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,---HEWLETT ~ PACKARD-----:

Do-it-yourself ...

MICROWAVE MODULATION
FLEXIBILITY is yours with Hewlett-Packard PIN diode modulators, absorption-type devices that
eliminate incidental FM and frequency-pulling, permit levelling, amplitude modulation, noise modulation,
pulse modulation and perform with low jitter and high speed.

hp 8730 PI N Modulators: 'A' models for 30 db attenuation for levelling, AM and noise modulation 
'B' models for 80 db attenuation - for pulse modulation. Just add them to your system. Constant
input and output match from these voltage-controlled devices, whose PIN diodes absorb rf power,
and offer extremely fast rise times, typically 30 n sec. Four overlapping bands, 0.8 to 12.4 gc, plus
x-band waveguide models.

hp 8403 Modulator: Provides complete control for 8730 Modulators, including appropriate wave shapes
and bias levels for fast rise times, rated on/off ratios and AM. Internal square-wave and pulse modula
tor, which can be synchronized with external signals, has a free running prf 50 cps to 50 KC. Adjust
able width and delay in pulse modulation mode. External AM input.

Whether your need is for modulation components or a complete system, this group of Hewlett-Packard
products offers the answer.

For details please write to:
SOLE DISTRIBUTORS

THE SCIENTIFIC INSTRUMENT CO. LTD.
ALLAHABAD BOMBAY CALCUTTA MADRAS NEW DELHI

Head Office: 6 Tej Bahadur Sapru Road, Allahabad
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NOTICE
It is proposed to appoint a Chief Editor for the Publications and Information

Directorate of the CSIR. The Directorate is engaged in the dissemination of sCientific and
technical information through the publication of:

(i) scientific and technical journals; (ii) proceedings of symposia; (iii) monographs on
special topics; (iv) literature for popularization of science; and (vi other material of scientific
and technological interest.

The Chief Editor will be responsible for the editing and production of the above
literature and would be expected to set and achieve a high standard of scientific and
technical excellence in these publications.

There is no standard form of application. Those who wish to be considered are
invited to send a statement of their curriculum vitae by name to the Director General.
Scientific & Industrial Research. Others who may wish to send a nomination for the post
may also kindly forward their proposals to the Director General.

All communications will be treated as CONFIDENTIAL. Statements and proposals should be
received by the Director General on or before 30 April 1965 at the office of the
Council of Scientific & Industrial Research, Rafi Marg. New Delhi I.
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PHYSICS LABORATORY INSTRUMENTS
manufactured by

TOSHNIWAL INDUSTRIES PRIVATE LIMITED, A]MER

under licence from

Messrs W. G.. Pye & Co. Ltd., England
RESISTANCE BOXES • WHEATSTONE BRIDGES • LABORATORY STOP

CLOCKS. SCALAMP GALVANOMETERS. STANDARD SHUNTS. DECADE
RESISTANCE BOXES • POST OFFICE BOXES • STUDENT POTENTIO
METERS • KELVIN BRIDGES, etc.

Also
. under licence from

Messrs Hartmann & Braun AG, West Germany
THERMOCOUPLES & ACCESSORIES. TEMPERATURE INDICATORS. PANEL

MOUNTING VOLTMETERS. PANEL MOUNTING AMMETERS. FREQUENCY
METERS, etc.

under licence from

Messrs Polymetron Ltd., Switzerland
pH METERS & CONTROLLERS

under licence from

Messrs British Electric Resistance Co. Ltd., England
CONTINUOUSLY VARIABLE AUTO-TRANSFORMERS • REGAVOLTS &
RHEOSTATS

Many more instruments for all your requirements

SOLE SELLING AGENTS:

TOSHNIWAL BROTHERS
PRIVATE LIMITED

198 JAMSHEDJI TATA ROAD, BOMBAY I
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Branches:
KACHERI ROAD JEll JHANDEWALAN EXTN. ISA SARAT BO$E 1\0il;) l'OUND T.ANA. MOUNT ROAD

AJMER NEW DELHI I CALCliTTA 2'· MADRAS 2
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DIRECT IMPORTERS & MANUFACTURERS' REPRESENTATIVES.

An associate of

ASHA SCIENTIFIC CO.

mm GRAM: : 'ASHACOM' PHONE: HeSS

mm SUPERIOR LAMP BLOWN
~gm PYREX GLASS APPARATUS;
mm ASSEMBLIES ACCESSORIES

!lll!! OF ALL TYPES

~ "uW ' ,. ::;::: "",':,::',',C

6 Man~~~~tured by

SCIENTIFIC EQUIPMENT
MFG. co.

503, GIRGAUM ROAD, BOMBAY 1.

Improved models of

are obtainable from the

manufacturers

~ BALANCES

Phone: 3282

335 NADESHWAR
VARANASI CANTT.

PROJECTION TYPE MICRO,

SEMI-MICRO, APERIODIC,

CHAINOMATIC AND

OTHER TYPES OF

Keroy (!?f~Va'/~ Ltd.
U LATAFAT HUSSAIN LANE

CALCUTTA 10

Phone: 35·5065

LABORATORY
GLASS

APPARATUS
•

ii~!~i
Inter~h~ngeable Laboratory
Glassware 'Our Special it/

mm
WE SUPPLY COMPLICATED RESEARCH APPARATUS

Sole Selling Agents: or from thezr agents

GHARPURE & CO. LABORATORY STORES
p.)6 INDIA EXCHANGE PLACE EXTN.

CALCUTTA I

Gram: MEENAMO • Phone: 22·2061

3A Ripon Street
Calcutta 16

Phone: 44-1338
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*
Manufactured by

153 DHARAMTALA STREET

CALCUTTA 13

THE BENGAL IMMUNITY CO. LTD.

PYRAPEN has been adjuvated with Ext. Belladonna and Phenobarbitone In

PYRAPEN COMPOUND tablets to facilitate treatment of severe pain.

T~~~~~~"""~""~""""""""""-r

~ ~
} \,1

~ A POTENT ANTISPASMODIC
\ I

} ~~ for oral administration ,
I I

~ ~

1 PYRAPEN I
\ I
\ I
~ Acombination of a potent antispasmodic (a piperidinomethyl-pyrazolone compound) ~

~ and an effective antacid (magnesium aluminium silicate). ~

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

~ CHARACTERISTICS ~
\ I
\ • Possesses both neurotropic and musculotropic antispasmodic action. I
\ I
~ • Relieves spasmodic conditions of the gastro-intestinal tract, due to gastric ~
\ and duodenal ulcer, hyperacidity, hypermotility of the stomach and intestine, I

~ gastritis associated with increased secretion, motility, pyloro-spasm irrespective ~
\ of peptic ulcer, intestinal colic, lead colic, etc. I
\ I
~ • Acts by local concentration on account of low systemic absorption. ~

~ • The combination with Magnesium Aluminium Silicate offers special advantage ~
~ in that the pH of the gastric juice is maintained within effective limits and II
~ there is no interference with gastric digestion. I

\ \
\ I
~ 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. ~

I
I
I
I
I
I
\
I
I
I
\
I
I
\
\
\
I
I
\
I
I
\

J-""..................,...,..........""..................,...,..........--,...,..........-",.....--..................,...,.........._",.....--..................,...,.........._-.."..~~~~
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Gansons ISOTOPES HANDLING EQUIPMENT III

"T - --~"'-~--r " 't - 1

?',
},

Production Plant for Iodine-13lu the Atomic Energy Establishment. Trombay

@ GANSONS PRIVATE LIMITED, POST BOX NO. 5576. BOMBAY-I4-

III

I
1'-
i

I: ~
I

I I
I

18/GS/»

r~ !~
~ / 01:-

-THE INTERNATIONAL
CHEMICAL INDUSTRIES

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

CALCUTTA·9
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AS

IANNOUNCEMENT
We are glad to announce that we have been appointed

SOLE AGENTS IN INDIA FOR

Messrs M. WOELM
Frankfurt/Main 11506, Eschwege, Post Box No. 840, West Germany

Manufacturers of famous .. WOELM "

ADSORBENTS FOR COLUMN
and
THIN-LAYER CHROMATOGRAPHY

Enquiries as well as orders for atry
"WOELM" ADSORBENTS are earnestly solicited

N. HIMATLAL
& COMPANY
Princess Street, Post Box No. 2004, BOMBAY 2
Phone: 39530 • Grams:' Calomel'

• SUPPLIERS Of'

LABORATORY CHEMICALS, REAGENTS, STAINS, INDICATORS, AMINO ACIDS,
RARE ELEMENTS, etc., to Universities, Colleges, Research Laboratories and
Industrial Concerns, etc.

• AND SOLE AGENTS IN INDIA f'OR

Messrs KOCH-LIGHT LABORATORIES LTD., ENGLAND
Manufacturers of Organic Chemicals, Biochemicals, Enzymes, Ultra-pure Elements
and Compounds. etc., etc.

• SOLE DISTRIBUTORS f'OR

Laboratory & Industrial Chemicals manufactured by DANPHA CHEMICALS (INDIA)
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Cauvery Brand

STABLE
BLEACHING
POWDER
for

.textile bleaching,

.water purification,

.environmental sanitation

THE METTUR CHEMICAL & INDUSTRIAL CORPORATION LIMITED
Mettur Dam R. S. Salem Din.
Mal/aging Agents:
SESHA.SAYEE BROTHERS PRIVATE LIMITED

Cltlf[~ION·!'lC·310

THE 'ROTO SUPER'
CENTRIFUGE

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 He.d for 4;{ 100 mI. com?lete with shields of V2A steel and glass tubes

• Reducing Insertion of SO mi. complete with glass tubes (fitting the swing head)

• Multi-Carrier of 2 X 25 ml. complete with gla55 tubes (fitting the swing head)

• Multi-Carrier of 4;{ IS ml. complete with glass tubes (fitting the swing head)

Rs. 9000/- each

Va rious other models also available

DIRECT IMPORTERS & STOCKISTS OF SURGICAL & SCIENTIFIC GOODS

27/29 POPATWADI. KALBADEVI ROAD, BOMBAY 2

B. PATEL & COMPANYLiterature and

prices on

request

jSlR-MARCH 1965

Phones: 38689 & 39702 Grams: GLASALSORT

SP/BP/S
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NEWERA IN GRAPH PAPER INDUSTRY

*SECTIONAL GRAPH PAPER IN ROLLS
STRIP RECORDING CHARTS
ARE NOW MANUFACTURED

1st TIME IN INDIA
¥

CHHENNA CORPORATION
P.O.BOXI728 - DELHI-6

Rama Pubs,

Beinl successfully used in U:e laborator:es of :

• Indian Standards Institution, M:lthura Road.
New Delhi· Central Electro Chemical Research
Institute, Karaikudi 3 • Haffkine Institute. Pare!,
Bombay • Universit;es of lucknow. Raj3sthan
(Jaipur), Ud3ipur and many other Industries

GLASS COATED
CHEMICAL EQUIPMENT

'1

Reaction Kettles steam jacketed. Evaporators.
Distillation Unit complete. Condensers, Filters
and all accessories such as Stirrers anchor type,

Impellers, Thermowells, etc.

REPAIR WORK OF FOREIGN EQUIPMENT
CARRIED OUT PROMPTLY

DR. RAO'S LABORATORY

"'1·

UNIVERSAL OVENS
STER....IZlNG • DRYING • INCl8AT1NG

IUS H[AT RAlJl .... TION '>Y'.TH1

HEMHS IOIAllY COVERED
HlAlllt.', IN WTTOM 6 ')IDES

SEW
50
UNIVERSAL
OVEN

Autom.cjc T,""p~rlt",re Control
Wifhout Cont:..:' 'o;nU

~titi.. ;I)i' & Temp. U..ifo'mity
'OS' C to !1"C

Patel Compound, Near Nair Hospital

BOMBAY 8
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ASSOCIATION OF FOOD TECHNOLOGISTS (INDIA)
Central Food Technological Research Institute

Mysore

A PROFESSIONAL AND EDUCATIONAL ORGANIZATION OF

FOOD TECHNOLOGISTS AND SCIENTISTS

AFFILIATED TO THE INSTITUTE OF FOOD TECHNOLOGISTS, AMERICA

OBJECTS

I. To stimulate scientific and technological researches on various aspects of Food Technology.

2. To provide a medium for the exchange. discussion and dissemination of current develop
ments in the field of Food Science and Technology.

3. To promote the profession of Food Technology.

The ultimate object is to serve humanity through better food.

MAJOR ACTIVITIES

I. Publication of .. Journal of Food Science & Technology" - a quarterly, free to all members.

2. Publication of authoritative critical reviews by specialists in different branches of Food
Science and Technology - an annual publication.

3. Arranging scientific and technical lectures for the benefit of members.

~. Holding symposia on different aspects of Food Technology.

MEMBERSHIP

A credentials committee examines nominations for membership which is open to graduates and
diploma holders in Food Science and Technology and all those interested in any branch of Food
Science and Technology or in allied fields. The present strength of the Association is about 500.
Regional branches of the Association are also being opened.

Admission Fee Re 1.00 • Annual Membership Fee Rs 15.00 or $ 3.50

PUBLICATIONS

SUBSCRIPTIONS

Journal of Food Science & Technology
(Quarterly)

Reviews in Food Science & Technology
(Annual)

For
members

Rs 5.00

For
non-members

Rs 20.00

Rs 8.00

Foreign

$ 5.00

$ 2.00

For membership and other details, kindly address:

THE HONORARY EXECUTIVE SECRETARY, ASSOCIATION OF FOOD TECHNOLOGISTS
MYSORE 2, INDIA
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Available in India through:

The Andhra Scientific Co. Ltd.
4 Blacker's Road, Mount Road, MADRAS

Arora·Matthey Ltd.
166 Netaji Subhas Chandra Bose Road
Tollygunge, CALCUTTA 40

Associated Instrument Manufacturers
(India) Private Ltd.
Sunlight Insurance Building
26-27 Asaf Ali Road, NEW DELHI

Raj-Der-Kar & Co.
Sadhana Rayon House
Dr. D. Naoroji Road, BOMBAY I

The Scientific Instrument Company Ltd.
6 Tei Bahadur Sapru Road, ALLAHABAD

Cnp1tf (~I thr flpprfl!JrltJl/'!JfllJlirr.IIM/f .md
priu .'iSff lin' fJ1',;!4I/)//' (,11 1"/ quo,'.

Jobn§on~.
Matthey

L. Rare Earths

Oxidl.'~) salts and I1ll'tals of the rare earth
group of dements :In: i1\'ailahk in Y:lri
OUS grades of purity. The Illctab can be
supplied as wire and sheer, as well as in
lump form.

2. High Purity Metals allli COII/POUI/tls
.l\ktals and compounds of the iron group
and of millor and rare c!L-l11l:nts can be
supplied in a state of high purity for
research purposes and for specialised
industrial applications.

}. Stmldm'd Alloys

Graded series of clIppcr, aluminium and
lead alloys arc ayailahk for USe as stan
dards in 'Iuantitativc spectrochemical
analysis.

4. Spectrographically Stal/dardiud
Substa1/ces

Seventy dcments ,He represented in this
range of Ill<:tals and compounds of the
highest purity. 1\n analytical report is
provideJ with every supply of material.

A12

JOHNSON, MATTHEY & CO" LIMITED, HATTON GARDEN, LONDON, ENGLAND
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AIMll
Hilger Pattern

BIOCHEM ABSORPTIOMETER
for rapid colorimetric analysis

FEATURES

* Only 3 ml of liquid required in a one-em cell.

* Easy to read. Large spot-galvanometer scale.

* Simple to use. Has easy accessibility and small
number of controls - a simple photocell shutter.
a filter disc. a full-scale aperture adjustment. and
an on-off switch.

'" Eight spectrum filters in a disc give close discri
mination of absorption bands and a more linear
calibration than with broad-band filters.

