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HEWLETT ~ PACKARD

New hp 117AVLF Comparator

CALIBRATE YOUR OSCILLATOR AGAINST
. THE U.S. FREQUENCY STANDARD

Here is an elSY. pre­
cise and inexpensive
way to calibrate your
own osci lIator agai nst
the United States
Frequency Standard,
whether it is the
time base in your Elec­
tronic Counter or your
laboratory frequency
standard. The new
hp 117A VIF Compa­
rator provides all the
features needed for
frequency standardiza­
tion. You need no
other instruments.

The 117A makes accurate phase comparisons between local oscillators and
60 kc U.S. Frequency Standard broadcast by the National Bureau of Standards
on WWVB.

This instrument makes comparisons with an accuracy approaching I part in
1010 over an a-hour period.WWVB broadcasts a signal capable of being received
at a precision of about 5 parts in 101' during 24-hour period.

SPECIFICATIONS

60 kc (WWVB Carrier)
I !Lv rms into 50 ohms
100 kc, I V rms into 1000 ohms (I mc option)
20 V rectangular positive pulses into 5000 ohms

* USFS input
* Sensitivity
* Local standard input
* 100 kc phase-locked output

For further details, please write to:
SOLE DISTRIBUTORS

THE SCIENTIFIC INSTRUMENT COMPANY LIMITED
ALLAHABAD BOMBAY CALCUTTA MADRAS NEW DELHI

Head Office: 6 Tej Bahadolr: Sa?r,.lloa~. Ai13habad
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NOTICE

It is proposed to appoint a Director for. the Structural Engineering
Research Centre at the Central BUilding Research Institute, Roorkee, under
the Cooncil of Scientific & Industrial Research. The general scope of work
of the Centre will be aclvanced research in plain and reinforced concrete,
prestressed concrete, steel structures, bridge structures, light metal struc­
t'ures, structural dynamics,pr.estressed light weight· concrete, precasting and
prefabrication and multi-storeyed Duildings. The Centre wil( also develop
a Design Unit for the application of the findings of research. '

There is no sta~dard form of application. Those who wish to be con­
sidered are invited to send, their brief curriculum vitae to Dr S. Husain
Zaheer, Director-General, Scientific & Industrial Research. Others who may
wish to send nominations for this post may kindly forward their proposals
'to the Director-General. .

All communications will be treated confidentially. Statements and pro­
posals should be receiv~d by the Director-General on or before 28 February'
1965 at the Council of Scientific &. Industrial Research Office, Rafi Marg,
New Delhi.
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ANTISPASMODIC

for oral administration

POT'ENT'A

'"".",..."....",.~~~~~ ...~~~.".~...--- ............... 1

~ ~
\
\

~

~
\

~ ~

~ PYRAPEN' ~
~ ~
~ Acombination of a potent antispasmodic (a piperidinomethyl-pyrazolone compound) ~
~ and an effective antacid (magnesium aluminium silicate). ~

~ PYRAPEN is the newest and least toxic member of the group of anti- ~
~ spasmodics and clinical reports are most encouraging. ~

~ ~
~ CHARACTERISTICS ~

~ • Possesses both neurotropic and musculotropic antispasmodic action. ~
~ \
~ • Relieves spasmodic conditions of the gastro-intestinal tract, due to gastric ~
~ and duodenal ulcer, hyperacidity, hypermotility of the stomach and intestine, \
~ gastritis associated with increased secretion, motility, pyloro-spasm irrespective ~
~ of peptic ulcer, intestinal colic, lead colic, etc. ~

~ • Acts by local concentration on account of low systemic absorption. \

~ ~
~ • The combination with Magnesium Aluminium Silicate offers special advantage l

~ in that t~e pH of the gastric juice is maintained within effective limits and ' ~
~ \, there is no interference with gastric digestion. \, ..' \
~

~ Available in the form of tablets which have been processed in such a way that ~
~ the individual ingredients (the antispasmodic compound and the antacid) have ~

~ been kept separate to maintain increased stability and efficacy. \
~ \
~ PYRAPEN has been adjuvated with Ext. Belladonna and Phenobarbitone, in ~
~ PYRAPEN COMPOUND tablets to facilitate treatment of severe pain. \

~ ~
~ \
~ * \
~ ~
~ \
~
~ Manufactured by ~

~ \
~ THE BENGAL IMMUNITY CO. LTD. ~
'~ 153 DHARAMTALA STREET ~
~ CALCUTTA 13 \
~ ~
J,..-"~~~
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FOR QUALITY AND SERVICE

• QUICO ' Hodol SC/BW/l

WATER BATH
• Different types like: Electric or Gas working, having concentric

rings or rectangular working chamber. of copper, aluminium or
5.5.. temperature controlled, etc. .

• Self-ejection type heaters to avoid burn-outs in case boiling pan
works dry.

• Heavily tinned or dull N.P. inside to resist corrosion.

• Working on a.c. or a.c./d.c. supply, painted hospital white or
pale cream colour, complete with pilot lamp, constant water
level arrangement. stand, thermometer holder, etc.

Please contact:

UNIQUE TRADING CORPORATION
SPECIALIZED IN LABORATORY EQUIPMENT

221 SHERIFF DEVJI STREET, BOMBAY 3
Gram: UNILAB

Gram: GLASSCO, BOMBAY 2

Phone: 325611 & 323489

Phone: 30761

'SAMCO'

TfIE TRADE MARK OF
QUALITY & SERVICE

.TO THE LABORATORY
& INDUSTRY

We specialize in manufacturing:

GROUND GLASS JOINTS, STOPCOCKS, STANDARD

JOINT ASSEMBLIES, AUTOMATIC BURETTES & ANY

OTHER APPARATUS MADE TO SPECIFICATIONS

SCIENTIFIC APPARATUS MANUFACTURING CO.
2SS/3-C Mangaldas Road, Bombay 2
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Introducing

INSTRON TENSILE TESTERS
Ex. Messrs INSTRON LTD., England

Instron Tensile Testers combine sensitivity and accuracy, robust reliability and an
advanced range of operating features to provide exhaustive and precise information
on the stress-strain behaviour of all materials under all load conditions. The two
basic models are .backed up by extensive special purpose accessories and modification
to extend the usefulness of the testing system to the most specialized applications.

An extremely wide range of applied loads can be measured by means of readily ex­
changeable load cells. Applications include, for example, the study of stress and strain,
hysteresis and relaxation of ferrous and non-ferrous metals and ceramics, plastic
materials, natural and synthetic fibres, textile and·yams, natural and synthetic rubber,
coatings, films, paints, lacquers, laminates, single crystals and whiskers.

Backed by Service after Sales

For further details contact

TOSHNIWAL BROTHERS PRIVATE LIMITED
198 JAMSHEDJI TATA ROAD, BOMB~Y 1

Branches

A6

Kacberi Road
AJMER

85A Sarat Bose Road
CALCUTTA :Ii

3E/8 Jbandewalaa Extension
NEW DELHI

ROUlld Tan_t MOUDt Road
MADRAS]
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• • • • •••••
.Just issued

Vol. XIV (1964), No.2

The Dilcov.ry of Artlfl~lal Radioactiv1t,.
by M. valadar.'

Biochemistry _ Its De.,elopment and It. Tub
by Ernest Kahan.

PLACE DE FONTENOY, PARIS 7e

Proteins from Petroleum Fermentation. • New Source
of Food

by A. Chlmpalnat

••
•Addr... by Mr. Rene Maheu, Dlrector·General of Unesco, •

to the National Academy of Science. of the
United State. of America •

The National Academy of Scienc•• of the United State. •
of America _

by Frederik Seitz •

•
•
••
••
•••••
•••
•
•
•
•

The Technical and Social Consequences of the Discover,
of Artificial Radioactivity In I'M

by ]. D. Bernal & D. K. Butt

•
•••••
•

••••••••••••••••••••••••••••••••

9 fro

3 fro

/•

13{- stg

4{- stg

$2.50

$ 0.75

for
the

of science and the
of social conditions.

Send subscriptions to:

ORIGINAL ARTICLES ON SCIENCE
AS A SOCIAL FORCE

BOOK REVIEWS

BIBLIOG RAPH IES

BOMBAY. CALCUTTA. MADRAS

•
•

IMPACT

•

Annual subscription:

Per copy:

Unesco's quarterly magazine
those whose interest is
understanding
improvement

ORIENT LONGMANS LTD.

•
•••••••••
•
•
••••
••••
••
•
•
•
•• ••••••••••••••••••••••••••

· .- -. ..-- .
••••
••
••
••••

STERtU%tNG • CRYING • INCIAtATING

UNIVERSAL OVENS

AII'omacic T_,.,.,ur. eon,,..
Wldtout Cotttact 'olnu

IeMltj.lt)' • remp. UnllcH'mlt,
!O.S·C to !I·e

VACUUMSCHMELZE AG.

(West Germany)

Heat resistance material, resistance

wire, magnetic shields, soft magnetic

alloys, C-type cores PERMENORN,

MUMETAL, TRAFOPERM, etc. Bimetals

and nickel iron alloys, copper beryllium

alloys, high purity glass sealing. alloys,

titanium alloys for electrical industry.

RAW MATERIALS FOR

RESEARCH AND INDUSTRY I

SEW
50
UNIVERSAL
OVEN

RIB H,E...T RADIATION SYSTEM

HEATERS TOTAllY (OVERED
HEATERS IN BOTTOM & SIDES

hlft, .ucceufull, uMd In the laboratorie. of I

- Indian Standards Institution. Mathura Road.
New Delhi • Central Electro Chemical Research
Institute, I(araikudi 3 • Haffkin. Institute, Parel.
Bombay - Universities of Lucknow. Rajasthan
(Jaipur), Udaipur and many other Industries

SCIENTIFIC EQUIP'MENT WORKS
't'77. N'CHOL.OIiII ItOAO. oeLHI-'-.-

For further particulars contact:

MESSRS K. S. BIRLEKAR
Western India House

Sir Phero",shah Mehta Road
BOMBAY I

Gram: INDBUREAU. Bombay • Phone: 251931/252073
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Announcing another

THE FLORA
CSIR publication

OF DELHI
by

DR. J. K. MAHESHWARI
Central 1'\ational Herbarium, Indian Botanic Garden, Howrah

A flora of Delhi has long been desired. What has been particularly desired is a flora which should cater
not only to the needs of the taxonomists but should also be usable by students and any onc interested in the study
of the plants of Delhi. Several attempts were made but none before this was carried through to success and no
comprehensive flora of Delhi was published. The author has made a survey of the flowering plants of Delhi and
its environs, and has incorporated the results of his exhaustive studies in this book. Nine hundred and forty-two
species of indigenous, naturalized and cultivated plants uncler 549 genera belonging to 120 families have been
described; Bentham and Hooker's order of families has been followed and botaniea I names have been brought up
to date in accordance with the latest Internarional Code of Botanical Nomenclatur e. Keys, based on easily observed
characters, have been provided to help identification of plants; local and English names and uses of the more

common plants are given.

The Flora of Delhi is a reference manual for the identification of flowering plants of Delhi. It is invaluable
to students, botanists and laymen alike.

Printed on offset paper, royal 8vo, full rexine bound
PRICE Inland: Rs 28.00 Forei~n: Sh. 56 or 8.00

Pa~es viii+447

Can be had from

THE SALES & DISTRIBUTION OFFICER
PUBLICATIONS & INFORMATION DIRECTORATE, CSIR

HILLSIDE ROAD, NEW DELHI 12

MOTOR

DRIVEN

X-RAY

ROTATION

CAMERA

Read

and

Advertise.

in

Ask for
ROTATION POWDER CAMERA

(Debye-Scherrer Type)
ALL-PURPOSE CAMERA, ETC.

Phone 56-3595

THE HINDUSTHAN SCIENTIFIC
INSTRUMENT COMPANY

(MANUFACTURERS & REPAIRERS OF SCIENTIFIC
APPARATUS)

25 RANI HARSHAMUKHI ROAD

CALCUTTA 2

AS

a CSIR.

Monthly

Publication
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SAMES PARTICLE ACCELERATORS 150kV to ... 600kV

TYPE "S" 600 kV 1.5 rnA ION ACCELERATOR

- wide range of pulse lengths available.

Among the uninnili,s 0"4 nucltctr untrfl owning
SAMES oml"alors art:

X-ray intensity: 1000 rod/sec.

HESTON
IVRY
LAUSANNE
llMEll
LONDON
MANCHESTER
NORTH...MPTON
QRSAY

OSLO
SACLAY
SEVRES
SOUTH...MPTON
STR"'SBOURG
TOULOUSE
WINOSCAlE

......RHUS

...LGIERS
"'RCUEll
B... lDOCK
BERKElEY
BORDE"'UX
BRUSSElS
C"'D"'UCHE
CH",PELCROSS
EINDHOVEN
FONTEN...Y
GOTHENBURG
GREENWICH
GRENOBLE
HElSINKI

Reaction Neutron yield Neutron flux
n/sec. n/cm 1 x sec.

T(d,nIHe' 5x 10" 115MeVl 10"
.D (d,n)He' 2.5 X 10" (3.5 MeV) 5x 10'
Be' (d,nIB" 1.5 x 10" 3x 10'

The above flux figures are especially valuable for acti­
vation analysis techniques, neutron thermalisation being
possible.

NEUTRON PHYSICS

NUCLEAR PHYSICS
Awide variety of reactions can b. mad. with the moder
"5", using proton, deuton or heavy ion beam.

• The "5" can also be modified
to on electron accelerator,
with a 2rnA beam.
Dose: 100 gram-megarad/s.c.

• Other attractive features of th.
SAMES "S" accelerator:

- high voltage supplied from Felici
type electrostatic generator

- constant field tube

Q Also available: smaller version of the above, the "T" 400 kV. giving identical neutron performance in Tld,nlHe' re­
action. The "T" is compact and fitted with castors to facilitate moving.

Please write for details:
SOCIETE ANONYME DE MACHINES ELECTROSTATIQUES
Copdol59BOOOOFr - R,ql~I("f{dOfl(c 17 rue Duphot,Parl\1 0 - (TcI7429645)

MANAGEMENT, PLANT, COMM.ERCIAL AND TECHNICAL DEPARTMENTS
21 rue Jean Mace, Grenoble, Isere Tel. (761 44-77-64. PO. Box lSe Telex

Cables: TRONIX

ELECTRONIC
Telephone: 75376

ENTERPRISES
46 KARANI BUILDING, NEW CHARNI ROAD, BOMBAY 4

SP/EE/I13
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JOURNAL OF THE

INDIAN INSTITUTE OF SCIENCE

A quarterly, containing papers on original research

carried out in the laboratories of

the Indian Institute of Science, Bangalore 12

SUBSCRIPTION

(Post Free)

Country

India

U.K.
U.S.A.

Other countries

Annual

Rs. 24

£2/5
$ 6.50

Equivalent of
Rs. 30

Indian currency

61 per cent discount to Agents

Single Issue

Rs.7

Sh. 14

$ 2.00

Equivalent of
Rs. 8

Indian currency

AIO

Cheques should be made payable to the Registrar, Indian Institute of Science,
Bangalore 12

All communications should be addressed to :

THE ASSOCIATE EDITOR

JOURNAL OF THE INDIAN INSTITUTE OF SCIENCE

BANGALORE 12, INDIA
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e
METRIMPEX

THE HUNGARIAN TRADING COMPANY FOR INSTRUMENTS
P. O. 8. No. 202

BUDAPEST 62 .. HUNGARY

LABORATORY INSTRUMENTS

EX-STOCKS and Incominl Conslanments

Colorimeters. Photometers. Spectrophotometers. Flame Photometers.
Refractometers. Crystalloscopes. Stirrers, pH Meters. Neo-Thermostats.
Flash Point Testers, Centrifules of various, types. Polarographs, Shakinl
Machines. Automatic Tltrimeters, Extlnctiometers. Mlcrotltrators, Electro­
Iysers. Penetrometers. Osclllotitrators, Electrophoretic and Chromato­
lraphlc Apparatuses. Rotary Oil Pumps. Infra-red Heaters. Conductometers.
Calorimeters. Vlscoslmeters.

AVAILABLE AGAINST RUPEE-PAYMENT'

Analytical Balances. Incubators. Vacuum Drying Cabinets. Mutlle Fur/laces.
Derlvatograph. Gas Analysers. Mlcrophotometers. Cell Respiration
Apparatuses. Laboratory Refrllerators. Ball Mills. Hilh Pressure Autoclaves.
Ultra-Centrlfules, Mercury Diffusion Pumps and Complete Turn-Key
Laboratories.

ARMSTRONG
Contact

SMITH LIMITED
P.B. liS
Bomba,

ISItI.-DECEMBER 1964

P.B.717
Calcutta

P.B.1618
Madras

P.B.670
New Delhi

All



BOMBAY 59

Contact Sole Selling Agents:

(DEALERS IN LABORATORY EQUIPMENT
OF EVERY DESCRIPTION)

Gram: ' Esvijack'

•

PEERBHOY MANSION

460 SARDAR VALLABHBHAI PATEL ROAD

BOMBAY 4

INDIA SCIENTIFIC TRADERS

ANALYTICAL BALANCES &

WEIGHTS

'LAB-CHEM'

for

INDUSTRIAL, RESEARCH & COLLEGE

LABORATORIES

Phone: 76336

Manufactured by

LAB-CHEM BALANCE WORKS

THE INTERNATIONAL
CHEMICAL·INDUSTRIES

103·B. UPPER CIRCULAR ROAD
(ACHARYA PRAFULLA CHANDRA ROAD)

CALCUTTA·9
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Over twenty years' proved
performance

(INDIA MADE)

X-RAY DIFFRACTION
APPARATUS

complete with

MAC H LETT Shockproof Beryllium
Window Sealed Tubes of different

Target Materials

Single-valve Half-wave Rectified or
Two-valve Full-wave Rectified

•
MACHINE already incorporates voltage com­

pensator to compensate plus or minus
15 volts supply change

Electromagnetic. Electronic. Servomechanical
or Chemoelectric STABILIZER can be added

to the filament circuit or to the entire

MACHINE for further 'STABILIZATION

CAMERAS of various types can also be
supplied for the MACHINE

•
also

X-RAY PLANT FOR BIOLOGICAL
RESEARCH & INDUSTRIAL RADIO­

GRAPHY & HIGH TENSION
TESTING SETS

Improved models of

PROJECTION TYPE MICRO,

SEMI-MICRO, APERIODIC,

CHAINOMATIC AND

OTHER TYPES OF

kEY BALANCES

are obtainable from the

manufact~trers

Keroy (g{~vacrJ Ltd.•
DELIVERY EX-STOCK

NO LICENCE REQUIRED
31 LATAFAT HUSSAIN LANE

CALCUTTA 10

Phone: 35-5065

335 NADESHWAR
VARANA81 CANTT.

Phone: 3282

Further details from

RADON HOUSE
PRIVATE LIMITED

89 KALIGHAT ROAD

CALCUTTA 26

J5IR-DECEMBER 1964

or from their agents

LABORATORY STORES
3A Ripon Street

Calcutta 16

Phone: 44-1338

An



AH

MANUFACTURERS OF
~~AT R~SISTANT AND

SCI~NTI~IC

GLASS VIAR~S

GLUCOSE SALINE BOTTLE

A SPECIALITY. ND_

CAN TAKE UP THE

F AB RICAnON OF ANV

o
~OM~AY OfflC[

CO· operative Insurance ~ldQ.,

2nd floor, Sir P. Mehta Road.
~ombay I

Phone: 2~1791
Gram: NUTRALCLA"

WOIUtS
Bombay Poon. RoM. AKUROI
C:;HINCHWAD, Poona·.'.
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PLANTS
EIKtricol"
Non.EIKtrical Mod.'.
E(fici.nt, Economic
Clun & HYCiuic

FOR INDUSTRIES. T."tll., Glass.
Enr1n••rlng and all other Industries for
controlled & eflident heating.

FOR PLANTATIONS· Drying and
I\oastlng of Tea. Coffee and Cashew Nuts.

FOR LABORATORIES.
College. Research. Industrial.

LABORATORY
GLASS

APPARATUS
•

Sole Selling Agents:

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

CALCUTTA I

Gram: MEENAHO • Phone: 22-2061

ISIR-DECEMBER 196-4

FOR HOME AND CANTEEN ETC.­
Cookin~ & heating In Kitchens.
Dormitories, Hospitals & Hotels.

M<!ke,. & Desi,ne.. of: Gos 8u,ne,.. lobo,otory
EqUipment. Wate, Stills. Wate, 8aths, Shake..,
avens-and 'ncuboto... Equipment fo, handlin, and
slO,in, lsolopes, S,a;n'ess Stee' Fabrication.
O,e Oressin, Equlpmenl.

SCIENTIFIC GLASS
A'P'PARATUS

SClfNTlFIC INSTRUMENT MFG'-CO.
3.SASTITAlA ROAD CALCl!.TTA-II.

A15



CSIR PUBLICATIONS

ENCYCLOPAEDIA

Wealth of India: Raw Materials

*VoJ. I (A to B) Rs 20.00 Sh 40 $ 6.00
*Vol. II (C) Rs 30.00 Sh 60 $ 9.00

Vol. III (D to E) Rs 22.00 Sh 44 $ 6.60
Vol. IV (F to G) Rs 25.00 Sh 50 $ 7.50
Vol. V (H to K) Rs 30.00 Sh 60 $ 9.00
Vol. VI (L to M) Rs 40.00 Sh 80 $ 12.00

Wealth of India: Industrial Products

Part I (A to B) Rs 10.00 Sh 20 $ 3.00
*Part II (C) Rs 20.00 Sh 40 $ 6.00
Part III (D to E) Rs 25.00 Sh 50 $ 7.50
Part IV (F to H) Rs 25.00 Sh 50 $ 7.50
Part V(I to L) Rs 30.00 Sh 60 $ 9.00

BOOKS & MONOGRAPHS

Aquatic Angiosperms - A Monograph by K. SUBRA~IANYAM Rs 20.00 Sh 40 $ 6.00

Coir: Its Extraction, Properties and Uses Rs 6.00 Sh 12 $ 1.75
Foundry Moulding Sands of India Rs 15.00 Sh 30 $ 4.50
Flora of Delhi by J. K. MAHESHWARI Rs 28.00 Sh 56 $ 8.00
Glossary of Indian Medicinal.Plants by R. N. CHOPRA, S. L. NAYAR & Rs 8.00 Sh 16 $ 2.50

I. C. CHOPRA
Gnetum - A Monograph by PRO!'. P. MAHESHWARI & DR VIMLA VASIL Rs 20.00 Sh 40 $ 6.00
Indian Scientific and Technical Publications - A Bibliography Rs 25.00 Sh 50 $ 7.50

Indian Essential Oils - A Review by A. K. MENON Rs 7.00 Sh I4 $ 2.00

Marsilea - A Monograph by K. M. GUPTA Rs 16.00 Sh 33 $ 5.00
Kinetics of Electrode Processes and Null Points of Metals Rs 5.00 Sh IO $ 1.50

by L. I. ANTROPOV
Problems relating to the Development of Internal Combustion Engine in Rs 12.00 Sh 24 $ 3.50

India
Essential Oils and Aromatic Chemicals Rs 10.00 Sh 20 $ 3.00

Cellulose Research: Vol. I Rs 6.00 Sh 12 $ 1.75

Cellulose Research: Vol. II Rs 12.00 Sh 24 $ 3.50

Antibiotics - Their Production, Utilization and Mode of Action Rs 15.00 Sh 30 $ 4.50

Chemical Process Design - A Symposium Rs 18.00 Sh 36 $ 6.00

International Geophysical Year: Vol. I - Symposium Proceedings Rs 18.00 Sh 36 $ 6.00

International Geophysical Year: Vol. II - Symposium Proceedings Rs 18.00 Sh 36 $ 6.00

Plant Embryology - A Symposium Rs 20.00 Sh 40 $ 6.50

Low Temperature Carbonization of Non-caking Coals and Lignites and Rs 35.00 Sh 70 $ 11.00
Briquetting of Coal Fines - A' Symposium: Vols. I and II each

• Denotes out 01 stock

Can be had from

THE SALES & DISTRIBUTION OFFICER

PUBLICATIONS & INFORMATION DIRECTORATE, CSIR
HILLSIDE ROAD, NEW DELHI 12
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CSIR

REPORTS & SURVEYS

PUBLICATIONS

National Register of Scientific & Technical Personnel (Indians Abroad)

Series E. Engineers Re
E 1 to E 17, E 18, 196+ Re

Report of tl)e Dyestuff Exploratory Committee

Report on the Selection of a Site for the Location of a Rayon Factory in
India by DR LAVGI THORIA

MISCELLANEOUS

Adapted Processes for the Manufacture of Box Sides by B. M. DAss &
S. N. BOSE

Adapted Processes for the Manufacture of Glazed Kid by B. M. DAss &
J. C. DEB

Austenitic Grain Size Control of Steel by B. R. NIJHAWAN & A. B.
CHATTERJEE

Cottonseed and Its Products by M. N. KRISHNAMURTHI

Directory of Collections of Micro-organisms and List of Species Maintained
in India

Geological Time

Index to Flora of the Upper Gangetic Plain and of Adjacent Siwalik and
Sub-Himalayan Tracts

Indian Graphite - Its Beneficiation and Uses - by J. C. GHOSH,
R. BANERJEE & M. R. ASWATHA NARAYANA

Indian Vegetable Oils as Fuels for Diesel Engines by J. S. AGGARWAL,
H. D. CHOWDHURY, S. N. MUKERJEE and LAL C. VERMAN

Indian Vegetable Oils as Lubricants in Internal Combustion Engines

Manufacture and Application of Liquid Gold by ATMA RAM, KARIMULLAH
& LAL C. VERMAN

Patented Inventions of CSIR

Patents for Inventions

Series M. Medical Personnel
M 1 to M 8, M 9, 1963

Series ST. Scientists & Technologists
ST 1 to ST 17, ST 18, 196+

Series B & A. Business Administrators & Accountants
B & A I to B & A 3, B & A 4

Can be had from

Re 1.00 Sh 2 $ 0.36

Re 1.00 Sh 2 $ 0.30

Rs 2.00 Sh 4 $ 0.60

Rs 2.00 Sh 4 $ 0.60

Rs' 3.00 Sh 6 $ 1.00

Rs 2.00 Sh 4 $ 0.60

Re 1.00 Sh 2 $ 0.30

Re 0.50 Sh I $ 0.25

Rs 2.50 Sh 5 $ 0.75

Re 1.00 Sh 2 $ 0.30

Re 1.00 'Sh 2 $ 0.30

Rs 4.00 Sh 8 $ 1.20

Re 1.00 Sh 2 $ 0.30

Rs 15.00 Sh 30 $ 4.50

Rs 5.00 Sh 10 $ 1.50

0.50 per part
0.75 for parts EI6­
E 18 & E 2, E 13,
E 14

Re 0.50 per part
Re 0.75 per parts M 8

&M9

Re 0.50 per part
Re 0.75 per parts ST 2

& ST IHo ST 18

Re 0.50 per part

THE SALES & DISTRIBUTION OFFICER

PUBLICATIONS & INFORMATION DIRECTORATE, CSIR

HILLSIDE ROAD, NEW DELHI 12
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RESEARCH ELECTROMAGNET
TYPE NP-53

The magnet provides reasonably uniform fields and an air gap continuously
adjustable from zero to 10 em. The pole pieces are 10 em. in diameter. A pair of
cylindrical pole pieces is provided with the magnet. Tapered pole pieces are
specially made and supplied. Energizing coils carry low current and are air-cooled.
Current Stabilized Power Supply for use with this magnet is available.

A number of these magnets are in use in Universities. Colleges and our
National Laboratories.

Also available

5 em. Electromagnet, Type P-SI • 7.5 em. Electromagnet, Type NP-S2

LARGER ELECTROMAGNETS MANUFACTURED TO SPECIAL ORDER

Manufacturers:

UNIVERSAL SCIENTIFIC COMPANY
32 PAREKH STREET, BOMBAY 4
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~'- mm GRAM" 'A$HACOM' PHONE, ,lESS
~r- ::::::mm SUPERIOR LAMP BLOWN;'j c.....
.1 :mii PYREX GLASS APPARATIJS;
,~ mm ASSEMBLIES ACCESSORIES

mm OF ALL TYPES

~~
' mm

;.:~!::

?11Wr' ~ -'. ·'''::'-·j~-,c~

6 Manufactured by

SCIENTIFIC EQUIPMENT
MFG. CO.

An associate of

ASHA SCIENTIFIC CO.
DI~ECT IMPORTER! & ",ANUFACTU~E~S' REPRESENTATIVES,

S03, GIRGAUM ROAD, BOMBAY 1.

fnte/~h:~ngeable Laboratory
Glassware 'Our Special it/

::::::
WE SUPPLY COMPLICATED RESEARCH APPARATUS

THE 'ROTO SUPER'
CENTRIFUGE

RADIOTONE
PRODUCTS

RADIOTON£ products cover. a wide range of
articles in E.lectrical and Electronic industry.

• Selenium m~tal rectifiers

• Rotary switches up to II pole II way

• Potentiometers, adiustable resistances
for different ratings

• Spectral chokes/ballasts for SV, MV,
Wotan, Fluorescent Lamps, etc. etc.

These ore our special products and in demand
with Industry, Trade and Government Depart­
ments.

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

RADIO ELECTRIC PRIVATE LTD.
Manufacturers of RADIOTONE Products

Lamington Chambers, Lamineton Road

BOMBAY"

An efficient HIGH-SPEED .(6000 r.p.m.) LABORA­

TORY CENTRIFUGE with all the features of

Modern Centrifuge Engineering.

