEL 'MIPHASE', designed by Nobel Prize winner, Dr. Zernike
• SWISS 'PROJECTINA' PROJECTION MICROSCOPES
• JAPAN 'MARUZEN' MICROPROJECTORS (Profile Projectors)

J. T. JAGTIANI
National House, Tulloch Road, Apollo Sunder, Bombay-t. )

----------------------------_.-'
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RAW MATERIALS FOR

RESEARCH & INDUSTRY ... I

VACUUMSCHMELZE AG.
(West Germany)

Manufacturers of heat resistance material, re­
sistance wire, magnetic shields, soft magnetic
alloys, C-type cores, PERMENORM, MUMETAL,
TRAFOPERM etc. Bimetals and nickel iron alloys,
copper beryllium alloys, high purity glass se;:,ling
alloys, titanium alloys for electrical industry.

For further particulars contact:

K. S~ HIRLEKAR
Western India House

Sir Pherozshah Mehta Road

BOMBAY I

Gram: 'INOBUREAU', Bombay _ Phone: 251931/252073

A28

optical instruments
and

allied components

GHARPURE & co.
P-36 INDIA EXCHANGE PLACE EXTN.

CALCUTTA I

Gram: MEENAMO • Phone: 22·2061
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Leitz
Plano-Large-Field Research Microscope:

ORTHOPLAN

The ORTHOPLAN is a new member of the family of Leitz Research ~licroscopes. It is
the first instrument designed for a field. of view of 28 mm. Optical performance, together
with the versatility of its design, places it in the front of all Leitz production.

A feature characteristic of the ORTHOPL/\ microscope is the enlarged. trinocular body
for widefield eyepieces of 30 mm diameter which for the first time realized. the full poten­
tialities of the plano objectives in a biological microscope. The field of view of the
ORTHOPLAN is up to more than twice as large as that of a conventional microscope
and is completely flat without marginal unsharpness. The resulting gain of information may
be a decisive factor not only in research, but also in many routine investigations.

The ORTHOPLAN offers in addition the wide range of facilities of the Leitz unit system
for scientific microscopy. This includes not only accessories for all the classical and
modern methods of microscopy in transmitted and incident light, but also gas discharge
lamps of up to 500 watts all available spectral lamps and. an integral camera carrier for
large-format camera 4 X 5" with adapter for the POLAROJD LAND system.

For details please 7IIY/:te to:
SOLE DISTHlllUTO!<S

THE SCIENTIFIC INSTRUMENT COMPANY LIMITED
ALLAHABAD BOMBAY CALCUTTA MADRAS NEW DELHI

Head Office: 6 Tej Bahadur Sapru Road, Allahabad
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Documentation
system

DOKUMATOR

Microfilm Recorder "DAV"

Microfilm Reader II

Microfilm Re-Enlarger II

Microfilm Developing Instrument

Microfilm Copying Instrument

VEB Carl Zeiss dENA
GERMAN DEMOCRATIC REPUBLIC

E.conomiz/ng In
Space
Man-hours
and Money-
our DOKUMATOR System
including the
High-Efficiency Microreproduction
Instruments
made in JENA
for the recording of originals
from formats DIN A 6 to DIN A 0

Sole Agents in India:

• Birthplace and
Centre of Modern Optics

GORDHANDA5 DESAI PRIVATE LTD.
KERMANI BUILDING, SIR PHIRDZSHAH MEHTA ROAD. BOMBAY-I i:R

80M BAY
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Bausch & Lomb Diffraction Gratings are preferred by all major manufacturers of spectro­
scopic Instruments as well as astronomers, spectroscopists and other scientists. As the
World's number one source, B & L maintain a stock of hundreds of different gratings
and they can produce thousands of varieties from master gratings now on hand.

B & L interferometric control is your assurance of the highest precision standards
and finest quality gratings available. They are outstanding in their high resolving
power, low ghosts and high efficiency.

B & L has specialized in coating both gratings and mirrors with fast fired aluminium
plus MgF2 for high reflectance at wavelengths shorter than 1500 A in the vacuum
ultraviolet. Coatings of gold or platinum are also available for gratings for the
extreme ultraviolet region.

BAUSCH & LOMB •

For full details write for Catalogue 0·261 to

SOLE AGENTS:

MARTIN & HARRIS (PRIVATE) LTD.
(SCIENTIFIC DEPARTMENT)

SAVOY CHAMBERS, WALLACE STREET, BOMBAY I

Printed and published by Shri A. Krishnamurthl. Publications & Information Directorate. Cooncil of Scientific a
Industrial Research, New Delhi. at the Catholic Press, Ranchi, India

Regd No. PT·842
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