* The filter in use is indicated by its peak wavelength clearly engraved on the edge of
the disc.

" Two interchangeable mounts are provided for self-sided Spekker cells. or special test
tubes.

'" The mount for test-tubes is optically compensated so that readings are not affected by
the refractive index of solutions.

::: Spilt solutions fall through to the work bench without penetrating the interior of the
instrument.

'" A constant-voltage transformer ensures consistent operation on all but the most
exceptionally fluctuating a.c. mains.

'" Hard-hammer finish, resists wear and is easy to clean.

NOW MANUFACTURED IN INDIA

by

ASSOCIATED INSTRUMENT MANUFACTURERS
(INDIA) PRIVATE LIMITED

India House
Fort Street

BOMBAY I

JIIR -MARCH 1965

B5 Gillander House

Post Box No. 2136

CALCUTTA I

Sunlight Insurance Bldg

26(27 Asaf Ali Road

NEW DELHI I
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For dependability & performance

Universal AvoMeter model 8X

The model ax is a high sensitivity
version of the world-famous Univer·
sal AvoMeter. In addition to the
many well·known AvoMeter features,
such as the automatic overload pro
tection cut-out, dual-knob range
selection, etc., it has a push·button
to obviate the inconvenience of
changing over the leads when en·
countering opposite potentials in
respect of a common reference point.

VOLTAGE ac/de:
25mV. to 2.500 V.
CURRENT ac/dc:
0.5 microamps to 10 amps.
RESISTANCE: 0-20 megohm,
with Internal batteries. 0-200
megohms with external d.c. supply
DECIBElS:-15 Db to+ 15 Db.
SIZE: 8;- x 71" x 4:-
WEIGHT: 6! Lb,. (including lead,)

AVO LIMITED, England

The meter has a sensitivity of20.000
ohms per volt on all d.c. range,. and
1,000 ch ms per volt on a.c. ranges
from 100 volts upwards. Accuracy
on d.c. current ranges and a.c.
current ranges is to B.S. Spec.
89/1954, and on d.c. voltage range~

within 2% of indication from full
scale to half scale deflection. and 1%
of full scale v::lue below half scaie
deflection.

A14

MOTWANE
PRIVATE LIMITED
121 Mahatma Gandhi Road, Post Box No. 1312 Bombay-'
Phone: 252331 Grams: 'CHIPHONE' all offices' Blanches at:
New Delhi, Calculta, Lucknow, Kanpur, Madras and Bangalore.

_________________________________ ((·u.

ISIR-MARCH 1965



everywhere!Colour-Chern' CO
When you sec lhe Ihrill ing world of man

made colours around you- speelaeular prints
on your fahrics, colourful inks in your
magazines. pleasing paints in the interior
of your home, fascinating tapestry and Ihe
nttral'tivc furnishings of your drawing room,

plastic balls in the hands of your children
remember lhat COLOUR-CHEM, India's

leading makers of Pigment Colours, is very
much a pan of your aaily life.

jSIR-MARCH 1965

..
Backed by 100 )'ears of
German experience
COLOUR·CHEM LIMITED
221, Dadabhoy Naoroji Road,
Fort, Bombay-l
In direct participation with:
FAIlBENFABRIKEN BAYER AG..
Levtrkusen, W. Germany
FARBWERKE HOECHST AG.,
Frankfurt, W. Germany
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CSIR

ENCYCLOPAEDIA

PUBLICATIONS

Wealth of India: Raw Materials

*Vol. I (A to B)
*Vol. II (C)

Vol. III (0 to E)
Vol. IV (17 to G)

Vol. V (H to K)

Vol. YI (L to M)

Wealth of India: Industrial Products

Part I (A ta B)
*Part II (C)

Part III (D to E)

Part 1\' (I' to H)
Part \' (1 to L)

BOOKS & MONOGRAPHS

Aquatic Angiosperrlb - A ~'lonogr"ph hy 1\. SlIBH ..I;I ..I;>;\"All

Coir: It, Extraction, l'rop('rtil's ;>nu Uses

Foundrv ~Iollkling Sands of India

Flora of Delhi by J. 1\. MAHESHII'AHI
Glo"sarv of Indian ~\('dicinal Planb by ({. N. CHOI>H,I, S. L. l\A\"AI~ &.

I. C. 'CHOPRA .

Gnctulll- A Monograph by PIWI'. P. MAHESHIV,IHI &. DI< VIII LA VASIL

Indian Scientific :Ind Technical Public;t1.ion" - A Hibliogr"phy
Indian Es,",,'ntial Oils - A !{CI'iclV hy A. 1\. MEKO?'/

Mar"ilea-A Monogr"ph by K. M. GUPTA
Kinetics of Elcctrode Processcs and Nnll Points of Mdab

by L. 1. ANTfW1'0\'

Problems relating to the Del'e\opmcnt of IlItern,,1 Cornbn"tian Engine in
India

Essential Oils and Aromatic Chemicals
Cellulose Hesearch: Vol. I

Cellulo"e l~esearch: Vol. II

Antibiotics - Their Production, Utilir."tioll "lid Mode of Actian
Chcrnical Process Design -- i\ SymposilllH

International Geophysical Year: Vol. l - SYmpOSillm Pracl'eding,

International Gcophysical Ycar: Vol. I l - Symposillm Proceed illg,
Plant Embryology - A Symposium

La\\" Temperaturc Clrbonization of NOll-caking Coa\,; and Lignites ;1I1d
Briqllct:ting of Co;L1 Fincs - A Symposillrn: Vob. I and I [ (,,,el,

·nCIW!('S out of slock

Can be had from

Rs 20.00 Sh 40 S 6.00
Rs 30.00 Sh 60 S 9.00
Rs 22.00 Sh 44 S 6.60
I{s 25.00 Sh 50 S 7.50
I{s 30.00 5h 60 S 9.00
I{s 4U.OO Sh XO S 12.00

1<, W.OO Sh 20 S 3.00
!{s 20.01l ~h 4U $ 600
I{s 25.00 SiJ 50 S 7.50
I{s 25.00 SiJ 5" S 7.50
I<s ~()."I) SI, (,0 S 9.00

I<s 20.00 SI,40 S (>.00

I~~ 6.00 SiJ 12 S !.is
I~, 15.011 SI, 3U S 4.50
I{, 2X.\)O 5h 56 S R.OO
H~ X.OII SiJ 16 S 2.50

({" 20.00 Sh 40 S 6.00
!{, 25.00 5iJ 50 S 7.50
l{~ 7.00 5h 14 S 2.00
I{s 16.00 SiJ 33 S 5.00

J<~ 5.00 Sh IU S 1.5U

l{s 12.00 Sh 24 3.50

l{s 10.00 SiJ 20 S 3.00
Hs G.OO 51, 12 S 1.75
I{s 12.00 SiJ 24 S 3.50
!{s 15.00 5iJ 30 S 4.50
I{s IX.OO 5iJ 36 S 6.00
I{, IR.OO SiJ 36 S 6.00

I<s 1?J.O" ~iJ 36 S 6.00
({s 2U.01I SiJ 40 S 6.50
I{s 35.00 SI,70 $ 11.00
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<;,'ological Time
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Sub-Hima!;,Yan Tracts

Indi,,,, (;raphik -- Ih 11.'ndiciation and Uses by J. C. GIIO';II,
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R,; 3.00 5h 6 $ 1.00

I(s 2.00 Sh 4 $ 0.60

I{c 1.00 Sh 2 $ 0030

I(e 0.50 Sh 1 $ 0.25

I{s 2.50 Sh. 5 $ 0.75

1(<; J.00 Sh 2 $ 0030

He 1.00 Sh 2 $ 0.30

Rs 4.00 Sh 8 $ 1.20

He 1.00 Sh 2 $ 0.30

Rs 15.00 Sh 30 $ 4.50

Rs 5.00 Sh 10 $ 1.50

National Register of Scientific & Technical Personnel (Indians Abroad)

Scrics £. Enginrers
E I to E 17, E 18, 1964

Series ~1. ~lediGtI Personnel
~I I to ~l ll, M 'I, 1'163

Serif's ST. Scient ish & Tt'chnologisls
5T I to ST 17, :iT IX, 1'164

Series 11 ,'\: A. Businl'ss A<lministratOl's & Accountants
13 & A I to B ,'\: A 3, B & A 4

Can be had from
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INSIST ON NATIONAL PRODUCTS

We specialise in manufacturing:

THERMOSTATIC

BATHS, OVENS, INCUBATORS

VACUUM BATHS, VACUUM OVENS

FRACTION COLLECTORS, B.O.D.

INCUBATORS, EXTRACTION HEATERS
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STILLS. GRINDING POLISHING MACHINES

HEATING MANTLES, STIRRERS

ETC. ETC.

'QUICKFIT'

SIMPLE DISTILLATION

VACUUM DISTILLATION
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ANILINE POINT APPARATUS

BOILING POINT APPARATUS

FREEZING POINT APPARATUS

CHROMATOGRAPHY APPARATUS

GAS ANALYSIS APPARATUS

ETC. ETC.

COSMIC INDUSTRIES CORPORATION
7 Swallow Lane, Room No. 66

CALCUTTA 1

Phone: 22·2935

SCIENCE EMPORIUM
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LAMP BLOWN LABORATORY GLASS

APPARATUS AND GRADUATED GLASSWARE

OF PYREX AND OTHER HEAT RESISTING

GLASS

•
Suppliers of

Chromatographic Chamber with Acces

sories, Scientific Instru ments and all

kinds of Laboratory Wares for Colleges.

Research Laboratories. Industrial Firms.

Hospitals, etc.

39{A CANAL WEST ROAD

CALCUTTA 4
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IS "VACUUM" A PROBLEM FOR YOU?
If so, please consult us. Ii Vacuum" is our science. U Vacuum" is our technic. U Vacuum tJ is our pro

fession. Ii Vacuum n is our business.

The phenomenal strides Vacuum Technology has taken in recent years have greatly increased the need for

specialised equipment both in quality and variety.

HIND HIGH VACUUM CO. has come into existence with an all-embracing production programme of
Vacuum and High Vacuum Equipments.

It is backed by matured technical design and guidance of highly qualified scientific personnel cif national and

international repute.

If yeu require vacuum equipments of special purpose like Vacuum Coating Units, High Altitude Chambers,
Environmental Chambers, Decompression Chambers or items like Rotary Pumps, Oil Diffusion Pumps,
Pirani, Ionization and Other Vacuum Gauges, Stainless Steel Vacuum Beljars, Vacuum Couplings, etc.,
for your production or for research. please contact us.

Repairs and servicing of any type of vacuum and high vacuum equipment are undertaken. Our sales are

backed by guarantee and servicing.

Please address your enquiries to:

HIND HIGH VACUUM CO.
No. 50, 15th Cross, 8th Main Road. P.B. No. 1044, Malleswaram

BANGALORE 3

Grams: • Hindhivac' Phon e: 22888

Factory:
F-52 Industrial Estate, Rajajinagar, Bangalore 10
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Current

Utilization of Graduate Engineers

WITH the rapid pace of industrialization, the
shortage of technical manpower is being

keenly felt in India, and thus an urgent need has
arisen for careful planning of our technical educa
tion system and full utilization of graduate en
gineers. Apart from the levels of training required
for different jobs, the question of employing the
appropriate personnel for the work they can most
usefully perform has attracted little attention.
This is particularly so in regard to graduate en
gineers. Prompted by the conflicting opinions on
the ·standard of technical education obtaining in
the country and the type of work assigned to quali
fied engineers in relation to their technical quali
fications, the National Register Unit of the Council
of Scientific & Industrial Research, New Delhi,
conducted a survey which covered 24 industrial
establishments in the public and private sectors,
employing 2S 1,000 personnel, of whom 6800 are
graduate engineers. The findings are quite reveal
ing and should merit the attention of all those
concerned with the education, training, deployment
and utilization of technical manpower.

The managements of the industrial establishments,
to whom a questionnaire was addressed, generally
expressed the view that Indian engineers were
• reasonably practical '. One organization felt that
the engineers were • bookish', while two others
considered them as • very practical'.

o indication was forthcoming from the replies
to the questionnaire to suggest that technical
education in India is particularly deficient.. The
managements were generally of the view that the
universities and colleges produce engineers suitable
for their industry, but that fresh graduates need
some initial training on the job. One establishment
has pointed out that university education cannot
be expected to provide engineers specially suited
for any particular industry. All the public sector
establishments covered by the survey have train
ing programmes, and four out of eight in private
sector industries follow such a practice. The period
of training varies from a few months to two years
in the different establishments.

Managements of seven establishments have wel
comed overseas tt-aining generally, while four others
found it useful in certain fields or for certain specific
purposes. Those who favoured it found the over
seas trained engineers better capable of taking
decisions and giving new ideas. Five organizations
did not find overseas training particularly useful.
Opinion of senior engineers in one organization
was divided on this question.

Ten establishments found postgraduate education
useful, while two others found it useful to a limited

Topics

extent or in specific fields only. One establishment
did not find postgraduate education particularly
useful. Opinion was divided on this score in
another organization. Those who favoured post
graduate education wanted the engineers mostly
for planning, design, research and development
work.

These opinions of the managements \Yould indicate
that university education and training in India are
fairly broad-based and of satisfactory standard.
However, on-the-job training and some reorienta
tion courses are necessary for the new entrants in a
particular industry.

In the opinion of S4 per cent of the engineers
covered by the survey, the standard of engineering
education in the country is adequate for the job
they are handling. According to another 28 per
cent, the educational stilndard is higher than ,that
required for the work they are engaged -in. ,. The
rest observed that the technical education is in
adequate, and this was mostly in respect of practi
cal training which goes with a degree course. They
have, however, not indicated what kind of practical
training in colleges and universities can do justice
to specific requirements of various industries. The
consensus appears to be that the technical educa
tion provided is satisfactory and in some instances
the job handled by the engineers is not commen
surate with their educational equipment.

The situation is further spelt out in greater detail
in another question regarding the work handled in
relation to qualifications. Nearly 60 per cent of the
graduate engineers found their education fitting
well with their jobs. Another 12 per cent observed
that their work could be handled by less experienced
graduate engineers. About 20 per cent said that
their work could be handled by diploma holders in
engineering and another 8 per cent felt that non
engineers could discharge their duties. Thus, about
28 per cent of the graduate engineers felt that their
duties could be performed by less qualified person
nel, which tallies with the figure of 28 per cent
who view that the standard of education is higher
than required.

Sixty-three per cent of the engineers find their
work 'reasonably creative' and 37 per cent find
it 'mostly repetitive'. It would be worth con
sidering whether graduate engin'eers should continue
in repetitive jobs or be replaced by the less qualified
engineers in order to liberate them for more creative
type of work.

About 3S per cent of the graduate engineers ex
pressed pride in their work, and 4S per cent con
sidered their job as needful duty. These opinions
agree fairly well with the answers on job satisfac
tion, where 40 per cent expressed satisfaction with
their work, 'another 40 per cent were' more or less
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satisfied', while the remaining 20 per cent had
no job satisfaction.

Thus, nearly one out of every three graduate
engineers is not satisfactorily employed. This can
result in frustration, and lowering of productivity
and efficiency.

Too Many Scientific Journals?

THE increasing number of scientific journals being
published - a recent estimate puts the number

over 100,000 - has created serious problems in
respect of documentation, storage and retrieval of
scientific information. The need for a reappraisal
of the situation from a number of angles has been
felt and the problems arising out of the enormous
increase in the number of scientific journals have
to be examined from many basic considerations:
Are the present scientific journals serving the
needs of the scientific community satisfactorily?
Is it really necessary to have such a large num
ber of journals? How are the journals fairing?
And what handicaps and problems the journals
are confronted with and how they arc being
overcome?