With brake and regulating ring transformer, electric speedometer, automatic timer
with safety device to avoid any sudden start, with control lamp,' and complete
with the following accessories:

• Swing Head for 4x 100 mi. complete with shields of V2A steel and glass tubes

• . Reducing Insertion of'SO mI. complete with glass tubes (fitting the swin'C"-head)

• Multi-Carrier of 2 X 25 mi. complete with glass tubes (fitting the iwing head)

• Multi-Carrier of 4,' 15 mi. complete with gl.ss tubes (fitting the swing head)

Rs. 9000/- each

Various other models also available

Literature and B. PATEL & COMPANY
DIRECT IMPORTERS & STOCKISTS OF SURGICAL & SCIENTIFIC GOODS

21,29 POPATWADI, KALBADEVI ROAD, BOMBAY 2
prices on

request
PhonES; 38689 & 39702 Grams: GLASALSORT

SP/Bp/S

AI')



SINGLE PAN BALANCE
with

AUTOMATIC CANCELLING DEVICE

from

THE GERMAN DEMOCRATIC REPUBLIC

Offered from Ready Stock

*
A Iso available

TWO-PAN PRECISION BALANCES
with and without Air Damping

Contact

PHARMA TRUST
114 PRINCESS STREET, BOMBAY 2

Phone: 23519 Gram: ANTIGEN (KB)
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FOR

SCIENTIFIC • MEDICAL
INDUSTRIAL

LABORATORY EQUIPMENT

~

J. T. JAGTIANI
NATIONAL HOUSE. 6 TULLOCH ROAD

APOLLO BUNDER, BOMBAY I

MICROSCOPES, MICROTOMES, MICROPROJECTORS.
HICROSLIDES, COLORIMETERS. REFRACTOMETERS
PH.METERS. BALANCES. CENTRIFUGES. VACUUM
PUMPS, STIRRERS. WATER STILLS, WATER BATHS.
PARAFFIN BATHS. OVENS, INCUBATOR$, HOT
PLATES. REFRIGERATOIlS. DEEP fREEZEIlS. COOL
INCUBATOIlS. '

INDEX TO ADVERTISERS

Ut::NCAL hUIVNITY Co, LTD., CALCU1'U At

Gn.\RAT EU:CTRO~IC5 LTD., U.\NG.\t.OltE A2.'

n. P.-\TEL & CO., DOMU\, AH.I

URITlSlI DRL"G HOCSF.S (Isou) PRIHTE LTD., nO~III.\Y A30

COLOlJR·Cm:M LTD., DO:WRAY A'.:!6

(SIR PCBucAnoss & bFO.MATIOS fJIREcroR:\T[.•

NEW DELHI A~, 16,17,::a

AS1I.\ SClE:"lIFIC Co., BOMBA\'

DIIOLrt.'R GL.\SS WORK" LTD., DIIOl,Pl'R

DR. RAo's LABOR.-\TORY, DOMB.\\, •••

LLECTKOXIC E:-TERI'RISI'S, BO:>tlo.\\'

CA1iiSOl'\S PRI\'.o\TE LTD., BOY.A'­

GIl,-\Rrt'RE & (0., ("Lef'TTA

GORDHASD.\S DESAI PaU\"ATE LTD., BOMB.'"

HISOl"STIIA~ SCIESTIFIC ISSTRUMF.~T CO" Cuct:T1".\

bOlA SCIENTlFIC TRADERS, llOMB.\Y

b:DIA~ IN'sTut:n: OF SCIENCI" n"NG.\LOR£

lSTERSAltONAL AGENCIES, DO~BAY ...

hTERSATIOSAL CIIEMICM. hDl:STIUES, C.UCUTH.

J, T. JAGTIASI, BOMB.\\"

I\:EROV (PRIVATE) LTD., CALCUTTA ...

J'. h':. ROY (I'RI....AH:) LTV., C"t.el["1"1 \

I\:. S. HIRLF.KAR, DO~8,\Y

LABORATORY FllRSISIlERS, DOMB.,"" •••

PohRTIS &. HA.RfUS (PRIVA.TE) LTD" I30~IB.\Y
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Ala

A7
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MEDUIPEX, Bt:D.\PEST

1\1LTRIMt'E:'I:, UCO.O\PEST

METTUR ClUnUC.\I. & lNOGSl'RI.\!. CORPOR_\T10~ LTE'.,

S.\LE)l

MOTWANE PR1\'ATE LTD., DO)lBU'

ORIEST LOSG~.o\ss LTD" DOMB.\Y

Pn.O\RUA TRI:ST, BO)lBAY

POL.o\R hDl:STRUL CORrOR.O\TIOS, BOXB.\\' I..
llRECISJOS hSTRl'MEST CORPOR.-\TtON (INCI.\) PRIVAH:

LTD., CALCl:TTA

R.\DIO Eu:enuc PRIVATI:: L·rn., BOMR,\y

RADOS HOUSE PRIVATE LTD" C.o\LCUTB,

RAVINDRA HER.o\EUS LTD., BOMB.\\' ...

S"R.o\BII.o\I MERCK LTD" DO!tIB.\Y

SCIENT1f'fC ApPARATUS MANUFACTURING CO., BOMB.\ Y

SCIESTU'IC EQUIPMENT WORKS, Dli.LUI

SCIENTIFIC IsSTRli)lEST CO. LTD•• ALLAHA8.\D .
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PARAFFIN EMBEDDING
BATH

A22

SHAKING MACHINE
ROTARY

Also available in

LINEAR OSCILLATING

and

ANGULAR or WRIST ACTION

Types

Manufactured by

TEMPO INDUSTRIAL CORPORATION
394, LAMINGTON ROAD, BOMBAY 4. BR.
Telephone: 41233 Telegrams: "TEMPOVEN"

~
LABORATORY

EQUIPMENT

&-i;!

& I
@JofDll

ELECTRIC OVEN

INCUBATOR

•
~.,:,

. ......~.' .. ' ..
~~~.

~~~~ SEROLOGICAL

BATH
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Current

International Organization for
Standardization: Sixth General

Assembly

OVER 500 experts from 41 countries, representing
research, industrial and trade interests, parti­

cipated in the deliberations of the Sixth Triennial
General Assembly of the International Organization
for Standardization (ISO) and its technical and
administrative meetings held in New Delhi during
8-21 November 1964. Right since its inception in
1947, the Indian Standards Institution (151) has
taken a prominent part in the activities of ISO.
It is represented on 711 of its lOll technical committees
aml holds secretariat responsibilities for three of the
ISO technical committees on lac, mica and pictorial
markings for handling of goods, 4 subcommittees and
6 working groups. lSI has represented India on
ISO Governing Council and its standing committees
on (I) study of scientific principles of standardization,
(2) planning, (3) atmospheric conditioning for testing,
and (4) development. The ·151 Director has been
ISO Vice-President for two consecutive terms and is
currently chairman of the planning committee and
member of certain other administrative groups.
Almost 60 per cent of the 365 ISO recommendations
finalized so far have been introduced or are in the
process of introduction in Indian standards. In view
of this growing participation of lSI in the various
activitirs of ISO, it was appropriate for it to play host
to the Sixth (~eneral Assembly, the first international
ISO meeting to be held in Asia. The election of
Sir Jehangir Ghandy as ISO President for a 3-year
term from January 1965, and the award of the Leo B.
Moore Medal, instituted in 1963 by the Standards
Engineers Society, New Providence (New Jersey), to
Dr L. C. Verman, Director, lSI, for' his highest achieve­
ments, extraordinary contributions and distinguished
services in the field of standardization and its advance­
ment through creative application and service to his
own nation and to the international community',
are two events which provide ample evidence of the
recognition given to the significant role and valuable
services rendered by lSI in the field .of standardiza­
tion, both national and international.

Besides the General Assembly, meetings were held
of the ISO Council, its 7 standing working committees,
viz. Development Committee, Planning Committee on
Directives, Editing Committee, Finance Committee,
Planning Committee and Supervisory Committee, and
27 technical committees, subcommittees and working
groups. International standards were finalized in
respect of 36 items. The fields covered include:
Agricultural and food products including cereals and
pulses, spices and condiments, and tea and coffee;
Steel and steel sections; Iron and manganese ores;

Topics

Aluminium; Light metals and their alloys; Screw
threads; Bolts, nuts and accessories; Rubber and
latex; and Vetiver oil. Of special interest to India
were the recommendations regarding the basic refer­
ence methods for the determination of moisture
content of cereals and their derivatives, and sampling
and specification of specific spices and condiments,
finalized by the Cereals and Pulses Subcommittee and
the Agricultural and Food Products Technical Com­
mittee respectively. A draft proposal on a method
of testing for infestation of cereals and pulses by
X-ray examination was finalized. Separate working
groups were set up to work on the sampling, test
methods and packaging and specification for tea,
coffee and cocoa. As a major producer of coal and
coke, India's special interest lay in the seventh
meeting of the Technical Committee on Solid Mineral
Fuels which "decided to create new working groups
to deal with grindability test (WG 10) and size analysis
of coal (WG 11).

A new international working group (R 68) to
revise the existing ISO recommendation on screw
threads was set up by the Technical Committee on
Screw Threads to take account of the thread form
with a large root radius required for horological work
and other purposes. The Subcommittee on. Pro­
cedures for Interconversion of Values from one Sys­
tem of Units to Another recommended that the
ISO proposal on interconversion of values should be
mainly based on the Indian standard (IS: 787-1956).
The Technical Committee for Bolts, Nuts and Acces­
sories finalized recommendations on tolerances on
width across flats and width across corners for
hexagonal bolts and nuts. Agreement was also
reached on metric hexagonal bolts and nuts over
39 mm. thread diameter, hexagon socket head cap
screws and cheese head screws and designation sys­
tem for bolts, screws and studs. These agreements
will allow international interchangeability of bolts,
screws and nuts. The committee also set up a new
\vorking group to formulate proposals regarding the
most usual types of slotted screws and tapping screws.
New committees were set up to deal with (i) Measure­
ment of liquid flow in open channels; (ii) Time
measurement instruments; (iii) Test methods and
acceptance tests for pumps; (iv) Performance testing
of space heating appliances; and (v) Methods of
testing industrial fans. A new coordinating com­
mittee named DATCO for standardization in the
writing of dates was set up.

International standardization is a vital necessity
for the promotion and growth of trade among different
nations of the world, and is of particular significance
to the developing countries. These countries are
often faced with the problem of conforming their
products to a host of standards and specifications
from different consumer countries. A multipliCity of
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standards for raw materials, spare, parts, design
features and even terms are not at all conducive to
organized and rational growth and development of
industries. In this context, the close association
of lSI with the activities of ISO is a matter of com­
mendation not only in respect of her own national
interests but also as an example to other developing
countries. By her active and effective participation
in the finalization of ISO recommendations for agri­
cultural products, equipment and other items of
import and export relating to the tropical regions,
lSI has played a significant role.

To give a more concrete shape to the important
role of lSI in evolving standards for items for both
domestic consumption and export, the lSI should be
strengthened· and provided with facilities for under­
taking work on quality specification, including
inspection and testing: These important aspects of
standardization alone will ensure building up of
confidence of the domestic consumer as well as of
export market in Indian raw materials and finished
products.

Teachin~ & Research in Cell Biolo~~
THE Summer School in Cell Biology organized

recently by the Ministry of Education at Ootaca­
mund [see this Journal, 23 (1964), 451, for a detailed
report] is a welcome indication of the growing
interest among biologists and others in this important
border-line subject in the country. This is perhaps
the first occasion when botanists, zoologists, bio­
chemists, biophysicists and others concerned with
teaching and research in cell biology met to discuss
the recent advances in the subject as well as to
present papers dealing with researches carried out
by them. More important, it enabled the parti­
cipants to take stock of and exchange notes on
the present status of teaching and research in cell
biology in the country.

As the Director of the School, Prof. B. R. Sesha­
char, Department of Zoology, Delhi University,
pointed out, cell biology is still in a rather poor
state of development in this country, and he ascribed
this to the inadequacy of specialized equipment
available for research. It was also pointed out
that there are a large number of trained scientists
here in the country, and provided adequate facilities
are forthcoming, the scope for developing the sub­
ject was bright. It was also stated that research in
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cell biology in such laboratories as it is being carried
out is rather outmoded, and that it was necessary
to modernize our outlook both in respect of teaching
and research. In this context, the decision of the
participants in the summer school to organize an
Indian Society of Cell Biology is an opportune one.
There is a great deal of spade-work to be done to put
cell biology on.a footing comparable to that of other
interdisciplinary subjects like biochemistry. One
of the important functions of the Society would be
to achieve this by suggesting concrete measures.
As a first step it would be necessary to survey the
schools in the country doing research in cell biology,
the areas of research, the facilities available both for
teaching and research, so that an objective estimate
of the requirements in terms of equipment and
personnel can be made. A workshop in techniques
in cell biology on the lines of ' biochemical techniques'
organized by the University Grants Commission at
the Indian Institute of Science, Bangalore, would
serve a useful purpose in pointing out areas which
need to be strengthened, the type of equipment needed
and the practical courses to be introduced.

A prerequisite to modernizing research and teach­
ing in cell biology is a complete reorganization of
curricula for biological sciences at all levels. Prin­
ciples of biochemistry, biophysics, cytochemistry,
physiology, etc., and the techniques employed in
these fields should increasingly find a place in the
teaching of biological sciences, so that the students
are better equipped for research in ccll biology and
other allied interdisciplinary subjects.

Increasing attention is being paid at present to
research in biological sciences in .almost all the
scientifically advanced countries of the world, and
the National Biological Laboratory being planned
by CSIR is an indication of the importance
attached to stepping up research in biological sciences
in India. The scientific personnel for such insti­
tutions must come from the teaching institutions.
The University Grants Commission and the Edu­
cation Ministry must go more deeply into the
questions of not only the facilities in terms of equip­
ment and recruitment of trained personnel available
for teaching and research in cell biology but also
into the fundamental question whether the teaching
of biological sciences as obtaining at present in
various universities and other teaching establish­
ments at different levels has the required standard
and modern bias.



Summer School in Chemistry & Technology of Oils & Fats
G. LAKSHMINARAYANA & K. T. ACHAYA

Rcgional Rcscarch Laboratory, Hydcrabad 9

UNDER the auspices of the Council of Scientific
& Industrial Research, a Summer School in the
Chemistry and Technology of Oils and Fats

was held during 15-27 June 1964 at the Regional
Research Laboratory, Hyderabad (RRL, H), for the
benefit of research scholars, scientists and techno­
logists from universities, industry, national laboratories
and other research centres in the country. The school
was designed as a refresher course to cover recent
advances in the technology, chemistry and analysis
of vegetable and animal oils and fats, and of products
derived therefrom. It comprised both oral and
practical instruction; 22 one-hour lectures were given
at 9 a.m. and 4.30 p.m. by 20 Indian scientists, of
whom 11 were from the host laboratory.' In the
intervening period, practical instruction was im­
parted by the laboratory staff with regard to some
27 analytical techniques and pilot-plant operations
to the 44 participants, divided into three batches.

Lectures

The participants were informed in advance by post
of the topics that were covered in each lecture. Dr
K. T. Achaya (RRL, H) prefaced the first lecture on
•Highlights of the last decade' with the remark that
any selection would necessarily be personal. Sources of _
oil have altered little, tall oil being the only really new
raw material. Genetic selection has led to the de­
Yelopment of glandless cottonseeds, and of mustard
seeds free alike of pungent sulphur compounds and
erucic acid glycerides. Numerous unusual acids con­
taining epoxy, hydroxy and cyclopropene groups
have recently come to light, and the field of glyceride
structure continues to be active. Advances in metho­
dology have accelerated progress. Very small quan­
tities of material now suffice for analysis by thin-layer
and gas-liquid chromatography. Nuclear magnetic
resonance constitutes a new weapon in the physico­
chemical armoury. In technology, stress is now
being laid on both protein and oil quality. Conti­
nuous processing has become commonplace in alkali
refining, deodourization, and soap and margarine
manufacture. Oleo-chemicals based' on fats have
greatly diversified.

Dr A. C. Chhatrapati (Vanaspati Manufacturers'
Association of India, Bombay) discussed the • Oil­
seeds economy of India'. The prodt,lction of oilseeds
has failed to keep pace with the growth in indigenous
demand, as seen by the shortfall in the production
target set for the Second Plan, and the even greater
shortfall likely in the Third Plan target. The widen­
ing gap between supply and demand is reflected in
the continually rising price, which reached record
levels this year. Technology could playa significant
role in alleviating fat shortage through optimum use
of oil-bearing resources like cottonseed, rice bran,
tallow and minor oilseeds.

• Milk, animal and fish fats' were dealt with by
Dr K. T. Achaya (RRL, H). He first discussed the

traditional and modern procedures for isolating the fat
of milk as ghee, in the light of domestic and industrial
suitability. Ghee, though mostly fat, carries nume­
rous other minor constituents. The fat itself, when
examined by sensitive techniques such as gas-liquid
cfiromatography, reveals over 60 constituent fatty
acids, which arose either from acetate, a product of
rumen fermentation, or from dietary or liver-synthe­
sized fat. Feed, season and breed could all influence
the nature of ghee. Detection of adulteration is,
therefore, not easy, though recent techniques, such
as GLC of the sterols, show great promise. The
constituents ofghee flavour and off-flavour were also
touched upon. In the absence of a meat-packing
industry in India, tallow production and quality are
both uncertain, and the product is a scarce and valu­
able one. The nature of Indian animal tallows and
the research efforts to obtain substitutes for it from
vegetable oils were outlined. The quantity of avail­
able fish oil varies widely, and the quality remains
low. Only immediate rendering of the oil on board
the fishing vessel itself could. hope to impr(}ve
quality. ,

Prof. J. G. Kane [Department of Chemical Techno­
logy, University of Bombay, Bombay (DCT, B))
covered the field of ' Minor oilseeds and oils of India'.
The country has a wide variety of minor oilseeds, a
few of which are available in fairly large quantities.
Oils from oilseeds like those of mahua (Madhl~ca lati­
folia), neem '(Azadirachta indica) and karanja (Ponga­
mia glabra) have long been used in the soap and
leather industries. All these oils carry either a deep
colour, a penetrating odour, an unpleasant taste or a
high content of lipid associates. Some of the lipid
associates have been identified, such as the bitter
principles (nimbin, nimbidol, etc.) of neem oil and the
colouring matter (karanjin, pongamol, pongapin, etc.)
of kara1tja oil. These lipid associates render the
minor oils inedible and complicate their refining.
Specific reagents like alcohol, alcoholic alkali and
sodium chlorite bring about a fairly good degree of
refining and bleaching. Perhaps the best general
way to use these oils would be to split them and to
distil the fatty acids. A programme of extensive
collection of the available minor oilseeds and of inten­
sive cultivation of a few oil-bearing trees coupled with
suitable 'processing methods will help to meet the
present acute shortage of fatty oils.

Dr S. Raghavendar Rao (RRL, H) spoke on the
, Storage of oilseeds and oils'. Moisture is a critical
factor controlling seed ~eterioration, which occurs
rapidly beyond a critical moisture content. Wet
atmospheric conditions during maturing and harvest­
ing result in damaged oil with increased free fatty

, acid content. Moist seeds when stored in bulk also
develop heat as a result of respiration of the seed, and
this increases the colour of the oil. Pyramidal heap
storage, rather than in irregular heaps, in a dry
atmosphere is recommended. Colour fixation occurs
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in' cottonseed oil when it is stored at high tem­
peratures.

Shri V. Krishnamoorthi (RRL, H) discussed the
'Utilization of oilcakes' which, though byproducts
of the oil industry, are obtained in larger quantities
than the oils themselves. Oilcakes are rich in pro­
teins and can be used for human nutrition if properly
processed. The harmful substances in the major
oilseeds and the methods of removing them without
damaging the quality and quantity of seed proteins
were discussed.

Dr K. S. Murti (Department of Chemical Techno­
logy, Osmania University, Hyderabad) covered
, Recent advances in expelling and extraction of oils
and fats'. The importance of size reduction, humidi­
fication. cooking and drying operations of the seed
material prior to expelling was emphasized. Modem
trends in expeller design towards larger capacities,
higher shaft speeds, development of h,igher pressures
and double pressing iI\ a single step were described.
Among the newer methods, the Skipin process, the
integrated processing of groundnuts to yield oil, pro­
teins and carbohydrate meal, and the Kraus-Maffei
process for wet processing of fresh coconut were de­
scribed. Modern trends in extraction, design and
operation as incorporated in the Rotocel, De Smet,
Filtrex, French, Andersons and Lurgi units were
outlined. The use of acetone for the extraction of
cottonseed and of mixed solvents (acetone, hexane
and water) was also desc:ribed.

Dr D. Rebello (DCT, B) presented' Developments
in the refining of oils and fats'. Developments in
the continuous refining processes were traced from the
beginning, when caustic was the only alkali used, to
the soda ash process, then to the modified soda ash
process and finally to the caustic-soda ash process,
which have some advantages over the original
caustic process. The refining of oils with ammonium
hydroxide, particularly for obtaining good quality
phosphatides and fatty acids, was briefly mentioned.
The importance of refining cottonseed oil in the mis­
cellar state and the advantages of using a weaker lye
in this process were emphasized. The newly de­
veloped process of alcoholic-alkali refining of inedible
oils, particularly with respect to karanja and neem
oils and the possibility of its being industrially
employed for the refining of these two oils were
described.

Dr E. R. Saxena and Dr S. S. Joshi (RRL, H)
spoke on the subject of ' Bleaching earths and carbons
and the theory of bleaching' . The types of earths used
for bleaching are naturally acid and active fullers'
earths and bentonite, which has to be acid- and heat­
treated prior to use. These earths usually contain clay
minerals like montmorillonite, illite and attapulgite
in various proportions. During acid treatment,' the
basic cations in the clay minerals are replaced by
protons (H+), which may then exchange with the
pigment molecule. Adsorption being a surface
phenomenon, the large surface created by the removal
of alumina from earth has a part to play in bleaching.
Although India is self-sufficient in the production of '
bleaching earths, these are still not the' equal of
imported earths for bleJ.ching· dark-coloured oils.
Active carbons are prepared by carbonization of
wood at 600-900°C. in the absence of air. The raw
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material is usually treated with soluble chlorides of
zinc, calcium and magnesium prior to carbonization.
X-ray studies have shown active carbon to consist
of crystallites in which carbon atoms are arranged in
a hexagonal lattice stacked in two or more planes one
over the other. Hydrogen atoms attached to hexa­
gonal plates are supposed to be responsible for the
activity. While a bleaching earth removes all the
yellow and a considerable proportion of red-colouring
constituents, active carbon is very effective in re­
moving the difficult residual red colour.

The physico-chemical characteristics of activated
earths such as particle size, bulk density, acidity,
moisture content, pore volume and surface area have
a considerable influence on their decolourization, filtra­
tion and oil retention capacities. The decolourization
of vegetable oil also depends on the nature of the
colour constituents, such as carotenoids, isoflavone
glucosides, xanthophyll and chlorophyll. Standard
earths with a definite range of physico-chemical pro­
perties could be useful for standardization and other
purposes.

Dr V. Kesavulu (RRL, H) discussed the' Theory
of catalysis' with reference to vegetable oils. The
adsorption of the molecules of either or both of the
reactants in' an active form at the surface is a pre­
requisite for the occurrence of the reaction. Both
geometric and electronic factors are important in
catalysis. Most hydrogenating catalysts have inter­
atomic distances between 2,5 and 2·8 A. which are
favourable for the two-centre adsorption of the ethy­
lenic carbons. Adsorption of ethylene on nickel,
self-hydrogenation and dehydrogenation, multi­
centre adsorption, formation of acetylenic residues
and polymerization were discussed. Dissociative
adsorption of hydrogen on nickel films and the con­
sequent changes in the electrical conductivity of
the film were explained.

Dr B. Sreenivasan (Tata Oil Mills, Bombay) dealt
with the 'Theory and practice of hydrogenation of
vegetable oils'. Only a few trans isomers are formed
in the absence of hydrogen. A mechanism of partial
hydrogenation and dehydrogenation (atomic hydro­
genation) explains the formation of both trans and
positional isomers. In the case of linoleate, at high
temperatures (> 170°C.), formation and disappear­
ance of conjugated isomers occur rapidly, while at low
temperatures (90°C.) simple saturation is the predomi­
nant reaction. When one mole of hydrogen is added,
the resulting monoenes have double bonds from 6­
through 14-positions. Hydrogenation in solvents
occurs at a faster rate, with lower trans isomer forma­
tion. Castor oil can be hydrogenated in ethanol
without any dehydroxylation. Palladium is a com­
mercially feasible ca&lyst for the hydrogenation of
oils as only very small amounts (0'0005 per cent) of
the catalyst are needed and hydrogenation occurs at
low temperatures (100-120°c.), but the high agitation
speeds (800 r.p.m.) necessary tend to reduce the for­
mation of trans isomers. In conjugated hydrogena-'
tion using ethanol as hydrogen donor, hydrogenation
of linoleic acid occurs to the full extent and of ground­
nut oil terminates at an iodine value of 64. With
isopropyl alcohol as donor, the limit is reached at an
iodine value of 24 and there is no selectivity. Homo­
geneous catalytic hydrogenation of soyabean oil is .
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possible using iron pentacarbonyl as catalyst with
similar isomerization and migration of bonds as with
nickel catalysts. but is complicated by the difficulty
of freeing the product of catalyst.

Shri R. K. Bhatnagar (Shri Ram Institute for
Industrial Research. Delhi) discussed the various
• Chemical modifications of oils and fats',. such as
alcoholysis. acidolysis. glycerolysis. interesterification
and sulphonation, and industrial utilization of such
products.

Dr P. K. Banerjee (RRL. H) dealt with • Mate­
rials of construction in the oil and fat industry'.
Fatty acid corrosion and metal contamination are
usually overcome by the use of stainless steel. Mild
steel and cast iron are satisfactory for milder opera­
tions dealing with materials of low acidity. Of the
non-ferrous metals. aluminium is the most widely used
as a material of construction. Storage tanks in
oleine- and stearine-pr6ducing plants and condensers
for fatty acids and glycerol are often fabricated from'
aluminium. For cheapness lead-lined vessels can
advantageously be used in soapstock acidulation and
sulphation of oil. Where costs permit, nickel-clad
vessels are ideal for soap-kettles, soap-cooling frames,
etc., in which alkalinity is encountered. Metals
coated with corrosion-resistant synthetic resins. plas­
tics. rubber or paints are being widely used for the
manu"facture of storage tanks for fatty acids and for
other purposes.

Shri M. A. Sivasamban (RRL. H) discussed' Recent
advances in surface coatings'. In the case of drying
oils, recent research has aimed at upgrading the
properties by styrenation. maleinization and epoxida­
tion of the oils. The most important contributibn
towards the improvement of the properties of coatings
has been from synthetic resins. Newer resins. like
the epoxies and polyurethanes. have unique properties
of resistance to various deteriorative influences.
Finishes based on soluble and thixotropic resins· are
very popular for ease of application. In the evalua­
tion and testing of coatings. new methods of measure­
ment of adhesion. surface analysis of films, chromato­
graphy and techniques like infrared, ultraviolet
and nuclear magnetic spectroscopic techniques are
being extensively used to obtain a clearer picture of
the fundamentals underlying the performance pro­
perties of paints.

The field of • Surfactants ' was next dealt with by
Dr K. T. Achaya (RRL, H) who outlined the methods
of manufacture of typical anionic. cationic, non-ionic
and water-repellent products. Basic' concepts con­
cerning surfactant action were then discussed. such
as surface, bulk and interfacial orientation. and the
balance of forces in a molecule. These concepts were
illustrated with practical operations. in particular the
phenomenon of detergency. which combined wetting.
emulsification. foaming. and several interfacial and
displacement effects. Since a stepwise two-carbon
mechanism was involved in microbial biodegradation.
the trend is towards production of benzene sulpho­
nates carrying a straight alkyl chain, derived fre­
quently from Ol-olefins.

Dr D. Rebello (DCT. B) discussed the processes for
the • Recovery of products from oil industry wastes'.
The old methods for the recovery of nickel from spent
nickel catalyst such as incineration. hydrolysis of fat

and acid digestion were reviewed. A new method
of promise is the acid digestion of the spent catalyst
directly in the presence of a non-polar solvent so that
both nickel and fat are recove~ed in a single step.
Soapstock acidulation with sulphuric acid by batch
and continuous methods was described. especially
that in which a Polbielniak centrifugal contactor is
used. The recovery of oil from spent bleaching earths
using the old alkali treatment and the new solvent
extraction procedure was 'cIescribed.

Dr S. Venkob Rao (RRL. H) reported a solvent
extraction procedure using hexane and acetone for
the recovery of phospholipids from groundnut oil
storage tauk sludges.

In another lecture. Dr S. Venkob Rao (RRL. H)
dealt with • Phospholipids'. He described the
chemistry of the phospholipids which occur in nature.
both in plant and animal cells. as complex mixtures
associated with proteins and carbohydrates. Various
fractionatipn methods were reviewed. The synthesis
of phospholipids was also covered.

Dr V. R. Bhalerao (National Dairy Research Insti­
tute, Kamal) spoke on ' Rancidity and autoxidation'.
The modern theory of autoxidation involving hydro­
peroxides was discussed in relation to the oxidation
of oleic and linoleic acids by initiation. chain propaga­
tion and termination of free radicals. The biological
and technological significance of autoxidation in the
edible fat industry was also discussed.

Dr M. R. Subbararn (RRL. H) surveyed ' Methods
other than chromatography for the separation of
fatty acids and derivatives'. namely low tempera­
ture solvent crystallization. urea adduction. vacuum
distillation. and countercurrent distribution involv­
ing repeated partition between two immiscible
solvents.

Dr G. Lakshminarayana (RRL. H) dealt with
, Chromatographic analysis of fats'. Various chro­
matographic procedures were classified. and their
principles and operations discussed. - The advances
made by column or thin-layer chromatography (TLC)
using silicic acid impregnated with silver nitrate for
the separation of cis and trans isomers and critical
pairs were stressed. Gas-liquid chromatography
(GLC) was discussed in detail. Alteration of com­
pounds that could occur in chromatographic pro­
cedures was cautioned against.

Dr M. R. Subbaram (RRL. H) discussed the physi­
cal. chemical and biochemical methods used for the
• Determination of the glyceride structure of natural
fats'. The physical methods include countercurrent
distribution. thermal gradient elution. and TLC and
GLC procedures. The chemical methods include
oxidation of fat with potassium permanganate in
acetone or acetone-acetic acid media. with periodate
together with catalytic amounts of permanganate in
t-butanol medium. and by ozonization. The oxidized
fat is thereafter fractionated and analysed. Pan­
creatic lipase. which specifically cleaves fatty acids in
1,3-positions of triglycerides. is used to obtain data
for calculating is~meric glyceride types.

Dr A. R. S. Kartha (Indian Agricultural Research
Institute, New Delhi) traced the development of
, Concepts of glyceride structure'. namely 'simple
monoacid " ' even'. 'random' and 'restricted ran­
dom '. and critically evaluated those which explain
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the major features of glyceride structure. The Res­
tricted Random Distribution (RRD) Rule is based on
the assumption that the in vitro specificities of lipase
are the same as their in vivo specificities. ,Investiga­
tions on the biogenesis of fats have shown that this
assumption is probably not justified and the Specific
RRD Rules have been developed taking into con­
sideration all possible specificities of lipase. The
Specific RRD Rules account for all structural aspects
as satisfactorily as the RRD Rule, but make possible
some configurational changes. The configurations
determined by oxidation techniques show that most
probably the Specific RRD Rule B prevails in the
formation of natural fats, and the bio-e~terification

takes place by an IX-~ lipase mechanism in conjunction
with fatty acid specificity. It was indicated that the
recently postulated mechanism of quantum synthesis
for bio-esterification may po'ssibly lead to further
refinements in the Specific RRDRules.

Dr K. Venkata Ramaiah (Osmania University,
Hyderabad) discussed ' Spectroscopy and its appli­
cations in the field of oils and fats '. The band at
10:36 I-'- arising out of the CH wagging mode of vibra­
tion is used for the identification and estimation of
isolated trans bonds in acids, esters and triglycerides.
The bands at 10·55 I-'- and 10·18 I-'- can be used to esti­
mate conjugated cis-trans and trans-trans materials
in mixtures. The combination band at 2·14 I-'- in the
near infrared region is due to cis unsaturation. Infra­
red evidence showed that the hydrogen bondings in
various isomeric hydroxystearic acids and their esters
were different. Cis-oxirane compounds showed an
absorption at 12 I-'- against absorption at 11·2 I-'- in
the corresponding trans epoxy isomers. The theory
and practice of ultraviolet alld nuclear magnetic
resonance spectrometry were also discussed. Deter­
mination of the structure of sterculic acid with the
aid of proton resonance spectrum was cited as an
example.