Two recent reports published by the National
Science Foundation, USA (Characteristics of Scien
tific Journals, 1949-59 and Characteristics of Profes
sional Scientific Jou.rnats, 1962), have revealed
interesting facts about 500 American scientific
journals that serve an important function by
devoting more than half their space to basic re
search reports [Science, 146 (I 964}, 869]. On an
average, these journals publish 1050 pages a year,
have 4400 subscribers, and spend annually S 31,500.
The average length of articles published in these
journals has decreased substantially and format
changes have allowed printing of more words per
page. However, despite an increase in advertising
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revenue and subscription rates, many journals are
running at a loss. Journals in engineering, physics
and chemistry have most economical formats, and
those in biology and social sciences the most ex
pensive. Among the journals published by learned
and professional societies, the cost to subscribers is
lowest in physics ($ 0.67 a year per 100,000 words)
and highest in social sciences ($ 2.98 pcI' 100,000
words). Costs in the case of commercial journals
arc still higher ($ 3.94 per 100,000 words). The
practice of levying page charges against author's
institution, initiated by the American Institute of
Physics, is now followed by a few more journals,
but a majority have not turned to this source of
income. It has been suggested that a change
to fewer and larger journals would effect some
economies.

Studies on subscription patterns and circulation
overlaps in respect of the scientific journals are
also revealing. Most scientists find it necessary to
subscribe to several journals, but it has been found
that 500 journals provide fantastically more dif
ferent combinations than there arc scientists. If
it is assumed that no individual subscribes for
more than 5 journals, then 500 journals prol'ide
approximately 2·5 X 1011 different combinations to
satisfy the individual needs of some 2·5 X 105

scientists.
In India, the number of scientific and technical

journals published during the past 10 years has
been increasing at a rapid rate. The number has
increased from about 250 in 1955 to OIU 750 in
1965. It is, therefore, time to take stock of the
situation and ascertain whether such rapid proli
feration is really nec('ssary and is conducil'e to
maintaining the standards of the journals. As
indicated by the National Science Foundation
studies, fewer but better journals should meet our
needs adequately.



Some Aspects of Cosmic Ray Research*

COSMIC radiation was discovered more than
half a century ago by the Austrian physicist
Hess who measured the conductivity of air at

\'arions altitudes using equipment carried up on
balloons. It was already known that the air around
us, ncar the ground, was a conductor of electricity 
a poor conductor no doubt, but a conductor ne\'er
theless. Prior to thc work of Hess it was assumed
that this conductivitv was due to radioactive mate
rials present in the 'earth, which caused ionization
in the air close to the ground. Hess showed, how
e\"Cr, that the conductivity increased rapidly with
increasing altitude and he c;irriecl ont his measure
ments up to an altitude of 17,000 ft. Hess's con
clusion, in his own words, was: "The only way to
interpret these experimental findings was to conclude
the existence of a hitherto unknown and very pene
trating radiation, coming mainly from above an,1
being most probably of extraterrestrial origin."
This extraterrestrial radiation was named 'cosmic
radiation' by Millikan in 1925.

Since Hess's discovery, we have gone a long way
in our knowledge of cosmic ray physics. We know
that cosmic rays are atomic nuclei and electrons
which move with great energies in the spaces between
the stars of our galaxy; in the regions surrounding the
stellar conglomerations of our and other galaxies;
and closer to us which move in the interplanetary
spaces of our solar system. Cosmic rays and space
physics are thus closely linked together, and with
the advent of the space age, cosmic ray studies have
recei\'ed a great impetus. Cosmic rays originate
in explosive processes in the interior or surface of
stars (such as the great flares which occur on the
surface of the sun), in the explosions of stars (the
so-called supernova(·). and in collisions or explosions
of galaxies. They are thns part of, and bring us
information relating to, these spectacular pheno
mena in the firmament of cosmic e\·olution. Cosmic
ra\'s recei\'e their energy by interacting with magnetic
fields which arc imbedded in ionized gas clouds
expelled in explosi\'e processes; thcse magnetic
fields and gas clouds arc present in interstellar space.
The suhject of cosmic ray origin, acceleration and
propagation is thus largely one of astrophysics,
cosmology, magnctohydrodynamics, plasma physics
and nuclear physics. Cosmic ray particles cover
a very extensive hand of energies. The highest
energ\' cosmic ray yet ohserved had an energv of
10'0 e"., which is more than a thousand million tlmes
the energy of particles accelerated in the world's
largest man-made accelerators.

General Aspects of Cosmic Ray Research

The study of the universe aronnd us using the
optical region of the electromagnetic spectrum has

*:\ Diss('rLltiol1 hy Dr ~1. C, 1\. i\kllOll , Senior Professor
& U<'puty I>irl'dllf (Physics), Tata Institute of Fundamental
Hcscan.:h, Bomh;ly. Olt the occasiun of tlH' prt's('ntatiol1 of
the Shanti Swamp HlJatnagar Memorial :\ward in Physics
for t 960 at tilt' ~btional I'hysicd I.ahoratory, Nl'W D<,'lhi,
14 Janna'" 1%5.

had a long and distinguished history; most of us are
familiar with the great advances in knowledge which
have been brought about through investigations in
the field of optical astronomy. More recently,
over the past threc decades of its existence, radio
astronomy, involving the study of radio waves,
which lie at wavelengths greater than that of visible
light, has in its own right opened up new vistas.
Cosmic ray studies enable us to look at the universe
through yet another window. What is of great
interest about cosmic rays is their particulate charac
ter; they are the only form of matter from outside
the solar system which we receive directly. Since
the cosmic ray particles are electrically charged they
are subject to electric and magnetic fields. Finally,
cosmic ray particles possess such extremely large
energies. The information which cosmic ray studies
give us about the universe around is thus quite
different and complementary to that obtained via
optical and radioastronomy.

The primary nuclei beat against the top of the
atmosphere like heavy rain. The earth's surface
is protected from this bombardment by the atmo
sphere. The primary nuclei collide with the air nuclei
and cause nuclear disintegrations. Born in these
violent nuclear collisions are many types of intriguing
short-lived particles. The discoveries in cosmic rays
of this rich assortment of particles led to a great
upsurge of interest in the field of particle physics;
it stimulated the invention and construction of even
more powerful particle accelerators and this increased
activity promises to lead us to an understanding of
the nature of matter much deeper than we have at
present. The task of probing into the nature and
interactions of these particles is now mainly the
pro\'ince of laboratory high energy physics; but at
the higher particle energies as yet unattainable
with machines cosmic rays are still a necessary
tool.

Cosmic ray research is carried out by space
scientists with equipment placed on sounding rockets,
satellites and deep space probes, scientists who man
ground stations located from the Arctic and the
Antarctic to equatorial latitudes, scientists working
with detectors flown on balloons over various parts
of the globe, scientists working deep underground
at depths up to 10,000 ft below ground. It covers
scientists whose basic callings are as diverse as
astrophysics, geophysics, plasma physics, elementary
particle and high energy physics and even radio
chemistry. The vitality of cosmic ray physics lies
in this immense range of contributions which it makes
to the development of science. As a field which
has throughout been in the forefront of scientific
developments, a field intimately related to so many
important branches of research, which utilizes some
of the most advanced instrumentation and employs
the newest theoretical concepts, and what is im
portant for us in this country, as a field which is
relatively inexpensive to work in, cosmic ray research
is an area ideally suited for being actively pursued
in India.
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Cosmic Ray Research at the Tata Institute
of Fundamental Research

I would now like to take up some facets of the
cosmic ray rescarch at the Tata Institute of funda
mental Research, in particular cosmic ray measure
ments at high altitudes ncar the geomagnetic cquator
using halloon techniques and experiments deep
underground at the Kolar (;old fields with particular
refercnce to neutrino physics.

Importance of cosmic ray studies ncar the geomagnetic
equator - The carth possesses a magnetic field which
acts as a magnetic aml!\ser for charged particlcs
coming in from outer spacc. Cosmic rays, right
from the lowest energies, arc admitted at high
latitudes (such as O\U North America and Europe);
but in the equatorial regions only thc high encrgy
radiation is allowcd to enter. The lower energy
region is of particular intcrest for studies concerning
solar-terrestrial relationships, etc.; considerable in
formation on these aspects has become available
from extensive il1\·estigations conducted at high
latitudes, both at ground level and at high altitudes.
In contrast, equatorial data havc been ven· meagrc.
This is because the geomagnetic equator passes
mostly through oceanic regions, and the land areas in
this belt are rather inaccessible for the most part;
few countries advauced in science and technology arc
located at these latitudes. We, in India, are, there
fore, well placed to make important contributions to
fill this gap in our knowledgc. It may be of interest
to point out that Hyderabad (Andhra Pradcsh),
from where we conduct our major balloon pro
grammes, bas a magnetic rigiditv of 16·8 GV.,
which is the highest for any balloon station in the
world.

Cosmic ray 111eas-nremcnts at high altitudcs ncar
the geomagnetic eq-nator using balloon techniqucs-
Cosmic rays are appreciably modified by passage
through the earth's atmosphere; for example, we
know that heavy atomic nuclei, such as the nuclei
of iron, are present in the primarv radiation, but
since they break up in collisions with the air nuclei
they cannot be seen as such at thc earth's surface.
for direct measurements on the primary racliation
it is necessarv to make obsen·ations well abo\·c the
earth's atmosjlhere; for this purpose detector systems
are carried to high altitude by balloons, rockets and
satellites.

\Vith balloons it is possible to attain altitudcs
where only a very small (raction, a few parts in a
thousand, of the earth's atmosphere lies abOl·e thc
detector system. for most experimental work this
is tantamount to being at the top of the atmosphere;
at this point the major effort has to go into refining
the detector system and reducing the amount of
matter in it. There are spccial experiments for
which rockets and satellites arc needed; these mosth·
relate to direct cosmic rav measurements in distan·t
parts of space such as in iilterplanetary space, in the
radiation belts, and so on, or for measurements on the
very low energy cosmic rays. There is of course a
wide spectrum of acti\·ity, other than cosmic rav
research, for which rockets and satellites are esseli
tial. Even with the great tempo which can be seen
in rocket and satellite activity toda.,·, more balloons
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are being sent up and more b,dloon expe'rinwuh arc
being carried out thau en'r belun:.

Halloous used for cosmic r'l\· research toda ,. are
the very large eonstant volunie halloons mad~ out
of thin· polnthylefl(: sheds. TIH'se balloons can
ascend to altitudes well on'r IOU,nOO ft earn·ing
loads which typically weigh a f,'w hundred kilo
grams, and remain at these altitudes in 1c\.e1 flight
for extended periods of time. Snch performance is
not possible' with rubber balluons.

At thl: Tata Institull' of Fundamental I{eseareh
plastic balloon production was started in ~Iarch

1956. A major hurdle whieh h,,,1 to bc OIwcome
was some'thing peculiar to om latitudes. The thin
she,'ts of plastic out of which the balloOI.1 is con
structed arc Ikxible up tu 'Iuite' low temperatures,
around -55°C.; in the case uf sheets mack from
speciall." selected polynwrs, this temperature, the
so-called brittl<: point, elll he as low as - jlH:.
Helow the brittk point the plastic loses its fll'xibilit\·
'lIld is subject to britt!C' fraelme. At high latitud,:s
the temperatmes encounlC'red In· the balloon in
ascending through the atmosplH're arc neHr lower
thau the brittle point and the balloon remains a
flexible objl'el. On the other 1101I1d, in the atmosphere
owr India, and onr this latitude b"'t in w'neral,
the lowest temperatmes encountered at the top of
the troposplle're, at altitudes around 50,000-60,000 ft
are as low as -SUo to -YO C. On our earh· flights,
Wt' have seen our Iotrge balloons ascend to these
altitudes, and as a n'sult of the loss of fabric fl,'xihi
!it\. shatter into tinv pieel'S like a glass thrown on
th~ floor. To on'rcame this, coloured poh·ethylcne
film was USl',1. Carbon black was mixed with the
polvmer and till· extruded lihn is then of a darkish
hue. Balloons made out of thi,; mate'rial keep warm
by absorbing ,;olar radiation. The exact alhorpti\·itv
of the film has to be carelullv chosen and control1<-rl
to get optimum balloon pt'rformance in terms of the
rate of a,;cent, ceiling p,'rformance, and so on. Tropo
pause failure due to hrittle fractme was complctc1\
eliminated by this.

In the United State's, for examp!l', balloon flying
is not the responsibilitv of indi,·idual groups who
wi,;h to carrv out work a thigh altitlldes, on the cosmic
radiation or otherwise. Contracts an: awarded to
firms who ha ve specialized in this art. In the absence
of such possibilities in India \n' ha '·e had to build up
this facihtv from scratch. Ti,e various processe.'
involved al:e: extrusion of 'Iualit\· controlled colomerl
polyethvlclll' slH't:linf: with ddinnl spt'cifications,
the cit-sign 'Ind m«nuhrture of balloons, the launching
and tracking of balloons and recon'rv of equipment
flown, all of which arc Ilandied b,· the Institute itself.
The thin polVl'tln·lelH' lihn \. f mil thick which is
used for halloon making is extrUllt-d 10c«l1\- in
Hombay. A ,;inglt, balloon nSl's about 6n,OOO ,;q. ft
of sheet which has to bt, of uniform qu«lit,· and free
of delects. 1.",·(,1 flights at altitudes on'r 12n,OOO ft
with 1J<llloons of HJlume two million cubic feet 1I;l\·e
'1Irea,h· heen achi,,\·,'d.

Balfoon flights an' noll' conducted on a s.'·stematic
basis each vear, main"· from H\·derabad, for manv
tqlt'S of e()smic rav ·experinH'I;ts using both th·e
nuclt-ar ('mulsion and eounter te!C',;cop" t'Thniques.
Some of tI",SI' e~q)('rinll'nts are: the fluws of h~·drogen,
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helium and Ill'a,'\' nuclei, the charg" sp"ctrum of
the primal'." radiation, th(' isotopic abundanc('s or
helinm nucki, th(' primalT electron comI'OIll'nt, solar
neutrons, primalY ,'nng" spectra and in\'l'stigations
011 nudear inleraction:-, at high energil's.

It will be S(','n that an ('quatorial balloon capabilit\,
of considera1.>k magnitnde has 11('('n built up, This
is a"ailabk not onll' for cosmil' ,'a" r('search but also
for other fields such as balloon ,istronomy an(l the
like, It is tbus a facility with wide applications,

Neutrinos: Deep Underground Experiments
in Kolar Gold Fields

:\ ('utrinos and anti neutrinos are amongst tbe
most elusi"e of till' elementary particles, These
particles POSS('SS negligible or zero mass and ha"e
no charge, Tbey interact through the ag('ncy of the
so-called 'weak interactions', To illustrate this
point it \\'ould sullice to state that a low elH'I'f{" neu
trino can pass through the entire earth from end to
end \\'ith onh' one chance in ten thousand million
that an intl'i'action will tak(' place, Consickrahle
\\'()rk on neutrinos and their inkractions has alreadv
bec'n carri"d out at the great accelerators at Hrook
ha\'en and CEI{!\, and on \'('1'1' low energy neutrinos
in reactors, There is, howe\'l'r, considerable and
distinct interest in stuch'ing the 'natural' cosmic
ra\' neutrinos, Firsth', till's(' 'natural' neutrinos
h,i,'e t\\'O different ~rigins: (i) there are' atmo
spheric' n('utrinos which are produced in the earth's
atmosphere through the decay of the short-li"ed
pion,;, kaon,; and muons; the latter particles r('sult
from cosmic ra,,' collisions in the atmosphere;
(ii) then th"re arc th(' , cosmic' neutrinos which are
('xtrakrrcstrial in origin, f\eutrinos a\'ailable from
the high cnergv accelerators are at preSl'nt limited
to an energv of about 12 C(,Y, This will continue
to be the case for a decade or mon', There are good
reasons for the "icw that a great deal is to be learot
from a stud\' of neutrino interactions at energics
higher than this "alul', Such studies can toda~' be
carried out onh' with cosmic ra,' produced' atmo
,pheric' Jl('ntrinos which possess eneq,:ies much
higher than 12 (;('\,,; the actual problem is not one
of neutrino energ\' but of intensit \"

:\ext, there arc: good sci('ntific grounds to expect
that a flux of ('xtraterrl'strial neutrinos is incident
on the top of the earth's atmosphere, This is one
component of the primarv cosmic radiation \\'hose
existence w(' know of but which has not as \'et been
obsen'ed, Th('sc" cosmic' neutrinos will' provide
direct information on conditions in the deep interiors
or stellar objects and prol'l"Sl'S occurring therein,
Recause of the ,'er\, natul'(' of thl' nt'utrino and the
processes in which'it is produced, as also its weak
interaction with matkr, the knowll'dgl' which can be
acquired I,,' stml\'ing it astroph\'sicalh' will be \'l'r\'
different from the knowledge I(ained through the other
components of the primal'." cosmic radiation, as abo
from optical, radio and X-ra\' astronon1\', The
uni,'c'rse around us, if seen through eyes sensiti"e to
neutrinos, \\'oukl look quite different from what it
appear,; to us now, .eutrino astronom\' \\'ill 1I;I\'e
a bearing on man\' aspeds sllch as gi'a,'itational
collapse ami sup('rno,'ae explosions, gl'neral relativity
am] cosmo]og\',

The interest in studying natural neutrinos from the
viewpoint of both high energy weak interaction
physics and of neutrino astronomy is thus well found"
ed, The problem one is faced with is the actual
experimental line of attack, From work carried out
over the past few years at the Kolar Gold Fields it
has become clear that investigations at great depths
underground, at depths of the order of 9000 ft below
the earth's surface, using detector arrays of large
area, offer many interesting possibilities in the study
of 'natural' neutrino physics,

Cosmic radiation, in its penetrating component,
the energetic charged muons, can get down to great
depths underground and be observed there, One
il1\'estigation which has always been of interest from
the standpoint of cosmic ray phenomenology has
been the experimental determination of cosmic ray
intensity as a function of depth underground, Earlier
work in this direction was confined to depths about
2000 rt underground, In the Kolar Gold Fields,
we ha"e in India some of the deepest mines in the
world, Members of the cosmic ray group of the
Tata Institute of Fundamental Research (S, Miyake,
y, S, Narasimham and P. V, Ramana Murthy),
utilizing this facilitv, have measured the intensity
or the penetrating component of the cosmic radiation
as a function of depth up to 9200 ft below the surface;
their measurements relate to depths far greater
than in any previous work, From this investigation
we know that the intensity of the penetrating compo
nent falls rapidlv with increasing depth; and the
reasons for this are well understood, In fact, the
attenuation is so great that at the deepest level of
observation, no counts were observed in 180 m2 days
of operation with a solid anKle of 3·7 steradians, At
such depths the dominant backl(round of charged
cosmic rays has been filtered so effectively that the
extremely weak signal, that of neutrino interactions,
should now be discernible. Large-sca]e international
experiments are now under wav, both in the Kolar
Gold Fields and in the deep gold mines near Johannes
burg (South Africa). to investigate neutrino inter
actions at great depths underground, The exact
pln'sics which will ultimately emerge from these
experiments (and others like it) cannot be firmly pre
dicted at this stage; only possibilities and trends can
be discerned; after all, these rare phenomena have
tirst to be satisfactorily observed! Such exploratory
experiments may in themselves constitute the first
attempts at high energv neutrino astronomy; if not,
they will at least indicate the feasibility and cost of
opening such a window into the universe.

These are only two of the many aspects of the
work being carried out by the cosmic ray group at
the Tata Institute of Fundamental ]{esearch, For
the other aspects various papers which have been
published can be referred to, such as the Proceed
ings of the International Conference on Cosmic
]{a\'s held at Jaipur in December 1963, The two
topics di,cussecl in this dissertation are large-scale
programmes involving extensive international col
laboration, and it is most appropriate to consider
them this \'ear, which is the International Co
operation Veal' organized at the instance of our
late, greatly respected Prime Minister, Jawaharlal
l\ehru,
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Some Investigations on Plant Products·
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Chart 1 -~ Dt'gradation reactions of ,H.:dclfJ]al:tr111C
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Chart 2 - Strudurc of tri-O-Illdhyl wcuc1ulactonc

to assign a definite structurc for tri-O-mcthyl wcdelo
lactone itsclf (Chart 2).

Thc problem then was to locatc thc position of
thc methoxyl group in the parent compound wcdelo
lactone. By the sequence of reactions shown in
Chart 3 thc structure of wedclolactonc could be
depicted uniqucly.

It is convcntional in organic chemistry to regard
the structure of a compound as fully provcd only
if it is synthesizcd in the laboratory. In vicw of
the finality with which X-ray crystallography can
solve the structures of molccules, synthesis is
no longcr thc only method of securing confirma
tion of a structure arrived at on the basis of
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FROM time immemorial man has made use
of plants in the treatment of disease. The
pharmacopoeias of many countries of the

world include even today a large number of drugs
of plant origin. While it is true that purely synthetic
compounds are being employed in increasing measure
in clinical practice, interest in the examination of
plan ts as poten tial sources of new drugs has never
waned. Whatever be the practical value of plant
extractives and isolates, organic chemists have
found the plant kingdom to be an inexhaustible
storehouse of compounds of extraordinary variety
and complexity. To the organic chemist every
new molecule of unknown structure poses a chal
lenge and he receives a sense of fulfilment and
the thrill of achievement if he is able to arrange
the atoms of an unknown. molecule in their proper
sequence in three dimensions. I should like to
present in this dissertation a brief account of the
modest efforts in this field of my colleagues and
myself working in the laboratories of Presidency
College, Madras.

During the course of our work we have had the
opportunity of contributing to the solution of the
structures of many complex molecules, either wholly
or in part. Among these may be listed the alkaloids
carpaine, gentianine, tylophorine, tylophorinine, tilia
corine, echitamine, kopsine, venenatine and of com
pounds like wedelolactone, cedrelone, polyalthic
acid, valeranone and veprisone. In this dissertation
I should like to restrict myself to a brief description
of the methods adopted in solving the structures of
just four compounds, wedelolactone, tylophorine,
tylophorinine and kopsine, as representative of
the approach of organic chemistry in structure
elucidation.

Structure of Wedelolactone

The plant Wedelia calendulaccae has been em
ployed in Indian medicine for centuries as a corrective
for liver disorders. From the leaves of this plant
we isolated a crystalline compound called wedelo
lactone having the molecular formula, CI6 H IO0 7•

The compound contained one methoxyl and three
hydroxyl groups (tri-O-acetate, m.p. 235-7°; tri
O-benzoate, m.p. 267-9°) and had an infrared
absorption band at 1707 cm.-', characteristic
of an unsaturated o-lac-tone. Complete methy
lation with diazomethane gave tri-O-methyl
wedelolactone, CI9H1S07' The degradation reac
tions carried out on this compound are depicted
in Chart 1.

Alkaline hydrolysis of the ozonolysis product
C19H200S yielded a mixture of 6-hydroxyveratl<al
dehyde and 2,4,6-trimethoxybenzoic acid. Working
backwards from these products, it is now possible

*A Dissertation uy Dr T. H. Govindachari, Diredor,
CII3A Research Centre, Bombay, lIll the occasio!l of the
presentation of the Shanti Swarup Bhatnagar :\1l'lllOrial
Award in Chemistry for 1<)60 at the Xational Physical
Laboratory, New Delhi. 14 Jalluary 1965.
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degradation experiments. By the steps outlined
in Chart 4 it was possible to effect a synthesis
of tri-O-methyl wedelolactone identical in every
respect with the material obtained from the natural
compound.

Recently, a very elegant synthesis of wedelolactone
itself has been reported by Wanzlick and coworkers
in Germany as shown in Chart 5.

Subsequent to our work on wedelolactone, several
other compounds having the same skeletal struc
ture, such as coumestrol, trifoliol, erosnin and
psoralidin, have been isolated from plant sources in
different laboratories (Chart 6).

Structures of Tylophorine and
Tylophorinine

Our work on the alkaloids of Tylophora aslhmatica
gave us much satisfaction in that we were able to
disclose a new type of structure not encountered
before. T. asthmatica is a perennial climber grow
ing widely in the plains of India whose leaves have
been used as an efficient substitute for ipeca
cuanha. Two alkaloids, tylophorine C2.H"O.N and
tylophorinine C23 H250.N, have been isolated from
this plant. Some of the key reactions leading to
the unravelling of the structure of tylophorine are
depicted in Chart 7.
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Chart 3 - Reactions le:Hling ttl til<' tlucidatiull of the
structure of wedelo]adone
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Chart 6 - Naturally occurring analogues of wedelolactone
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The companion alkaloid tylophorinine had three
methoxyl groups and an alcoholic hydroxyl group.
Hydrogenation in the presence of perchlorie acid
yielded deoxytylophorinine, C23H2s0aN, proving the
hydroxyl group to be benzylic. Oxidation of tylo
phorinine with potassium permanganate yielded
2,3,6-trimethoxyphenanthrene-9, 10-dicarboxylic acid
(Chart 9).

On the basis of these results deoxytylophorinine
could be assigned one of two structures below:

The synthesis of tylophorinine has been recently
achieved by the sequence of reactions_depicted in
Chart 10.

Compounds corresponding to both these structures
were synthesized and deoxytylophorinine was found
to be identical with that having structure A. Since
the alcoholic hydroxyl group in tylophorinine is
benzylic, the alkaloid itself could be formulated as
shown below:

1) HCOOH2) POCI)

TYLOP"OII.1:-;t

TYLOPHORINE

: On the basis of these and other experiments
tylophorine could be assigned 'the structure shown
below:

A synthesis of tylophorine was achieved by the
sequence of reactions depicted in Chart 8. The
racemic compound obtained in the synthesis was
resolved through the use of camphorsulphonic acid, ~
the laevo form being identical with the natural
material in, every respect.

Chart 8~ Synthesis of tylophorine

Deoxylyl oph 0 .. i nin I!

f
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Pt,H2 ' He 104 KMn04
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Chart 9 - Degradation reactions of tylophorinine Chart 10 - Synthesis of tylophorinine
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The Role of Chemical Engineering in India's Atomic Energy
Programme*

WHILE the Shanti Swamp Rhatnagar Memorial
Award in Engineering has its own ,",due to the
indi,-idual as a recognition of his personal con

tribution, its greater implication lies in the fact that it
honours the profession of engineers and the high place
it gives to original endeavours in the field of engineer
ing sciences_ In this age of science and technology,
where rapid and re,-olutionary developments are
taking place arocnd us, we cannot afford to stand
still, if we are to survive as a nation_ \\'e ha,-e to
master the most intricate and sophisticated tech
niques and make the best w;e of our scientific and
engineering skills_ In particular, in the fidd of
atomic energy, involving as it does a completely new
and complex technology, we have the most exciting
challenge, a challenge which is being met with
remarkable success by our scientists and engineers_

It is symptomatic of the trend of developmenb
in the field of pure and applied science and technology
in the country that the first recipients of this award
should have been pure scientists and that it should
now be the turn of applied scimtists to receive this
award_ Whereas fundan-ental research in the pure
sciences can be judged only by world standards,
wherein any contribution is considered worth while
only if it adds, even in a small way, to the sum total
of human knowledge, the same criterion cannot be
applied in the fields of applied research and technology.
I t is one thing to be fully aware of all the details or.
say, a chemical process which may ha,-e been fully
developed elsewhere; it is quite auother thing,
however, to set up an industry or a plant based on
such a process_ It may become necessary to modify
the process in such a manner that it can be used with
locally available raw materials and in environmental
conditions that may be different. A task of this
nature is complicated enough in a country which
is highly industrialized and in which the various
basic processes, technologies and rechnical know-how
are readily available_ In a country like India,
where such basic industrial and technological know
how is rare, the task of exploiting any new process
or setting up any new plant is rendered e,-en more
difficult. In such a modern and no,-el field as nucl"ar
technology where the use of ultra-sophisticated
materials and methods is the order of the day, the
task of setting up any new process or plant entails
an effort of staggering magnitude_

I shall try to trace briefly the ,-arious steps that
go to transiorm a newly disco\Tred process into an
industrial and tl"chnological reality_ Any such
process starts off with laboratory scale experimenb
in wbich all operations arc conduCll'd at milligram
levels and where attempts arc made to modify tIl('
basic processes to suit such local v:uiations as there,

*.\ Dissertatiun hy Shri II. ~. Selhna, Director, Engilll'l"r
ing- l;roup. Atomic j':ncrgy E~tahlishlllCllt. Tromhay. 011 till'
occasion of the presentation of the Shanti SW;lfUP Bhatnag.lI"
MClttori.d :\\'...ard in Engineering fpr 1960 OIL tht· ~atilll1,d

Phy.'iical L:lhoratury, ~l'\\' Dt'lhi, 14 J'llluary 190;.
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may he in respect of raw makrials or 1-I1\-ironmental
conditions. Once such an explTinll"nt pro,-,'s fruit
ful one gm-s on to th,' next scale of operation where
a pilot plant is designed, fahricakd and commissioned
and all opl'rational probl"ms thoroughly inn·stigatl"d_
This phase il1\'ol\"(,s kilograms of materials and unless
it is successfully followed by a full-scale operational
phase, the whole process hibernall's purdy as a
laboratory curiosity. The linal phase consist,; in
setting up and operating a fnll-scail' facility which
will ultimately eil'li\"l'r the goods. As [ h:l\-c em
phasizI'd earlil'r, w,' in thI' Atomic Enl'rgy Establish
ment at Trombay h;l\'e had to stand on our own feet
in respect of all tilt' probll'm,; w,' h:l\-e bel'n called
upon to face in thl' lahoratory sc:II,', pilot plant scale
and full-sc:lle operations in rl'spect of almost all
the procl'sses n'ljuired for nuclt-ar purposes. The
normal ll'ndency in tilt' country, when facing such
proh!l'ms, is to go in for fon-jgn collaboration, so
that oIll' could il'ap-frog :111 the teething troubles
and go iu for:' turn-kl'y joh wlll'n- th,' whole facilitv
is fully operational '",fon' it is h:lI1ch'd o\'(-r by the
forl'ign collaborators or experts to the Indian organi
zation, We ha\'(' :IIwavs kit stronl(ly that we can
consider Indian scil'ncl' ancl technology to ha,-e
come of agl' only whl'n we can eh'sil(n and construct
our own facilities, such as chl'mic;II plants, engineer
ing works and other faciliti,'s, howe\"l-r sophisticated
and ael\-anced such designs may I,..,

I am suggesting this proCl'dun' onlv as a ruil', for
en'n in the Atomic Enl'rgy Establishml'nt we h:I'T
had exceptions. Thl'rl' are alwavs circnmstances
in which collahoration with foreil(n experts and con
sortia can 1)(' of acl\-antal('" The Canada-India
Reactor, tIlt' Tarapur Atomic Powl'r Project and, to
a more limill'd extent, the I<ajasthan Atomic Power
Project arc instances in point.