Demonstrations
The following analytical techniques and pilot-plant

operations were demonstrated and discussed.
, Analytical techniques - Ester fractionation, urea

adduction and countercurrent distribution for the
separation of fatty acids or their esters; reversed­
phase! partition chromatography on column, paper
and thin layer for the separation of fatty acids or
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their esters; paper chromatography of tocopherols;
TLC of polyhydroxy fatty acids, polyhydroxy fatty
alcohols, triglycerides, phospholipids, and tocophe­
rols separately; column and thin-layer silicic acid­
silver nitrate chromatography for the separation of
fatty acid esters or triglycerides; GLC of fatty acid
esters; electrophoretic separation of proteins and
nucleic acids; visible spectrophotometric techniques
for the estimation of carotene, chlorophyll and gossy­
pol; ultraviolet for polyunsaturated acids; infrared
for trans, epoxy and hydroxy fatty acids; use of
radioisotopes in lipid research; nitrogen and phos­
phorus content of- oilcakes and vegetable oils respec­
tively; detection and determination of aflatoxin in
groundnuts and groundnut meals; and AOCS cup
refining method for refining of cottonseed oil.

Pilot-plant demonstratiolls - Continuous refining of
cottonseed oil; high pressure fat splitting without
catalysts; fatty acid distillation; glycerine recovery;
solvent crystallization of fatty acids; hydrogenolysis
of fatty acids to alcohols,

Literature on each technique, covering its principle,
practice, advantages, limitations and bibliography,
was distributed to' the participants in advance.

Immense interest and keenness was shown by the
participants both in the lectures and in the demons­
trations as judged by their free discussions. A day
and half was kept free for the participants either to
repeat any technique, or to analY3e their own mate­
rials using them. Some demonstrations, such as
cottonseed pilot-plant processing, were arranged on
specific request.

Cpnclusion
On the closing day, comments and suggestions were

called for. There was general appreciation of the
conduct and organization of the summer :.chool, and
some suggestions were given for the future. The
subject matter assigned to som,e lecturers was con­
sidered too vast to be covered in an hour without
sacrifice of detail or lucidity. ,Some participants
regretted the absence of visits to industries. In
conclusion, Dr Lakshminarayana said that a general
coverage was attempted in this first Summer School
in Oils and Fats, and perhaps specialization could be
considered in the future schools, which could well
be conducted at different centres at least once in
two years.
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ASUMMER School on Pharmaceuticals was held
at Shillong from 10 to 20 June 1964 under the
auspices of the Ministry of Education, Govern­

ment of India. The summer school, which was in­
augurated by Shri D. K. Barooah, Minister for Educa­
tion, Assam, was organized with a view to enabling
research workers and teachers to meet together and
hold discussions on the recent advances in the field
of pharmaceuticals so that they could do a better
job of educating and training young workers. The
lectures and seminars were held under the general
guidance of Dr U. P. Basu, Director, Bengal Immunity
Research Institute, Calcutta. The participants in~

eluded research workers from the National Chemical
Laboratory, Poona; Central Drug Research Institute,
Lucknow; School of Tropical Medicine, Calcutta;
Hindustan Antibiotics, Pimpri; Haffkine Institute.
Bombay; and Bengal Immunity Research Institute.
Calcutta; and the universities of Panjab, Rajasthan,
Saugor and Bombay.

In his inaugural speech. Dr U. P. Basu referred to
ancient remedies against disease and observed that a
great deal of modern knowledge in pharmaceuticals
originated from ancient folk medicine. Dr. Basu
"also dwelt on modern techniques employed in the
study of drugs, newer concepts in the evaluation of
drugs and the difficulties encountered by research
workers in the field of pharmaceuticals.

The proceedings of the slimmer school were orga­
nized under the following four sessions: (1) Plant
Products. (2) Chemical Congeners, (3)" Advanced
Topics, and (4) Group Discussions.

Plant Products
Prof. R. N. Chakravarti (School of Tropical Medi­

cine, Calcutta) spoke on the importance of steroids in
the production of steroid hormones from plant
sources and the difficulties encountered in the work
on steroids. He emphasized the importance of
employing proper storage and extraction proce­
dures in the case of plant materials. citing the example
of Dioscorea deltoidea. a rich source of diosgenin.
For example, D. prazeri and D. deltoidea when kept
soaked in water for a long period yield on extraction
epi-smilagenin and smilagenone instead of diosgenin.
One of the stumbling-blocks in carrying out research
on steroids is the existence of numerous stereoisomers.
He discussed the use of Raney nickel for the conver­
sion of a number of inactive isomers of hormones int\)
the active isomers.

Dr A. S. Rao [National Chemical Laboratory,
Poona (NCL)) in his lecture dealt with the chemistry
of podophyllum. He gave an account of the earlier
work on podophyllum and then described the struc­
ture and synthesis of podophyllotoxin. The Indian
variety. P. emodi. yields more podophyllotoxin than
the American variety, Podophyllum peltaturn.. Podo­
phyllotoxin is biologically active against tumors.
whereas the isomeric product (picro-podophyllotoxin) "

is inactive. The maximum tolerable doses as well as
the minimum effective doses of some of the isolated
and degraded products were also described.

Various transformation products of santonin and
their stereochemistry were discussed in another
lecture by Dr A. S. Rao. Recent investigations on
the stereochemistry of l-oc-santonine by X-ray crys­
tallography have revealed the configuration of the
molecule at C-ll to be oc. which was earlier stated to
have ~-configuration. The C-ll ~-isomer is also
found in nature but has no physiological activity.
From costus root oil a lactone. costunolide. has been
isolated which has been converted to a number of
interesting compounds such as 6.3-santenolide.
6.4(l4l-santenolide. saussurea lactone. tetrahydro­
saussurea lactone. santanolide A, santanolide C.
junenol and dihydrojunenol. All these compounds.
have been synthesized starting from santonin.

Dr B. K. Moza [Bengal Immunity Research Insti­
tute. Calcutta (BIRI)) spoke on recent trends in the
isolation and structural ·elucidation of plant con­
stituents with special reference to the alkaloids of
Vinca Tosea." He described the isolation of three
new alkaloids. vindorosine. catharosine and loch­
nerinine. from V. Tosea obtained from USSR, which
was grown there with the seeds obtained from India.
The structures of these three new alkaloids and that
of another known alkaloid. lochnericine, have also
been established on the basis of chemical reactions
and spectral evidence. Dr Moza_ referred to the
technique of mass spectrometry and its application
in the elucidation of the structure of these and
other alkaloids.

Dr C. R. Narayanan (NCL) in his lecture reviewed
the work carried out on veratrum alkaloids. He
gave an account of the alkaloids veracemine, cevine
and cevagenine and afforded proof for their existence
and described their stereochemistry. The structure­
activity relationships of some of the ester alkaloids
were discussed and it was indicated that esterifica­
tion at the carbon atoms 3. 7 and 15 gave highly
potent ester alkaloids. In another lecture, Dr C. R.
Narayanan described the isolation of three active
principles, viz. ~-sitosterol, oc-stachydrine and rutin.
from Capparis moonii (Hindi: Rundanti).

Shri Tapan Datta (BIRI) described be isolation
and characterization of a triterpene-saponin. mon­
nierin, from Bacopa monniera. He described the
pharmacological action of several triterpenes, e.g.
glycerrhetic acid as mineralocorticoid, and isothan­
kimiside and its' degraded product as hypotensive
agents.

Chemical Congeners

Dr K. D. Kulkarni (Haffkine Institute. Bombay)
gave an a'ccount of his studies on p-alkoxydiphenyl­
thiocarbamides as tuberculostatic agents. The re­
placement of one of the alkoxyphenyl with substi­
tuted thiazole, pyrimidine or pyridinophenyl group
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increases the in vitro tuberculostatic activity of the
corresponding thiocarbamides, e.g. p-alkoxyphenyl­
p-4-(2,5-dialkyl) thiazolophenyl thiocarbamide has
the same order of in vitro activity as that of isoniazid.

Shri' M. H. Shah (Haffkine Institute, Bombay)
described the synthesis of some l,2,4-triazole and
l,3,5-triazine derivatives as possible oral diuretics.
In the case of 2-amino-6-phenylamino-1,3,5-triazines,
substitution in meta position of the benzene nucleus
increases d~uretic activity. 5-Substituted-phenyl or
4'-pyridyl-1-alkyl-2-sulphydryl-1,2,4-triazoles haye
been found to possess good diuretic activity.

Dr H. Singh (Panjab University, Chandigarh) gave
an account of azasteroids with special reference to
their antibacterial, antifungal and hypotensive pro­
perties. Considerable interest has been evinced
recently in azasteroids following the discovery of
anticancer agents in this field. In order to introduce
nitrogen in the steroid molecule, appropriate steroid
ketones are subjected to Beckmann rearrangement
and Schmidt's reaction.

Dr S. F. Boyce (Bombay University, Bombay) gave
an account of the work done on the biological ,!-ctivity
of steroids having substituents in C-3 and C-17 carbon
atoms. Steroids substituted at these positions possess
biological activities different from those of parent
steroids.

Shri P. C. Jain [Central Drug Research Institute,
L).lcknow (CDRI)] described the synthesis and bio­
logical activity of some imidazopyridine analogues of
various naturally occurring purines as also of ~-d­

ribofuranosides of imidazo- and triazolo-2-(oc-hydroxy­
benzyl) imidazopyridines and their corresponding
imidazo- and triazolopyridines. Many of these com­
pounds have diverse types of pharmacological
activity.

Dr S. P. Dutta (BIRI) in his lecture dealt with the
degradation products of nicotine. Potassium per­
manganate in alkaline medium oxidizes Y-picoline not
only to isonicotinic acid but oxalic acid, ammonia,
carbon dioxide, nitrous acid and nitric acid are also
formed. He referred to the isolation of isoniazid
from a reaction mixture of ethyl isonicotinate and
hydrazine hydrate. The first crop isolated from this
reaction mixture is of pharmacopoeial purity, but the
second crop is found to be contaminated with sym­
di-isonicotinyl hydrazine, hydrazodicarbon amide arid
1-carboxyhydrazino-3,5-(4')-pyridyl-1,2,4-triazole. In
another paper, Dr Dutta described the chemical con­
geners of papaverine such as 1-(4'-methoxyphenyl)c
3-methylisoquinoline and N-N-bis-3-methylisoqui­
nolyl-1-methylarriino-oc-methyl-~-phenylethane which
have papaverine and atropine -like action. Some
quinolyl-isoquinoline and isoquinolyl-isoquinoline
derivatives with specific pharmacological actions were
described.

Advanced Topics

Dr P. Gundu Rao (Division of Pharmacy, Birla
College of Science, Pilani) presented an up-to-date
review on microbial transformations of natural
products. He discussed in detail and with specific
examples as to how hydroxylation and'dehydro­
genation can be brought about by microbes even in
such cases where the alternative chemical methods
have not proved useful. He further stressed on the
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possibilities and potentialities of utilizing such tech­
niques in our country on a wider scale.

Dr P. N. Kaul (Hindustan Antibiotics, Pimpri)
elaborated on physiological disposition of drugs with
regard to their absorption, distribution, biotransfor­
mation and elimination. This study is of interest
in determining the duration of action and the dosage
schedule of administration of drugs. This, he pointed
out, could lead to the discovery of new drugs or to a new
use ot a known drug. He also discussed his work on
the mechanism of action of Hemycine and that of
apomorphine and the interesting phenomena which
occurs on the autoxidation of apomorphine to a
nitrogen-free product having no emetic property.

In his lecture on metal chelates, Shri R. L. Khare
(Saugor University) dwelt on the m'echanism of chelate
formation and the methods of studying such systems.
He reviewed and discussed in detail the implications
of chelation in arriving at the mechanism of action
of a number of pharmaceuticals.

Discussing. the chemotaxonomy of some alkaloid­
bearing plants, Dr B. K. Moza (BIRI) pointed to this
modern trend of classifying plants broadly on the
basis of their chemical constituents. He pointed out
the advantages of this approach and then presented
his work supporting the grouping of six tribes of
Liliaceae under the subfamily Wurmbaeoideae for the
reason that the plants of these tribes contain the tro­
polone alkaloid colchicine or its some other naturally
occurring derivative which may be considered as the
chemotaxones of this subfamilv. How this method
of classification could be of great help to botanists
was evident from the fact that out of 18 plants studied
those which had some contradictory reports in the
existing literature regarding their botanical classi­
fication could be definitely showl) by their chemotaxo­
nomic criteria whether they belonged to this sub­
family or not. He, however, emphasized that a
single constituent or a single type of constituent may
not represent the chemotaxone of a group and for
this it was reasonable to consider a combination of
constituents as the chemotaxones. This he explained
by presenting his work on some papaver plants
grouped in the sub-section Scapiftora on the'basis of
their possessing either one or more from the alkaloids
of muramine, rhoeadine and xanthopetalline types.

Shri Jain (CDRI) gave a talk on antimetabolites
and reviewed the historical development of the con­
cept of chemotherapy and the modern trends in the
field with particular reference to antagonists. He
discussed the implications of selective toxicity of
antagonists and how it could be achieved. He also
dealt with the various mechanisms of action of some
known antimetabolites, a thorough understanding'
of which would lead to better designing of anti­
metabolites.

Group Discussions

A number. of group discussions dealing with
general topics and focusing attention on some
problems of pharmaceutical education and profes­
sion in India were held. One of the discussions in
which most of the participants took active interest
was Oil the standardization of pharmaceutical pre­
parations, particularly those listed in Indian Pharma­
copoeia. Many of the participants were of the
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opinion that a number of preparations had no suitable
analytical controls. There was a general feeling that
unjversities, the control laboratories of the govern­
ment, and the research units of industries should
take more interest in evolving suitable methods of
analysis for those preparations which have no specific
pharmacopoeial standards. It was decided that the
Government of India shouldbe approached for provid­
ing more facilities and for initiating specific schemes
on standardization in the existing laboratories.

Another related topic that came up for discussion
was concerned with ways and means of dealing with
malpractices in pharmaceuticals industry. This led
to an interesting suggestion that state trading should
be taken up in pharmaceuticals. After considering
the pros and cons of the suggestion, it was concluded
that the present system of manufacture and distri­
bution, in principle, was all right. However, it was
felt that further advancement in pharmaceutical
education and stricter measures for controlling the
production and distribution of pharmaceuticals would
rid the country of nepqarious practices in the drug
trade.

Finding ways and means of providing suitable faci­
lities for the teaching of physical pharmacy in various
universities formed the topic of another group discus­
sion. Participants representing the universities were
of the opinion that at present necessary measures are
being taken in bringing the curriculum and teaching
pharmaceutical subjects to standards comparable to
those existing in other countries. The participants
were of the opinion that there was a dearth of pro­
perly qualified teachers for teaching the subject.
One of the suggestions was that the Government of
India 'should depute teachers for further studies in
physical pharmacy to foreign countries.

The last group discussion was mainly devoted. to an
assessment of the achievements of the summer school.
Dr U. P. Basu, Director of the School, stressed the
advantages of such summer schools where experts
from universities, government laboratories and re­
search institutes got together and discussed their
work and problems in an informal manner. He·
emphasized the need for proper education of students
in pharmacy colleges so that all aspects of the subject
were adequately taught.

\

Council of Scientific & Industrial Research: Meetings of the
Board & the Governing Body

T HE Board and Governing Body of the Council
of Scientific & Industrial Research in their
meetings held in New Delhi on 28 and 29

September 1964 respectively accorded approval to
plans regarding the establishment of a National
Biological Laboratory and a Technical Information
and Industrial Liaison Centre for 'the chemical
industry at Bombay, and the taking over of the
Shri Ram Institute for Industrial Research. The
National Biological Laboratory is to be set up at an
estimated cost of Rs 3 crores in a 1300-acre site near
Palampur in Kangra Valley, Panjab. The laboratory
will carry qut both fundamental and applied work in
different aspects of biology. The broad programme
of work proposed to be undertaken would cover
the fields of microbiology, genetics, cell biology.
molecular biology, environmental biology, compara­
tive biology. biology of higher animals and human
biology.

The main functions of the Technical Information
and Industrial Liaison Centre at Bombay. to be
jointly financed by CSIR and the Indian Chemical
Manufacturers' Association, will be to disseminate
information on research on chemicals carried out
not only in the national laboratories and other
research centres in the country but also in other
countries. The rentre will arrange for systematic
and regular visits of chemical manufacturers and
channellize their problems to laboratories for in­
vestigation and also serve as a feedback of problems
of the industry to the national laboratories.

Approval was also accorded to the taking over by
CSIR of the Oil Technological Research Institute;
Anantapur. The programme of work of the institute
as well as staff and equipment will be partly shifted
to the Regional Research Laboratory,. Hyderabad,
and partly to the Department of Chemical Techno­
logy, Bombay.
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Low Temperature Physics: Some Highlights of the
Ninth International Conference

E. S. R. GOPAL

Clarendon Laboratory, University of Oxford, Oxford

T HE Ninth Biennial International Confer.ence
on Low Temperature Physics (LT9) , sponsored

. by the International Union of Pure & Applied
PhysIcs (IUPAP), was held at Columbus, Ohio, USA.
The five-day meeting (31 August to 4 September) was
attended by .over 75~ scientists. Nowadays it has
become fashIOnable m some quarters to question
the usefulness of such large gatherings: Cynics point
out that people usually spend more time outside
the lecture halls than inside and that small talk
claims as much attention as formal lectures. All
this is perfectly true, but exactly the same im­
promptu exchanges form a strong '-argument for
the conferences. ,How ver~ of~en it is that airing
unabashedly one s perpleXity m a calculation or
an experiment elicits a possible solution from a
~otally unexpecte.d corner? An example of this
m LT9 was the mformal gathering of the workers
stud~ing t?e beha:,iour of ions· in liquid helium.
~etal~s o! mformatlOn which are rarely published
m sCientific papers were freely exchanged. Many
of. ~hem were concerned with minor, apparently
tnvlal, aspects of experimentation and vet in
at least two cases they were making all the
difference between unsuccessful and successful
experiments.

Complementary to the problem-solving aspect of
a meeting is the genesis of a host of fresh problems.
Here LT9 had a spectacular example, Before the
conference there was a brief publication from Prof.
Peshkov (Moscow) that he had beaten others in the
race to discover the superfluid phase transition in
liquid 3He. He reported a specific heat anomaly at
about 5 X 10-3 oK., a region of temperature which
offers 3: challenge even to well-equipped laboratories.
Followmg Peshkov's presentation of the details of
his work, Prof. Wheatley (Illinois) stood up to dis­
pute the c!aim. ,!he experiments of his group,
perf,o~med m a dIfferent manner, had failed to
exhibIt any such an.o~aly in heat capacity. The
matter rests there, glvmg a new lease of life to all
those who had lavished considerable amounts of
time and labour in searching for a phase transition
in liquid 3He.

The organizing committee, headed by Prof.
Daunt (Ohio), had given an excellent account of
their job. The IUPAP, with the evidence of the
~tility' of low temperature conferences right before
It, deemed It worth while to accept the invitations
of USSR (1966), Scotland (1968) and Japan (1970)
to hold the late~ conferences. There was lobbying
for even LT13, eight years hence! Organizing such
large conferences has its pitfalls. LT9 was charac­
terized by th.e .absence of name badges for the dele­
gates. ProdigIOus feats of memory in pairing faces
with names and locations were called for and not
many were equal to the task.
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London Memorial Award

Of special interest to Indian scientists was the
award of the London Memorial Prize to Dr S.
Shoenberg, Director of the Mond Laboratorv
Cambridge (UK). In his speech of acceptance:
Dr Shoenberg recalled how he began his 30 year­
l!lng association with de Haas-van Alphen effect
after a fruitful remark by the late Dr K. S. Krishnan.
The methods used earlier to study the oscillations
in magnetic susceptibility were rather cumbersome
and during the course of a conversation Dr Krishnan
suggested the use of the torque method, which he
was using so successfully in: the study of molecular
magnetism. The method worked very well and
many of Dr Shoenberg's early results were obtained
with that technique. Later use of pulsed fields
and d. techniques has made the de Haas-van
Alphen effect a powerful tool in the study of Fermi
surfaces in metals.

The London Memorial Prize has been donated by
• Arthur D. Little Inc., the well-known manufacturers
of cryogenic equipments, as a tribute to the late
Fritz London. With remarkable foresight he saw
that superfluidity and superconductivity are quan­
tum effects on a bulk scale and laid the foundations
for an understanding of these complicated pheno­
mena. Some of his uncanny predictions have been
verified only recently. Dr Shoenberg joins the select
c?mpan~of Kurti, Landau and Bardeen, the pre­
VIOUS wmners of the award. The fourth London
medal is a richlv deserved honour for a lifetime of
devotion to low' temperature research. Those who
have the privilege of knowing him will also cherish
his sincerity and humility.

Over 250 papers were presented during the con­
ference and little more than an outline of the current
activity in the various topics can be attempted here.
The presentation of so many papers necessitated
4 parallel sessions for all but a few invited talks.
By judicious and frequent jumps from one parallel
session to another some delegates could hear most
of the papers that interested them. This· gave rise
to considerable. shuffling of feet whenever lights
were switched off for projecting a slide. Some
spea~ers. probably imagined that people were
commg m.

Superconductivity

The phenomenon of superconductivity was for
ma~y years the vexing area in theoretical physics.
While all other phenomena could be explained on
the basis of fundamental atomic calculations, it
s~eadfastly refused to reveal its microscopic founda­
tIOns. It was, therefore, a great achievement of
Bardeen, Cooper and Schrieffer to construct in 1957
a simple theory of superconductivity, drawing as
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its central theme the correlation of electrons into
Cooper pairs. On the whole, the theory has been
extremely successful in explaining a variety of
observations made on simple superconductors. In
the conference there were several papers describing
ultrasonic absorption, r.f. and microwave measure­
ments and thermal properties, all of which could
be interpreted within the framework of the BCS
ideas. A more recent phenomenon is the tunnelling
between superconductors, first observed by Giaever
about 4 years ago. If the insulating junction be­
tween two superconductors is narrow enough, the
superconducting electrons can tunnel through the
junction. Because the density of states in super­
conductors is peaked near the energy gap, the
current-voltage characteristics of such tunnel junc­
tions reveal regions of negative resistance, very
similar to those in Esaki tunnel diodes. From the
positions of these regions the superconclucting energy
gaps are easily deduced and as a matter of fact one
of the first applications was to check the temperature
variation of the energy gap predicted by the BeS
theory. It also turns out that from the fine struc­
ture observed in the tunnelling characteristics,
information about electron-phonon interactions can
be extracted. Further, as Josephson pointed out
in 1962, there is the possibility that the Cooper
pairs themselves may tunnel through. This results
in somewhat more complicated phenomena, which
have been verified to a surprising extent. .

Another group of ingenious experiments concern
the flux quantization in superconductors. As
early as 1950, F. London pointed out that the
magnetic flux in a superconductor should be quantized
in units of he/e. When sufficiently sensitive
experiments were done a few years ago, by Doll
and Nabauer and by Deaver and Fairbank, it was
found that the period was he/2e = 2·07 X to-7 gauss
cm". This is immediately understood in the BCS
theory, because the Cooper'pairs, which are respon­
sible for superconductivity, have an effective charge
e* = 2e, whereas London had set e* = e. The
experiments on flux quantization were succinctly
reviewed by Prof. W. A. Fairbank. The effect has
found immediate application in other problems, for
instance, .measurement of penetration depths and
tunnel currents in superconductors and creation of
truly zero magnetic fields, which were also discussed
in the conference. As a byproduct of the tech­
niques of measuring very small magnetic fields, three
independent groups of workers reported the ob­
servations on magnetic fields created by rotat­
ing a superconductor at an angular velocity ~).

The observed fields confirm the law Blw = 2mc/e =
-1'14 x to-7 gauss sec., predicted by F. London
in 1950.

The' hot' subject in the field of superconductivity
is, of course, the study of type II superconductors,
with vistas of giant superconducting magnets just
in horizon. The papers presented in LT9 were
restricted to some fundamental questions and a
separate conference on type II superconductivity
was held at Cleveland, Ohio, on 28 and 29 August.
The two-clay meeting, organized by Prof. B. S.
Chandrasekhar, was attended by over 300 people
with about 50 communications, a measure of the

timeliness and popularity of the meeting. By and
large, LT9 was concerned with the behaviour of
quantized finxoids in type II superconductors.
In 1957 Abrikosov showed that the solutions of the
Ginsburg-Landau equations predict the existence
of an array of quantized magnetic fluxoids in the
mixed state between H Cl and H C2 . Since then
these fluxoids, which can be pinned by the defects in
the material, have been widely used to interpret a
variety of observations on type II superconduc­
tors. Some of the experiments to study individual
fluxoicls using micro-geometries were reviewed by
Prof. Parks, while a number of papers dealt with
the behaviour of aggregates. of fluxoids. Another
phenomenon which attracted lively attention
was the surface superconductivity which can exist
above H C2 . The predictions of de Gennes and
coworkers in France were verified in several dif­
ferent types of experiments discussed during the
conference.

Fermi Surfaces
In the study of Fermi surfaces of metals investi­

gators were having for some time several tools at
their disposal, de Haas-van Alphen and similar
oscillations, cyclotron resonances, microwave surface
impedance, magneto-resistance and magneto-acoustic
effects to mention a few. They were admirably
reviewed by Professors Kip and Shoenberg on the
experimental side, while band structure calculations
were covered by Heine. At the risk of oversimpli­
fication, it may be said that the papers presented in
LT9 employed these techniques to elucidate in
detail the Fermi surfaces of several metals and
that there is gratifying agreement among the
different measurements.

Three new techniques, namely magnetic break­
down in galvanomagnetic properties, helicon waves
and d. size effect, have been recently added to the
repertoire of investigators in this field and they
came in for critical examination. In the presence
of magnetic fields electrons travelling on one band
of the Fermi surface can tunnel through small
gaps to a second band of the surface. Naturally
the process is favoured only along certain directions,
where the energy gaps are small, and this magnetic
breakdown causes new oscillations in many galvano­
magnetic phenomena. Helicon waves are trans­
verse circularly polarized electromagnetic waves
which can propagate in met;tls and, semimetals
placed in magnetic field. The magnetic field gives
a rigidity to the metallic plasma just as in magneto­
hydrodynamic Alfven waves. Indeed helicon waves
have a classical analogue in the hydrodynamic
waves propagating in media with vorticity. The
properties of helicon waves, especially their interac­
tions with phonons, form a field of study which is
being actively pursued now. The new d. effects are
in the measurement of surface impedance of thin
plates in magnetic fields. When the diameter of
the cyclotron orbit becomes equal to the thickness
of the plate, transmission peaks occur and, therefore,
a direct measurement of the size of the cyclotron
orbit is possible. Several papers were presented on
the study of Fermi surfaces by using these new
techniques.
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Liquid and Solid Helium

Liquid helium, both tHe and 3He, continues to
fascinate many iIwestigators and there were no
less than 5 sessions devoted to the two quantum
liquids. In liquid tHe, turbulence, rotational states,
films and the behaviour of ibns were the current
areas of interest. A number of papers were read
on various aspects of turbulence in helium II.
They served to highlight the complexity of the
phenomena and there is clearly room for a s?bsta~­

tial improvement of our knowledge. The InvestI­
gations on rotating helium II were on the whole in
consonance with th() Onsager-Feynman picture of
quantized vortices. Perhaps the only dark cloud
in the horizon was the study of Pellam using Ray­
leigh discs to pr()be the rotating liquid. The
experiment set out to measure the normal f1~ld

density, but the results gave almost exactly Its
complement, the superfluid density in liquid helium
II I It is in the field of ions in liquid helium that
some exciting results have been obtained. Prof.
Reif surveyed the experiments of Rayfield and
himself in which energetic ions below "'0·6°K. get
coupled to vortex rings. Because of the peculiar
energy-momentum relationship of a vortex ring,
the more energy is given to the ion the slower it
moves, a very surprising result indeed. Somewhat
similar results at ....,0·9°K. were reported by Prof.
Careri and his coworkers.

In liquid 3He many experiments now show clearly
that below ....,0·2°K. the Fermi liquid theory is
applicable. One of the bold predictions ?f Landau
is the existence of zero sound at suffiCIently low
temperatures, in which information about pressure
and density fluctuations in a region are communi­
cated to other regions not by co.llisions, as in
ordinary sound, but by the q?antum correlations
existing among the atoms. EVIdence for the prob­
able observation of zero sound at ",109 c.p.s. and
l' < 0·09°K. was put forward by Wilks ~nd co­
workers. The combination of very high frequencies
and very low temperatures makes experimentation
very difficult, but the results leave little doubt that
the onset of zero sound regime has been reached.
Another set of interesting experiments concerns the
possible magnetic ordering in thin adsorbed layers
of 3He at low temperatures, but the evidence for
this is not so conclusive.

There were many other papers about the theories
of liquid helium and about the properties of mixtures
of tHe and 3He in both solid and liquid states.

Phase Transitions

Realizing the need for concentrated studies on
cooperative transitions, the organizers of LT9 had
devoted a full session to the review of the present
state of the subject, while papers bearing on the
problem were scattered in different sessions. A
bird's-eye view was presented first by Prof. Montroll,
who went to the extent of showing how day-to-day
traffic jams are examples of cooperative behaviour.
Then Professors Brout and, in particular, Domb under­
took the task of correlating available experimental
and theoretical data. The Cp data of Buckingham,
Fairbank and Rellers near the A-transition in liquid ~
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tHe and the C data of Voronel and coworkers
near the critical"point of argon and oxygen, which
indicate logarithmic infinities, were naturally ana­
lysed in detail. New results were also forthcoming
in the conference. Little and Moldover reported a
logarithmic singularity in the Cv of tHe at its criti­
cal point. The ultrasonic measurements of Chase
and Williamson, again on tHe near its critical point,
suggested a singularity in th~ adiabatic. compre~si­
bility which is thermodynamIcally consIstent WIth
the specific heat data. Friedberg and coworkers
have observed a similar logarithmic behaviour in
the heat capacity of antiferromagnetic CoCl1.6HaO
at its Nee1 point. The comprehensive analyses of
these experiments will be of interest, because theore­
tical studies appear to indicate a logarithmic infinity
of the form A log (1',-1') in the specific heat below
the transition point 1', but a power law infinity of
the form B(1' -1',)-0< above 1', (<< ~ -1). The experi­
ments appear to indicate logarithmic singularities
in both regions.

At the moment the only cooperative phenomenon
for which a reasonably complete and satisfactory
microscopic theory is known right up to the transi­
tion temperature is the superconductivity of elec­
tronic systems. It is naturally of interest to study
whether any phase change occurs in the other Fermi
system available, namely liquid 3He. Soon after
the development of the BCS theory, several authors
suggested this possible phase transition. The pre­
sent theoretical estimates of 1', are in the millidegree
K regions, low enough to discourage most labo~a­
tories in the world. Even so, a few laboratones
have invested large sums of money in the race to
find the phase change, if present. As mentioned
earlier, there was a lively dis~ussion following the
report by Peshkov of a speCIfic heat anomaly at
5 X 10-3 oK. and the statement of the Illinois group
that they have not been able to find any an?maly.
It is possible that LTJO may have somethmg to
clarify the issue.