It would be USt'ful to n"'ntion I,,'n' some of tlw
special ditlicnlties "T ha\"(' b"I'n calii'd upon to L,c,
in the design, labrication and opl'ration of a number
of chl-mic:II procl'ssing plant,;_ India's atomic power
programme will consist of thrl'l' main phase,;_ In
the first phase, natural uranium will be USt'd :IS a
reactor hlt'l. Thl' plutonium thus produc,'d will
be used as fuel for tl,,' next phasl' in which tllorium
will be irradialt'd to prodUCt' uraninm-233 which
in turn will I,.. USt'd as th,' fud for the third phasl' in
which bn'l'dt'r reactors will b,' l'mployt-d (the breedt'r
reactors will prodnc,- mon' lI-233 than they will
consunll')_ Thus, thorium will constitull' the ba,;ic
sourCe matl'ri:II for our futun' nucl"ar po,,"!'r pro
gramnll'_ India is ind,-,-d fortunal<' in Ila,-ing
,'nonnous !"l'St-ITI'S of thorinm in Ihl' form of th"
monazite sands which occur in Bih:,r and South
India_ [n fact, Indian monazil<' has a thorium con
knt of ahemt ll-l) p,'r Cl'nt ,,"hich is about the high,-st
in tilt' world. It also conL,ins ()·2-()-3 p,'r Cl'nt of
urauium, which in ,-i,'", of lilt' sizl' of tl,,- monazill'
deposit,;, constitul<'s :1 far from ul'gligibll- sourc,' of
uraniulll. It \\';1:' a rl'aliztltioll of tlll'St' p{)h'llti;ditil.~



that kd us to sd up a thoriulll plant as parly as 1953.
This plant w"nt into operation during th,' middle of
1955. It w,,, follOlI'l'd hy a plant fur thl' production
of nucll'ar gradl' uraniulll which lVas completed in
bte 1951:L In fact, the lirst ingot ()f uranium metal
\1"" produced in this p!;lIlt un 30 January 1959.
This was followed hy til(' plntoniulll plant which
\I'l'nt into of('I'ation in March )964. It is signilicant
that the proce,,, know-how lVas workl'd out by
Indian scientists and l'ngin('('rs and all these three
plants wen' entirl'ly desiglH'd and constructed by
Indian scientists and engineers withunt foreign col
laboration.

The thorium pbnt receivl's thoriulll cake, a crude
thorium concentrate obtained from the monazite
plant of Indian !{are Earths Ltd, a public sector
undertaking at Alwaye in /(erala State. This
thorium concentrate is dissol\'(~d in excess hydro
chloric acid and filterd in order to 1"\'1I10V(' solid
impurities. Most of the thorium in the liltrate is
recO\'cred as sulphate by the addition of sulphuric
acid under can·fully controlled conditions of tempe
rature and concentration. The thorium sulpbate is
recovered by cl'ntrifuging and it is fmther purified
by re-precipitation. The pmitied sulphatl' is con
"erted into a hHlroxide and after being washcd free
of all water-soluhl,' impurities is dissoI\wl in pure
nitric acid to yi,'ld a solutiun of thorium nitrate.
This solutiun is concentratl'd in glass-lined eva
porators and cast in trays for solictilication. Tbis
thorium nitrate constituks th(' main end product
of this plant. How,'v('r, an extremely important
byproduct is uranium fluori(!<- which is sent for further
purilication and conversion into uranium mdal at
the uranium metal pbnt. The fabrication of tbe
thorium plant in 1954pro"ided us with invaluahle
experience which n'ndered the dl'sign and fahrication
of subsequent pbnts fur uranium and plutonium
relatinly less dithcult.

The decision to set up a plant for producing nuclear
pure uranium metal was tak,'n towards the end of
1956, and tlw first ingot of uranium metal was
produced in January 1959. The lirst step in this
plant consist,; in the purilication of the crude ura
nium fluoridl' which is used as a starting material
and the productiun of a nuclear pun' compound
lbuallv in the form of uranium nitrate. The knn
'nuclear pure' has a \'ery special connotation;
til<' specification in n'slwct of purity of any material
to he IN'd in nuclear rl'actors is l'xtrenll'ly stringent.
For example, the upper limits of certain impuriti('s
that can be toil'ratl'd in nucll'ar purl' uranium arc (in
1'.1'.1'. of uranium): gadolinium, <0·05; horon, <0·1;
samarium, <0·1; cadmium, <:0·1; iron, <ISO; and
silicon. <40, TIIl'se ligun's pro\'idl' an iudication of
the complexit:.! of the proCl'SSl'S that lIa\'(' to be de
\'eloped and ,'mploVl'd for tile production of nuclear
pure materials. The \'('ry first pllase of our uranium
pbnt presentl'd us with a probl,'m of major diml'n
sion s . The starting material for a urauium plant is
nurmalh' either magn('sillm, sodium or anllllonium
urallatl' or an oxide of uranium contailling approxi
mately ()O-70 1'('1' c,'nt uranium, wh,'n',(,; in our casc'
the starting matt-rial was a crul!<- urallium tluoride
obtained from till' thorium pbnt. It was, thert'fon',
('sSl'nti,d to l'iimiuale the tlllorid,' from the salt in

the first step and obtain a fairly high grade uranate
to carry out subsequent operations. This uranate
is converted into uranyl nitrate by dissolution in
nitric acid. The nitrate is purified using tributyl
phosphate diluted with purified kerosene as solvent.
The pure solution of uranyl nitrate thus obtained is
treated to produce a uranium oxide with stringent
physical and chemical properties. The oxide is
treakd with hydrofluoric acid gas at about 500°C.
to convert it into uranium tetrafluoride. The
uranium tetrafluoride is then mixed with granules
of calcium metal and the mixture ignited in a
remotely operated ignition device, to produce nuclear
pure uranium ingots. The purity of uranium is of
great significance and hence a strict check has to be
maintained on the purity of products at all stages
of the process. This is done in a well-equipped
laboratory attached to the plant. The present uran
ium plant is designed to produce about 30 tonnes
of nuclear pure metal per annum. With certain
additions and modifications its capacity can be
increased considerably enough to fuel about 600 MW
of nuclear power.

Once the thorium and uranium plants had been
completed and the Canada-India Reactor was in
operation, the need am;e for treating used fuel ele
ments from the reactor and extracting plutonium
from them which will form the bridge to the use of
thorium for tbe generation of nuclear power. A
plutonium plant is one of the most sophisticated and
advanced types of chemical plants and has several
unusual features, The ctifficultv in the construction
and operation of such a plant' can be gauged from
the fact that besides Norwav. India is the onlv
countrv outside the so-called . Nuclear Club-'
which has an operating plant. The fuel to be treated
in this plant is highly radioactive, with an activity
equivalent to that of millions of grams of radium.
Hence, all operations right from the moment the
fuel clement is movect from a lead flask into the
dissolver to the stage at which the purified plutonium
and residual uranium arc separated are remotely
controllect. These operations are conducted in cells
which have walls made of 5 ft thick high density
concrete and which are lined with stainless steel for
purposes of containing any leaks which may develop
due to an accident. The operations are remoteh'
controlled am\ monitored pneumatically from a;l
operating galler:.'. In the final stage when the pure
plutonium emerges, the operations have to be con
trolled to prevent another form of danger - acci
dental criticalitv. Plutonium is a fissionable material
and if a quanti'tv of this material which is in excess
of a specified quantity is accumulated at anv place
it would result in a chain reaction leading to a nuclear
excursion wllich in turn would result in the emission
of large amounts of harmful radiations and the
release of high I:.' toxic radioacNve fission proctucts,
The plant has, therefore, been so designed and the
geometrv of its pipes and vessels so adjusted that
under no conditions will there be anv accidental
accumulation of plutonium in excess of tbe critical
amounts. As plutonium i, an extremely toxic
substance, great attention has to be paid to problems
of the safety of those operating the plant and tho,e
in the immediatl' \'icinity of the plant. In view of
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Interferometry in Radioastronomy

Applications of Coherence Phenomenon

TilL' de'I'I,lopn1<'nls in inkrferollle(ri" m..asllrt'n1<'nt
of length sinc~ the :Idol'tion of the li~ht \I'al't'length
as till' ,tandard 11'('1'1' rel'ie\l'eel. The limitations of
the kl'l'pton isotope lamp and the !'In'nt (,('sl'archl's
to ol'e:rcomc tht'se l\'t'n' ,kscrilJl'd, Thl' usduln,'ss
of I'nd and line standards as inll'rnll'diak in llIan\'
Ien~tll 1lI,'aSIl!'l'nll'nl,; \I'as hrought out and imrral'l'~1

gauge's of this tl'Pt' lI'l'rl' d,'scril>t'd, Thl' nse of
la,;,'rs in ml'trolol{\', Sllt'ci:dly for prl'cise llIl'asurl'
l1l~nt of lung dist,IIIC"S and for t'kct ronic fringe

TIll' imporlolnc,' of inkrferomclry in radioastro
nOllll' for attaining high n'so"'ing 1'011"'1' and the
difit-i'ellt ll'chniqlles l1:'ed for this purpose lI'ere
discu';';t'd, Th~,,' are h;rsically similar to optical
illt,'rferol11etl'l', bllt the lll'Xibillt~; of th~ radio tech
niqn," and t Ii" long \I"l\'denglh of the \I'al'es render
0111 th,'o!'l,tic;rlh' c'"lC~il',lble processes pracllcahlt"
It \\',!:, sholl'n il,at tile ring-sh;rped array of a,'rials,
II'hich i, t'quil'alent to an ;rnllll"'r aperture in optics,
gil',',;rll tla' inform"tion la'C,'S"lrl' to form an im;rge
that \I'(JUld bt, gil't'n bl' 01 tilled-in ,IIT;r~, of till' same
'JuteI' din1t'nsion as the ;rnnulus, The nlt'tlloel of
extr;rcting inform;rtioll ,lIld of guiding ;rnel presel'l'ing
til(': ph:ISt.' colll'n'llCl' ill snell (l s~'stl'Jll \\':IS dl'scrilwd.
Th,' s\'S(I'm is !>l'ing applied to solar o!>serntions
at lI'a~'elengtll 3,75 nl. IIsilll{ :111 ,11lt'rtll(,(' 3 km, in
diamet"r,

~I'::-;: I:-;TEIU'j':[{I,::-;n: &: COHI,:I{\'::-;CI':

counting, was discussed. A comparatively simple,
single frequency, He-t\e laser was reported which
is suitahle for usc in metrology, as also a method
of continuoush' monitoring and controlling the
wan'it'ngth of ihe laser light hy comparing it with
that of the standard 86 Kr line with the help of
a Fabry-Perot interferometer. Some experimental
arrangements for interferometric measurement of
ll'ngth were described" hut these used the Nlichclson
interferometer with fairlY cOl1\'entlonal fnnge count
ing techniques, An interesting feature, in one of
these was the use of a multiple beam Flwau type
interferometer as the sensor for the automatic control
of pn''Sure and hence the w;\I'elength ofthe li~ht used.

A large rulinl{ machine for producmg dlffractlOn
gratings up to 18 in, in ruled Width and 11 n1. m
grool'e length, now under test at, the Massachusetts
Institute of Technology, was descnbed by Prof. G. R.
Harrison, The nOl'ei features of this machine
arc interferonll'tric S"\'I'O control of the blank carriage
in translation as wvll as in rotation about I'ertical
and horizontal axes and the provision of two dia
monds for simnltaneous, phased-in double diamond
ruling on one or more blanks.

New Interferometric Techniques

Shearing interferometry was one of the new
tt-chniques c_nssed, These interferometers can be
made to gin: the wal'l~ front profile, the deril'ative
of the \1''11'<' front or the autocorrelation functlOn of
its complex amplitud". All the three classes of inter
ferometers using birefringent as well as cOlll'entional
type; of beam splitters were described and the
I'arious tbeS of these interferometers, specially in
interference microscopy and high resolution spectro
scopy, were pointed out. The theory and applica
tions of shearing the' two lI'al'e fronts rotationally
to difierent azimuthal angles, or the theta shearing,
were discussed and sCI'eral methods of realizing
the theta shear \I'ere described, These largely
made use of the douhle passing and polarization
switching techniques in interferometry, del'eloped
in the l\ational Physical Laboratory of India,

In interference spectroscopy it 'is adl'antageous
to hal'e an interferometer in which the tilt of the
mOl'ing mirror docs not alter the interference pattern.
The polarization effects and their compensation
in a class of inkrfcrometcrs hal'ing this property
were discussed and the description was ginn of a.
halloon-horne Michelson type interference spectra
mder for recording the air-glow spectra in the
region 1-2,5 {"- Prof. A, Marachal presented a.
paper on a three-beam interf('rollleter gil'ing high
sensitil'ity and fringe brightness, An interesting
"pplication of this is as an extremely sensitil'e
spheromder. Among tht, other nell' techl1\ques
c!c,;crilwd, mention may be made of a method of
automatic control of 'Fabry-Perot type of inter
ference lilter hal'ing Hry narrow pass bands and of
the lIO;e of a microll'al'e interferometer for the detec
tion of tbe diffraction substructure of the multiple
beam fringes. This diffraction effect cannot be
resoh'CCl in the optical region, but gil'cs rise to the
different 1110c,,"s of oscillation in Ia,ers. The result
of thc micro\l'al't' nwasnrenH'nt agreed \I'e11 with
theoretical predict ion.

Interferometry in Metrology

'1'1", inlt'nsit I' inkrferonlt'lt'r fill' sll'lIar diameter
Illl.:a:-:un'llll'llt \\";IS ;lIl iJ1tl'rl'~tillg topic disc\l~sl'd at
thi;; :--t'S:--iOIl. III thi:, inh'rfl'rollH'h'r till' corn·I;ltioll
bdll'(','n tb,' Ilnclnatillns llf th,' r;((liation nu'il't'd
"t tll'O phCltlleleclric (h-kclors is nlt'aSnlTCI. Tla'
cOJTt'1atilln i, propllrtilln,,1 til the squ;ln' of the fringe
I'i"ihilitl' in ~Iiclll'blln skl"'r intnf('!'onlt'kr. The
ach'ant;ige of tl", inl<'\hit~, inkrferolul'lt'r is th;lt
the patll diffen'nCt· hd\l',','n the ddeelllr, and tla'
corn'''' IIll' Ilt't',ls to he small coml-'ar"d to the eh-ctnc;t!
bandwidth of till' ,ystem bnt nut to the optical
b;IIHhl'idth, Then'fo;',', tlll'n' is no dill1cult require
nll'nt for mee!I;lIlic;t! precisioll and ;1 1"'1'1' large
in,trul11ent lI'ith high reso"'ing pOll'er c;ln he bnilt
and ;t!,o the dIcct of atmospla'ric scintil"'tions is
small. r\ ddail,'d description \I'as gil't'n of the
inl,'n"itv interferol11l'ltT at :\alTabri, \I'llich Inak,'s
u'" of ill'o 22 ft di"m, mirrors mOl'ing on a track
of Ol't'r 600 ft dialll. and has a resoh'ing pOliTI' of
0,11111)5 scc. of an arc: some results of the measure
ments of the ,iz,' ;((ld tt'nllll'ratun' of a f"\I' star, lI'ere
pr""'nt,,,l. , , '

Th,' possibility Ill' usillg I;\s,'rs as amphher~.In the
int,'n"ill' inlt'rf,'rlllnekr II'''S cOIISIden'd, IllIs IS

analog()u:-i tu tilt..: Ibl.: of masers as alllplilil'rs in radio
",trunom\', From tl'eordic;l! cllnsi(h-rations of till'
sign,l! to' noise r"tio in the std"'r interferollleter,
t11" laser "mplili,'r II'''S shOll'll (u be a possibility only
in the c",,' of deg<'ner"k photon beams II'hose
templ'ra ture is much higllt'r than IN//;, The other
papers pn'senkd at this session dealt With ,hffr"cllon
and phas,' contract Im;rg" forlll,ltlon In partially
coh,'rent light.
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Lattice Dynamics of Metals*
S, K, JOSH I

Physics l)l'p;Ulnll'nt, :\lIahah:lll l'niynsity ..\lIahah:!c1 2

THE yibrations of the constituent atoms an' of
fundamental importance for understanding
the thermodynamic, elastic, optical, electrical

and other physical properties of the crystalline solids,
The theoretical and experimental study of lattice
dynamical prohlems has been of interest to phvsieists
almost continuously during till' fifty years following
the publication of the pioneering papers of Debye1

and of Born and yon Karman' which laid the founda
tion of the modern theory of lattice dynamics,
The past few years have seen the application of
powerful new techniques, hoth theordical and
experimental, to the study of the dynamical pro
perties of crystals, with a corresponding increase of
interest in lattice dynamics", One of the challenging
problems in the theory of lattice dynamics is to
give a satisfactory treatment of the lattice dynamics
of metals, It is basically a many-body prohlull
of a number of electrons interacting with the ions
that constitute the lattice. Recently a good deal
of progress has been made in this.-lield and in
this review an attempt is made to analyse a few
simple models, which permit us to carry ont a
numerical calculation of the \'arious lattice dynami
cal properties.

Anisotropic Continuum Dispersive Model

It is conyenient to ha\'e a simple lattice dynamical
model for a calculation of the propertiL's of solids.
An extremely simple model normally used in such
calculations is the Debye model. In this model
both the anisotropy and the dispersion of the lattice
waves are neglected, The author and coworker'
ha\'e recently taken account of both these factors
in a simple way and have assumed a dispersion
relation of the form

(')q,i = Ci (~",Q) sin ;0
where C; arc the \'Clocities of the sound wayes with
different polarizations gi\'en hy the tlm'l' roots of
the third order ChristoffL'1 eqnation for a particular
direction of the propagation Hctor q, Thc Brillouiu
zone is replaced by a sphere of radiw; Q= (6;:2,\') I'.'
where N is the numher of unit cclls per nnit
volume.

The vibrational spectra, spl'eilic heats alld \)l'h~re

temperatures of copper and lithium were e;dculatcd
on the basis of this model. The frequency spl'ctnlm
of copper calculated by sampling method from niO
point:; distributed in the Dl'bye sphl're is shO\I'Il
in Fig. I, together with Jaeohsen's calculatcd
spectrum" from a force constant model fitkd to
his experimental dispersion cun'es obtained from
diffuse X-ray scattering measurements. The eal-

• Based on a talk gin'n at till' S~'IllPO:,iUIll 011 Solid Statl'
PIl\·~ics. h('ld at thl' 2\ational J'h\"sit'al l.a!JoraloT\", :","\\"
Dt·ihi, in .\pril 1964. - -
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culal<'d \'ahll's of Ikhye kmlwratun' of cnppn from
the spectrnm l'\'aluakd on thl' anisotropic conti
nuum displ'rsin' mOllt-1 are shown in Fif.:, 2, Studies
carricd out in tltis llt-partnll'nt show that till' aniso
tropic displ'rsi\'(' continuum mod..J gin's n'asonable,
though hy uo nll'ans ddaiiL-d, agn'('n]('nt with the
l'xperiml'nts, It is, tlll'rl'fore, suggestl'd that till' II,C
of thi, mod(,\ ill a calclliation of a phvsical properl\'
of a en'stal ill plac(' of th(' IIsll;d Ikh\'(· ;ljlproximation
\I'ill Ill' morc rl'alistic. It i, to hl' ,'mph;"izl'd that
morc accllrak ;111<1 ",phisticalL'd modl'ls \I'ullld
bllrd('n slleh a edelll;lt iOIl too milch, This modd
has bcen 1I,,'d for edclliatinf.: (;riilll'isl'n parallwtLT6

and Lh-bYl'-\\';dil'r f;,clor of copp('r (Sharma, 1\, C.
oX Joshi, S. K.. IInpnhlishl'd data) and till' rl'sllih
arc encouraging.

Force Models

Manv calcllbtioll' on tl", bttice dynamics of
metals'('mploy fore(' modl'ls in Il'hich ",It"clL'd grollp
of atoms ar(, Sllpp'l','d to inll'raet ",ith ('bstie
forccs' '". Thl' forel' constants l1l'rl;lining to the
relati\'(' motions of atoms an' ,'\';dllall'd b\' corrdat
ing tlll'm to thl' macroscopic l'lastie data a'nd dl'pl'nd
upon till' mallll<'r in ",hich a particlliar force modd
has hCL'n hllilt lip. I>ilkrl'nt forc,' mod('ls ~'i,'ld

\I'ielely diffL-rl'nt \'ahll's of till' forcl' constants bl'l\n'L'n
the nl'ighhours of th,' -anl<' m('(al, ;lIld ohyiollsl~'

bl'ar littlL' res('lIlhlancl' to tltl' intl'r;lCtions actuall\'
prcscnt. Approximatl' af.:n'l'ml'nt I)('t",('('n till' ex
p('rinlL'ntal and tlll'orl'lical \';dlll's of thl'rmo(I\'namic
propertil's is aehi"\'l'<1 olliv IwcallSl' th,'Sl' properli,',
ar(, reiatin'ly ill,,'nsiti\'(' to thc finl'r dl'lails of the
freqllcncv siwct rum. 1\0 \';did rca,ons ha\'(' heL'n
ael\'anc(·d to show that it is jnstifi('d to r('pn'Sl'nt
a metal hy a forc(' modd in\'()h'ing inll'raction
hL'!m'('n a Sl'il'cll'd grollp of atoms, At prl'sl'nt
a gr(';lt impron'nll'lIt in this din'ct ion Itas Ill'cn
achien-d. TIll' atomic forcl' con~t;l1lh art' nnw
ell'rin'd by fittinf.: th"llI to tli,' ('xpl'rinll'ntal di,
persion et;ry,'s oht;linl'd ,'itlil'r bv n('lItron spl'ctro
metry or bv thermal diffnsl' sealll'rinf.: of X-r;,\'s,
Thl'''' stlldi,'s ha\'(' l'stablislil'd th,' lonf.:-r;1I1g" natlln'
of inkratomie intl'ractions in nwtals,

Phenomenological Models

Becall'" of till' difliclllti,'s in\'(,h'l'd ill dl'n'lol'ing
;\ fnllLbnH'ntal nueroscol"e tlil'orv, coll-idl'rabiL'
dfort h;\S bl'l'lI d,'\'okd In till' d,'\'('\ol'nll'nt of
phl'nomL'lIolof.:ical tllL'oril's':l-"', In till' simpil' ll1o,h-1
of ell' LIIII\;I\' 10', til<' drl'cl of frl", "Il'etroll f.:a, is
introdllc('d hv attrihllting to it a hllik \lIodlllil' 1\",
anel ;\ssllll1illg that till' f.:;\S c;tn slll'l'0rt no ,liear
strl'ss. SlIch an ,'ffl'ct ",ollid innlll'nCl' longitlldinal
wan':' onlv. Bhatia ' !"' Ii;!:, carried Ollt ;1 :,imilar
inn'stigati;lII for c'lIbie nll'tals, Hl' aSSllnl<'<! that
the forcl's on an ion in tlil' btticl' aris,' from a c,'ntral
inlL'raetioll ",hich is signilicant for Ill'an"t n('if.:lihlJnr,
on 1\' alld also frolll ('n,'rgil's ",liich d<'Jll'1ll1 un ;ltlJll1ic
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... (2)

([l = (I'u+t ~ ~'I'i:j"/li'II;'H/<'fX2\r)dT ... (1)
m,1I i,j

In Eq. (I), '1'0 is the energy of the crystal with ions
in their equilibrium position R"', '/li" is the ith Car
ll'sian component of the displacement u'" of the
l/Ith ion, and

"olume only and which are due to free electrons,
i.~. Fermi and exchange energies. The absence of
the periodicity in the dispersion curves as predicted
by these theories indicates that these models, which
cia not even satisfy the symmetry conditions for
the lattice, are not realistic.

The author and eollahorators have recently
propounded two semi-phenomenological models for
the lattice dynamics of metals which are discussed
in the following.

Model 1 - In this model we visualize a metallic
crystal as a lattice of bare ions imbedded in a uni
form cloud of electrons. \\'e regard the energy of
the crystal as a sum of 1\1'0 terms, which to a useful
approximation can be calculated separately. One
of the terms represents the centra.l force between
the ions and the other the "olume forces originating
from inclividnal electron energies plus exchange and
correlation terms. The elH'rgy due to central
interaction is partly Coulombic and the non-Coulom
bic part arises from the interaction between the
closed shells of neighbouring ions and from the
Van del' Waals forces. The potential energy of the
crystal can be expanded in terms of the displacements
and in the harmonic approximation, as
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arc the force constants, 1(" is the isothermal com
pressibility of the electron gas and X, the compres
si"e strain at the point r in the electronic medium
is gi"en by the relation

X(r) = -div u(r) ... (3)

Fig. 2 - I kl)\'(, h'lIlpt'faluTl' (H) n'l":-;l1~ kl11pt·ratllrt· fflr
cop]>('r r ~, TiI,'ordi,-al 1'1lf\"(' ohtailwd frlllll till' frl'(pl\'lh'~'

slwclrulll Shll\\"ll in Fig. I. E:\Ill'rilllt'lltal \'alll('S obtaint'd
1)\' dilfcn'nt workl'f:-;: •• Fralick ff ll/.~'.J: 6 ..\lartin:lII ; and

. :\., Ciaqul' ;111<1 :\1t',Il!s:lI]
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The ion-ion int<'raction depends on the dynamical
matrix <Iv It is reasonable to assume that the
int~rionie forces arc rather local, i.e. they must act
lx,tween nearest neighbours in the lattice. Such
restrictive a,sumptions have to be made concerning
the interatomic forces in order that the number of
non-zero force eOlbtants required in the theory docs
not exceed the number of clastic constants. We
as'l1med that the interatomic forces are central and
lililited to first and second neighbours. The typical
dynamical matrices for b.e.c. and Le.e. structures
flir such an interaction are given elsewhere by
Sharma and Joshi I6 ,17.

From Eq. (1) the force on the ion at site 0, [(F~);onJ,

due to ion-ion in!craction in th~ ith direction is gi"en
by

N~xt we consider the electron-ion interaction.
Because of the symmetry of the lattice it is profit
able to partition the lattice into a set of space-filling
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and

Si = sitt gill; Ci = cos gia
.(20)

... (15)

... (19)

... (18)

...(16)

1\'

pi(r) ~,~(r R;' III)
I

\7'111 = \2(fo(1') = -4rcr(1')

= -4"1 l.'l'r;(1') -I'll (1')]

Theu

(211I(')""
-II" "

2;:'1\" "

Let till' displaced position of the ion uorl11all,'
at R;' be

with

Taking the long wa,·,·I,·ngth limit of E'I. (14) and
then comparing with Christoff'" !''1l1ation of elasti
city we ohtaill

where

Hen' p;(r) is the nUI11I)('r deusity of ions of chargc
l.'1' aud 11(1') is the dectrollic nlllllb!'r "ensil'·. The
tl'rtn '11(1') call 1)(' writ ll'1I frolll F!'rtni-Thtllnas ml'lhod'o

1211I ('11';""
n(1') - - = 1I,,+UII(r) ... (17)

J,,'I\"

II',. ~ ('"-(',,,

(J. = -((('..

Wc evalua!e 9(1') for a gin'lI ionic displacclllent
by Fcrmi-Tholllas 1I11'thod. Tht' Poisson's eqllation
for (1)(1') is

(J' = -((((:,,-(:,,)

Similar expressions can ;IIso be written for I.c.c.
strllctlln:". Thc theory was IIsed to calcubte the
dispersion n,lations for lattice W;I\'I'S ;dollg sym
metric directions in sodillm alld copper. Sp"cific
heat alld 1),'bye lcmperatllre \V"n' abo calclliated for
copper. In Fig. J :\1'(' pres!'lIt1'd th!' dispcrsion
cun'cs for sodium in tlm'e different directions,
,·iz. [100j, [IIOJ and llIIJ, and for a !em)"'!':,ture of
'.J0°j{. calculat,·" by tile autl,or aud collahorator;
togcther with Toya's CU'Y"S'" and experimental
data. The agreenH'nt with the experimeut i,; quite
good for both the tl,,'orl'tical mod"'s.

Model II - In this lIlod,'I, we picture till' mC'tal
as a lattice of bare ions il11l)('dded in a uniform
clolld of clt-ctrons '1I1d n'gard till, et"'rgy of the
crys!;" :IS a sum of two IJ;U-ts, COlllombic and non
Coulombic. The COlllombic part t:lkes care of
Coulomb inlcraction 1)('( ween thc ions and the ion,
e1cctron interactioll which of course inn),,",',; el"ctron
dectron interaction. The non-Coulombic part arises
from the exch:lnge n'pnlsion bet\\'I'l'n th,' closed
shells of the neighbollJ'illg ions ;uld from th,' ran
der Waals forc,·s.

In the ahsence of 11"'rlll:" 1Il0tioll the elt-ctrostatic
potl'nti:ll 11'(1') is const:lnt ill tim!'. Ikc:lu,;,' of the
bttice waH'S '11 will l)('colIH' :I function of 'IXlce
and time coordinates, Id

... (14)

... (12)

det [M-1l/l,)21 = 0

For b.c.c. structurc

m((12tt"/?t2) = (PO);.,,, -!- (po)"ket,,,,,

Combining this with Eqs. (4) and (11)

mO)~ui.'I = 'L.Mij(q)uj.'I ... (13)

Thc condition for the soluhility of this sct of
eq uations is

M i J4 = oc'Si-!-Z'l.(l-C,C2C,,)-\-I,',.aY;'(!i

Mij /4 = 2'l.SiS;Ck+I\,.a"G'qigj' i.j,k all diti'erellt

polyhedra. following Wigner and Seitz IS, wc rc
place the atomic polyhcdra by sphercs of radii ""
and volume equal to atomic volumc Q = 4/3 "r~.

We assume that the displaccmcnt due to thcrmal
motion in thc mcdium of uniformly distrihuted
electron gas at the point R"'-!-1' insidc thc \\'igner
Seitz sphere centred around R'" is of the form

u"'(1') = eA exp i!q.(R"'-!-1')-olt} ... (5)

In Eq. (5), q is the wave "ector of the thcrmal
wa"es (q = 2,,/>.), C') thc angular frequcncy, A the
amplitude and e the polarization vector. The
consequent comprcssi\'C' strain can hc written from
Eq. (3)

1."'(1') = -i(e.q)A exp i{q.(R"'-!-1')-c"tl ... (6)

The mcan value of 1.'" in the Wigner-Seitz sphere is

<1."'> = -i(e.q)A exp ilq.R"'-C')/IG(qr,,) ... (7)

where
G(x) = 3(sin x-x cos xlix" ... (8)

Substituting from Eq. (7) in Eq. (I) and taking
the time average, the volumc-dcpendent potential
energy of the crystal duc to the condnction clectrons
becomcs

II):. = J(e.q)2A2G2(qr,,)!,',V ... ('.J)

The force acting on thc ions dill' to the compres
sibility of the electron gas is along the gradient of
the compressive strain and hence along q. The
amplitude of ionic motion along the wa,'c "ector is
A(e.q)/q. Hencc the part of the force on thc lIlth
ion which is duc to electrons bccomes

(F"')"l,'c'co" = -CAq(e.q/q2) exp i{q.R"'-c,)tl ... (10)

The constant C in Eq. (10) is obtained hy equating
the a\'eragc potential energy of the harmonic motion
which would be maintaincd hy the forcc (P")"k,""'''
with potcntial cnergy given by Eq. (9) and wc finally
obtain

(F''')clccl''''' = -A!\,Qq(e.q)G2(qro) cxp i(q.R"'-C.,t)
... (11)

The calculation of the "ibrational freqllencies of
the latticc is now quite a straightforward task.
The equation of motion of an ion at the origin and
having mass 111 is
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with

Mij = M~+Mi;+M:; ... (28)
The thrce terms in Eq. (28) originate from the
three interactions mentioned ahove. M~;, due to
the Coulomb interaction between ions, is evaluated
by kellermann's method'i just as in the case of
alkali halides. The term Air; is given herc also by
Eq. (27b) and the last term is given hy

M' = ~e:[Jo_ ~(q,+Qi)(qj+Qj)H(t)/(I) (29)
'J n 3 'J L... Iq+Q,' ...