Other Topics
Since magnetism gets an international conference

of its own once in two or three years, only one
session was devoted to' magnetic materials. It is,
however, obvious that magnetism and cryogenics
have innumerable ties, whether they be in de­
magnetization to produce very low temperatures
or in the use of magnetic fields to study other
phenomena. As an instance of this, one may cite
the considerable interest evinced in the properties
of dilute alloys, especially of transition metals.
The weak magnetic interactions in these materials
reveal themselves in almost all transport, thermal
and magnetic properties. The experimental situa­
tion was surveyed by Dr van den Berg, following
the theoretical picture given by Professors Friedel
and Daniel. There were several other papers on the
subject.

For very similar reasons general properties of
dielectric and metallic solids were given only
limited attention. They have special gatherings of
their devotees. The papers in LT9 emphasized the
properties of liquefied and solidified gases. The
interatomic forces among simple molecules like
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HI' DI, CH., A and Ne are reasonably well
known and attempts were made to correlate them
with the observed properties of the condensed
phases.

The proceedings of the conference are being
published by the Plenum Press Inc., New York.

Acknowledgement

The author's grateful thanks are due to the
Government of India, the Royal Society and the
Organizing Committee of LT9 for financial assis­
tance to participate in the conference.

Eleventh International Congress of Applied Mechanics
B. R. SETH

Indian Institute of Technology, Kharagpur

T HE International Union of Theoretical &
Applied Mechanics (IUTAM) holds an inter­
national congress once in four years. The

last one was held in Stressa, Italy, in 1960. Be­
tween two congresses a number of symposia on live
subjects like Boundary Layer; Shell Theory, Non­
linear Elasticity and Plasticity, Gas Dynamics,
and Continuum Mechanics are sponsored by it
in variou~ parts of the world to highlight their
importance.

The eleventh congress was held in Munich from
30 August to 5 September 1964, and was sponsored
by IUTAM and 21 German organizations. A num­
ber of young participants were given financial assis­
tance by IUTAM. G. Colonnetti, President of the
Executive Committee of the International Com­
mittee for the Congress of Applied Mechanics, and
R. Grammel, Honorary President of the German
Organizing Committee, were absent due to illness.
G. Temple and H. Gartler respectively performed
their functions.

More than 1200 delegates from 35 countries
attended the congress. They were divided into
speakers and participants. The number of speakers
was kept to a low figure of 154 and the rest were
participants. This was intended to give each
speaker at least 45 min. Unfortunately, a number
of papers .presented were either ,poor or too descrip­
tive to raise any live discussion. There were nine
general lectures to review the present state of
subjects like New Models in Continuum Mechanics,
Thermodynamics of Deformation, Shell Theory,
Rotating Fluids, Wave Propagation, and Flow with
Flexible Boundarie,s. The concept of transition in
irreversible processes like Elastic Plastic Deforma­
tion, Creep, Relaxation, Boundary Layer and Shocks
claimed a number of papers.

From India' there was one speaker and two parti­
cipants. The latter happened to be on the conti­
nent and so they could easily attend the congress.
B. R. Seth was the speaker, specially deputed by
the Government of India to attend the congress
and the General Assembly of IUTAM.

The congress was held in the famous Deutsches
Museum. Arrangements for the presentation of
papers were satisfactory. Distinguished p'articipants
were requested to be chairmen of various sessions

at which not more than three papers were read
at a time. The speakers included L. I. Sedov,
G. I. Taylor, I. N. Vekua, N. J. Hoff, H. W. Liep­
mann, B. R. Seth, J. N. Goodier, W. Prager, W.
Olszak, G. F. Carrier, E. Reissner, P. M. Naghdi,
C. Truesdell, A. C. Eringen,. H. Neuber, H. Ziegler,
K. Magnus, R. Lgendre and T. Benjamin.

Next to Germany, the largest number of dele­
gates came from USA, USSR and UK. The USSR
delegation was led by 1. I. Sedov. But for Japan,
countries from the Middle East, Near East and
Far East had hardly any representatives. This
reflected the state of scientific' development .and
research in them.

Each day there were two general lectures and
32 invited addresses, which were divided into five
parallel sessions. The subjects treated were Conti­
nuum Mechanics, Elasticity and Plasticity, Creep,
Failure Vibration, Jet Flow, Boundary Layer,
Shell Theory, Magnetogasdynamics, Heat Transfer,
Hydrodynamic Stability and Shock Waves.

Twenty-two papers dealt with irreversible prob­
lems like Elastic Plastic Deformation, Creep, and
Fracture. Even though transition concepts were
presented in a number of papers on Fluid Mecha­
nics, in Solid Mechanics B. R. Seth was the only one
to develop it. Combined with that qf generalized
strain he showed how to do away with semi-empiri­
cal conditions like yield conditions and creep strain
laws. His paper on generalized strain and transi­
tion concepts for Elastic Plastic Deformation,
Creep, and Relaxation aro\lsed a lot of interest
among. delegates from various countries. In fact, a
large number of them kept on discussing the sub­
ject with him fqr more than one hour after the
presentation of the paper. They also expressed a
desire to receive reprints of papers published by
him on the subject. Workers like G. K. Batchelor
from Cambridge, England, expressed the opinion
that the paper contained new concepts, which could
be exploited in a number of fields.

The designing of new models for continuum
media was stressed by 1. I. Sedov. High speed
structures, rheological materials, anistropic, hetero­
geneous, porous and random media, turbulent
plasma, elastic-plastic deformation, creep, fatigue,
linear and non-linear interaction fields, low and high
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temperature effects and transition phenomenon are
some of the examples for which new models are
required. All such models should ensure the sym­
metric concept of elementary particles through
tensorial representation. At ·present simple tensor
systems have been established for all such groups
of the complete orthogonal group. For non-holo­
nomic systems it is pointed out that the free
energy should be taken as a function of the stress
and strain tensors, temperature and response
coefficients.

Internal 'couple stresses are introduced to explain
high stress gradients in fatigue. A. C. Eringen
showed how they may be used for treatment of
anistropic fluids. R. A. Toupin and H. Neuber also
dealt with similar problems. Neuber's attempt to
make the strain tensor asymmetric by adding the
rotation terms to the classical linear strain com­
ponents is of doubtful validity. In continuum
mechanics the strain tensor should be symm~tric.

, If it is not truncated, it contains square of the
rotation terms and hence does not require any
fq,rther modification.

The fracture at the neck of a cylindrical piece
was treated by N. Alb~rti with the help of Stassi
yield condition of the type

(Tn -T22)2+ (T22-T33)3+ (T33 -T11)2
+k(Tn+Tn+T33) = y

in which the material has different yield points in
tension and compression. This is an arbitrary
condition and the 'phenomenon should be explained

. on the basis of transition treatment, which requires
no yield condition.

N. J. Hoff's attempt to improve the agreement
between theoretical and experimental values of the
buckling stress for thin-walled cylindrical shells
under axial compression by suitably changing the
boundary conditions was criticized by a number of
participants. In fact, we can get any critical buck­
ling load by altering the boundary conditions in a
problem. S. A. Ambartsumyan and S. M. Durgar'­
yan pointed out that thermal effects can consider­
ably change, both qualitatively and quantitatively,
the vibration and stability characteristics of shells.
The singular points of shell equations were identified
with concentrated force and hot spots by W. Fliigge.
Lur'e's work on stress concentration round circular
holes was extended to all values of cnrvature para­
meter by J. G. Lekkerkerker. Stress concentration
round elliptic, square and equilateral shapes under'
physically non-linear and geometrically linear
formations (and vice versa), both for elastic and
plastic deformation, were treated by G. N. Savin.
E. Reissner and P. M. Naghdi' gave reviews of
the linear theory of shell bending. I. N. Vekua
described new analytical methods in shell
theory.

G. I. Taylor showed how disintegrating drops of
fluid develop conical surfaces when they are torn
by strong electric fields or by the motion of sur­
rounding fluid of higher viscosity. Both theoretical
and experimental considerations show that equi­
librium conditions can be satisfied at a conical
surface when the cone' has a semi-vertical angle of
49·3°. The Boltzmann's equation was the subject
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of a number of papers. H. W. Liepmann dealt with
its modified, form based on the Krook model. He
showed that such an approximation gives good
results for the shock structure problem.

Rotating fluids tend to rotate rigidly when the
container speed is suddenly changed. This and
similar problems in the formation of weather fronts
and ocean currents were discussed by G. F. Carrier.
The instability of rotating compressible fluids was
used by J. W. Miles to show that zonal wind in the
middle latitude were unstable for almost all wave­
lengths, and that the corresponding disturbances
derived their energy from 'overturning' and from
the mean flow through a Reynolds stress-like mecha­
nism in the 'critical layer '. In like manner,
N. Rott and W. S. Lewellen related the tornado
problem to the interaction of the boundary laver
and the outer flow in rotating fluids. R. C. -Di
Prima and J. T. Stuart gave a non-linear ana­
lysis of the stability of the Taylor vortex and wavy
modes of motion, and extended this analysis to the
explanation of the occurrence of a second critical
speed and non-symmetric wavy motion.

I. A. Kibei pointed out that a marked improve­
ment in short-range w-eather forecast for large terri­
tory as well as in local forecasts can be achieved
by using the full hydrodynamic equations in place
of 'filtering equations' now in use. The non­
linear and three-dimensional effects in the instabi­
lity of shear flows and their transition to turbulence
were emphasized by C. C. Lin and D. J. Benney.

L. Van Wijngaarden used the analysis of the
collective collapse of a large number of gas bubbles
in water to explain the bending of blades of ship
propellers at the trailing edge towards the pressure
side. The' double wave' type of solutions in gas
dynamics and their isentropic nature was explained
by L. V. Ovsyannikov with the help of partly
invariant solutions of the equations admitting a
group in the Lie-sense. Linearized Stokes equations
were employed by St I. Gheorghitza to discuss the
steady fluid motion in porous inhomogeneous media
with cavities. Such problems are encountered in
flow through rocks and other multi-layered
systems.

In a number of other papers both in fluid and
solid mechanics the transition state was confused
with that of unstable equilibrium. Non-linearity is
particularly important at transitions where effects
dove-tail into each other. One should be careful
that transitions from one state into another in
continuously deformed media are not mistaken for
instability.

It was difficult to attend all the 150 lectures given
at the conference, particularly when they were
squeezed into five days along with programmes of
visiting other institutes in the neighbourhood. Of
particular interest are the Max Planck Institute of
Physics and the Institute of Plasma Physics. The
latter was visited by L. I. Sedo-v, M. J. LighthiU,
G. K. Batchelor, B. R. Seth, N. J. Hoff and H. W.
Liepmann. It is doing very good on plasma in­
stability and young workers can profit from train­
ing at the institute.

At the' General Assembly meeting held on 2
September two new adhering organizations were
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accepted: (1) National Re3earch Council of Canada;
and (2) National Australian Committee for Mecha­
nics and the Academy of Sciences of Australia.

The Federal Institute of ZUrich communicated its
desire to pass from Category 1 to Category 2 from
the next financial year.

It was reported that the extraordinary General
Assembly adopted new statutes to modify the
Executive Committee so that it now comprises
14 representatives of Union and 10 National
members.

The General Assembly elected for the next 4 years
M. Roy of France as the President, H. Gortler as
the Secretary and W. T. Koiter of Netherlands as
the Treasurer. It also accepted the invitation
conveyed by N. J. Hoff of the National Society of
Applied Mechanics of USA and of the Stanford
University to hold the 12th International Congress

at Stanford University in the last week of August
1968.

The next symposium to be sponsored by IUTAM
will be held in Paris from 20 to 24 April 1965.

The next meeting o! the General Assembly will
be held in Vienna in 1966 close to the Symposium
on Irreversible Aspects in Continuum Mechanics.

It was also agreed that the IUTAM be approached
for additional funds to hold a Symposium on
Boundary Layer in Kyoto, Japan, in 1966.

The International Committee for the Congress of
Applied Mechanics dissolved itself and became a
standing committee of IUTAM to strengthen its
position in the International Council of Scientific
Unions. It was also agreed that the adhering orga­
nizations may be requested to increase contributions
to IUTAM which may range from 50 to 80 per cent
of what they are paying now.

Prof. J. B. S. Haldane-Obituary

We regret to record the death of Prof. J. B. S.
Haldane, F.R.S., at Bhuvaneswar on 1 December
1964. In the death of Haldane, the world of science,
in general, and the Indian science, in particular, has
lost a scientist of eminence who revolutionized the
biological thought. Endowed with a humanistic
education, Haldane kept up with his researches on
genetics to the last day of his life.

Born in 1892, John' Burdon Sanderson Haldane
obtained First Class Honours in Mathematics and
Littcrae Humaniores at Oxford in 1914. In 1919 he
became a Fellow at New College, Oxford. From 1922
to 1932 he was Reader in Biochemistry in the Uni­
versity of Cambridge and for part of this period he was
Professor of Physiology at the Royal Institution,
London. In 1933, he became Professor of Genetics
at the London University, the chair having been
created for him. From 1937 to 1957, he was Professor
of Biometry at London University. In 1957, on his
shifting to India, Prof. Haldane joined the Indian
Statistical Institute, Calcutta, as Research Professor.
After serving the Council of Scientific & Industrial
Research for a short period, he went to Bhuvaneswar
to take charge of the new Biometry and Gene~ics

Laboratory set up by the Orissa Government. In
1961, he became a citizen of the Indian Republic.

Prof. Haldane's most important biochemical dis­
covery was the demonstration of the presence of

cytochrome oxidase in a vertebrate, an insect and
a higher plant. In the field of genetics, he discovered
linkage in vertebrates and in tetraploid plants. He
was the first to measure mutation rate in human
beings. He was responsible for the generally accepted
theory of genetic determination of the antigens and
for the rule as to the sex of hybrid animals which
bear his name. Prof. Haldane is also known for
his mathematical theory of natural selection. He
applied statistical methods to many branches of
biology, including bacteriology, demography and
animal behaviour. His other contributions to
mathematics include the first general expressions
of the cumulants of the binomial distribution ancl
a theory of the composition of random vectors.
A unique feature of Prof. Haldane's biological work
has been his frequent use of his own body for experi­
mentation.

Prof. Haldane was the author of about 300 papers
and 25 books. He was elected Fellow of the Royal
Society in 1932. He received the Society's Darwin
Medal in 1933, and the Linnean Society's Darwin­
Wallace Commemoration Medal in '1958. The
United States National Academy of Sciences awardecl
him the Kimber Medal for his work in genetics
in 1961. The same year the Pontifical Academy
of Sciences awarded him a £11,500 prize for
biology.
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Mechanism of Flame Propagation
DEBDAS BHADURI

Central Mechanical Engineering Research Institute, Durgapur 9

. (2)

...... (I)

I N fluid dynamics we come across two types of
flow -laminar and turbulent. In the laminar
flow, the fluid particles move in a regular and

stationary pattern such that the neighbouring layers
are parallel and separate fro.m one another all along
the flow path. The flow becomes turbulent when
the border line of the different neighbouring layers of
fluid cannot be well defined due to a chaotic and

. irreguiar movement of the fluid particles.. Unlike in
laminar flow the velocity at any point in this type of
flow changes irregularly with time. Laminar flow
has been well studied both experimentally and
theoretically. But in the case of turbulent flow.
the laws which govern the movement of particles
are not yet revealed completely, though in practice
this type of flow is most commonly met with.
It is well known that the flow becomes turbulent
when Re (Reynolds number) becomes more than
2300 (for round commercial pipes). But till today,
no satisfactory physical interpretation has been pro­
vided in support of this fact which 'was established
only by experiments.

Flame Propagation in Combustion
Depending upon the regime of flow in which the

combustion takes place, burning may be either laminar
or turbulent. The problem of flame propagation
under laminar conditions has been studied for a long
time. The classical works of Lewis and von ElbE I and
Zeldovitch and Frank-Kamenetski! have given a clear
mathematical picture of the process. However, it is
difficult to find the exact analytical solution of the
differential equation, which is obtained by combining
two physical processes at the flame front, i.e. the
process of heat transfer and diffusion'. The equation
thus obtained is a non-'inear one and hence the exact
solution could not yet be obtained. Some attempts
have been made to solve this equation analytically
with the help of some approximations and the results
so obtained coincide fairly with the experimental
results on the value of the burning speed as well as
the structure of the flame (temperature distribution
and the rate of chemical reaction in the flame front).

In industrial units the process of combustion, as a'
rule, takes place under turbulent conditions, and
i,!-vestigations on the laws of turbulent flame propaga­
tion assume a great practical importance. This is
borne out by t\1e large number of investigations
carried out on the subject, though the study of the
problem of flame propagation in turbulent flow has
been taken up quite recently. But in these investiga­
tions no clear mathematical picture of the process
has yet been obtained, unlike in the case of laminar
flames. Experimental investigations have revealed
that the burning speed under turbulent conditions of
the mixture is much higher than that in the case of
laminar flow.

A few hypotheses have been advanced from time
to time for explaining the mechanism of flame pro-
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pagation in combustion, though not completely
satisfactorily. The present review surveys the im­
portant current theories in the field and makes an
attempt to unify the two main mutually contradictory
theories and to put forward a single theory in which
the Reynolds number is taken to be the factor deter­
mining the mechanism of burning. Some experi­
mental work in connection with elucidating some
aspects of the theories has been carried out by a
team of scientists including the author at the Depart­
ment of Boiler Design, Moscow Power Institute.
An account of this work has also been included.

• Surface Combustion 1 Theory

The first attempt to explain the nature of flame
propagation in turbulent mixtures was made by
Mallard and La-Chatalier3. They measured the
burning 'speed of stationary mixtures under certain
conditions of turbulence and found out that the
burning speed showed a significant rise. Even at
that time it was thought that the burning in the
combustion chambers of the engines is completed only
due to the presence of high turbulence.

Damkohler was the first to put forward a basic
theoretical explanation about the effect of turbulence
on flame propagation. In his pioneering work., he
showed that if the mechanism of combustion is taken
to be ' surface combustion' type, there may be two
types of turbulence, viz. fine-scale and large-scale
turbulence, and their effect on the flame propagatitn
is different. Large-scale turbulence takes place
when the scale of turbulence is greater than the flame
width of laminar flame and in the case of fine-scale
turbulence it is less. In fine-scale turbulence the
surface of the flame remains smooth, but the process
of mass and heat transfer at the flame front is to a
great extent intensified. Damkohler found out the
following expression for the burning speed in the
case of fine-scale turbulence:

HT,....,I/IJ~
where liT is the velocity of flame propagation (burning
speed) in turbulent flow; Ill, the velocity of flame
propagation in laminar flow; 'T, the coefficient of
turbulent kinematic viscosity; and v, the molecular
kil'lematic viscosity.

The physical significance of Eq. (I) arises O\;t of the
fact that, in small-scale turbulence, the acceleration
of the burning speed takes place due to the intensi­
fication of the processes of mass and heat transfer as
the pattern of flow becomes turbulent instead of
molecular.

As the quantity 'T is approximately proportional
to Re (Reynolds number). expression (1) can be
written as
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Fig. 1 - Effect of turbulence on flame structure (after
Damkohler) [(a) Fine-scale turbulence; and (b) large-scale

turbulence]

...... (8)

In all the above-mentioned studies - theoretical
as well as experimental - an attempt has been made
to explain the phenomenon of increased burning speed
in turbulent combustion on the basis of • surface
combustion' theory. Theoretical hypothesis and
the results of the experimental studies carried out by
the supporters of this theory show that in large­
scale turbulence, the factors determining the burn­
ing speed are the velocity of pulsation u' and t~e

coefficient of excess air Q( (to a less extent). It IS
assumed that Q( affects the burning speed UT not
directly but through 1-11 the burning speed in laminar
flow.

Experimental results are normally generalized in
the form

was calculated by the formulae of Mikhelson, which
is expressed as follows:

UT = A(u')n,(UI)m .•.••.. (9)

where A is some constant which is greater than
unity; nand m aTe constant coefficients, such that
n:;p m and n+m = 1.

Theory of • Flame Self-turbullzation'
In comparatively recent times anew theory on flame

propagation in t~rbulent flow was put .forward by
Karlovitz and hIS colleagues8. Accordmg to thIS
theory, the self-generated turbulence or auto-turbuli­
zation plays an important role in the process of flame
propagation and it is even assumed that, compar.ed
to that the natural turbulence of the flow can easIly
be negiected. From theoretical ~onsider.ation~ t~ey
found out a mathematical expressIOn, whIch wJ!1 gIve
the magnitude of turbulence, generated by the flame
itself. This is given as follows:

u' = )3' e,,;:-pg) . 1-11 ••••••• (10)

where p" and pg are the densities of the mixture
before and after the flame front.

V
UT= 5

where V is the velocity of gas expressed in volume,and
5 the average surface area of the cone.

On the basis of the experimental results obtained,
they found out relations between the following sets
of parameters: (1) variation of mean height of the
flame with change in Re, (2) variation of the flame
width with Re, (3) relation between UT and composi­
tion of the fuel-air mixture, and (4) relation between
I/T and Re. .

Working on' the above relations, Bollinger and
Williams found out the following empirical formula:

UT = 0·1761 1-I(do'206t'Reo'238 . (7)
where d is the diameter of the burner.

Another experimental work by Bowditch7 also
supported the ·mechanism of turbulent combustion
as suggested by Damkohler and gave a relation
between burning speed and pulsating velocity u',
wtich can be expressed as follows:

. (6)

( bl

hr·: :
, u •
: L :, ., .

(0)

JaT Jlu'UT=UI -=Ul -
aM aM

Bollinger and Williams' confirmed the theoretical
basis advanced by Damkohler and Shelkin. They
carried out their experiments on the measurement of
burning speed in bunsen burners; the burning speed

Damkohler largely confirmed the validity of .expres­
sion (2) by his experimental data obtained from a
turbulent flame in a bunsen burner.

In the case of large-scale turbulence the appearance
of the flame becomes completely different. Damkohler
.and even earlier Mallard and La-Chatalier assumed
that large-scale turbulence destroys the smooth
surface of the flame, which becomes wavy and even
breaks into a number of small parts. In that case,
naturally the average burning speed will increase,
according to the above workers, due to the increment
of the surface area of the flame. In Fig. 1 two types
of flame front are represented.

In the case of large-scale turbulence we may con­
sider that the flame surface becomes as if covered
with innumerable number of bunsen cones, which
have a base diameter equal to the scale of turbulence
I and height equal to the pulsating velocity u'.

If we assume that the scale of turbulence 1does not
change with the variation of u', we get .

UT"'U .... (3)
or putting the relation between u' and ET and Re

UT '" ET '" Re '. (4)
Shelkin° in his work made a significant contribu­

tion to the theory of flame propagation by extending
the concepts of Damkohler and simplifying his for­
mulae. Aq:ording to Shclkin, the processes of mass
and heat· transfer (turbulent and molecular) take
place simultaneously in the process of burning under
turbulent conditions. Shelkin gave the following
expression for burning speed in fine-scale turbulence:

UT = U1Jl+ al' ...••.• (5)
aM

where aT is the coefficient of turbulent transport, and
aM the coefficient of temperature conductivity.

In the case of intensive turbulence, when the co­
efficient of temperature conductivity is much lower
than the coefficient of turbulent transport, formula (5)
is transformed into
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Some experiments carried out by them showed a
positive result and the effect of self-generated tur­
bulence was graphically represented.

However, the question of self-generated turbulence
•has not yet received unanimous support and some
scientists in USSR hold opinions contrary to this
theory. The experimental studies carried out by
Prudnikov9 at the Academy of Sciences Labora­
tory, USSR, do not show that self-generated turbul­
ence has any appreciable effect on flame propagation.
It is true that from theoretical standpoint one cannot
reject .this theory, but the effect of self-generated
turbulence on flame propagation still remains doubt­
ful. It can be settled only with extensive investiga­
tions on actual measurements of the pulsating velocity
before and after the flame front.

I Volume Combustion' Theory
Another reasonable theory has recently been en­

visaged by Summerfield et al. 10 and Longbelln in USA
and subsequently supported by Shetnikov12 in USSR.
In this theory, which differs sharply from the
• surface combustion' theory, it is assumed that the
turbulent flame is a zone of intensive chemical reac­
tion which takes ph;ce in volume. LongbellU showed
that at intensive turbulence the process of burning
approaches towards a homogeneous condition. Under
such conditions, the flame front no longer exists and
the rate of heat release in volume is determined only
by the rate of kinetics of chemi"cal reaction.

This view is supported by the work of Shetni!wv12
wherein it has been suggested that the process of
combustion under turbulent conditions does' not take
place through the mechanism of' surface combustion'
but through the process of mixing of the fresh g-as
mixture with the products of combustion. The
chemical reaction which takes place in such cases
is of the homogeneous nature taking place in volume.
According to the model of Shetnikov, the turbu­
lent' moles', which consist of burnt and half-burnt
fuel mixtures, are thrown out from the zone of
burning by the pulsations of the turbulent flow and
ignite the neighbouring fresh • moles'. In some
cases these ' moles' may burn' from the surface or
partly from the surface. If u':;P HI, the original
• moles' do not find sufficient time for complete
burning and break into parts by the pulsations.
After this the process of diffusion starts inside these
• moles' and the temperature and concentration are
gradually equalized. Under such conditions, it is·
quite reasonable to assume that the general surface
in which the combustion takES place gradually in­
creases in course of the process due to the formation
of new 'moles' from the original 'moles' in the
process of burning. As we go deep along the flame
front, the mean temperature of the' moles' formed
there will increase, so also the rate of volume reaction
and a point will be reached when the rate of surface
reaction may be neglected. In this way, Shetnikov
suggests that 'surface combustion' takes place in
the front position of the burning zone; 'volume
combustion' takes place in the rear position.

However logical this may be, it should be kept
in mind that, in the absence of sufficient experimental
data, it is extremely difficult to frame such a ' model',
where 'surface' and 'volume' combustions take place
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simultaneously. For simplification, we can either
neglect the rate of volume reaction and consider
that the main portion of the gas mixture burns
through the .mechanism of • surface combustion',
or alternatively assume that the volume reaction
plays the main role and the mechanism of . surface
combustion' does not exist. However, the author
is of the view that under conditions of weak and
moderate turbulence, the mechanism of combustion
may be considered to be a combination of the two
mechanisms, i.e. 'surface' and 'volume' combustions.
It is well known that under pure laminar conditions
burning takes place only according to the 'surface
mechanism'. This has been well established by
adequate experimental data, i.e. temperature profile,
concentration of atoms and radicals (energiz~d).

Under ordinary conditions of turbulence, the tempera­
ture profile is su'fficiently extended, the temperature
gradient falls and the width of .the flame front
increases. It is quite likely that as we go on in­
creasing the Reynolds number Re, which denotes
nothing but the intensity of turbulence of the flow,
a moment may arise when there :will be no more
burning through the' surface mechanism' and com­
bustion will be taking place only through the' volume
mechanism'. It is still only a plausible suggestion;
the limiting value of Re, after which the combustion
will take place only through • volume mechanism',
has yet to be established experimentally.

Differential Equations
Recently a theory has been put forward by

Russian workers13,u that the differential equations
of heat transfer at the flame front for turbulent and
laminar flows are identical, if we take into considera­
tion the coefficient of turbulent and molecular con­
ductivity of heat in the significance of the parameter
A. The approximate solution of these differential
equations was achieved with the help of the theory
of Zeldovitch and Frank-Kamenetski2 and by using
the approximate solutions of Banderenkq15 two
equations were obtained for expressing the velocity
of f1al'he propagation in laminar and turbulent
mixtures:

o AM·q .I.(T ) (II)IIi = 2C"(T T ) 'f' B ••.•.p P F- i

lIr = l~.q(<rIulA) 1>(ln) (12)
P p(h-T.)

where 1>(Tn) is the rate of chemical reaction at the
temperature of ignition; p, the density of the fluid
mixture; AM,T, the coefficient of thermal conductivity
molecular and turbulent; q, the calorific value of
the fuel (cal./mole); ET, the coefficient of turbulent
transport, ET = lu' = (AT/pCp); u, the velocity of flow;
lA, the linear dimension of the apparatus; Cp, the
specific heat of the fluid mixture; and T., TF and
Tn, the initial, final and ignition temperature
respectively.

In other words, it was assumed that due to the
presence of a relation between AT and the velocity
of flow through the criteria ET/ulA the laws of mass
and heat transfer are not determined by II' or by the
scale of turbulence 1but by the said criteria. There­
fore, to find out the relationship between UT and Re,
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it is necessary to obtain a relation between lrJUlA and
Re, which is different for different canals or even for
different cross-sections of the same canal, as shown
in the experiments by a team of workers including the
author at the Moscow Power Institute. The criteria
lr/ulA which determine the burning velocity 1/r in
turbulent flow consist of two factors in the open
form as given by

lr 11' I K . b . f 1 1-I = - '1"- = arman S llum er x ratIO 0 to 'A
II. A 1£ A

Experimental work in the field of aerodynamics gives
us very little information about these two factors
and hence at the present moment it is almost im­
possible to evaluate the criteria lr/ulA for a given
value of Rc or 11. Further investigation in this
regard is contemplated.

Experimental Equipment

For carrying out experimental studies on these
aspects of the problem an equipment was constructed
for producing one-dimensional flat. flame in the
Department of Boiler Design, Moscow Power
Institute. The equipment consists of a cone (Fig. 2)
with a small angle of opening, which assures a con­
tinuous flow of the mixture. During the process of
combustion, which takes place in this cone, the flame
front is established in a plane perpendicular to the
cone axis, such that variation of all the parameters
approaches very closely that in the case of a one­
dimensional problem. The one-dimensional nature
of the problem was verified by means of temperature
and velocity profiles measured across different sec­
tions of the cone under conditions of burning and
cold blowing as well. These experimental data, as
obtained by us, give evidence that the one-dimen­
sional nature of the problem is maintained only in
the first few sections of the cone from the narrow end,
but as the diameter goes on increasing the velocity
profile gradually becomes parabolic in nature,
naturally destroying the flatness of the flame.

In this context a few remarks on the method of
experimental studies, as carried out by the previous
scientists, are relevant. In its own time, the use of
bunsen burner for studying the flame characteristics
made a great contribution to the theory of flame
propagation. But from the point of view of present
times, it allows some serious errors. The primary
source of error lies in the fact that while it is assumed
that the burning speed remains constant all over the
surface of the flame, actuallv its value is to a great
extent determined by the temperature of the gas
mixture before the flame front. In the vertex of
flame cone the value of burning speed is greater than

I

u u~ __~._.~,
,I

Fig. 2 - Prolilc of the 4.:ombustion t.:hambC'r

that in the other parts of the flame. As a result of
this non-uniformity, we can determine only the
average burning speed. There is another source of
error, and this is affected by the surrounding medium.
In the case of coefficient of excess air being more
than unity, this effect does not play any role, but
when its value is less than unity, the effect becomes
more prominent. Thus the need for producing one­
dimensional flat flame for experimental studies
instead of conical flames, which were being used
previously, is evident.

As observed in the experimental study at the
Moscow Power Institute referred to earlier, the conical
profile of the combustion chamber could not give
very satisfactory results for producing a one-dimen­
sional flame, specially in the region of the cone, near
the broader end and needs improvement., Hence
some alternative method should be devised for
achieving a flat flame. A flat flame for laminar
flow has been achieved by the well-known Egerton­
Powling burner, which is being widely used for
experimental studies in UK. But for turbulent
flame, such a burner is not yet known and we should
think of one that will give a rectangular velocity­
profile for obtaining a one-dimensional flame.

The equipment, as constructed and used by us in
the Department of Boiler Design, Moscow Power
Institute, if modified suitably, is of universal type
and can be used for studying various problems.
Apart from being useful for a full-fledged study of
the problem of flame propagation in homogeneous
fuel mixtures, the equipment can also be used for
studying flame propagation characteristics in hetero­
geneous mixtures, i.e. pulverized coal mixtures and
also the burning of coal particles in the flame
condition.

Summary
Existing theories on the explanation of the meclla­

nism of flame propagation such as • surface combus­
tion " • volume combustion' and' self-turbulization '
theories are presented. An attempt has been made
to unify these two main theories, i.e. • surface com­
bustion ' and • volume combustion' theories, which
though contradict each other have been verified
experimentally by their respective supporters. Thus
a single theory has been suggested wherein the
Reynolds number (Re) is taken to be the factor,
which will determine the mechanism of burning.
Accordingly, the pure' surface mechanism' prevails
in the laminar regime, beyond which, under weak
conditions of turbulence, both' surface' and' volume'
mechanisms are present and a limiting value of
Re should be found after which the burning should
take place only through • volume mechanism'.
The theory of • self-turbulization ' can be fully estab­
lished only after experimental verification of the
magnitude of the pulsations in the actual flame
condition.

An assumption that the differential equations of
heat transfer for laminar and turbulent flows are
identical has led to a mathematical expression for
the burning speed of turbulent flame. Hitherto, such
an analytical expression is not available. Here
again, due to the presence of a relation between :lr,
a coefficient which takes into account both molecular
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and turbulent conductivities and the velocity (u) of
flow, through a determining factor <TJulA where <r
is the coefficient of turbulent transport, the laws
of mass and heat transfer are not determined by the
pulsating velocity 1" or by the scale of turbulence,
but by the factor <dutA • Therefore, the relation
between UT and Re is different for different canal
profiles or even different cross-sections of the same
canal.

Advantages of conducting experimental studies in
the flat-flame burner have been pointed out and the
construction of such a burner for turbulent flame has
been suggested.
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Determination -of Glyceride Structure of Natural Fats-A Review
G. LAKSHJ\UKARAYANA

Regional Research Laboratory, Hyderabad 9

ANIMAL and vegetable fats consist essentially
of triglycerides. The physical properties and
performance of a fat depend on the number

and nature of fatty acids as well as their manner
of distribution among the triglyceride molecules.
Almost all fats contain four or more different
fatty acids and the .chemically distinguishable tri­
glyceride that could be formed from n fatty acids is
(n3+112)J2. The elucidation of glyceride structure
is thus not an easy task. Further, the differences
in the properties of component fatty acids, viz.
carbon chain length, and type and degree of un­
saturation, cannot be exploited in the separation of
triglycerides as effectively as in fatty acids, because
the former are often made up of different fatty
acids,

A number of monographs and reviews have
appeared which deal with the methods employed
in the determination of glyceride structure and the
concepts of fatty acid distributionl - 14• Rapid strides
have recently been made both in methodology and
in concepts. The concepts are briefly outlined
here and the methods critically reviewed with an
indication of the future trends'-

Concepts of Fatty Acid Distribution in
Triglycerides

Even distribution - Hilditch and coworkers deter­
mined the glyceride composition of a large number
of natural fats using the low temperature solvent
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crystallization procedureI and an oxidation methodl ,13

for the estimation of GS3*. From this wealth of
data, Hilditch formulated the rule of even distri­
bution, according to which the fatty acid location
leads to heterogeneous individual glycerides, yet a
homogeneous glyceride mixture, viz. the total fat'.
This rule defines that any fatty acid will occur not
more than once and not at all In many triglycerides
at c. 15 per cent (mole) or less concentration, at
least once and more frequently twice between
c. 35 and 65 per cent, and thrice at 70 per cent or
higher concentration but only after forming mixed
glycerides with the other acids.

Random distribution - This concept arose mainly
from the observation that proportions of GS3 in
some fats (particularly body and milk fats of
ruminants and also a few vegetable fats) are higher
than those obtained by the even distribution rule,
but nearly the same as those required by mathe­
matical probability3,18. When Sand U are the
molar fractions of saturated and unsaturated acids,
the four glyceride types that would be formed by
chance are the terms in the binomial expansion of
(S+ U)3. Thus, a larger number of individual
glycerides are formed making the fat as a whole
heterogeneous, despite the formation of greater
proportions of simple glycerides.

'The lollowing abbreviations are used in the text: G. gly­
ceryl; S, saturated acid; ,unsaturated acid; and A, azelaic
acid radicals.
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Partial random distribution - The glyceride com·
position of corn oil, determined after intensive
fractional crystallization, is the basis for the partial
random scheme proposed by Doerschuk and
Daubertl7. According to this, a fatty acid can
occasionally form diacid-triglycerides when its con·
centration is below 33 per cent (mole) and need not
occur at all in any glyceride between 33 and 67 per
cent concentration. No other oil has been similarly
studied to provide further support to this theory.

The even, random and partial random schemes
are empirical and do not suggest any mechanism
for the biosynthesis of glycerides.

Restricted random distribution- Kartha put for­
ward this concept on the basis of the glyceride
compositions of a number of natural fats, determined
by his acetone-acetic acid-permanganate oxidation
methocps-2o. According to this, lipolytic esterifica­
tion occurs in the liquid state. All the glycerides are
produced on a random basis, because of the rever­
sible dynamic equilibrium, except in the cases where
a restriction on the formation of solid GS3 occurs.
This synthesis is controlled by the solubility of GS3
in the substrate and the melting points of saturated
acids. When the formation of GS3 is limited to
helow its chance value, the other glyceride types will
be different from chance values. Based on this hypo­
thesis, Kartha formulated a rule for calculation of gly­
ceride type composition of any natural fat, irrespective
of its fatty acid composition and biological source,
from only the molar proportions of Sand GS320.

, Specific random' distribution - The next mile­
stone in the elucidation of glyceride structure was
the discovery that pancreatic lipase is specific to­
wa~d~ the fatty acids attached to the primary
poSItIons of the glycerol under controlled condi­
tions2I-29. Tattrie et al. 30 have further shown that
the enzyme hydrolyses the esters linked to the
1- and 3-positions at the same rate and the mecha­
nism of hydrolysis is random and not stereospecific.
Mattson, Desnuelle and Coleman and their coworkers
used pancreatic lipase for hydrolysis of a large
number of animal and vegetable fats3I-39. The
data demonstrated specificity rather than random­
ness in fatty acid distribution. The saturated acids
are preferentially attached to the primary positions
except in pig depot fat. To accommodate the
results obtained by pancreatic lipase hydrolysis
within the random or restricted random concepts,
Vander Wal put forward I,3-random, 2-random
hypothesis, on ·the basis of Richardson's sugges­
tIons40. He developed a set of calculations to
compute GS3, GSSU, GSUS, GSUU, GUSU and
GU3 from a knowledge of ~he percentage of satu­
rated acids in the whole fat and in the 2-mono­
glycerides liberated by pancreatic lipase hydrolysis.
Two assumptions are involved in these computa­
tions: (i) whatever the proportions of Sand U which
are dispersed among the 1-, 2- and 3-positions
respectively of the triglycerides, they are distributed
therein at random; and (ii) that the 1· and 3-posi­
tions are occupied by identical proportions of S
and U. These calculations are applicable only to
fats containing predominantly C18 and C18 fatty
acids. Coleman and Fulton36 also developed a
similar set of computations.

Hilditch (cited in ref. 8) believes that the 2-posi­
tion is esterified first preferentially by oleic and
other C18 unsaturated acids leaving the 1- and 3­
positions to the other acids. Gunstone9 developed
this idea whereby the secondary hydroxyl is pre­
ferentially acylated by unsaturated C16 acids and
the primary hydroxyls are acylated subsequently
by the remaining acids, including 'any C18 unsatu­
rated not required at the secondary hydroxyl.
Within these limits the distribution of acyl groups
at each position is statistical.

Kartha9 recently modified his restricted random
distribution theory by incorporating two more ideas:
(i) that ripening seeds contain two lipases, viz.
oc- and ~-lipases, the former promoting the rever·
sible esterification of fatty acids with the I-hydroxyl
and the latter irreversible esterification of only
higher fatty acids with the 2-hydroxyl; ancl
(ii) that these lipases mayor may not have fatty
acid specificity. He, therefore, proposed two speci­
fic restricted random distribution rules A and B.
Rule A is applied when only the oc-~ lipase mecha­
nism acts and Rule B when it acts in conjunction
with fatty acid specificity.

Savary' and Desnuelle3S postulated the existence of
two different enzymes in the biosynthesis of phospho.
lipids and triglycerides in plants starting from I-gly­
ceryl phosphate. One enzyme specifically esterifies
oleic, linoleic and linolenic acids in the 2-position,
whereas the other esterifies any fatty acid in the
3-position. The latter enzyme or some other enzyme
with similar lack of fatty acid specificity then esteri·
fies the I-position after dephosphorylation.

According to Mattson and Volpenhein34.39, who
hydrolysed a variety of natural fats with pancreatic
lipase, the 1- and 3-positions of glycerol are esteri­
fied first only by palmitic, stearic and any other acid
having more than 18 carbon atoms. Oleic, linoleic
mid linolen.ic acids are then attached at random
among all the unoccupied positions of glycerides.

Methods for Determination of
Glyceride Structure

Since fats are complex mixtures of a large number
of triglycerides, it is necessary either to segregate
them by suitable means into simpler mixtures or
to modify them to such derivatives as are amenable
to fractionation. and analysis. At one stage or
other, the f'ltty acid composition is determined.
Low temperature solvent fractional crystallization
developed by Brown and coworkers41 and urea­
inclusion42 separate according to the degree and
types of unsaturation, and ester-fractionationI
under high vacuum in an electrically heated and
packed column by chain length. Conjugation of
methylene-separated double bonds with alkali and
measurement of the absorption developed in the
ultraviolet regionta is used for the estimation of
individual polyunsaturated acids, and of total
saturated acid content44. Various chromatographic4s
(column46, thin layer47- 49 , paperso and gas-liquidSI-S4)
procedures are available for either segregation into
simpler mixtures or quantitative separation of fatty
acids and their esters. Reversed-phase partition
column chromatographySS-s7 is particularly useful in
the absence of a gas-liquid chromatographic unit.
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Methods for the determination of glyceride struc­
ture may be classified here under three heads:
physical, chemical and enzymic. Many procedures
may be included under more than one category.
The reason for such a classification is that segrega­
tion into simpler components or modification of
complex glycerides is the most important step.

Physical Methods'

Low temperature fractional crystallization -
Repeated crystallization of a fat or oil from suit­
able solvents like acetone or ether at temperatures
ranging from c. -70°(, upwards results ultimately
in the separation of fractions having a lesser num­
ber of component glycerides than the original fat.
From the fatty acid composition of each fraction
the component glycerides are computed on the
assumption that the final crystallized fractions con­
tain not more than two adjacent glyceride typesl.
Usually a separate estimation of GSa by the oxida­
tion procedurels is also made when dealing' with
saturated fats. The efficiency of the procedure
depends mainly on the intensiveness of the crystal­
lizations, i.e. repeated ·crystallizations until no,
further change is noticed in the characteristics of
the fraction.

Crystallization, being a physical procedure, does
not destroy the glycerides. Another advantage is
that individual glycerides can be computed from
the ·detailed fatty acid composition. However.
this procedure needs large amounts of the sample
(c. 0·5 kg.). 'involves repeated and tedious crystal­
lizations, and yet does not provide information
about positional isomers. Autoxidation of highly
unsaturated glycerides during repeated working is
likely but could be minimized by the addition of
antioxidantss8. The main limitation arises from
intersolubility effects, invalidating the assumption
that only two adjacent glyceride types are present
in the final fractionsl8. Despite occasional criti­
cisms levelled against this procedure7,l8,s8,8o, it
continues to be a useful tool for preliminary frac­
tionation into simpler mixtures though not per­
haps for complete and direct determination of
glyceride structure.

Before the advent of the pancreatic lipase
hydrolysis technique, purely physical means, namely
melting point, cooling curves and X-ray diffraction
data, were employed to obtain qualitative evidence

• Added in Proof: Gunstone et all" have crystallized
Jatropha ellreas seed oil into 3 fractions from a mixture of
acetone and methanolic silver nitrate at -10' to -70'C.,
thus combining metal-olefin complex formation with crystal­
lization. The fractions were further resolved by silver
nitrate-silica gel chromatography. Though unsatisfactory for
highly unsaturated and conjugated fatty acid esters", this
technique. in column1U or on thin layer1to•U :!....1 and on an
analytical (5-50 I-'g.) or preparative (50-100 mg.) scale, is
preferred by many in conjunction with gas chromatography
for fatty acid and glyceride separations and lipase hydrolysis
for positional isomers. Glass fibre paper using pyridine­
water (4: 1) was employed to separate triglycerides on a
microscale (5 I-'g.)"'. The glyceride fractions were trans­
esterified in sitlt and the methyl esters were developed in
second dimension using isooctanc. The glyceride composi­
tions, as determined by gas chromatography", of both.natural
and interesterified hutter and coconut fats differed from
random distributions, yariation being morc in the case of
the formerl49.
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regarding the nature of positional isomers of gly­
cerides. Quimby et al." deduced from such studies
on pure triglyceride types and their hydrogenation
products isolated by crystallization that lard is
composed largely of 2-palmityl glycerides.

Kartha62 improved Coffey and Spannuth's6a pro­
cedure for the estimation of GSa' Neutral fat was
twice crystallized from a~etone (1 g.!3 mI.) at
25°C. for 3 days and the final precipitate was
assumed to comprise GSa and GS2U.· This method
is applicable only to natural fats containing C

16
or higher fatty acids.

Reiser and DieckertM determined GSa by crystal­
lizing fat (c. 10 g.), to which HC carboxyl-labelled
tripalmitin was added from an acetone solution
until iodine value is reduced to a minimum. and
then determining the radioactivity. Theoretically,
this principle could be extended to determine other
glyceride types, but the nature of these should be
known in advance so that suitable labelled glycerides
can be added. The criticism of mutual solubility
is valid in this case also.

Thermal gradient crystallizatioll - Similar to sorp­
tions and desorptions in a chromatographic column.
repeated crystallizations are carried out in a
thermal gradient column pa<;ked with glass beads
as an inert support. Solvents of increasing power
of solubility are used as eluants. Magnusson and
HammondM studied this approach of Baker and
Williams66 using synthetic triglycerides, e.g. tri­
palmitin, oleodipalmitin and trimyristin. Jones and
Hammond67 applied the technique to determine
the glyceride stmcture of cocoa butter (using only
c. 0·5 g.) the results of which support Vander Wal's
1,3-random, 2-random concept. Van den Tempel
et at.68 also critically examined this fractionation
procedure. The separation is effected on the basis
of solubility which depends on molecular weight,
and degree and type of unsaturation. Though the
method is now in an exploratory stage, it has
potentialities. Large number of fractional crvstal­
lizations in one operation, simplicity of apparatus
used and physical nature are the apparent
advantages of this method. This procedure will
be useful more for preliminary fractionation than
for total analysis in one step.

Coltnterwrretlt distribution - Depending on their
degree of unsaturation and consequently their
polarity and partition coefficients, glycerides are
resolved by repeated distribution between two equi­
librated solvent phases of differing polarity69"o.
The more unsaturated fractions go into the polar
phase. The raffinates and extracts are weighed
and analysed for fatty, acid composition either by
the alkali-isomerization method or by gas-liquid
chromatography. Dutton and his associates have
determined the glyceride structure of linseed7l•
soyabean72, saffiower73, cocoa" and corn'S oils using
an automatic 2oo-tube countercurrent distribution
apparatus. Pentane-hexane was used as the non­
polar phase and furfural-nitroethane as the polar
phase. Except for cocoa butter, which seemed to
fit in with a 2-0Ieo. 1,3-random distribution, these
oils appear to conform to a random scheme.

Separation of geometric isomers of fatty acid
esters was achieved by partitioning between hexane
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and 90 per cent methanol containing 0·2M silver
nitrate'8. The greater the number of double bonds
in a molecule or larger the number of methylene
groups that separate them, the stronger is the
argentation. For the separation of esters accord­
ing to the number of double bonds, acetonitrile and.
hexane were found to lie more useful. Linseed oil
was fractionated using furfural-nitroethane (1: 1)
as the lower phase and petroleum ether as the
upper77 • Countercurrent distribution of loose
;r-bonded complexes of metals with unsaturated
glycerides appears to be a promising method.

As in the crystallization procedure an assumption
is made in countercurrent distribution that anv
fraction does not contain more than two adjacent
glyceride types. But the behaviour of a glyceride
is more predictable in countercurrent distribution
than in crystallization. Although individual gly­
cerides can be computed, no information on posi­
tional isomers can be obtained. About 10 g. of the
sample is enough for the analysis. The applicabi­
lity or otherwise of this technique has to be ex­
amined for various types of fats. The high cost of
the apparatus and the tediousness of the procedure
are handicaps for its widespread use.

Liqllid-solid cohlm'l chromatography - In the
chromatographic procedures developed for the sepa­
ration of glycerides, the sample size varies from a
few milligrams to a few grams and can be scaled up
or down.

Walker and Mills'8 fractionated linseed oil on an
alumina column into glyceride classes containing
4-9 double bonds. Alumina is usually not em­
ployed, because of the risk of chemical changes.

Silicic acid column chromatography has been
employed to fractionate model glyceride mixtures
and natural oils (c. 20 g.) by Sahasrabudhe and
Chapman'9. Lower molecular weight and more
unsaturated glycerides are adsorbed more strongly
than the higher molecular weight and less un­
saturated glycerides.

Metals like silver form weak 'It-complexes at the
double bond of 0Iefins·G-8•. Recently, more and
more investigators are combining this property with
chromatography; this may be .termed 'metal-olefin
complex chromatography'.

Mercuric acetate adducts83 are used to separate
fatty acid esters on alumina84 and silicic acid8s
columns. Inkpen and Quackenbush88 extended this
to the separation of triglycerides on an alumina
column with ethyl ether-acetic acid as an eluant.
The degree of unsaturation, i.e. the number of
addition sites for the formation of adducts is the
basis for separation. de Vries8,,88 separated on
silicic acid-silver nitrate columns methyl esters
(of stearic, elaidic and oleic, linoleic, and linolenic
acids) and triglycerides (tristearin, oleodipalmitin,
stearodiolein and triolein) using benzene-petroleum
ether mixtures. Stability of alkene complex in­
creases with its free energy content. Silver com­
plexes with cis isomers are more stable than with
trans isomers and those with linoleic ester are more
stable than with oleic ester. The lesser the stabi­
lity of the complex, the faster it migrates. Litch­
field et al. 89 separated Cliphea miniata seed fat on a
silver nitrate-silicic acid column and analysed the

fractions for glyceride composition by gas-liquid
chromatography. Subbaram and Youngs90 fraction­
ated lard into five fractions of differing unsaturation
(0-4 double bonds) by the method of de Vries.
Each fraction was analysed by gas-liquid chromato­
graphy of esterified azelaoglycerides; 24 glycerides
could be computed from the data. The analysis
on a fraction of a gram (c. 150 mg.) could be com­
pleted in a few hours.

Wurster et al,.91 and Emken et al." separated fatty
esters (2-4 mg.) by the number and configuration
of double bonds on a column of cation-exchange
resin saturated with silver. The use of resin
instead of silica gel to support Ag+ facilitates
the use of polar solvents such as methanol-water
mixtures to separate polar as well as non-polar
lipids without the risk of elution of silver. This
procedure may also find use in the separation of
polar lipids, such as phospholipids and partial
glycerides by using suitable mixtures of polar
solvents. By appropriate changes in solvent sys­
tems this approach could be extended to trigly­
cerides. Other metal complexes might be dis­
covered in the near future.

Liqllid-liquid partition chromatography - Reversed­
phase partition column chromatography has also
been explored for the separation of glycerides using
swollen polymerized soybean oil93 or rubber powder98
as a stationary phase and acetone-water or acetone­
methanol mixtures respectively as a mobile phase.
Separations of simple triglycerides (trilaurin and
trimyristin) and also cocoa butter glycerides (c. 15
mg.) were attempted by Black and Hammond9s on
a column of Celite treated with silane and equilib­
rated with the mobile phase, viz. lower layer of a
mixture of acetone, heptane and water. In reversed­
phase chromatography lower molecular weight and
more unsaturated components are eluted first.

Gas-liquid chromatography - Although this tech­
niqueSl-S4 has become a routine tool in the determina­
tion of fatty acid composition, only a few investiga­
tions are concerned with its applicability to glycerides
as such because of their lower volatility. In this
technique the sample is vaporized and carried by
means of an inert gas such as argon, helium or
nitrogen through a column packed with an inert
material (e.g. diatomaceous earth) coated with a
stationary phase (e.g. silicones, polyesters). By a
'series of partitions between the gas phase and the
stationary liquid phase separation is achieved.
By using a thermally stable stationary phase (e.g.
silicone gum rubber) and high programmed tem­
peratures (c. 200-400°C.), glycerides varying in num­
ber of carbon atoms are separable. Although it
has been applied to lard, butter, palm kernel,
coconut and safflower oils, this procedure seems at
present more suitable for fats containing low mole­
cular weight fatty acids and for' finger-printing '98-101.
Kuksis et al.1Ol separated butter fat triglycerides
varying in number of carbon atoms from 24 to 54
on a silicone oil (5E-30) column using a hydrogen
flame detector. From the computed data they
concluded that non-randomness prevails in the
intraglyceride as well as in interglyceride distri­
bution of fatty acids. With the development of
more thermally stable and selective stationary
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phases and with improvements in apparatus (parti­
cularly detectors) suitable for high temperature
work, the method may find use in the direct eluci­
dation of glyceride structure of many other fats.
Youngs and Subbaram1o' were able to chromato­
graph azelaoglycerides after methylation because
of the reduction in molecular weight. For quanti­
tative work, it is necessary to determine response
factors for each compound and use internal stan­
dards. Incorporation of suitable thermally stable
complexing agents into the stationary phase, as in
, metal-olefin complex chromatography', is likely to
help the separation of unsaturated glycerides.

Paper chromatography - Reversed-phase paper
chromatography50 has been used for the separation
of synthetic glycerides and natural oils1oa-5.
Vereshchagin105 determined the glyceride composi­
tion of poppy seed oil by ascending chromatography
on petroleum hydrocarbon-coated paper with ace­
tone-acetic acid (85: 15) as mobile solvent. The
separated components were detected with Sudan
Black B and quantitatively estimated by photo­
densitometry. The brominated triglycerides were
separated using hexane as mobile phase. The gly­
ceride spots were Qluted and the fatty acids re­
chromatographed. The use of paper chromatography
is likely to diminish as it is more time-consuming,
and also because quantitative analysis may not be
accurate, since the spots are not as sharp and rounded
as in thin-layer chromatography.

Thin-layer chromatography - In thin-layer chro­
matographyt7-t9, a suitable adsorbent (silica gel,
alumina, etc.) is coated in a thin layer on glass
plates with or without a binder (e.g. calcium sul­
phate) and the. plate dried, spotted and developed
in a solvent chamber. These plates as such could
be used for adsorption (or partition, if the plates are
wepos or prior development is carried out with a
polar solvent) chromatography, or the plates could
be impregnated with a non-polar material for
reversed-phase partition chromatography. Kauf·
mann and coworkers107,108 separated synthetic gly.
cerides and natural oils on silica gel·G plates as such
or impregnated with a petroleum fraction or un­
decane. The solvents used were ethyl ether, iso­
propyl ether or dichloroethane for direct silica gel-G
plates and acetic acid or acetonitrile-acetone for
impregnated plates. For similar purpose, Barrett
et al.l°9,110 used silica gel-G impregnated with silver
nitrate. Carbon tetrachloride-chloroform mixture
containing traces of' acetic acid and ethanol was
used for developing, and dibromo R-f1uorescein to
give fluorescent spots in ultraviolet light. Quanti­
tative analysis was effected by photodensitometry
of the spots charred by orthophosphoric acid with
an error not exceeding 3 per cent. Even positional
isomers of triglycerides (e.g. 2-oleodistearin and
l-oleodistearin) were separated. However, a suit­
able wide range of standards is needed for identi­
fication and quantitative analysis. Kaufmann and
Wesselslll employed thin-layer chromatography first
on silver nitrate-impregnated silicic acid and then
on reversed-phase plates to fractionate natural oils,
in conjunction with gas-liquid chromatography to
determine the fatty acid composition of fractions
and pancreatic lipase hydrolysis technique to eluci-
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date the positional isomers. Thin-layer chromato­
graphy using silica gel impregnated with silver
nitrate is an advance in microfractionation of tri­
glyceride classes for further analysis by other means.

Chern/cal Methods'

Acetone-permanganate oxidation - Hilditch and
Lea15 first developed a method for quantitative
determination of GSa by oxidizing fat (c. 100 g.)
with potassium permanganate, in acetone. Un­
saturated glycerides are converted to dicarboxylic
acid-glycerides (e.g. azelaoglycerides: GS.A, GSA.
and GAs) by cleavage at the double bond while
GSa are unaffected. By repeatedly washing an
ether solution of oxidized fat with aqueous potassium
carbonate solution, the GSa are freed of acidic pro­
ducts and estimated. The method is shown to give
erroneous estimates because of the hydrolysis of
azelaoglycerides18,19,ll2. Hilditch and Saletorella
attempted to extend this oxidation method to
estimate the other glyceride types as well, but failed
for the same reason.

Lakshminarayana and Rebell01l2,1l4 replaced the
troublesome carbonate-washing procedure by chro­
matography of the oxidized fat on an alumina
column to adsorb the acidic and hydrolysis products.
The GSs are eluted with chloroform or ether. This
procedure needs only a small sample (0'5-10 g.)
and is suitable for both natural and hydrogenated
fats.

Acetic acid - acetone - permanganate oxidation ­
Kartha maintained 3-6 per cent acetic acid concen­
tration during acetone-permanganate oxidation to
prevent hydrolysis of azelaoglycerides1p,19. The oxi­
dized fat is divided into two fractions through
magnesium salts, viz. (i) insoluble azelaoglycerides,
comprising GS.A together with a part of GSA.
and total GSs and (ii) the soluble azelaoglycerides
comprising the remainder of GSA., GAs and mono­
carboxylic acids. From the yield of the insoluble
azelaoglycerides, the saturated acid contents of
insoluble and soluble azelaoglycerides and also the
GSs content (as determined independently by the
crystallization procedureS'), the glyceride type com­
position is calculated. The residual unsaturation of
the acids from the insoluble azelaoglycerides is
accounted as due to unoxidized GS.U. Five grams
of sample is sufficient for analysis. .

Lakshminarayana and Rebello critically studied
the oxidation methods of both Hilditch and Lea15
and of Kartha19 using glyceride concentratesl1"ll5,llS.
They confirmed the extensive hydrolysis of all
azelaoglycerides in the former and considerable
hydrolysis of GSA., though not of GS.A, in the
latter procedure. Further, some neutral saturated
products, presumably ketoacetoxy compounds, were

'Added in Proof: Kartha'" developed a method for the
estimation of GSUS by preferential hydrolysis of azelaic acid
from insoluble azelaoglycerides and subsequent permanganate
oxidation to yield neutral product~. Howc\'cr. standardiza­
tion of the procedure was not reported. Subbaram and
Youngs~51 determined compositions of 7 animal and 7 vege­
table fats using their method of gas chromatographic separa­
tion of oxidized glycerides'" and compared them with those
"alculated according to Vander \Val". The agreement i.
~atisfactory except for human and more saturated vegetable
fats.
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shown to be formed particularly in Kartha's oxida­
tion from unsaturated acid groups, which increases
the GSa content and the yield of insoluble azelao­
glycerides. The accuracy of Kartha's method could
be affected by errors from these two sources. Addi­
tional evidence in support of these observations was
obtained by using pure methyl oleate and synthetic
triglycerides (Holla, K. 5., Padmanabhan, M. R. &
Rebello, D., personal communication). That new
esters are synthesized from methyl esters of un­
saturated acids has also been shown independently
by Eshelman and Hammond ll7•

Other modifications of acetone-permanganate oxida­
tion procedllre - Yakubov1l8 recommended bubbling
of carbon dioxide during Hilditch and Lea's oxida­
tion. Glycerol liberated from GAa during the re­
covery of oxidized fat is estimated by the periodic
acid method. The GSa are separated from the
remainder of the oxidation products by crystal­
lization from acetone. Nonanoic acid is removed
at 250°C. in a current of inert gas. From the acid
value of the mixture, GS2A and GSA2, thus left
behind, the proportion of each is calculated. In
view of the findings of Eshelman and Hammond ll7

and also Lakshminarayana and Rebello1l2 this
method is unlikely to be accurate.

Haighton et al.m separated GSa and GS.A from
GSA 2 and GAa by countercurrent distribution be­
tween isooctane and methanol. These workers also
fractionated the oxidation products of fat by
reversed-phase partition chromatography on rubber
columns using acetone as mobile phase. ]urriensl20

chromatographed azelaoglycerides on a polyethylene
column. These procedures have to be investigated
further.

!Ifercaptoacetic acid addtlcts - Eshelman et al.m
reacted fat (c. 5 g.) with mercaptoacetic acid and
separated the ammonium salts of adducts from the
unaffected GSa on a diethyl aminoethyl cellulose
column. This procedure is, however, tedious requir­
ing recycling of fat in the eluate because of rather
ready hydrolysis of adducts to the original glycerides.
Estimation of other glyceride types as well by this
method has been suggested but no results have been
reported.

Periodate-permanganate oxidation - Even before
/ the existing oxidation methods were found un­

suitable for glyceride structure studies, Lemieux
and von Rudloffl22-25 had developed a specific and
quantitative method based on periodate-permanga­
nate oxidation, in which the former is the actual
oxidant and the latter acts as a catalyst. This
was employed by Youngs128 in proposing a new
method. A t-butanol solution of fat (c. 250 mg.)
is added to a mixture of solutions of sodium
periodate, potassium permanganate, potassium
carbonate and t-butanol, and refluxed. After eva­
cuating free short-chain acids, the oxidized fat is
resolved into two fractions, viz. (i) GSa and GS2A
and (ii) GSA2 and GAa, by partition chromatography
on 90 per cent ethanol-saturated silicic acid using
Skellysolve B and ether as the eluants respectively.
After esterification each fraction was hydrolysed
with pancreatic lipase and the products re-esterified
for gas-liquid chromatographic analysis. The gly­
ceride type composition, viz. GSSS, GSSU, _GSUS,

GSUU, GUSU and GUUU, is calculated. The
compositions of lard, chicken fat, rat fat, linseed
oil and cocoa butter agreed with those expected on
the basis of Vander Wal's theory40. The method
has to be tested on a larger number of fats. The
procedure involves many steps. Hydrolysis of
azelaoglycerides may not be ruled out, since
oxidation is carried out in an alkaline medium.
The data obtained by pancreatic lipase hydrolysis
cannot yet be considered on a quantitative basis
without hesitation. Free fatty -acids liberated,
rather than 2-monoglycerides, hav~ been analysed
in this procedure which does not give a true picture,
since it is known that 2-monoglycerides are iso­
merized to I-monoglycerides and subsequently
hydrolysed to free fatty acids and glyceroP8,127.