Q

where Ii,.· is the wave vcctor of the electron at the
Fermi surface. The function H(t) im'oh'es a number
of electronic parame!l'rs of unc('rtain value. The
nature of f(l) impli,'s that II'h('n

Iq+Qi = 2/11-', [grad" <,' -->-00

This anomaly was predicted hy Kohn"'. According
to Kohn the phonon dispersion curves in a metal
should show kinks at points where the slopes of the
dispersion curves hecome infinite. TIII'ir position
is det('rmined hy the size and shape of the Fcrmi
surface. Thus if the phonon dispersion cun'es
could be m('asml'd with suflicient accuracy for
diff('rent directions in the Brillouin wn,· so that the
kinks could he ohsl'rved, it would tl"'n he possible to
map out the F"rlni surface. Kohn's discussion
has heen ext('nded and generalized recently by
Woll and Kohn'lI who ha\'(' made a careful deter
mination of the magnitude of the' efkcl. Their
conclusion is essentially tl'at till' kinks in the phonon
dispersion cmves of metals are prohahly too small
to he observed experinll'ntally. Nevl'rthel,'ss, kinks
which have I)('en inll'rprded as due to the Kohn
effect have recently heen founel iu the dispersion
cun'es for the longitudin,d hranc1lt's in the r110]
and llll J directions in lead hy Brockhouse el IIi."
by means of neutron spectrometry. The po.iitions
of the kinks arc consistent with a Fermi surface
which is nearly splll'rieal and contains four electrons.
The results of Brockhouse i'l at. ha,'" been contirmed
by Paskin and Weiss'" who used the thermal dirt'use
scattering of X-rays to study the phonon dispt'rsion
curves in lead. However, till' recent work of
Harrison" has suggested that the kinks obsen'ed
by Brockhouse et lIi." arc not images of the Fermi
surface, hut are a lTlore complicakd manifestation
of the e!ectrou-phonon iuteractiou.

Summary

The current trends in the theory of lattice dyna
mics of metals arc hriefly reviewed, with particular
emphasis on the work heing carried out hv the
author and his collaborators. A number of
approaclll's to tl1I' study of th,' dynamicd properties
of crystals ha,'" heen mad,,, hased on lattice dyna
mical mOlkls such as the anisotropic continuum
dispersi"e model, force models, semi-phenomeno
logical models, dc. TIll' anisotropic displ'rsi,'(' conti
nuum model is found to yield satisfactory results
as regards frequ,'ucy spectra and thermal expansion
of solids, and il is suggest,'d that it is a con\'{'nient
and reliahle model to uS!' in the calculation of manv
other physical properties dictated hy hlttice vibr;;
tions. The inadequacy of current force models is
poinkd out and the phenon1l'nological models of
Bhatia aud de Launay arc briefly discussed. Two
semi-phenomenological models for mtluOl'alent
metals, recently proposed by the author and his
collaborators, arc discussed in dl'tail and the results
arc compared with ,'xistinf( experimental data on
neutron spectroscopy and specific heal. TLese
models "isualize a ml'tallic crystal as a lattice of
bare ions emlwdded iu a uniform cloud of "'ectrons.
The first of these models treats the electronic efl'eel
in a way similar to that of de Launay allli the second
model us,'s till' Fermi-Thomas nll'tholl. The first

... (30)

... (27a)

I( I I-I' .I+t
I) = ,+- 41 log I-I

A e(2rn-R~ ):p
.f\!/R = ~ (I-cos q.Ro,)

'J p L... /("
/.:;6.1 I

and

X[_Oij+(R:'+I).\'~] ... (27b)
p l\;l:!

In Eqs. (27a) and (27b) X" \', and Zi stand
for R~" RI'" and R'}, respectively. Again the condi
tIOn of solubility of the set of Eqs. (26) determines
the three distinct frequencies '''j(q) corresponding
to one value of q.

The dispersion curves were calculated for sodium
along symmetric directions. The summations in
Eq. (27) were carried up to ninth neighbours for
M5 and up to second neighbours for [Vfr;, after
which they become negligible. The effect of trun
cating the sum in M~i at ninth neighbours was
investigated and truncation errors were found
negligible. The agreement of the calculated curves
with the experimental results of Woods el al."' was
fairly satisfactory in view of the approximate nature
of the theory.

Recently fundamental and potentially more power
ful approaches to the lattice dynamics of metals
have been developed by Toya '", Harrison"" and
Coclmm23• Toya has used the Hartree-Fock approxi
mation to calculate the frequencies of the normal
modes of monovalent metals for lattice waves propa
gating along symmetric directions. The interaction
is taken to be the sum of (i) the Coulomb interac
tion between the ions, (ii) the overlap interaction
between the ions, and (iii) the ion-electron and
electron-electron interactions. From the equations
of motion we can write an equation similar to E'l. (26)
with

[ YY]X -(I+/W!)Oij+Il(f(?)3+3l\f(~1+3(i..~d-

and

with
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T HOUGH one is not quite certain whether to
consider iron as a macronutri,'nt or a micro
nutrient, there is no ambiguity in regard to its

important role in animal and plant nutrition, Iron
deficient anaemias' and chlorosis' arc well-docu
mented cases of non-ayaiJability of this element in
animals and plants respectivelv, At the biochemical
level, iron, as a constituent of haeme and as such
in haeme proteins, as an integral part of non-haeme
iron enzymes and as an activator of yarious other
enzymatic reactions, has many important functions
to perform in the living cell', The presence of this
metal in nucleic acids' may point to yet another
functional role for this element. As is the case
with several other essential metabolites, which arc
required to perform v;nious functions, a control
mechanism has to operate for a judicious supply
in the case of iron as well. Consequently ferritin
fills up this role as a key storage compound of iron
in animal systems,

The above picture is more or less true for micro
bial sYstems as \I'ell. The decrease in ke\' iron
enzym"es, porphyrin secretion and the fall in growth
in microorganisms due to iron deticiency are well
known·'-, In addition to the well-recognized enzy
matic sites, an iron protein, ferredoxin, recently
isolated from microbial and plant systems"", is
implicated in electron transport, being the most
electronegative electron carrier known in cellular
oxidation-reduction reactions, Despite all these
findings, the control mechanisms operating in iron
transport in microorganisms are not vcrI' clear and
only recently it has been possible to show that
certain iron compounds are il1\'oh'ed in these con
trol processes, Further, microorganisms with their
enormous potential for adaptation and sUr\'i\'al
capacities are ideal material to look for such mecha
nisms, especially under conditions of non-;n'ailabilit~,

of this element.

Sideramines and Sideromycins

In 1952, Neilands' isolated an iron containing com
pound from the cells of Ustila!:o sp!trwrogeJla, It has
been given the name ferrichrome and suhseqnl'ntl~'

a closely related compound hadng a profound hind
ing affinity for iron was isolated from the cnlture
fluid of the same org-anism grown under iron deficient
conditions, The latter has been referred to as
ferrichrome-A'° The prorluction of an iron bindin;:
compound under conditions of iron deficienC\' would
be a metabolicallv useful act for the or;:anism and
this stimulated the interest in the studv of these
compounds in detail. Ferrichrome has "been con
sidered to be a heteromeric peptide ll containin;:
glycine and the unique amino acid, 3-N-hvdroxv
ornithine", carrying an acyl moiety, The only
other instance of the natural occurrence of a
w-hydroxramino acid, reported earlier, has been
the'detection of E-N-hydrox~' lysinc in mycobactin,
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a ;:rowth faelor fur ;lfvt(liJartail/Ill jO/lIlciiJ:I, The
h\'droxamic acid moidl' of ;~-J\-II\'drox\' ornitlline
h:IS an important func'tion, for it hinds the iron,
The amino acid Sl',!lll'lH'e in the fcrrichron1l'S has
been studi,'d'4 and a thn'e-dinlt'nsional structure
has h,'c'n proposed on till' hasis of se\'er;l! pln'sico
chemical data, Fi;:, I rq>resl'nts a structnral model
for the fcrrichronH' h'pe componnds"',

Ferrichrome-!\ diffl'rs from ferrichrome in that
it contains serine in addition to ~h'Cine and orni
thine, has less nitrogl'n and iron and the ac\'1 moidv
is replaCl'd hI' :;-n1l'tll\'l ;:Iut:ll'onic acid i", Conl
pounds dosl,lv rdatcd to tI", fl'nichromes hal'c
been isolatl'd from !\sper;:illus and Penicillium
species \\'hich have heen named as fl'nicrocin, ferri
chrysin, fcrrirtlhin and ferrillodin 17 , Tlle'sc COIll
pOlinds contain ornilhinl', serine ;Ind ;:Iycine but
show c1iffel'l'nccs in thl' molar ratios of thesc' amino
acids as \\'ell as havin;: different snl>stitul'nt groups
at 1<, j{' and I{" in thc' mockl rqln'scn!l'd in Fig, I.
Certain other componnds \\'hich either contain iron
or ha\'e a profound hind in;: allinil\' for iron mal'
also he considen'd IIc'n', Coprogl'lli., th(' c1H'mic;il
nature of \I'hidl is not elmr, has h('('n isolated from
Actinom,\'l'l's fermcnts, T('rrc';:l'ns factor ' '', ha\'ing a
profound hind in;: aninitv for iron, lias heen isolated
from Arlhro!Jacla /arl'gclIs, On hydroh'sis of this
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lactor the ninhnlrin po,iti\'e "pots oblainl'd have
bec'n identilied a, glutami,' acid, gh-cilH', a-alanine,
\'alinl', Iencinl', proline, h',inl' an,i arginine, Yet
another gronp of componn,b i, till' f"ITioxamines"O,
isolated from Slrl'plom\Tl'" Ik,pite diITl'n'nce,
in gro,s ,truelure, the biological property that
mark:; this group of compounds i, their gro\l"th
promoting ahilitl, of certain microorganisms and
their mntual rcpbn';d'ilil\' ;c> a gro\l"th factor for
these organ i,m"

As against tlll'Sl', anotll<"r group of compound,
II"hich are gelH'ralh' gro\l"th inhibitory and antagonize
the l'rrl'ct of til<" fOr!1H"r list of compounds is the
ferrim~'cin" i,obt"d from Streptomyccs griscoj/avlls,
.-\ classification has been proposed for the,e com
pounds \l"hicll ha \'e the characteri,tic hydroxamate
structure at the iron binding sil<', The ferric
poh-hnlroxamate cbss of compounds have been
referred to as Siderochronll's, the gro\l"th promoting
ones being designated as sidl'ramines, and the
gro\l'th inhibitory as sideronn'cin,""- Componnds
like albom~-cin"' and gri,ein"" fall in the latter
group,

Ketose-Amino Acids and Itoic Acid

;";eibnds in hi, re\'ie\l"" ha, ,ugge,ted that the
ketose-amino acids arc yl'l anot her no\'el iron binding
sitl'S of probahle metabolic importance. The iron
binding compound secn'l<'d 1)\- !Jacilllls sllbtilis
under condition, of iron dclicil'ncy has heen
identified as 2,3·dihHlroxy bl'nzoyl glycine (itoic
acidV',

Ferrichrome and Its Metabolic Importance

Con,iderahle "\'idencl' has accnmulated in the
case of f"ITichronll' pointing to its important role
in iron nH"taboli,m, I\,; alrl'adv indicated, the
great binding allinity for irnn and 'til<" elaboration of
the iron binding moil'll' under ronditions of iron
deficiency \l"arrant ,ncl'- a role for this compound.
It has bc'en fonnd that th"n' ,'xi,ts a reciprocal
rebtionship het\l"l'en the ferrichronH' and l'\'to
chrome-c l'Onl<'nt, in the cells of U,tilago \l"hich is
gOH'r!1ed In' the zinc ,tat us of the nll'dium", Under
conditions of zinc dclicienC\' til<" ('(,lis contain little
C\'toc!lronH'-c hut ridd rl'I'lti\'l'h' large amonnt> of
ferrichroml', "'ith incn'a",' in the zinc ,tatu, there
is a drop in til<" ferrichroml' content concomitant
\l'ith the s\'ntll<"sis of cytochronll'-c, Later ill\'e,ti
gations ha",' thro\l"n light on till' relation Iwtll"el'n
ferrichrome and cdochronll' cont,'nl>, hnt the role
of zinc is not ~Ieat:, Fenichrome has been fOllnd to
bc a growth factor for certain micrnorgani,nb like
ArtiJrobacter Icrl'cgclI,', II rthrolJacta ./1111 'i"c(,11 ", Myco
bacterillm joll1lci-i, l'il"I)011I5 iiii'll ii, Microhactcrilllll
lacticlllI! 81l:ll and IIrthrolwtler IC 'J, But a much
Iargrr 11In11l)('r of organism, h'a\'(' br('n found to
produce growth faelors of the hnlroxamate type or
at least answ('l' for the presenc(' of bound hydroxyl
amill(', The participation of tlll',e II\'droxamate,
in the iron nH'taboli,m of tl)(' parent organi,m,
1I0\1'C\'('r, n'main, to 1)(' prO\'ed, Ildaih-d ,tudil'S
"'ith ArthrolJactcr .1<; 'J h'I\'" r"n'ah-d that it has an
ab,olute requirement for lL-rrichrome to maintain
normal growth and catab,,, acti\'il~' l'\'C'n thour:h
inorganic iron ma\' he pro\'i'lvll in the medium,

The ferrichrome requirement can be met with by
providing 100 times its amount of haemin", Ferri
chrome-Fe" has been shown to get incorporated into
catalase which is repressed by the addition of haemin
in growing cultures" of Arthrobacter .JG 9, It has
abo been demonstrated that ferrimycin-A inhibits
catalase S\'nthesi, in Arthrobacter ]G 9 when supple
mcnted with ferrichrome but not when provided with
haemin, All these results suggest that ferrichrome
is necessary for haeme synthesis and lerrimycin-A
acts by blocking this step, Cell-free extracts of
UllOdoPSClldoll/.ollas spllCroides ha\'e heen shown to
be ahle to s\'Ilthe:;ize haemin "'hen incubated with
an oxidizabie suhstrate, protoporphyrin IX and
iron as ferrichrome26,

The biolor:ical acti vitv 01 the lerrichrome com
pounds as' coenz~'mesin Iron transport' has a bearing
to the affinity of these compounds for lerric and
ferrous iron, Ferrichrome would bind lerric iron
with a stabilit" constant ahout 10 times that of
EDTA, Bnt it would bind ferrous iron, if at all,
very weakly, Neilands has envisaged a mechanism
for the release of iron from ferrichrome involving
reduction and the iron-free moiety can bind ferric iron
in turn giving- the parent comiJoundll Evidently
the organism has to possess a mechanism, probably
an enzymatic one for the release of iron Irom lerri
chrome, An enz\'matic mechanism can also ascribe
a specifIcity as to' the nature of the organic iron that
can be utilized, For example, only lerrichrome
and certain other members of its category like
aspergillic acid, l\ocardamin, Coprogen, Terregens
factor, Grisein and Mycobactin can serve as organic
iron sources for Arthrobacter.JG 9; but ferrichrome-A
and certain other synthetic se~ondary hydroxamates
are poor sources of iron for the same organism 24 ,

Ferrichrome-A is 100 times less active as a growth
factor for Arthrobacter tcrregeus as compared to
lerrichrome,

Information is also available as to the mode of
breakdown of the ferrichromes when thev serve as
sole carbon and nitrogen sources, This" has been
rendered possible by the isolation of an unidentified
P,'ll'domonas which can utilize the ferrichromes as
sole carbon and nitrogen sources, It is indicated
that initiall~' the c\-dic peptide rings are broken to
\-ield simpler hnlroxamates which are then de
a~)-lated, perhaps after reduction to the correspond
ing 1'\ -substituted amides, The enzymes invoked
in this brc'akdown are intracellular2;,

New Iron Binding Compounds

\\'ork in this lahoratory28 has led to the isolation
of \'et another iron binding- compound from Neu.ro
"pora crassa Em 5297a, The iron binding com
pound has hern ddected in the culture fluid when
the organism is grown under ~onditions of iron de
ficil'nc\' whether direct or indirect. Earlier studies
"'ith this organism""':" ha\'e re\'ealed that cobalt
toxicit,\' can gi\'e rise to a conditioned iron deficiency
and accordingly the iron binding compound has been
detected uncleI' these conditions as well.