Youngs and Subbaram102 improved the above
procedure. The oxidized fat was esterified and
injected into a temperature programmed (260-350°(.)
column of 1 per cent silicone (SE-30) coated on an
acid-washed, base-washed and silanized diatoma­
ceous earth (Anakrome ABS). Hydrogen flame
detector and helium as carrier gas were used.
Analysis on a 20 mg. sample can be completed in
about 4 hr. Individual unsaturated (e.g. oleo-~

linoleo-) glycerides cannot, however, be estimated
by this method alone. The presence of unknown
positional isomers of unsaturated acids could cause
errors. Not only have the response factors for
each of the esterified azelaoglycerides to be deter­
mined, but also the eluted components analysed
to make sure that no alterations are taking
place.

Ozonolysis - Privett and B1ank128,120 carried out
ozonization of unsaturated glycerides at c. -60°C.
in pentane. The ozonides are reduced to aldehydes
by hydrogenation using Lindlar lead-poisoned palla­
dium catalyst. The ozonides as well as the alde­
hyde cores are separated on silica gel-G thin layer
plates using mixtures of ether and petroleum ether.
The spots are charred and quantitative estimations
carried out by photodensitometry. The method
has been standardized with synthetic glycerides
and applied to corn oil, cocoa butter, olive oil and
lard. Alternatively, the spots are scraped -off and
the saturated acids analysed. One striking feature
of this method is that 2-4 mg. sample is sufficient.
However, care has to be exercised as some by­
products, e.g. esters, can be formed in the reduction
of ozonides1ao.

Enzymic Method·

This procedure25-30.127 involves emulsification of fat
(25 mg. to 1 g.) after the addition of bile salts and

.Added in Proof: Short-chain or highly unsaturated fatty
acids affect the positional specificity of pancreatic lipase to
some extent1$2. In coconut oil, lauric acid does not follow
the general pattern of saturated acids in vegetable fats'''.
Palmitic acid was predominantly found in the 2-position of
the' fats of wild boar and peccary and all over or more at
the 1- and 3-positions of the fats of other even-toed ani­
malslU. Elaidic11i6 and epoxyoleic l51 acids are hydrolysed as
easily as other acids. According to Kartha167• a triglyceride
molec.ule once attached to the enzyme is released only after
its hydrolysis to monoglyceridcs. Experimental observations
on trivernolin'" support this concept.

(Continued on LH. col. of next page)
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a suitable buffer, and hydrolysis with lipase from
pancreas of pig, sheep or rat at a pH around 8.
Usually calcium chloride is also added to activate
the enzyme and to minimize re-esterification of fatty
acidsu ,127. When about two-thirds of the fatty acids
have been liberated, the pH is brought down so as
to inactivate the enzyme. The hydrolysis products
(free fatty acids, mono-, di- and triglycerides)
are separated on ion-exchanger and silicic acid
columns131-34 or silica gel-thin layer plates135. The
fatty acid compositions of the original fat and the
liberated 2-monoglycerides but not the free fatty
acids38,127 are determined. Various' specific random'
concepts of different investigators that arise from
these data have been discussed earlier.

Although pancreatic lipase hydrolysis is un­
doubtedly useful, particularly in the elucidation of
positional isomers, undue emphasis cannot be laid
on quantitative analysis. The specificity or other­
wise of pancreatic lipase towards fatty acids of
unusual structures, unlike commonly occurring even-.
numbered straight-chain acids, has not yet been
examined, an aspect which is being explored in this
laboratory. Recent reports indicate that all fatty
acids do not hydrolyse at the same rate135 . For
example, short-chain acids are preferentially split
0ffZ8,29,136. Re-esterification and inter- as well as
intra-acyl migration are two other aspects deserv-'
ing attention24,25,29,137. The reproducibility of the
results may also be a problem, since the activity of
the enzyme and other side reactions (esterification,
etc.) probably vary according to the degree of purity
of lipase138. The nature of hydrolysis also varies
according to the conditions of experiment. Foreign
substances that are present in lipase, fat sample or
other reagents also influence the course of hydro­
lysis139.

Conclusion

In the analysis of fats, the reduction in the
quantity of sample required from kilograms fo
milligrams, and in time involved from months to
hours has been achieved largely because of the'
recent developments in quantitative chromato­
graphy. Combination of different principles (e.g.
metal-olefin complex formation with either counterc

current distribution or chromatography) is the major
contributing -factor responsible for the improved
efficiency of present-day fractionation procedures.
Techniques like crystallization, countercurrent distri- .
bution and chromatography are extremely useful
for fractionation of glyceride mixtures into simpler
mixtures, which could then be subjected to periodate­
permanganate oxidation, ozonolysis and pancreatic
lipase hydrolysis.

(Continued fl'om R.ll. col, of previous page)

Ver12om'a authelmintica seeds contain an enzyme with
specificity for the 2-position1 58,Ho8. Of 82 microorganisms
screened for the production of extracellular lipase, only 13
showed some activity; majority of these (e.g. Pseudomollas
fragi) are specific for outer positions, whereas that from
'Gcotrichum candidwn hydrolysed oleate esters regardless of
'their position169. These lipascs can be used at a n~utral

l>r slightly acid pH, therehy reducing acyl migration which
may occur at a pH of c. 8 used in pancreatic lipase hydro­
lysis.
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REVIEWS
SKEW PLATES AND STRUCTURES by L. S. D. Morley

(Pergamon Press Ltd, Oxford), .1963. Pp. xi+
128. Price 455.

This short monograph on Skew plates and stmctures
provides the basic "theory on this subject with a few
selected worked examples.

The fundamental equations for plane stress are
given in the rectangular and oblique Cartesian co­
ordinate systems for an isotropic plate which is re­
inforced by one or more systems of parallel straight
members uniformly distributed over the surface.
A brief account is given of plane stress in polar co­
ordinate system for an isotropic plate with special
emphasis on their application to the investigation of.
the local behaviour at the junction of edges having
various homogeneous boundary conditions. The
general method of trigonometric series solution is
indicated in the various coordinate systems to a few
elementary problems.

Small deflection theory of bending of plates is
presented in oblique and polar coordinate systems.
The bending behaviour and the buckling of parallelo­
gram-shaped plates are considered. Finite differeI!ce
approximations are developed in oblique coordinates.

A formal analysis is given for a swept box structure
using the theory of plane stress for anisotropic struc­
tures in oblique coordinates.

About eighty references are given to the published
literature in this field. This book is a valuable addi­
tion to the existing books in this field.

B. BASAVA RA]U

MATHEMATICAL THEORY OF X-RAY POWDER DIF­
FRACTOMETRY by A. ]. C. Wilson (Philips Technical
Library, Holland), 1963. Pp. ix+128. Price
Rs 24.00

The X-ray powder diffraction method has justly
remained a popular tool for the X-ray analysis of
materials, because of its simplicity and convenience.
On the practical side it has reached a stage of high
accuracy and precision, which is possible especially
with the modern counter diffractometers. It is,
therefore, imperative that a proper mathematical
analysis of the various effects should be available if
one has to make the best use of the available results
for interpretation. The book under review fills just
this gap. A companion volume on the experimental
aspects by W. Parrish is expected to be published
shortly.

The subject matter falls broadly under two head­
ings: (i) The effects on the positions and line profiles
due to geometrical factors such as the finiteness of
the size of the slits, and other geometrical factors
limiting the beam; and (ii) Causes of physical origin
such as the nature of X-radiation, effect of crystal
imperfection, etc.

The basic statistical tools required for analysis,
such as the mode, the median, the centroid of the line
profile, the variance as a measure of dispersion, are
introduced in Chapter I. After discussing the geo­
metry of the diffractometer in Chapter II, the dif-

ferent types of geometrical aberration such as equa­
torial and axial ones are discussed in Chapters III
and IV, and their effect on line profiles in Chapter V.
The physical aberrations are treated in Chapter VI.
As pointed out by the author, a chapter is incloded,
more due to its importance, on the effect of these
factors on the accuracy of the parameters determin­
able using the powder diffractometer. Fourier
methods for analysis of line profiles are discussed in
Chapter VIII, while Chapter IX deals with the dif­
fraction broadening due to particle size and also due
to crystal lattice defects.

On the whole, the book is a welcome addition as it
gives a self-contained and coherent account of the
mathematical theory of powder diffractometry.

. R. SRINIVASAN

DEVELOPMENT OF THE BLUE STREAK SATELLITE
LAUNCHER - Proceedings of the Second Space
Engineering Symposium, Hertfield College of Tech­
nology, Hertfordshire, 22 February 1963 (Pergamon
Press Ltd, Oxford), 1963. Pp. xv+128. Price
60s.

This book contains the details of the six papers read
at the Second Space Engineering Symposium orga­
nized by the Department of Mechanical Engineering
and Aeronautical Engineering at Hertfield College of
Technology, Hertfordshire.

These papers deal with the various aspects of the
Blue Streak Satellite Launcher, viz. performance,
autopilot design, instrumentation, structural design,
engine and propellant systems, and the development
and operation of the launching site. Each of these
papers has been presented by a member of the design
and development team of the De Havilland Aircraft
Co. and all aspects of the subject concerned have been
fully dealt with to the extent possible within the
limitations of a paper.

The book as a whole gives a detailed and compre­
hensive picture of the complexity and extent of the
work involved in a project of such a magnitude. It
also throws light on the contribution made by Britain
to the subject of space technology.

M. A. RAMASWAMY

VACUUM AND SOLID STATE ELECTRONICS - AN IN­
TRODUCTORY COURSE by D. ]. Harris & P. N.
Robson (Pergamon Press Ltd, Oxford), 1963.
Pp. ix+254. Price 205.

The authors have set before them the objective of
"writing an introduction to the subject of modern
electronics which does not demand a high degree of
mathematical sophistication and yet provides a
sound foundation upon which specialist knowledge
can be built". The book has been suggested for
engineering students in universities and technical
colleges.

There are eight chapters in the book and these have
been supplemented by five appendices. The first
three chapters - one introductory and two on va­
cuum electronics - have been written in a . tale-tell '
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fashion. Thus, the magnitude of the Avogadro's
number has been impressed on the mind of the reader
by saying that it would take 100 million years to take
Qut the molecules from an electric lamp at the rate
Qf a million per second(p. 7). It is open to doubts
whether such a style should be adopted in scientific
and technical text-books. One must, however, admit
that lot of mathematical sophistication has been
avoided in these chapters.

Tire next three chapters on fundamentals of solid
state electronics, diode and transistor, and transistor
as an amplifier entertain good deal of mathematical
derivations without which perhaps it would have been
impossible to explain the basic ideas. The grounded
base and grounded emitter configurations have been
discussed in the chapter on transistor as an amplifier,
while the' grounded collector stage does. not find
a mention. Only earlier forms of equivalent circuits
have been considered for analysis.

The chapter on electronic circuits is limited to
describing briefly the principles of rectification, ampli­
fication and oscillation. At the outset the preface
makes it clear that the emphasis is on devices and not
<m circuits. All may not agree that a book titled
Vacuum and solid state electronics, howsoever intro­
ductory it may be, should dispose off circuits and
applications in such a cursory manner.

The chapter on cathode ray tubes, following appen­
dices and problems with solutions, are all useful
additions.

As stated, the emphasis is on devices. The book
does not go beyond explaining the basic principles and
<:onstructions of earlier devices in a popular way. It
does not even mention the recent and most interesting
devices and their applications.

The book can at best serve as a good supplementary
reading for physics students (in very early stages) and
pre-engineering students in Indian universities.

K. S. BALAIN

THE PROPAGATION OF ELECTROMAGNETIC WAVES IN
MULTICONDUCTOR TRANSMISSION LINES by P. 1.
Kuznetsov & R. L. Stratonovich; translated from
the Russian by R. F. Kelleher (Pergamon Press
Ltd, Oxford), 1964. Pp. xvi+190. Price 70s.

The book is based upon the papers published by the
authors in different journals over a period of about
-eight years (1947-55). It starts with the descrip­
tion on the electromagnetic wave propagation in
multiconductor transmission lines in terms of Max-.
well's equations in the entire space surrounding the
·conductors. The boundary conditions at the con­
ductor surfaces include the effect of finite conducti­
vity and the e.m. fields are derived in powers of the
skin-effect parameter. Under certain restrictions
that are determined, the. equivalent Kirchhoff's
-equations can be used, for which the generalized im­
pedance and admittance matrices are derived. The
theory is then applied to the specific case of general
two-wire systems. The electromagnetic fields are
·described in terms of two modes: a symmetric mode,
.and an antisymmetric mode.

In Chapters III-V, some new methods of analysing
and designing non-uniform lines are presented in
terms of the equivalent four-terminal networks
(a, b, c and d parameters) of these lines. Most res-
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trictions, on the manner in which the parameters of
such lines must vary in order to affect a closed form
solution in terms of elementary functions, are avoided.

The sixth chapter deals with the transient effects
in a multiconductor system, with particular reference
to the two-wire system; the waveforms are expressed
in terms of contour integrals, which are in subsequent
chapters described in terms of cylindrical functions
of one and two variables. Recurrence relations for
these functions and their derivatives are given and
the above results are applied to the specific case of a
semi-infinite Lecher wire system.

The book uses a lot of high powered mathematics
and should prove of great value to the active worker
in this field.

O. P. GANDHI

MODEL ANALYSIS of STRUCTURES by T. M. Charlton
(E. & F. N. Spon Ltd, 22 Henrietta Street, London),
1964. Pp. xii+142. Price 21s.

The title of the book is somewhat misleading since
model tests for stress analysis are conducted on a
wide variety of structures such as gravity, arch and
buttress type of dams, for bridges of arch and other
types and also for structural members such as conti­
nuous beams, portals, trusses, etc. The scope of the
book, however, is limited to the model analysis of
structural members and frames only.

It is to be mentioned that analytical methods of
solution for structural members do exist, whereas
model analysis offers an alternative tool, which is con­
sidered to be quite handy for design engineers, fur­
nishing solution of required degree of accuracy and in
a less time than by the analytical methods. The
methods described in the book are such that the
equipment required could be provided in a design
office without special laboratory facilities.

The mathematical concepts of the model analysis
which are based on the principle of similarity are
clearly presented. Model analysis is classified bmadly
into (i) indirect methods and (ii) direct methods.
The former is more popular since it enables influence
lines for both linear and statically determinate struc­
tures to be obtained by applying prescribed displace­
ments to their models and observing the resulting
deformation curves. The latter, however, involves
strain or force measurements on models from which
corresponding values from the respective prototypes
can be found by scaling. The indirect methods are
based upon Mtiller-Breslav's principle for statically
determinate and linear indeterminate structures.
Three classical indirect model techniques due to Beggs,
Gottschalk and Rieckhof are described briefly.

Model analysis can be employed for three-dimen­
sional structures as well as for plane frames, but here
the indirect method becomes too complicated for
design office use unless it is justifiable to analyse the
structure by treating its component plane frames
separately.

A practical example of the analysis of the equip­
ment utilized for same, such as compensating balance,
moment indicator and 'isodynam9meter' invented
by the author, is discussed..

The book serves as a text to engineering students
and as a reference book to design engirieers on the
topics referred to.
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The'reviewer feels that the type of problems referred
to in the book could be all solved very satisfactorily
by the use of Beggs' deformeter itself. A more
detailed description of this equipment and its applica­
tion would have enhanced the usefulness of the book.

J. V. RAO

AERO-SPACE AUTOMOTIVE DRAWING STANDARDS
(Society of Automotive Engineers Inc., 485 Lexing­
ton Avenue, New York), 1963. Pp. xxxi+358.
Price 140s.

These standards are intended for the promotion of
wider uniformity of drafting practice for both aero­
space and automotive industries. Chapters E and F
deal exclusively with the terminologies and standards
for automotive and aero-space industries respectively.
The remaining chapters are devoted to the drafting
standards of drawing sheet sizes and format, drawing
titles, components and features, materials and pro­
cesses, dimensioning and tolerancing, abbreviations'
and pictorial drawings, and tables and charts.

To suit the requirements of mass production and
interchangeability, considerable attention has been
paid on dimensioning and tolerancing of drawings to
reflect the latest advances in theory and practice.

Although prepared for the instruction and guidance
of draughtsmen engaged in aero-space and auto­
motive industries, this manual will serve virtualiy
the needs of drafting standards for any engineering
industry. These standards are also useful for
teachers and students of engineering. The chapters
are indexed and arranged so that any revision or
addition can be incorporated as and when they are
made available. Care has been taken to present
these standards in a manner that will promote orderly
study.

The manual, which is well illustrated with figures
and line diagrams, reflects the latest advances in
drafting standards and, therefore, is a welcome addi­
tion to engineering libraries.

NINGAIAH

PHYSICAL CHEMISTRY by E. A. Moelwyn-Hughes
(Pergamon Press Ltd, Oxford), 1964. Pp. vii+
1334. Price 84s.

Dr E. A. Moelwyn-Hughes of Cambridge University
is a leading teacher of physicalchemistry. The book,
popular since it was first published in 1957 and now
in its second revised edition, is based on the author's
lectures to undergraduates in their last year of study
at that university. '

The subject matter is presented on refreshingly
new lines. The first four chapters are devoted to
experimental foundations and mathematical formula­
tion of the kinetic-molecular and the quantum theories
followed by chapters on the chemical elements,
thermodynamics, intermolecular energy, and parti:
tion functions. The physical chemistry of molecules
and of the states, solid (crystalline and metallic),
gaseous, liquid, dissolved (ionic and non-ionic), and
interfacial are next considered. The last chapters
of the book are devoted to chemical equilibria and
kinetics. Throughout, die approach is from the
standpoint of the partition function, and when this
is not known, recourse is taken to the standard pro­
cedure of thermodynamics. Both experiment and

theory are equally emphasized. There are eleven
appendices, a name index and a subject index. A
number of useful examples follow 'each chapter.

There is no dQubt that this book is an outstanding
text-book on physical chemistry. The treatment is
admirably clear though at places it departs from the
conventional, and the mathematics is simple. The
book is of considerable value to both the student and
the teacher of physical chemistry.

S. R. MOHANTY

THE SCIENCE AND TECHNOLOGY OF TUNGSTEN,
TANTALUM, MOLYBDENUM, NIOBIUM AND THEIR
ALLOYS - Proceedings of an AGARD Conference
on Refractory Metals, Oslo, 23-26 June 1963
(Pergamon Press Ltd, Oxford), 1964. Pp. xiii+
588. Price £7

The book is based on the AGARD Conference on
Refractory Metals held at the Oslo University Centre
in Norway last year. It is one of the most valuable
and unusual publications in having departed from the
beaten track in the presentation and discussion of
highly technical and complex subjects and in bringing
together the specialized features of the applied techno­
logy and fundamental basic theory of the science of
refractory metals and their alloys. The publication
has endeavoured to bring together an intimate intellec­
tual partnership of two different' fellow travellers,
viz. the pure scientist and the pure engineer.

The publication presents rapporteurs' interpretative
comments and detailed discussions in each chapter.
International authorities in different specialized fields
of the subject have presented their contributions
based on practical experience gained from the appli­
cation of refractory metals in relation to theoretical
hypotheses. There has been no single publication
dealing with such a vast subject such as the one
under review. The explanation why so much
emphasis is currently laid on the refractory metals
has been clarified to the engineers in terms of
peace-time pursuits and emergency requirements
arising in the wake of World War II. Purely theore­
tical aspects on the electronic structure and alloying
characteristics of the transition. metals have been
adequately dealt with. A new subject dealing with
the micrometallurgy or the metallurgy of minute
additions such as rare earth to refractory metals has
received due attention. The physical properties and
metallurgical characteristics of refractory metals have
been highlighted. ,

Each chapter contains its own purely theoretical
papers in the respective field followed by discussion
on applied technological aspects and concluding with
a review of the applications of refractory metals and
their alloys including their service performance in
this jet age under the most rigid cOIlditions.

In a separate chapter on 'Primary fabrication',
the production of flat products and shape forming of
refractory metals have been discussed. Another
chapter on ' Secondary fabrication' covers machin­

.ing, forming, joining and flow turning of refractory
metals and their alloys.

The publication is all the more stimulating and
technically informative in going through the discus­
sion given in each chapter covering the use of tungsten,
tantalum, molybdenum, niobium and their alloys.
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It is indeed a prize book - a book of reference - a
book of daily use - an authoritative publi~ation well
produced and excellently presented. Undoubtedly
it will find it place in all the international libraries,
engineers' shelves and res~:i.rch bureaux each one
engaged in contributing to a mighty effort to produce
still better refractory alloys in this modern jet age
conforming to rigid standards of performance and
service requirements.

The editor of this publication is to be complimented
for having brought an unlimited field covering the
science and technology of refractory metals in one
publication, the benefits of which will be ever lasting
and would be spread far and wide by technical re­
search and development and industrial organizations
of the world over. The get-up of the publication,
printing and reproduction are flawless.

B. R. NI]HAWAN

THE THEORY OF RECYCLE PROCESS IN CHEMICAL
ENGINEERING by M. F. Nagiev; translated from
the Russian by R. Hardbottle; translation edited
by R. M. Nedderman (Pergamon Press Ltd,
Oxford), 1964. Pp. xvi+278. Price £5

The extent to which a chemical process can be carried
out is limited by thermodynamic and kinetic con­
siderations. These limitations can be overcome by
the use of recycling, thus enabling almost complete
utilization of raw materials to finished products.
The theory of recycling is not limited to any parti­
cular unit in a plant but can be adopted to an entire
plant. The coordinated performance of the indivi­
dual units' comprising a plant can be described
mathematically by the theory of recycling, and opti­
mum plant layout and conditions can be determined.
Prof. Nagiev in his book has presented the entire
theory of recycling processes in chemical engineering
in a logical sequence and has treated the subject in
a very rigorous manner. Equations have been
derived which cover a variety of operations. The
use of recycling, together with a knowledge of the
kinetics of the chemical reactions involved, so neces­
sary in' the determination of optimum reactor size,
has been cleatly explained.

The different aspects of recycling, some of which
have been cited above, have been covered in the

.book in seven chapters.. Each chapter has several
well-defined sectiqns. Although the theory of recycl­
ing can be used in almost any chemical engineering
operation, it appears that the book considers largely,
the application of this principle to the optimum
design of chemical reactors.

Although the use of recycling is implicit in many
designs, Prof. Nagiev's book is perhaps the first
attempt to treat this subject separately. The chemi­
cal engineer is now in a position to examine the
utility of recycling operations and to use the several
equations derived by Prof. Nagiev. Except for the
simplest of reactions, it seems necessary to employ
electronic computers to calculate the steady state
parameters involved. Worked out examples, such.
as propylene hydrochlorination, butane dehydro­
genation and propane dehydrogenation, add greatly
to the value of this excellent treatise. This reviewer
has no hesitation in recommending this book to
students of chemical engineering as well as those
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who are (lctively engaged in the practice of this
profession.

L. K. DORAISWAMY

LIGHTING PROBLEMS IN HIGHWAY TRAFFIC edited
by Erik Inglestam (Pergamon Press Ltd, Oxford),
1963. Pp. 151. Price 70s.

This volume contains the proceedings of a sympo­
sium held at the Wenner-Gren Centre, Stockholm,
in October 1962, organized by the Swedish Council
for Road Safety Research. Some of the subjects
covered are glare effect from the standpoint of phy­
siological optics, research and visual problems in
night driving, adaptation time after glare, and how
polarized headlighting might be introduced. Along
with the papers read are also included the discussions
that followed. These discussions have revealed some
very useful information.

Discussing Arnuli's paper on 'Visual problems in
, night driving', Prof. Schober explained the Bavarian

new law which requires that all applicants for driver's
licences should have a visual screening by a special
apparatus constructed by the Institute of Medical
Optics and used by the Technische Uberwachungs­
dienst engineers. The discussions revealed also the
necessity of adopting a uniform level qf luminance
for headlights and parking lights which varies very
largely in European countries.

Van Zwet commented on a typical good road
lighting installation and also described' a portable
luminance meter for testing street, lighting instal­
lations.

Jehu, Ingelstam and Kjellburg in their papers
discussed problems and their findings with polarized
headlights. Jehu suggested the possibility of gradual
adoption of polarized headlighting, starting with
polarization of lower passing beams only.

Prof. Wright in his paper pointed out the 'need for
more work on subjective brightness and contrast
scales which, as applied to street lighting problems,
is being carried out in his laboratories.

Most of the papers read were concerned with
vehicle lighting in relation to glare and seeing dis­
tances. Since fixed road lighting to produce adequate
seeing conditions at night is equally important, the
benefits of this symposium would have been greater,
if this aspect had also been discussed in more
detail.

Some of the papers have been presented in langu­
ages other than English. Nevertheless, a commend­
able effort has been made to bring out the proper
translations though at places some concentration is
needed for understanding especially by those who
are familiar with English only. Also a coordinated
effort should have been made to adopt the inter­
national vocabulary of CIE thus avoiding the
ambiguous usage of, e.g., ' glare'; physical, physio­
logical and psychological; absolute, relative or
adaptive; disability or discomfort.

The book will be of great interest to those interested
in physiological optics and the lighting, automobile
and highway construction industries.

K. S. SARMA

EFFECT OF IONIZING RADIATION ON THE REPRODUC­
TIVE SYSTEM edited by William D. Carlson &
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F. X. Cassner (Pergamon Press Ltd, Oxford), 1964.
Pp. xii+478. Price £5

This book is a collection of papers presented at an
international symposium held in 1962 at the Colorado
State University and was supported by US Atomic
Energy Commission. The importance of research
on the effect of ionizing radiation on the reproduc­
tive system and the growing knowledge in this area
necessitated the convening of a special symposium.

The effect of ionizing radiation has been implicated
in a large number of problems. For a long time
interest and concern has been expressed about
possible damage to reproductive capacities and
especially male sexual competence when personnel
are exposed to substantial amounts of radiations.
Further, the dangers of an atomic explosion and the
possible continuous exposure of human populations
to low doses of radiation warrants the study of this
important field and makes it quite imperative and
useful. On the other hand, it has been known that'
many men and women have only marginal fertility
and information has been lacking concerning the
levels of environmental radiation required to change
a substantial number of individuals from fertile to
infertile categories in both human and domestic
animal populations. At the same time, question on
which attention has been drawn in the past is the
effect of ionizing radiation on parental instincts and
sex drive and the problem of fertility control.
Besides the above, there has been the question of
gamete and zygote banks. Since artificial insemina­
tion is now highly developed using both fresh and
stored semen for the development and maintenance
of high quality breeds of domestic animals, the possi­
bility has been put forth to store ova and even zygote
for future use. Because of the fears of genetic damage
in case of nuclear war that could affect the quality
of germplasm, some people have advocated storage
banks for crop seeds and for gametes and zygotes of
domestic and wild animals and even man. Among
other things these are only some of the large number
of problems which have been commonly posed.

The symposium at Colorado, on which the book
under review is based, discussed many of the problems
mentioned above and numerous other aspects of
reproduction which are affected by ionizing radiations.
The book is divided into four sections. Sections I
and IV deal with general and related aspects of the
effect of ionizing radiation on the reproductive system,
while Sections II and III are exclusively devoted to
the effect in the male and the female respectively.
Each section contains a series of papers. All the
sections conclude with panel discussion in which
distinguished contributors participated. Among the
eight very informative papers in Section I may be
mentioned a paper by Janice Stadler and John Gowen
which is of great interest. The authors have studied
the effects of continuous irradiation over ten genera­
tions on reproductivities of different strains of mice.
This is followed by a set of very interesting papers
on the effect of ionizing radiation on reproduction
in the male. Each paper in this section deals with
an effect of radiation on certain aspects of testicular
function or male reproduction in general. Two
papers in this section on the rate of spermatogenesis
and mechanism of fertilization may be pointed out

for their novel approach. The third section dealing
with female reproduction contains eight very infor­
mative papers. In this set the last three papers
(Glasser, Anderson and Diczfalusy et at.), dealing
with placental dysfunction, syndromes affecting re­
production and the influence of ovarian irradiation
on urinary estrogens, give a lot of new information
and data on these points. In the last section, the
banquet address on ' Cancer induced by single doses
of irradiations' by Charles Huggins is very
interesting to read. Lastly, Paul Henshaw has sum­
marized the proceedings of the symposium in which
he has concluded that the changes in reproductive
functions induced by ionizing radiation are in no
way different from changes that occur spontaneously
or changes induced by other kinds of agents. How­
ever, some degree of hazard is involved whatever be
the exposure and the amount of hazard increases
with dose on exposure.

The .symposium proceedings, particularly the panel
discussions, have been carefully recorded. There are
hardly few printing mistakes. The book forms a
most valuable reference text for all universities or
other educational institutions of comparable academic
standard engaged in courses or research in the field
of radiation biology or nuclear science. It will be
found extremely useful to those engaged in research
in radiation biology, reproduction and endocrinology.

K. R. LAUMAS

COMPARATIVE NEUROCHEMISTRY - Proceedings of
the Fifth International Neurochemical Symposium,
St Wolfgang, Austria; edited by D. Richter (Per­
gamon Press Ltd, Oxford), 1964. Pp. xi+491.
Price £5

The recognition of species differences in metabolic
pathways and body constituents is on the increasing
abundance in literature. Of particular importance
is the recognition of the fact that the central nervous
system of different species of animals may differ in
their neurochemical mechanism. This book which
contains the proceedings of the Fifth International
Neurochemical Symposium held at St Wolfgang,
Austria, deals with the integrated data derived from
various fields on the nervous mechanisms in various
animal species. The data include, in addition to
the general aspects of structure, chemical composi­
tion, metabolism and drug action in different species,
also studies.. on the enzyme distribution .and beha-
vioural patterns. '

The book is divided into seven sections. The first
section deals with the structural aspects of brain and
its relationship to the functional organization in the
nervous system in different species. The second
section deals with the distribution and metabolism
of proteins, lipids, lipoproteins and ribonucleic acid
in the nervous system of different species. The third
section describes the aspects of amino acid metabolism,
the distribution of amino acids including N-acetyl­
aspartic acid and the uptake of amino acids by brain
in various species. In Section IV, carbohydrate
metabolism and consideration of energy production
in several species are included. The distribution
studies of ions, considerations on the blood brain.
barrier system and effect of ~-irradiation form part
of this section. .Section V deals with neurosecretion,
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the distribution of neurohypophysial peptide hor­
mones and hormonal control mechanisms. The main
theme of Section VI is the action of transmitter sub­
stances with special emphasis on the distribution and
metabolism of acetylcholine, 5-hydroxytryptamine
and catecholamines in the brains of various species.
The last section gives an account of the pharmaco­
logical action of drugs on the nervous system of
various species and the differences in the response to
these drugs by different species.

The book is profusely illustrated and has an' excel­
lent get-up. This book will be very useful not only
to biochemists, pharmacologists and physiologists
but also to research workers in the field of comparative
biochemistry.

B. K. BACHHAWAT

OSMOTIC AND IONIC REGULATION IN ANIMALS­
International Series of Monographs on Pure &
Applied Biology, Vol. 19, by W. T. Wo. Potts &
Gwyneth Parry (Pergamon Press Ltd, Oxford), 1964.
Pp. xiii + 42J. Price 60s.

Claude Bernard (1878), to whom we owe the often­
quoted aphorism in physiology - .. La fixite due
milieu interieur est la condition de la bie libre " ­
was the first biologist to realize .that the internal
environment of an organism is not merely something
produced in metabolism but also a kind of medium
in which activities of the tissues can be regulated.
The full significance of this regulation came to be
appreciated only much later, when Walter Cannon
(1932) spoke of the' Wisdom of the body' and gave

.currency to what is now an important central concept
in biology, • homoeostasis '. This concept has an
abstract, theoretical foundation.. The physiologist,
however, arrives at this concept as an induction of a
great number of empirical facts, and adopts the ideas
of steady state, open system, feedback, etc.

The book under review illustrates this approach
with reference to the physical and chemical equilib­
rium between the animal and its environment in
relation to water and electrolytes. This is an aspect
of homoeostasis which has received increasing atten­
tion not only in physiological but also in ecological
studies during the last twenty-five years.

The pioneer publication on this subject is Osmo
regulation in animals by Krogh, published in 1938.
There have since been considerable advances in the
investigation of osmoregulation and ionic regulation
in animals. This progress has been greatly catalysed .
by the new techniques for microdeterminations of the
electrolytes, and, as in many other fields, by the use
of radioisotopes. The papers bearing on osmoregula­
tion and ionic regulation have been numerous and
scattered in various journals, and the publication of
the present monograph is, therefore, very welcome.
It summarizes a considerable volume of work, illus­
trated by select examples of diverse animal types.
A commendable feature of the work is the special
emphasis on biophysical basis of regulation in the
treatment of the subject. An introductory chapter
provides the foundation for appreciating the bio­
phy,ical bearings of osmoregulation and ionic
regulation.

A good account of the role of the excretory organs
in osmoregulation is presented in the second chapter,
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and this is followed in subsequent chapters by
accounts of ionic regulation in marine animals, osmotic
regulation in brackish water, freshwater and terres­
trial animals. The regulation of the salt concentra­
tion below that of the environment in sea and inland
waters and the investigation of electrolytes in rela­
tion to respiration are dealt with in Chapters VII and
VIII. The last chapter deals with the control of
electrolyte metabolism. This is explained with refer­
ence to vertebrates on the analogy of a regulating
system which includes a closed loop and is capable of
recovering stability by rapid response to any mis­
alignment.

The book does not claim to be comprehensive but
is packed with a considerable number of details re­
lating to over 250 different animal types and a biblio­
graphy of over 650 titles. The monograph is on the
whole a very useful publication.

However, one would wish that the matter in the
book had been present~d in a more interesting and
readable manner by a better ordered sequence and
interrelation of the numerous facts in it. A critical
appraisal of the present status of the subject, its
future possibilities, and an evolutionary outline of
the homoeostatic mechanisms in relation to salt and
water balance, might have been included to add to the
usefulness of the book. The book is practically free
of typographical errors; however, on page 77, in
the legend to Fig. 11.10 - ' Pontin' is evidently a
misprint for' Pantin " and' homoeostasis ' is not con­
sistently spelt in the book. These are negligible and
do not detract the value of the book as a mine of
information on osmoregulation and ionic regulation
in animals.

R. V. SESHAIYA

THIRST - Proceedings of the First International
Symposium on Thirst in the Regulation of Body
Water, Florida State University, May 1963;
edited by Matthew J. Wayner (Pergamon Press
Ltd, Oxford), 1964. Pp. viii+570. Price £7

The book is based on papers presented at the First
International Symposium on Thirst in the Regulation
of Body Water. Thirty papers presented were based
on,investigations on human subjects and on laboratory
ammals such as rats and dogs. The present concept
on thirst in the regulation of body water, as revealed
from the conference, may be summarized in the
following lines.

The deficit in body water leads to diminished circu­
lation through the salivary glands and as a result
the quantity of salivary secretion is reduced. Buccal
mucous membrane becomes dry giving a sensation of
parchedness in the throat which results in the stimula­
tion of the nerves. When the impulse reaches the
brain we become aware that we are in the need of a
drink and feel thirsty. The,re is no special organ to
arouse thirst. But the peripheral mechanism does
not always depend on water deficit. Patients with
gastric fistula complain of thirst even if the fluid
balance is maintained by intravenous transfusion.
Subjects complain of thirst after ingestion of sweets
or sugar solution. A person drinks less if the water
is ice-cold as compared to water at room temperature.
Intense thirst is induced by intravenous injection of
hypertonic saline. The total drinking of water is
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related to the drinking habit pattern. In many
subjects it may be a desire for coffee or milk and not
thirst which dictates the daily drinking pattern.
Thirst can be quenched by introducing water directly
into the stomach. The distension of the stomach
with a balloon reduces the water intake in spite of
water deficit. Gastric factors, therefore, are also
important in the arousal of thirst. The defects in the'
peripheral mechanism lead to the possibility of a cen­
tral regulation of thirst. Subjective sensation of thirst
can be elicited by manual stimulation of the third
ventricle; by the injection of hypertonic saline in the
diencephalic blood supply; by the osmotic, electrical
or cholinergic stimulation of the lateral hypothalamus;
by the stimulation of subcommissural organ, a modi­
fied ependymal structure in the root of the cerebral
aqueduct just ventral to the posteri()r commissure;
and by the stimulation of the dorsal longitudinal
fasciculus. The thirst centre might be situated in
the!?C structures which might contain osmoreceptors'
sensitive to osmotic pressure of the blood..

Contributions also related to water intake as
regulated by drugs, hormones and \lrid conditions;
adaptation to water deprivation; influence of res­
tricted water intake on food intake and random
activity, etc. '

In spite of all the presentations, the physiology of
thirst in the regulation of body water has still to be
elucidated. The articles are well presented and dis­
cussions at the end of each article are thought-pro­
voking. Research workers interested in this field
will find new ideas for future work. The book is
recommended for teachers of physiology and applied
psychology.

SACHCHIDANANDA BANERJEE

PLANT METABOLISM by H. E. Street (Pergamon Press
Ltd, Oxford), 1963. Pp. ix+238. Price 30s.

Since the last two decades the science of biology
has seen many important discoveries which have
rapidly changed the age-old concepts of biological
thought. The accelerated pace of research aided by
new instruments and techniques has imparted to
biology a new character. A complete and popular
presentation of this dynamic growing science is a
difficult task and Prof. Street has achieved this in
his admirable book.

The book has been divided into nine well-written
chapters. The various metabolic activities have
been grouped under the following heads: {i) Cell
structure and function, starts with the enunciation
of cell theory by Robert Hook (1665) and covers the
great strides that have been made to arrive at the
modem concept of cell structure, as observed under
the electron microscope; (ii) Enzymes~ The cata­
lysts of metabolism, deals with the chemical nature
and functional aspects of enzymes; (iii) Catabolism,
deals with the energy yielding process; (iv) Anabolism,
deals with the energy conserving, biosynthesis of
carbohydrate, fat and protein; (v) Absorption, secre­
tion and translocation, the absorption of salts and
the linkage of metabolism with salt absorption have
been discussed in a simple and interesting manner;
(vi) The regulation of metabolism; (vii) Growth and
differentiation; and (viii) A further dimension, the
inclusion of this chapter, a novel feature, in this

book points out the importance of interdisciplinary
nature of modem biology.

Throughout the book the author has rightly
stressed that, in order to understand the basic
biological phenomena, the biologists of today must
be familiar with the latest developments in physics
and chemistry.

The presentation of the book is excellent. It is a
short, well-written and illustrated book. It should
provide a valuable text for the undergraduate and
graduate students in plant physiology.

, K.SATYANARAYANA

READINGS IN PHARMACOLOGY by B. Holmstedt &
G. Liljestrand (Pergamon Press Ltd, Oxford), 1963.
Pp. x+395. Price 50s.

To understand and appreciate the progress in science,
there is no better method than studying the biogra­
phies of the notable scientists. A vivid picture of the
scientific .climate of the times, the odds - supersti­
tious, religious and cultural thoughts of the day­
against which the men of science had to contend, can
be understood only by a perusal of their writings.

Pharmacology in particular had to face and over­
come the beliefs and the empirical methods of treat­
ment of diseases. In this process, pharmacology has
undergone a remarkable evolution. While utilizing
the significant discoveries of other scientific disciplines
for its progress, pharmacology has .at the same time
influenced physiology, chemistry, biochemistry and
other branches of medicine.

The present volume attempts at bringing into focus
the personalities who influenced the growth of phar­
macology from the ancient to the modem times and
their teachings. By presenting a brief life sketch
followed by excerpts from their significant writings,
the authors have successfl,llly traced the ' sequential
progress" of pharmacology in general and also of
some specialized fields like autonomic nervous system,
psychopharmacology and chemotherapy. The topics
covered include anaesthetics, technical advances,
chemical aspects and toxicology.

The volume makes a delightful reading and is the
equivalent of an anthology of outstanding achieve­
ments in literature.

M. SIRSI

QUALITY IN TRANSLATION - Proceedings of the
lnternational Congress on Translation; edited by
E. Cary & R. W. ]umpelt (Pergamon Press Ltd,
Oxford), 1963. Pp. xiii+544. Price £10

It is in the fitness of things that the Pergamon Press,
which since the last few years has launched upon an
extensive programme of translations of science books
and journals, particularly from Russian and Slavonic
languages into English, as well as of compilation of
multilingual technical dictionaries, should have
undertaken the publication of the proceedings of the
Third Congress of the International Federation of
Translations (FIT) held at Bad Godesberg in 1959.
In keeping with the tradition of this eminent publish-'
ing house, the volume has been presented, got-up and
printed in a manner that leaves nothing to be desired.

The book begins with a preface written by P. F.
Caille outlining the genesis and the development of
the FIT. It dwells on the aims and objects of the
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FIT, the constitution of which is reproduced in full
at the end of the book. Its deep understanding of
the translation climate in India and its genuine
desire to help Indian translators to unite and sur­
mount their special difficulties find a sincere expres­
sion in the preface. In this connection, 'mention
must be made of the Indian Scientific Translators
Association, which would never have come into
being but for the encouragement and support given
at every step by the FIT.

The papers presented at the conference have
been grouped into two sections, depending on
whether they have a bearing on literary or technical
translation. But whether it is literary translation
o~ technical translation that is under discussion,
accent is always 'and invariably placed on quality ­
that subtle entity which eludes a precise definition.
For confining the discussion on literary translating
within well-defined limits, the organizers of, the con­
ference had circulated beforehand a questionnaire to
prominent translators, writers, universities, critics,
etc., in various countries and the replies received were
placed before the meeting of literary translators.
From India nine persons replied to the questionnaire,
among whom we find the names of Humayun Kabir,
Prabhakar Machwe and C. P. 'Ramaswami Aiyar.

In the science section, in addition to the question
of quality, several other problems such as terminolo­
gical aspect in science translation, training of trans­
lators, mechanical translation, etc., have been dealt
with. Scientific and technical translations have
attracted considerable attention during the past
decade, for the literature of science is growing so
rapidly that in most countries the problem of
making it accessible through translation has become
unusually acute. In view of the importance which
the technical translation has assumed today, it is not
surprising that a substantial part of the proceedings
has been taken up by the exposition of problems
encountered in it.

The value and importance of this book to a pro­
fessional translator cannot, of course, be over empha­
sized. But even to the general reader, who is more
often than not inclined to think that anybody can
produce a translation, this book would come as a
revelation, inasmuch as it would give him an insight
into the formidable task with which a translator is
confronted and the arduous training to which a
writer has to subject himself before he can en,ter
this profession.

M. S. DANDEKAR

PUBLICATIONS RECEIVED

SOME PROBLEMS OF PLASTIC DEFORMATION OF METALS
AT HIGH PRESSURES edited by W. J. McG.
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Raman maser action with
acoustic waves NOTES & NEWS

Stimulated Brillouin scattering
of an intense maser beam, involv­
ing coherent amplification of a
hypersonic lattice vibration and a
scattered light wave, has been·
detected in quartz and sapphire
[Phys. Rev. Lett., 12 (1964), 592].
The process is analogous to Raman
maser action, but with molecular
vibration replaced by an acoustic
wave of frequency c. 3 x 1010 cis.
(due to lattice vibrations) and
with both the acoustic and scat­
tered light waves emitted i~ speci­
fic directions.

In this phenomenon either com­
pressional or shear waves can be
excited, but for a compressional
wave the coupling between acoustic
and optical waves is simplest and
describable as electrostriction.
Electrostrictive pressure is given by
p = (£2/81t)p(d<ldP) = (£2BI8)d<ldp,
where E is the electric field,
p the density of material, < the
dielectric co'nstant and B the
bulk modulus. These two optical
waves whose frequencies differ by
cu, can drive a pressure wave of
this frequency, due to quadratic
dependence of pressure on E and
the consequent generation of a
beat frequency. Similarly, a pres­
sure wave of frequency cu, couples
to an electromagnetic wave E
through the varying induced dipole
moment density (EI4rt)(d<ldP)p.
When the radiation is contained
in a resonant cavity, analysis of
the conditions for the build-up of
the acoustic and scattered waves
shows that coherent scattering of
radiation of frequency (cuo-cu,)
occurs in the direction making an
angle 6 with the direction of light,
given by cu, = 2cuo(vnlc) sin 6/2,
where v is the velocity of the
acoustic wave of frequency cu"
and n the refractive index.

In the experimental set-up for
detecting these scattered radia­
tions an intense 6940 A. giant
pulse (50 MW in 30 nsec.) ruby
maser beam was focused inside
the quartz crystal and the back­
ward scattering radiation was
studied with the help of two
Fabry Perot interferometers using
mirrors of reflectivities 1 and 0·1.
A comparison of the two inter­
ferograms photographed simul­
taneously with a single maser
pulse distinguished clearly be-

tween radiation coming from the
ruby and that scattered directly
backward from the sample. In
the light back-scattered from the
sample the original ring due to
the maser wavelength was accom­
panied by an inn~r ring of compar­
able intensity which was evidently
the amplified Brillouin scattering.
Measurement of the shift corre­
sponded to an acoustic wave fre­
quency of c. 3x 1010 cis.

A simple theory for
explainin~ solar winds

A new theory which explains
the origin of solar winds as due
to the evaporation of the solar
corona has been postulated by
Dr Hari K. Sen, a research scien­
tist at OAR's Airforce Cambridge
Research Laboratories. Intensities
and speed of the 'solar wind at
different distances from the sun
have been measured by several
artificial satellites. Even though
the attempts to examine the origin
of solar wind have shown that
these winds consist· of electrons
and protons that escape from the
solar corona, hitherto no commonly
acceptable model of physical pro­
cesses explaining the measured
velocities and densities of the
electrons in interplanetary space
has been developed, Dr Sen's
theory is based on the postulate
that electrons and protons boil
off from the solar corona (a
phenomenon similar to liquid
evapOration), and that at a critical
altitude in solar corona electro­
static forces balance the solar
gravity, resulting in protons that
are effectively weightless. The
mathematical formulation of
Sen's theory incorporates formulae
of other workers in related fields ..
one of these in particular being
the Jeans' formula for the escape
of gases from planetary atmo­
spheres. The critical altitude for
escape of the protons has been
evaluated to be about 4 solar
radii. Values of electron densities
and velocity of the solar wind
evaluated on the basis of the theory
have been found to agree in the
order of magnitude with the data

observed in artificial satellite
studies [J. Franklin Inst., 277
(1964), 621].

Ni-Fe films: A new type of
magnetic domain structure

A new type of domain structure
composed of stripe domains run­
ning parallel to field previously
applied to the films h'ls been
found in evaporated Ni-rich poly­
crystalline films of Ni-Fe, during
investigations on anomalous
magnetic properties of these films,
conducted at Hitachi Central Re­
search Laboratory, Tokyo. The
new domain structure observed in
Ni-Fe films of Ni composition
75-100 per cent and thickness
500-10,000 A. deposited on cover
glass substrates by vacuum de­
position is quite different from
those earlier reported and is found
to be responsible for rotatable
anisotropy. This type of domain
structure has been analysed to
be caused by the anisotropy whose
easy axis is normal to the plane of
the film, the origin of which is
attributed to the magnetostrictive
effect due to stains or defects ill
the film. The width of the domain
has been found to increase with
the thickness of the film and the
formation of the domains takes
place at film thicknesses exceeding
a critical value which increases
with the rise in the substrate tem­
perature and with decrease·in the
Ni concentration [J. phys. Soc.
Japan, 19 (1964), 1116].

A new metb,od of producing
sawtooth waves

A new method of producing
sawtooth waves using a pair of
transistors, one n-p-n and the
other p-n-p, has been developed
at the Institute of Radio Physics &
Electronics, University College of
Science and Technology, Calcutta.
Sawtooth waveforms having a high
degree of linearity are required
for a variety of purposes in elec­
tronic circuit applications and the
standard methods for production
of such linear waveforms, viz.
Miller integrator and the bootstrap
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circuit, fail to preserve a good
linearity of waveform in the pre­
sence of loading or a waveform
baving a reverse curvature. The
new method not only gives a
linearity 'approaching that obtain­
able with any of the above circuits,
but is also able to preserve the
linearity even in the presence of
resistive loading. An additional
ieature of this method is that it
permits one to obtain a wave­
iorm having a reverse curvature
that can be adjusted smoothly to
any assigned degree. In the new
method, a condenser and resis­
tance in parallel, along with the
admittance arising out of a tran­
sistor, form the section charging
the other transistor. A control­
lable feedback arrangement is pro­
vided in the circuit. A theoretical
analysis of the circuit shows that
by suitable choice of the para­
meters a sawtooth waveform with
a linear sweep can be obtained.
Further by controlling the feed­
back, it is possible to obtain all
the three types of waveforms, viz.
uncompensated,. critical compen­
sated and overcompensated.

Experimentally observed wave­
iorms have been found to corre­
spond closely to the waveforms
predicted by theoretical deduc­
tions [Indian J. Phys., 38 (1964),
250].

Dew point determination: A
new method

A new method of determining
<lew point, making use of a
radioactive ex particle source for
detection of the formation of dew,
bas been reported [Sci. Pap., Inst.
phys. chem. Res. Tokyo, 57 (1963),
169J. The method is based on the
principle that the absorption of
particles by the deposited dew
weakens the ionization current.
A disk, on the surface of which the
<lew is to deposit, is electroplated
with a radioactive ex particle source
and an ionization chamber mea­
'Sures the ionization current. The
intensity of the ionization current
and the surface temperature of the
disk are recorded against time.
The temperature at which the
{;urrent undergoes a rapid decrease
as the temperature is lowered from
room temperature, and the tem­
'perature at which the current be­
{;omes minimum as the tempera­
ture is increased from a low value,
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are both nearly equal and corre­
spond to the correct dew point.
This method is free from errors
that arise from supersaturation of
water vapour and incidental rise
of disk temperature inherent in the
mirror type hygrometer that neces­
sitates illumination. Experimen­
tal tests on the performance of the
instrument made in an air-condi­
tioned room, the temperature and
humidity in which can be regulated,
have shown that the new instru­
ment gives precise values of the
dew point.

New electric flux pump

A major obstacle to the construc­
tion of supermagnets producing
fields of 100,000 gauss and above
has been overcome by the develop­
ment of a unique power supply
system at the General Electric Co.
The new device known as the
electric flux pump can convert
modest" a.c. input into a large d.c.
output.

In supermagnets the coils are
made of supertonducting wire and
are powered by a few hundred
amperes of d.c. These large values
of d.c. being fed into the coil
through thick conductors of ordi­
nary wire allow considerable heat
leak to the low temperature equip­
ment in which the superconductors
operate. This heat leak problem
has been solved by the new power
supply device, which operates with­
out moving parts in the supercold
region (c. 4·2°K.). The operation
at such a low temperature is a
unique feature of the new device
since ordinary rectifiers do not
function at low temperatures. The
heart of the electric flux pump is
a transformer wound with super­
conducting wire and co'nnected
through special. superconducting
switches known as ' reactor cryo­
trons ' which can carry currents of
the order of several thousand
amperes. As the a.c. is fed into
the transformer, the reactor cyclo­
trons are opened and closed in
synchronism with the voltage
swings. As a result the d.c.
through the coil increases in a
series of steps, each of the two
reactor cryotrons carrying the c\lr­
rent on alternate half cycles. If
the voltage into the system is cut
off, a permanent current continues
to flow through the magnet coil.
By proper phase control of the

reactor cryotrons energy can also
be pumped out.

. In experiments with a labora­
tory model of the new power
supply an a.c. input of less than
I amp. was converted into a d.c.
output of 500 amp. Ultimately, it
is expected that the new device
of the size of a man's fist would
be able to generate a d.c.
of several thousand amperes, to
produce which conventional d.c.
sources will be at least of the size
of an office desk [Mech. Engng,
86 (No.7) (1964), 66].

Bonding metals with
explosives

A remarkable technique of bond­
ing metals using explosives, de­
velopetl at the E. I. du Pont de
Nemours & Co., Wilmington, Dela­
ware, opens up new vistas in the
use of explosives as a versatile
industrial tool. In this technique,
a 2 in. thick sheet of carbon steel
is •covered with a ! in. thick
sheet of stainless steel and triggered
with a high explosive charge.
The resulting explosion drives the
stainless and carbon steels together
into a uniform, permanently clad
plate that can easily be fabricated.
The metals' individual properties
are unchanged by the impact and
their bond is as strong as one
formed by conventional welding.
It is pointed out that the force of
the detonating explosive momen­
tarily creates a thin zone of
melted metal between the carbon
steel base plate and the stainless
steel skin resulting in the effective
welding of the two metals.

Normally methods of cladding
metals require elaborate prepara­
tion, the use of intermediate
chemicals and materials, electro­
lytic processes, heat or other con­
ventional procedures and hence
are time-consuming and costly.
There appears to be no doubt
regarding the commercial value
of this new explosives metal­
bonding process, because of seve­
ral advantages in addition to the
reduction in time consumed. The
method has also been extended
to the production of steel plates
with claddings of several metals
and alloys. A most rigorous
laboratory testing' programme
which included inspection of the
bonding by ultrasonic, hardness,
corrosion tests, etc., has proved the



high quality of the bonded mate­
rials. It is claimed that explosive
bonded plates can be cut and
trimmed by shearing, sawing, flame
-cutting, abrasive wheel or plasma
arc cutting, etc. In addition they
{;an be formed by both hot and
{;old shop methods, including rol­
ling, pressing and flanging without
bond separation [Nature, Land.,
202 (1964), 860].

-Conversion of thorium to
"fissionable uranium

The successful i~olation of pro­
tactinium-233, an important inter­
mediate isotope in the thorium­
uranium fuel chain, by the scien­
tists of Phillips Petroleum Co. at
the US National Reactor Testing
Station, in sufficiently large quan­
tity (1 g.) to enable measurement
of its neutron absorbing properties,
is expected to open the way for
large-scale use of the abundant
but non-fissionable thorium in the
preparation of nuclear fuel. The
method followed for preparing pro­
tactinium consisted in irradiating
metallic thorium in the highest
available neutron flux, as a result
-of which 1 per cent of thorium was
{;onverted to protactinium; signi­
ficant quantities of uranium-233
and fission products were also
produced and separation of the
isotope was performed through a
series of complicated chemical sepa­
rations and purifications. The
final product, in oxide form, was
a very finely divided snow-white
powder, which glowed in the dark.
It has been mixed with aluminium
powder and compacted into a solid
sample for further study [J. Frank­
lin Inst., 277 (1964), 506].

Existence of Ag (III)

Until recently it was believed
that AgO was a true oxide of
Ag (II). Additional evidence has
been -gathered which shows that
in the solid state AgO contains
equimolecular amounts of Ag (I)
and Ag (III). When AgO is
dissolved in acid it gives Ag (II)
ion, but this can be explained by
the equilibrium Ag (III) 0- + Ag
(W + 2H+ ~ 2Ag (II)z+ + HzO.
Silver (III) arising from AgO has
also been shown to exist in solu­
tion. In a reaction between AgO
and KIOa in basic solution, the
iodate is oxidized to periodate

NOTES & NEWS

which then forms a complex com­
pound with Ag (III). On adding
NaOH a voluminous orange pre­
cipitate is formed. This compound
is identical to one formed by oxi­
dation of Ag (I) with KzSzOa in the
presence of iodate. The overall
reaction proposed for Ag (III)
complex formation is as follows:

6AgO+2HzO+80H-+ 2103--+
5Ag (OH6)i+Ag (106H-+2H+
It is suggested that the first step

involves oxidation of iodate to
periodate by Ag (III). Addi­
tional Ag (III) then combines with
the newly formed periodate.

The products obtained from Ag
(I) or AgO are found to be triclinic
crystals with one molecule per unit
cell. Three absorption maxima
with large extinction coefficients
(in.dicative of charge transfer bands)
occur at 3630 A. (E = 13,000),
2550 A. (E = 15,000), and 2150 A.
(E = 21,000). Magnetic suscepti­
bility studies show the compounds
to be diamagnetic, which is consis­
tent with the electronic structure
of Ag (III), which has 8d electrons
in its outer shell. The cell dimen­
sions of Ag (III) complex agree
closely with those for diperiodato­
cuprate (III), which has a square
planar configuration, with the plane
formed by one edge from each of
the two periodate octahedra. The
periodate acts as a bidendate,
contributing to the stabilization
of Ag (III) ion [Chem. Engng News,
42 (16) (1964), 52].

Direct injunction _
enthalpimetry (DIE)

A fast convenient method, DIE,
for analysing submillimolar sam­
ples in very dilute solutions and
useful in process control has been
developed which involves fast in­
jection of excess reagent followed
by recording of the heat of the re­
action, which can be either exo­
thermic or endothermic. Unlike
the currently used thermochemical
analytical methods, which depend
solely on equilibrium constants
correlated logarithmically with free
energies, the DIE solely depends on
enthalpy of a reaction, which is an
additive function of two stochastic
reaction parameters: Enthalpy =;'

F+TtlS. Since F and TtlS are
independent. of each other, the en­
thalpimetric method may be work­
able when free energy methods fail.

. The principle behind DIE is that
under conditions of invariant heat
capacity, the change in tempera­
ture in an adiabatic system repre­
sents a linear measure of the quan­
tities undergoing reaction in a
stoichiometric process. As an
example, 300 !-,-l. of a relatively
concentrated (1M) reagent was
injected rapidly into 25 ml. of
a dilute (0·001-0·0IM) unknown
sample, and mixed in 0·1 sec.
The corresponding temperature
change was recorded as the un­
balance potential of a thermistor
bridge, yielding well-defined en­
thalpograms on a chart.

A noteworthy feature of DIE is
that unstandardized reagents may
be used. The reactions which have
been used in thermochemical titra­
tions, viz. acid-base, oxidation­
reduction, precipitation, and com­
plexation processes, using either
aqueous or non-aqueous solvents,
can be adapted to DIE [Chem.
Engng News, 42 (16) (1964), 76].

A new electrode for
hydrodynamic voltammetry

Very few electrodes are avail­
able for hydrodynamic voltam­
metry. The best defined methods
for the hydrodynamic voltam­
metric analysis are based on the
rotating wire electrode [Kolthoff,
1. M. & Jordon, J., ]. Amer.
chem. Soc., 76 (1954), 3843], conical
electrode placed in the flowing
stream (Jordon, ]., Javik, R. A. &
Ranz, W. E.,]. Amer. chem. Soc.,
SO (1959), 3846], 'bypass' electrode
[Muller, 0. M.,]. Amer. chem. Soc.,
69 (1947), 2992] and a 'string'
electrode [Jordon, J., A nalyt. Chem.,
27 (1955), 1708]. Blaedel et al.
have described a new tubular
platinum electrode (TPE) through
which the solution flows and is of
a very high sensitivity .[Analyt.
Chem., 35 (1963), 2100].

This new electrode is of a
great. advantage for hydrodynamic
electrochemical measurements. For
its preparation, platinum cylinders
are cut from seamless platinum
tubing of various diameters, the
ends being finished squarely and
smoothly and sealed into ~oft'

glass tubing. This electrode is
used in conjunction with a satu­
rated calomel electrode for the
study of diffusion plateau of
the oxidation-reduction reactions.
Constant potentials of the diffusion
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plateau are applied to the TPE
and the currents are measured
with a Sargent Model XXI polaro­
graph.

The diffusion current obtained
is directly proportional to the con­
centration of the substance and
the current with this electrode does
not show the fluctuations that a
dropping mercury electrodeor rotat­
ing platinum electrode does. The
plot of the current versus rate of
flow is a straight line up to a flow
rate of 10 ml./min. and above it
there appears a break in the plot.
The logarithmic plot between
current and the length of the elec­
trode gave straight line with a slope
of 0·61 which is in good agreement
with the theoretical value. The
diffusion current is independent of
the electrode radius.

Diffusion current constant is
calculated and its values are quite
constant indicating that it is in­
dependent of flow rate.

The principal advantage that ac­
crues from the use of the TPE in a
flowing solution is high sensitivity.
A typical TPE can detect concen­
trations of electro-active substances
below IO-8M in streams of mode­
rate velocity. Other advantages
are simplicity of construction an'd
reproducibility of measurements,
under turbulent as well as laminar
flow conditions.- A. L. J. RAO

Device for detection of
polar vapours in ~as

chromato~raphy

A new device to detect polar
vapours, installed in gas chromato­
graphic systems, enables discrimi­
nation between compounds by
differences in polarity. The dif­
ference is measured by recording
the change in contact potential
caused by the physical adsorption
and desorption of polar vapour
on a nickel surface. The device
has been used to investigate a
variety of alcohols, ketones and
nitro compounds.

The experimental detector cell
consists of two circular plates.
One is a 0·0005 in. disc of nickel
foil that functions as the sensor
plate and the other is a 0·002 in.
disc of gold foil called the vibrating
plate. The plates are separated
from each other by a 0·010 in.
mica spacer in such a way that
vapour can be passed between
them. The signal from the two
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plates goes to an oscilloscope.
When polar vapours are adsorbed
on the surface of a solid, they
exchange the surface potential.
This causes the contact potential
of the solid to shift with respect
to a less sensitive reference surface.
The shift can be measured by a
capacitor equipped into dissimilar
plates. To cause a polar vapour
to adsorb and then desorb on the
nickel plate, the nickel is alter­
nately heated and cooled. Heating
is accomplished by a 6 V. battery,
and cooling by precooled nitrogen
flowing behind the plate. n-Buta­
nol, acetone and nitromethane have
been studied and the sensitivity
of the detector has been found to
be 1015 molecules/cc., flow rate
200 cc./min. and response time
c. 3 sec. [Chem. Engng News, 42
(23) (1964), 59]. / .

Reduction of carbonyl ~roup
to CH2

A new method for the conversion
of a carbonyl group to a CH2 group
consistsin preparing the tosylhydra­
zone of the aldehvde or ketone
followed by treatment of the tosyl­
hydrazone with sodium borohy­
dride. The use of lithium alumi­
nium hydride instead of sodium
borohydride also produces traces
of unsaturated compounds and is,
therefore, not quite satisfactory.
The reaction with sodium boro­
hydride is carried out in methanol
or dioxane medium. Tosylhydra­
zones of cyclohexanone, choles­
tan-3-one, coprostan-3-one, 17~­

acetoxy-5oc-androstane-3-one, 3~­

acetoxy-5oc-cholestane-7-one, 3~­

acetoxy-5oc-androstane-17-one, 3~­

acetoxy-5oc-pregnane-20-one, oc­
tetralone, stearinaldehyde and laur­
aldehyde have been converted into
the corresponding derivatives con­
taining CH2 group usually in yields
of more than 70 per cent.

In a typical experiment, sodium
borohydride (2 g.) is added to a
solution of cholestanone tosylhy­
drazone (1 g.) in methanol (50 mI.)
and the mixture refluxed for 8 hr.
The resulting solution is worked up
with ether-water mixture, the ethe­
real layer washed with water,
sodium hydrogen carbonate, with
water again, dried and evaporated.
After crystallization from acetone­
methanol, 570 mg. of cholestane are
obtained [Chem. & Ind., (1964),
153].

Aromatization of two
rin~s in steroids

Steroids with aromatic A and B
rings have been synthesized from
non-aromatic steroid intermediates
via an ionic method which elimi­
nates the C-19 methyl group.
Ionic methods have so far been
used to aromatize a single ring in
steroid compounds. The present
method is simple, involves rela­
tively mild conditions and provides
a potentially easy way to prepare
equilenin type steroids with a
variety of ring and C-17 substi­
tuents. The aromatization reaction
has been applied to a number of
compounds, e.g. 21-acetoxy-9oc,
11~- dichloro -17oc - hydroxypregna­
1,4-diene-3,20-dione with dimethyl­
formamide or pyridine gives two
major products, 21-acetoxy-17oc­
hydroxypregna-l,4,8 (14), 9(ll)-tet­
raene-13,20-dione and 21-acetoxy­
3,17oc-dihydroxy-19-norpregna-l,3,
5(10),6,8-pentaen-20-one, each in
c. 25 per cent yield. Equilenin
has been synthesized by refluxing
9oc, 11 ~ -dichloroandrosta-l,4-diene­
3,17-dione in dimethylformamide.

The mechanism of the aromati­
zation reaction involves attack by
a halide ion. When a compound
of the type 9oc, 11~-dichloro-~I,.­

3-one is refluxed in dimethvlform­
amide or pyridine, the hailde ion
generated (eliminated from the
9oc-position) probably attacks the
C-19 methyl group; the attack is
made easier by protonation of the
C-3 oxygen. An allylic shift, elimi­
nation of halogen or an R group,
and isomerization provide the
double bonds necessarv for the aro­
matization of ring B [Chem. Engng
News, 42 (24) (1964), 42].

Photoisomerization of olefins

Contrary to the general rule that
photoisomerization of olefins
favours the less stable cis isomer,
photolysis of difurylethylene and
dithienylethylene at high concen­
tration gives the more stable trans
isomer. However, a concentration
dependence of photostationary
states is observed for the two sys­
tems studied, at concentrations
ranging from 1M to 1O-3M. A
test case was provided by running
an experiment in degassed benzene
solution of cis and trans isomers
of difuryl- and dithienylethylene
at 30°C., using 275 W. sun lamp.



NOTES & NEWS

The research activities reported
in the annual report for the year
1963 of the British Coal Utilization
Research Association (BCURA)
have been well planned to conform
to the main task of the association,
viz. to improve and effect economy
in the ways of burning coal and
thus maintain the competitive
value of coal as compared to other
fuels. An extensive sur\'ey has
been made of the behaviour of a
wide range of coal types with

The British Coal Utili~ation

Research Association

lines. A new method for the mea­
surement of transfer function of
both linear and non-linear physical
systems has been devised. This
method requires only components
readily available and permits mea­
surement of transfer gains and
angles over a wide range of values.
From a study of the non-disjunc­
tive type decomposition of switch­
ing functions, two theorems on the
decomposition of switching func­
tions have been enunciated. These
theorems will have applications in
the design of multistage switching
circuits. A systematic method of
minimization of Boolean functions
has been developed; this method
yields all the minimal forms with
comparatively few trials and also
can be easily extended to obtain
the minimal products sums. A
grouping chart has been designed
to aid in evaluating all the minimal
forms of a Boolean fuilction. By
visual inspection of the chart, the
terms of the original function which
are related by one change of vari­
able are readily determined and the
chart can also be easilv mecha-
nized. -

A systematic procedure appli­
caple to all types of functions for
finding out the group invariance
or total symmetry of a switching
function has been developed. As
a result of studies made on the
stabilization of feedback systems
affected by hysteresis non-lineari­
ties, several non-linear compensa­
tion schemes have been suggested
for improving the small-signal
stability of such systems. Experi­
mental studies on the applicability
of these suggested schemes have
shown that when the systems are
stabilized according to these
schemes, the response characteris­
tic also shows some improvement.

Progress Reports

The fourteenth annual report of
the Institute of Radio Physics &
Electronics has collected and pre­
sented in one volume the research
papers published in various scienti­
fic journals during the period under
review (1961-62). The research
activities of the Institute have been
confined to four areas, viz. iono­
spheric investigations, electronic
circuitry, switching circuits, and
servo)llechanisms. Experimental
results of the variation of the total
amount of ionization below the
night-time F layer have been re­
examined and it has. been shown
that it is not possible to discrimi­
nate between the two models pro­
posed, viz. Titheridge's constant
oc-model and Mitra's time depen­
dent oc-model. However, it has
been concluded that while Tithe­
ridge's model will possibly hold in
the upper part of the region studied,
Mitra's model will be valid near
the bottom regions. A method of
generation of diverse pulse-shaped
functions by means of four-terminal
networks which have equivalence
to delay lines has been developed.
The method can be applied for pro­
duction of pulses of the form sin"t
and is free from the restrictions to
be applied in the usual method of
production of pulses using delay

equal yields. However, methyl
substituents at C-2 or C-4 exert an
electronic influence which directs
how the cyclopropyl intermediate
is cleaved. Thus a 2-methyldi­
enone gives almost exclusively the
spiro product while a 4-methyldi­
enone gives a perhydroazulenone .
product. The directive influence
of the methyl substituent on clea­
vage of the intermediate's cyclo­
propyl ring (from 5-10 to the 1-10
bond) can be attributed either to
an inductive effect (which would
cause localization of the positive
charge at the substituted position)
or to hyperconjugative stabilization
by the methyl group of the double
bond during cleavage. The pre­
dominant product in each case is
the one in which the methyl substi­
tuent is located on the newly
formed double bond [Chem. Engng
News, 42 (16) (1964), 50].

Photochemical behaviour
of cross-conjugated
cyclohexadienones

Cross-conjugated cyclohexadi-
enones .related to santonin display
varied photochemical behaviour
which might have numerous syn­
thetic applications. Using substi­
tuent effects and variation in sol­
vents and light sources, it is possible
to direct the major course of light­
initiated rearrangements of these
compounds. For example, 2-me­
thyldienone can be transformed
under the appropriate choice of
irradiation conditions to either a
spiro-fused hydroxy ketone, a
cyclopropyl ketone, or a linear
conjugated dienone in a single
operation and in good yield (50-70
per cent). On irradiation in acidic
media the dienones are converted
to hydroxy ketones. This type of
reaction suggests that a number
of different adducts can be formed
by the attack of carbon, oxygen,
or nitrogen mucleophiles on the
dienones.

If there are no substituents on
the A ring (other than oxygen)
cleavage of the intermediate pro­
ceeds in two ways to give, stereo­
specifically, a spiro hydroxy ketone
and a perhydroazulenone (5/7 fused
hydroxy ketone) in approximately

Composition at equilibrium was
determined by capillary gas chro­
matography with alSO ft silicon
column. The percentage of trans
isomer relative to cis increases
markedly at high concentrations.
Two competing mechanisms have
been put forward to account for
the dependence of photostationary
states on concentration. The iso­
merization path for the cis to trans
conversion involves vibrationally
excited ground state molecules aris­
ing from the first excited singlet
state via internal conversion. Com­
peting with this mechanism is a
series of reactions for the trans
to cis conversion involving an elec­
tronically excited triplet inter­
mediate. At high concentrations
of olefin, quenching reactions inter­
fere with the mechanism involving
the electronically excited triplet
state. Thus' the singlet reaction
predominates, reducing the trans
to cis interconversion at these con­
centrations favouring trans isomer
[Chem. Engng News, 42 (16) (1964), Institute of Radio Physics &
43]. , Electronics, University of

Calcutta
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fusion characteristics of the ash,
in an attempt to relate type of
coal and ash composition with the
formation of clinker and slag.
It has been found that the slag
formation is not related in any
regular manner to the type of
coal, ash fusion temperature or
the ash composition. A vibrating
grate has been tested to establish
the best amplitude and frequency
of vibration and how best to
reduce grit emission and to obtain
high burning rates. The results
have been used to design a grate
for installation in one of the
economic boilers. Preliminary
trials to measure the fundamental
response characteristics of the shell
boiler with varying heat impact
have indicated the factors that
influence the dynamic response
in the boiler. These studies may
eventually lead to. the develop­
ment of a model that would be
helpful in boiler design studies
generally. In the field of domestic
heating the research programme'
was directed along four lines,
viz. (i) to improve the amenities
and performance of the conven­
tional central heating boiler fixed
with smokeless fuel, (ii) to devise a
means of burning bituminous coal
smokelessly in a central heating
boiler, (iii) to design a reliable and
cheap heat meter, and (iv) to
obtain reliable information on the
amount of smoke emitted from
domestic appliances for a range of
fuels. Studies directed to assess
the corrosion due to deposits in
water tube boilers have indicated
that corrosion diminishes at metal
temperatures above 700°C. and
that there is a marked reduction
in corrosion of the two alloy steels
used, when the oxygen in the flux
gases was reduced from 3·5 to 1·5
per cent.. Studies made on slag­
ging gasification were directed to
filling in the gaps in the know­
ledge of slag formation and be­
haviour ~nd other aspects of the
operation of the slagging in fixed­
bed process. Laboratory tests
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have shown that when refractory
mineral matter is dissolved in a
slag, the apparent viscosity may
attain a value several times that
of the viscosity of the homogen­
eous slag that is finally formed.
A programme of research on gasi­
fication has also been formulated
by the three nationalized fuel
industries. During the course of a
research scheme on . slagging pro­
perties of ashes of British coals',
the interrelation between the che­
plical composition of slags and
their viscosities in the wholly liquid
state has been studied. Two equa­
tions have been derived that give
a good estimate of the viscosity
from the composition based on the
fire components of the slag, viz.
SiO., Al.Oa, CaO, MgO and Fe.Oa.
A programme in the field of basic
studies of combustion and gasi­
fication was directed towards
exploring the phenomena of pre­
ignition heating and devolatiliza­
tion of pulverized fuel particles
in the laminar flow furnaces.
From these studies it is expected
that it will be possible to formu­
late a reliable model of the various
combustion processes and from
this to predict the optimum com­
bustion systems. The study of
stress distributi'on in thin particles
loaded in a model of a ring ball
mill using photoelastic techniques
showed that primary failure occurs
along lines of maximum tensile
strengths. With a view to
elucidating the physical and
chemical structure of coals and
graphite, a research contract was
praced with the association by
the UK Atomic Energy Authority
and the investigations so far made
have complemented the research
undertaken by the Atomic Energy
Authority on corrosion of graphites
in oxidizing gases at elevated
temperatures.

Nobel Prize Awards, 1964

The Swedish Academy of
Science has announced the award

of Nobel Prizes for 1964 to the­
following scientists:

Physics - The prize for physics
has been divided between two
Russian scientists, Prof. Nikolai
Basov and Prof. Alaxander
Prochorov of the Lebedev Institute
for Physics, Moscow, and an
American scientist, Prof. Charles
H. Townes of the Massachusetts
Institute of Technology. They
have been awarded the prize for
their work in developing the intri­
cate oscillators and amplifiers used
in masers and lasers.

Chemistry - The prize for
chemistry has been awarded to
Prof. (Mrs) Crowfoot Hodgkin,
Wolfson Research Professor of the
Royal Society, London, and a
Fellow of Sommerville College, for
her determinations by X-ray tech­
niques of the structures of impor­
tant biochemical' substances.
Among the complex molecules
whose structures were determined
by her are vitamin Bn and peni­
cillin.
, Medicine - The prize for medi­
cine has been jointly awarded to
Prof. Konrad Emil Bloch of the
Harvard University and Prof.
Feodor Lynen, Head of Bioche­
mistry, University of Munich and
Director, Max-Planck-Institut fur
Zellchemie, for their discoveries
concerning the mechanism and
regulation of cholesterol and fatty
acid metabolism.

Announcement

• The Indian Academy of Forensic
Sciences will award a cash prize of
Rs 250 to the author of the best
article published in any scientific
journal in India on . Forensic
Science' or . Forensic Medicine '.
Intending competitors should send
three copies of their articles, men­
tioning the name of the journals
in which they have been pub­
lished, to Dr N. K. Iyengar, Secre­
tary, Indian Academy of Forensic
Sciences, 30 Gorachand Road,
Calcutta 14, by 8 February 1965.
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AMAN· PACK SET
WHICH WEIGHS HARDtY FIVE KGS.!

The MF 723 VHF Man-pack portable trans-receiver (Walkie_
Talkie) is specially designed for short range Communication.

The working Frequency range is from 70-88 Mc/s.·

Working on the Phase Modulation principle, this completely
self-contained kit with its weather-proof bag can be '

carried on the chest or on the back Or as a sling. The
power supply is drawn from self-contained batteries.

TRANSISTORISED
MAN-PACK PORTABLE
VHF TRANSRECEIVER

Oesigned for
two way Radio
Telephone
Communication with
a range of three miles in
buill-in areas and
10 miles in the
open counlry
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'CAUVERV'brandCHEMICALS
for Indian Indurlry

Made according to modern methods...on modern equIP­

ment·· .by fUlly -trained operating crews.CAUVERV brand

chemicals can olwoys be depended· upon for their I"ligh

Quality and constant uniformity.

THE MmUR CHEMICAL & INDUSTRIAl. CORPORATION LIMITED
Meuur Dam It.S. Salem Dt.
Manor'''' Ar~"U: SESHASAYEE BROTHERS PRIVATE LIMITED

..~.

• Postal subscriptions to

foreign and local journals

arranged

• Books located from

everywhere

• Specialities in

back issues and

rare books supply

Enqui ries solicited

K.K. Roy
(Private) Limited

55 Gariahat Road, Calcutta 19
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SINTERED GLASS FILTER PLATES
(9"x9" and 3/4 inch thick)

Suitable for preparing big filter tank by joining

with acid-proof cement. Also made as a cylinder

and adapted in a suitable adapter of Ebonite,

Stainless Steel or Aluminium as desired

Please write for complete instructions

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

BOMBAY 8
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Imagine a world without colour-a light-and-shadow world instead or
our multi-hued universe. Colour implies life, vigour, variety _..
Primitive man realised the significance of colour and made it very much
a part of his life. He incorporated it in ritual. He used it for adornment or
to make himself fearsome in bailIe.
Modern man uses colour even more-to make life varied and joyful­
with bright colour schemes for homes, offices, automobiles-and beautiful
illustrated magazines, multi-coloured rubber and plastic articles.
All these and many others need pigments, and more so organic pigments
such as those manufactured by COLOUR-CHEM.
Textile prinlers use organic pigment emulsions as well as synthetic binder
materials, both of which COLOUR·CHEM were the first to manufacture
in India. With the technical knowledge of Germany's leaders in the field­
FARRENFABRtKEN BAYER AG. and FARBWERKE HOECHST AG.-
and skill born of experience and unceasing research, COLOUR·CHEM
continue to manufacture the finest quality products.

UNQUESTIONABLY

COLOUR-CHEM
Distributed through:
• CHIKA LIMITED. Mehta Chambers, 13, Mathew Road, Bombay-4.
• HOECHST DYES & CHEMICALS LTD..

Parekh Mahal, Veer Nariman Road, Bombay-I.
• INDOKEM PRIVATE LTD.. 221, Dadabhoy Naoroji Road, Bombay-I.

IrawuBI (Backed by 100 years ofGerman experience)
_..:..:....-~_ COLOUR·CHEM LIMITED

Fort House. 221, Dadabhoy Naoroji Road.
Fort, Bombay-I.
Makers ofPigments & Binders

in collaboration with
FARBENFABRIKEN BAYER AG., Leverkusen, West Germany; and
FARBWERKE HOECHST AG., Frankfurt. West Germany.

ISiR-DECEMBER 1964



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

BOMBAY 2

Gram: • SACHEWORKS·. BOMBAY-DADAR

Manufacturers of

NATURAL ESSENTIAL OILS, AROMATIC CHEMICALS, RESINOIDS

& WELL-KNOWN 'COBRA BRAND' PERFUMES, USEFUL

FOR ALL COSMETIC & TOILET PERFUMES SUCH

AS HAIR OILS, BRILLIANTINES, SOAPS,

AGARBATTIES, FACE POWDERS, ETC.

FOR SAMPLE AND PRICE, PLEASE WRITE TO THE ABOVE ADDRESS

SETT & DE
16 Ganesh Chandra Avenue

Calcutta 13
Phone: 23-9588

manufacturers of
MOVING COIL Be MOVING IRON TYPE VOLTMETERS, AMMETERS (PORTABLE Be

SWITCHBOARD TYPES), RESISTANCE BOXE~, P.O. BOXES (PLUG Be

DIAL), G.P.O. DETECTORS, EXTERNAL SHUNTS, RHEOSTATS

A.C./D.C. CONVERSION EQUIPMENT, ETC. ETC.

for

LABORATORY AND INDUSTRY

OUR SERVICE DEPARTMENT IS ALSO AT YOUR DISPOSAL
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RESEARCH MICROSCOPE

Large and heavy stand with wide body tube suitable
for microphotography

Coarse and fine focussing arrangements

Mechanical stage semibuilt-in type of the latest design

Substage with 2-lens condenser· with iris diaphragm
movable by rack and pinion

Three achromatic objectives - lOx, 45x and IOOx oil­
immersion

Two huyghenian eyepieces - 5x and lOx

Instruments and Equipment for Education,
Research and Industry

INTERNATIONAL
AGENCIES

79 GHOGA STREET, FORT, BOMBAY I

RESEARCH MICROSCOPE Gram: • SCIENAPP • Phone: 153753

!P@I1l~Ul
LABORATORY & INDUSTRIAL

EQUIPMENT
• Latest designs • Strong built

• Individually tested

We manufacture:
HIGHL Y PRECISION MADE INDUSTRIAL DRIERS. OVENS,
INCUBATORS. HOT PLATES, CORK BORING MACHINES.

WATER STILLS, WATER BATHS, KJELDAHL ASSEMBLY.
BUNSEN BURNERS. CLAMPS. SHAKING MACHINES, GAS
GENERATORS, RETORT STANDS, SAND BATHS. MICROSLIDES,

COVER GLASSES. ETC. ETC.

and

any other machine as per your specification

For particulars. illustrated catalogue and for any further information please contact:

POLAR INDUSTRIAL CORPORATION
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Phone: 19018

DEVKARAN MANSION No.3, SECOND FLOOR
43 PRINCESS STREET, BOMBAY 1

Gram: DHANHANSH

Insist on PO LA R equipment
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.For cement manufacture, we offer complete plant and equipment based on dry, semi-dry
and wet processes. For dry process, Polysius have 'Dopolkiln'; for semi-dry, we have
'Lepolkiln'including dish granulator, both covered by patents. For raw material and
cement preparation. we have various types of grinding mills including our double
rotator, turbo-separators, etc. We also supply complete material handling plants,
mixing and blending equipment. etc.

POLYSIUS GMBH.
West Germany
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KNOWN THE WORLD OVER FOR THEIR EXCEPTIONAL
RELIABILITY AND CONSISTENTLY HIGH QUALITY
• Organic & Inorganic chemicals. 'AnalaR' chemicals. Alfloc solutions. Indicators
• Test papers and Indicator papers. Microscopical stains and staining solutions
• Micro-analytical reagents. Testing outfits

BI/BH-II
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New CSIR Publications

LOW TEMPERATURE CARBONIZATION OF NON-CAKING
COALS AND LIGNITES AND BRlQUE'f&I1NG

OF COAL FINES

Symposium: Volume I
Price Rs 35.00 Sh. n $ 11.00

In India, with large resources of weakly caking coals and limited resources of good quality
caking coals which have to be reserved for essentially metallurgical purposes, there is urgent
need for the establishment of large-scale low temperature carbonization (I.t.c.) briquetting
and gasification plants at different coalfields. Realizing this need, two pilot plants have
been in operation: one since 1954 at the ,Regional Research Laboratory, Hyderabad, and
the other since 1961 at the Central Fuel Research Institute, Jealgora.

The Regional Research Laboratory, Hyderabad, organized a symposium on low tempera­
ture carbonization of coal during 20-22 November 1961 in order to take stock of the
results of the pilot plants and plan the future programme of investigations. A wide
cross-section of research scientists, coal technologists and industrialists and representatives
from several leading coal processing firms in UK, West Germany, and Japan took part
in the deliberations.

The papers contributed to the symposium covering the two main heads, Briquetting
of non-caking coal fines and Low temperature carbonization of non-caking coals and
lignites, along with the discussions held during the symposium have been brought together
in the present volume.

Symposium: Volume II
Pages 348; Royal Bvo Price Rs 35.00 Sh. n $ 11.00

The second volume of the symposium on low temperature carbonization of non-caking
coals (I.t.c.) has been published. This volume contains papers and discussions on two sec­
tions: Utilization of products of low temperature carbonization, and Survey, economics and
statistics of I.t.c. products. Of the total of 38 papers included, 32 relate to the utilization
of products of I.t.c. and the rest to survey, economics and statistics of I.t.c. products.

Both the volumes will be of great value to all those interested in the progress and
development of the low temperature carbonization and briquetting industry in the country.

Can be had fram

THE SALES & DISTRIBUTION, OFFICER

PUBLICATIONS & INFORMATION DIRECTORATE, CSIR

HILLSIDE ROAD, NEW DELHI 11
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INORGANIC AND ORGANIC CHEMICALS
FOR LABORATORY USE

Guaranteed Reagents for Analytical Use

Fine Chemicals for Scientific and Industrial Use

BIOCHEMICALS

Amino Acids and Derivatives

Peptides and Derivatives

Enzymes

Nucleoproteins

Purines

Indicators and Indicator Papers

Tetrazolium Salts

Photochemicals

Rad iochem icals

Microscopical and Biological Stains

Carbohydrates

'Selecton' Reagents for Chelatometry

'Solvolum' Standard Volumetric
Solutions

RfANAL
Factory of
Laboratory Chemicals

BUDAPEST

Exported by

MEDIMPEX
Hungarian Trading
Company for
Pharmaceutical Products

BUDAPEST 5 • P.O.B. 126
HUNGARY

For import inquiries and FREE literature write to:

Messrs N. G. MEHTA, 64 Mahavir Building, Matunga (C.Rly), BOMBAY 19
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'PINCO' GAS PLANT

for Educational, Research and Industrial
Laboratories. Hospital and also for cooking purpose

We manufacture

• 'PINCO' Gas Plant. Burners. Taps
• Incubators: Hatching & Bacterioloiical
• Thermostatic Baths. Ovens & Hot Plates
• Vacuum Pumps. Ovens & Stills
• Laboratory Shakers & Stirrers
• Autoclaves & Sterilizers
• Automatic Distilled Water Stills
• Glass Density Apparatus
• Physical. Chemical & Biological Apparatus.

Models & Charts
etc. etc. etc.

We repair
• All types of Optical. Mechanical. Electrical.

Electronic & Survey Instruments

PRECISION INSTRUMENT CORPORATION (INDIA) PRIVATE LTD.
46 DHARAMTALA STREET, POST BOX No. 8905, CALCUTTA 13

Te1elram:
PINCO, CALCUTTA

Available from ready stock all types of

REGD TRADE MARK

QUICKFIT APPARATUS

As Accredited Distributors
we also book indents from importers in India for

Messrs QUICKFIT & QUARTZ LTD., England

For best terms and efficient service contact

Telephone:
14·)171

LABORATORY FURNISHERS
DHUN MANSION, I86C VINCENT ROAD, DADAR, BOMBAY 14

Telephone: 62761

JSIR-DECEMBER 19104

Telecrams: • LABFUflNISH', Bombay·Oadar

Branch Office: Kapasia Bazar, Ahmedabad

SP/lF/IO
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the
the

DHOLPUR GLASS VVORKS LTD. DHOLPUR
sou SELLING AGENTS

THE GLASS CORPORATION PRIVATE UMITED. DHOLPUI
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PLATINUM
LABORATORY
APPARATUS

•------......-
A

Replacement of damaged Platinum
apparatus undertaken. Any article in
Platinum made to specifications furni­
shed. All items are generally available
from ready stocks.

CRUCIBLES *
DISHES *
WIRES *

SPATULAE *
SPOONS *

BOATS *
FILTER CONES *

TIPPED FORCEPS *
TIPPED TONGS *

TRIANGLES *
WIRE GAUZE *

FOILS *
ElECTRODES * All items manufactured

from -Special Platinum'
luaranteed 99. 9% and

RAVINDRA A H-:RAEUS
~

WORLI. OOMBAY-l B (INDIA) Cram 1"CRUCI8LE"
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GUARANTEED REAGENTS
indicator papers
~ and solutions

A36

manufactured
in collaboration
with E. MERCK. A.G.
Darmstadt, Germany

$
Sales EnquIries

· . SARABHAI MERCK UMITED
POST BOX No. 16555. BOMBAY 18
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Extinction Recorder with Integrator" ERI 10"
SALIENT FEATURES

• Double Beam Compensation Method. Automatic Optical Null Compensation. Extinction Curve with
Adjustable Height. Transmitted or Reflected Light Measurement as Selected. Filter for Various
Dyestuffs. Setting of Various Scanning Widths. Integral Curve with a Choice of 12 Integration

Constants. Device for Automatic Elimination of Trailing Defect

(GERMAN DEMOCRATIC REPUBLIC)•'.
Iii&ii

VEB Carl Zeiss dENA

Sole Agents in India:

'-DGORDHANDAS DESAI PVT: LTD.
':I Equipment and instruments for all branches of science, techno/Do and industry

KERMANI BUILDING. SIR P. M. ROAD. BOMBAY·l BR

NO. n. LINGI CHETIY STREET, • P·7 MISSION ROW EXTENTION,. 4[2 B,IWALA MANSION, ASAF AU RO~
MADRAS-I CALCUTTA NEW DELHI
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High Vacuum Pump: Hyvac 7

*Merit factor 44 per cent

Specifications

*Guaranteed absolute pres­
sure 0.1 micron/Hg

micron

*Oil required for one filling
3 pints

*Normal operating speed
525 rpm

*Capacity at
35 litres/min.

*Free air displacement at
normal speed 79 litresl
min.

HYVAC 7 has been developed in response to the demand for larger high vacuum pump combining
increased capacity with the efficiency and relative compactness of the original CENCO-HYVAC. It is a
two-stage series connected pump utilizing the internal vane principle. Its two stages. finishing and roughing.
have equal volumetric displacements. In it vibration has been cut to a minimum. virtually eliminating
all noise nuisance.

It has an easily accessible drain cock and a convenient oil level sight gauge which provides a qUick check
of the oil in the pump.

It makes available up to 79 litres per minute of free air displacement.

Under test conditions. operating at 525 rpm. it will pump from atmospheric to its guaranteed pressure
in slightly less than 5 minutes. It is equipped with a 1/2 h.p. electric motor and a sturdy metal base for

operation on 230 volts 50 cycle A.C.

The pump is provided with adjustable gas-ballast which prevents contamination of the pump oil when
pumping condensable vapours and eliminates the need for frequent change of oil.

For further particulars. please write to:

SOLE DISTRIBUTORS

THE SCIENTIFIC INSTRUMENT COMPANY LIMITED
ALLAHABAD BOMBAY CALCUTTA MADRAS NEW DELHI

Head Office: 6 Tej Bahadur Sapru Road, Allahabad
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PRECISION
SCIENTIFIC CO.

MET-A-TEST
COMPLETE NEW
LINE OF SPECIMEN
PREPARATION
EQUIPMENT

"".

Two-Speed Table
Mounted­
Polisher-Wet
Grinder

Vari-Speed Polisher­
Wet Grinder.

DESIGNED TODA r

FOR TODArS NEED

IN METALLOGRAPHY

Mounting Press

Cut-off Machine

Microstructure Manuals.

GD GORDHANDAS
DESAI PVT: LTD.
Equipment and instruments for all branches of

science, technology and industry.

KERMANI BUILDING, SIR PHIROZSHAH MEHTA ROAD, BOMBAY.I
P.6. 12S2, MADRAS-I • P.6. 326. CALCUTTA-I • P.6. 192, NEW DELHI-I

IIIR-DECEMBER 196-4



DYNAZOOMMETALLOGRAPH
A new addition to the outstanding Bausch & Lomb line of versatile metallographs is

the new DynaZoom Series. Constructed to the classical inverted microscope principle,

the DynaZoom S~ries incorporates features of convenience, ease of operation, durability,

compactness and an incomparable zoom optical system.

BAUSCH & LOMB "

The DynaZoom Metallograph is a !Tench type

unit, designed for all general metallurgical

work, whether l1l industrial laboratories,

production line operations or metallography

classes.

(Illustrated is Jfodd J)ZJf-J)3 for bright field. dark field

aud polarized illl/mination)

Main
• Rotatin~ turret with b apertures for a variety of reticles

• Revolvin~ ~lide sta~e with air- c"shion action

• Ma~nification from 25X to BOOK (extended to 3750X
with accessories)

'" Built-in vertical iJ1umination pr(lvides even, hi~hly

intense illumination

Features
• Optical elements enclosed in interchan~eable power

pod housin~

• All optics are hi~hly corrected and Balcoted

• Standard ASTM ~rain size reticles available

• Rotatable Polarizer and Sensitive Tint Plate

Fur coll1pldc il/forll/tllioll plcast' ,,'rite 10

SOLE Ar.E~HS

MARTIN & HARRIS (PRIVATE) LTD.
(SClE:\TlFIC I>EI'.\HnIE:\T)

SAVOY CHAMBERS, WALLACE STREET, BOMBAY 1

Print,d and published by Shri A. Krishnamurthi, Publications & Information Directorate. Council of Scientific &

Industrial Research, New Delhi. at the Catholic Press. Ranchi, India
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