The compound isolated as the iron complex from
thl' ~ultme fluid after adding iron as ferric chloride,
ammoninm sulphate saturation, henzd alcohol ex
traction allll further purification on cellulose column
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TABLE 1 - Rf V/\LUES OF FERRICHROME, FERRICUR<HIE.\

A~D THE isOLATED IRO!': CO;\IPLEX

Solvent Ferri- F<:rri- ;\('\\'

systl'Tll chrome chrolllt'-:\ comp]t·x

Butanol-acetic acid- 0,38 0'44 0,51>
water (4: 1: 1;
ascending)

Mdhanoi-wah'r 0'79 072 088
(80: 20; ascending)

has been found to be homogeneous by paper
chromatographic and electrophoretic criteria, The
iron complex is readily soluble in water, methanol
and ethanol, but insoluble in ether, chloroform and
acetone, The data presented in Table 1 indicate
that the complex has a different chromatographic
mobility as compared to ferrichrome or ferri
chrome-A,

Hydrolysis (6N-hydrochloric acid) of the iron
complex has revealed the presence of 9 ninhydrin
positive spots, The major ones correspond to
ornithine, glutamic acid, glycine, serine and alanine,
Minor ones correspond to threonine and aspartic
acid, The complete and exact amino acid composi
tion of the complex is under il1\'estigation, All
these properties indicate the new compound to be
different from the ferrichrome compounds or others
reported earlier. But as regards the binding affinit~,

for iron it shares the property of the ferrichrome
compounds, The iron complex has a broad absorp
tion maximum around 440 mil, In dilute aqueous
solution the colour is discharged by the addition
of dithionite and the colollT is regained on suh
sequent aeration, The compound evidently binds
ferric iron and even prolonged extraction with
8-hydroxyquinoline fails to remove the iron from
the complex, But on reduction the iron can he
complexed easily by""",'-dipyriclyl or orthophenan
throline, This would indicate that the compound
binds ferrous iron, if at all, very weakly, The ferric
iron from the complex can be removed by alkali
treatment with sodium hvdroxide and the iron-free
moiety on subsequent ne\itralization can again bind
iron to give a coloured complex, though it has not
been established to be the parent compound, Tlw
preparations isolated under conditions of cobalt
toxicity and straight iron deficiencv appear to be the
same on the basis of chromatographic behaviour
and fJualitative amino acid composition,

It has also been observed that under conditions of
iron deficiency an acid producing strain of A, niger
secretes iron binding compounds into the media,
Neilands" had detected earlier the production of an
iron binding compound by A, niger, when grown
under conditions of iron deficiency amI suggested that
it may be similar to ferrichrome compounds, It
has been established that the compound secreted hv
A, niger (M 3574 and M 3573) is ferrichrome",
But the final preparation obtained from A, niger in
this laboratory (Subramanian, K. N" Padmanaban,
G, & Sarma, P, S" unpublished data) has been
found to be ninhydrin positive, whereas the ferri
chrome compounds are ninhydrin negative, Sub
sefJuent chromatography on paper in neutral solvents
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has revealed that A, niger iron componnd isolated
in this laborator~' has more than one component
and paper electrophoresis in pyridine-acetic acid
buffer (PH 6,2) has revealed that at least 4 dioitinct
components, each compOlwnt carrving iron, arc
present. Further investigation to characterize, these
components is in progress, The "ariahle results
ohtained ma\, he dne to str<lin differences in the
experim,'nta( organism, Earlicr it h<ls heen sl1OlI'n
that the iron dclicil'nt Ustilago prorluces senral
iron biuding compounds of which lerrichrome-,\ is
the m:ljor component 10

Conclusion

Isolation of iron binding compounrls from ,'arious
microorganisms pro\'('s thl' g('lwralitv of the ph('no
menon and explains tIll' survi"al capacities of these
microl'lora aud at the sanw time ell-mands a control
ling ..flect of thl'se compounds on their iron meta
bolism, l\eilands" h<ls suggl'sted thc tl'rms auto
sequesteric and auantose,!ueskric, ascrihing the
former to S\'stems that can s\'nthesizl' th('ir iron
binding comi)ounds <lnd the la(ter to those that do
uot have the capacit\, to do so, From the abo"e
rliscussion it is ckar that Neurospora cra,\sa can be
classified as autose,!u('steric aud ,Irtlirobactcr ./<; 9
as anautose,!uesteric, for the latter re,!uires fhe
obligatory presence of krrichrome for normal groll'th
and catalase activitv, If this t\'fw of organic iron
is necessal'\' to f<lcilit<lte irou se,!ll<'stration aud trans
port, it is evident that it should be present <It le'ast
in small amollilb in all organi~1l1 growing under
normal couditions, F('rrichronw its"lf is a natural
metabolite of Ustilago and ferrichrome-,\ is the
iron hinding moid\' s"{Tetl'd und('r conditions of
iron deficiencv, .Ilist tIll' same \\';1,\', there can be
little douht that l\"lll'ospora s\'ntll<'sizes its o\l'n
organic iron of this tvpe wht'n prO\'id"d \I'ith in
organic iron and uIHll-r conditions of non-:l\'ailabilit\,
of iron, the irou biudiug moid\' eithcr as such or in
a modified form gds "'lTd,:d into the medium,
Neilands2:l in a rliscussion of thl' possibk f<lctors
involverl in this nwtabolic adjustment lists the
following: (I) Thc bios\'uth('sis of specific f''!Tic
comple~ing agents, nonn:dh' compditi\'('h' inhihiterl
:Inrl maintainerl at a low !<-\'(,I bv till' pn's('nce of a
"ariable amount or a ferric chdatl', Iwrom,'s a major
metabolic aeti"it \' of tIll' cell: (2) th(' dl'licil'nn' of
iron creates :\ Inl'l:lholic hlo{'k, till' lattcr b~'ing
manifested b\' the' appearalH'" of iron comple~ing
products which normallv n',!uire iron for th('ir
metabolism; and (3) the new substau",'s prnducl'd
in iron dl'liciencv :11'(' int"IHkd to S('I'\'", "ith"r as
such or as tIll" fl'lTie ('()fnp!<-~, as a In'-pass for
l'1eetron transport around t.h{' normal c\'tochrome
system,
'The 'evidences so far obtai!ll'd make the last

mentioned possibilit\, ratll<'r renlote, It is ,!nite
conceivabk that iron ma\' Ill' n,'('('ssan' for the
metabolism of t h,' iron com'p!<-~ing ag,'nts: For e~
ample, prcfol'llwd itoic :ll'id is r:lpidh' rl'mo\'(,d from
H, sllbtilis krmentation folloll'ing till' addition of iron,
In view of the nwtabolic poll'nev of til<' f"ITic chelatC's
as iron donors for the organisms, it can as \I'ell be
that the relation )('tll'(','n the iron binding moid\'
and iron is mutual. The chelate formed umler
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normal conditions in the cell probably plays a key
role in iron transport ;lI1d the iron-free moiety
which cannot be metabolized in the absence of
iron finds its \Vav into the cnlture fluid, thus assum
ing a Slll"\'i\'al (unction.

Thou!)h no systematic s('arch has been made to
look for iron bindin!! or iron containing compounds
of the !\-pl' discussed in the pr('sent review, in plant
and animal s~'stems, e\'idence has been presented
to indicate that plant s.'·stems do han a require
ment for chelated iron and recentlv it has been shown
that ferrioxamin-R is absorbed' and translocated
in tomato plants from nutrient solution. The
chelate,1 iron is transported to the upper parts of
the tomato plants more rapidly than ionic iron3l .

There is a report a2 that iron pigments have been
noticed in the gut of ' conventionalized guinea-pi!)s '
deliberatel~' contaminated with normal guinea-pig
intestinal micraflora but not in that of germ-free
animals. It is probable that even in animal systems
these iron binding or iran containing compounels may
bc detected as a result l ! of micrabial elaboration.

:\n aspect of practical significance has also emer!)ed
from a study of the iron binding or iron containing
compounds. The sideromycins have great anti
biotic potential. Danomyrin3a, a recently isolated
antihiotic, has inhibitory properties towards gram
positive bacteria, and is an iron poh'peptide related
to the siell·ram\·cins. Thlls it is e\'ident that while
these compoun<!s sen'e an important role in the iron
metabolism of the parent organism, some of them
at least can prove to be poll'nt antibiot ics to certain
other organisms.
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TABLE 1 .- SOr-.IE NE:\IATOI>ES lr.:vfJI.VEl> IN FUNGUS !)/SE.\SES

01" j'I ..<\NTS

semi-necrotic areas of the leaves, usually between
the folds. Some parasitic fungi have also been
noticed in the diseascd leaves, one of which has
beeu identified as HeltnintllOsj>orilf./Il sp. Roob of
diseased trecs as wdl as til<' Icaves and roots of healthy
trces were found free of the nematodes.

Nematodes Involved in Fungus Diseases
of Plants

Several species of nema todes arc known to be
associated with fungus diseas('s of plants, some of
which arc listed in Table 1. Pertinent literature on
nematode-fungus interaction in producing disease
complexes of plants has been recently reviewed by
Powell36. The role of nematodes in such diseases
is onl\' imperfectly known. Newhall:", Miller'" and
SI00t\~eg39, among others, believe that nematodes
facilitate the invasion of the harmful fungi hv
mechanical wounding of plant roots. Investigators
like Powell and Nusbaum4., McKeen and Mountain",
Thomason et a14~, Schindler et al. 43 and Holdeman
and Graham" maintain the opinion that there
exists more complex relationship between the
nematodes and fungi than simple mechanical wound
ing of the roots. Presenting all available evidence:,
they suggested that nematodes may either lowcr the
natural resistance of host plants or cause phYSIOlogical

and Seinhorst29 in Surinam revealed no correlation
between little leaf and the soil type.

RotylenclIulus sp.

According to Corbett32 'Lethal yellowing' (un
known disease) also occurs in Florida on Key West.
The symptoms of the disease as it occurs in Florida
are more or less identical with those of Lethal
yellowing prevalent in Jamaica and other countries.
Recent investigations seemed to have ruled out the
possibilities of mineral deficiency, nature of soil,
insect pests, bacteria and fungi as the cause of the
disease. Most of the research workers now appear
to hold the view that the disease is of virus origin.
Nematological research, probably initiated at the
suggestion of Martyn3, seems to throw much light
on the aetiology of this disease as reported by
Ollagnier and Weststeijn2. A new species of Roty
lenchulus is present on an average in 38 per cent of
samples from diseased trees. Examination of samples
from healthv trees failed to show the presence of
these worms. In Jamaica the same nematode has
been found in 92 per cent of samples taken from the
foot of diseased young trees, but only in 20 per cent
of those collected from healthy trees. In the light
of these findings, the State Board of Florida has
already taken control measures with different nemati
cides and encouraging results seem to have been
obtained with nemagon.

RotylenclIus sp.

Fenwick and Maharajl2 reported that roots of
certain trees presumably suffering from red-ring
disease, and showing symptoms such as drooping
of bunches of nuts, and wilting and drooping
of leaves in Trinidad showed many living speci
mens of Rotylenchus sp. instead of Rh. cocophilus
(= Aphelenchoides cocoPhilus). The significance of
this finding is not known. Although several speclCs
of Rotylenchus are parasitic on vario~s plants, and
economically important, data are lackmg concernmg
their role in producing diseases of coconut palms.

Free-living Nematodes
Metacrobeles togoensis Loof (Rhabditida:
Cephalobldae)

Luc33 has reported the presence of certain cepha
lobid nematodes associated with' Kaincope disease'
of coconut plams in Togo, Africa. Loof'!4 studied
these nematodes from a taxonomic point of view
and found that they helong to a new genus of the
Acrobelinae. He descrihed them as M. togoen.sis.
These nematodes are prohably of no aetiological
significance. No parasitic nematode seems to have
been reported in relation to Kaincope disease.

Panagrolaimus rigidus (Rhabdi tida: Cephalobidae)

This nematode has been found associated with
wilting of coconut seedlings in Valiathura coconut
nurseries, near Trivandrum, Kerala. Out of 7500
seedlings examined, more than 1700 showed the
presence of the nematodes in large numbers in the
root system (Antony, J., personal communication).
\Vhile examining the young leaves of coconut palms
suffering from root (wilt) disease, collected from
Kavalam, Kerala, Nadaka[25 found fairly large
populations of Panagrolaimus sp. in necrotic and
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~Cll1al()de

A lIM/lina Irilit;

Ill'/ollfJ!a;mus
KNtri/is

/)ilvlel1chus SPI'.
Heierodera
roslochiensis

Hoplolaiml/s
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i ncognita and
M. hapla
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do
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II'hizortonilt ..;(,lalli
I;. nxysporum. f.
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/'hylophlhf/l'u
pm'u'''iI;m var.
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TAIIU: 2 - NEJ\.'1:\TODE3 INVOLVED I~ B.\CTERIAL DISEASES OF PLANTS

1\t:r1latode

A11glfina fri/itt:

A phelt'lichoide.s rilznJlah().~·i

Dily/encl/lfs dips(lri
Dily/el1rhlfs sp.
Hetirutvleul'II1I.\ 'Ham/lis
Me/oilo/!,yne incu!{nila (uTi/a
Meloidvxync spp.
TvleH/"hor!lvlIthlls ,.lal'/oll;
X iphil'lcm(l dilWys':ralfdalun!

Bacte:-ia

Cory"cbar/rrillH1 {ritir!

C:. faseians
I:.:rwiuia rlU/poli/lolm

do
!'Sflfd01r10naS ClIYyophylli
P. so!ana(xurllm
I), raryophy/li
P. sulanareayunl
Ii. I"(lyyophylli

Host anll disease

\Vheat~ycIlow slime

Stra \\1 berry-cauliflmvcr
Rhuharb-CfO\vn rot

do
Carnation wilt
Tobacco-Cranvillc wilt
Carnation wilt
Tohacco-Granville wilt
Carnation wilt

Remarks

Parasites of aerial
tissues

do
do
do

Ectoparasite:; of roots
Endoparasites of roots

do
Ectoparasites of roots

do

Ref.

60

61
62
63
63
6+
63
6S
63

TABLE 3 - NE:\1:\TODES SERVING AS VECTORS OF SOIL-BORNE

PLANT VIRUSES

pathogenic bacterial organisms (Table 2). The
nematodes carry the bacteria from infected tissues
on the same plant or from the soil to the vicinity of
thc apical meristem. Probably the nematodes also
act as incitants.

As vectors oj soil-borne viruses oj plant diseases 
An excellent review on this subject has recently
been made bv Raski and Hewitt'. The known
plant parasitic~nematodes serving as vectors of plant
viruses are presented in Table 3. They are all
ectoparasitic aphasmid tylenchids belonging to three
genera, X iphinema and Longidorus of the family
Dorylaimidae, and Trichodorus of the familv Tricho-
~ri~~ .

All stages of the nematodes, both adult and larvae,
are capable of· transmitting viruses. Evidence
appears to be lacking as regards their transovarial
transmission. According to Harrison and his asso
ciates6' rod-shaped soil-borne viruses are vectored by
species of the nematode genus Trichodorus and the
globular viruses by species of Xiphinema and Lonai
doms. Harri:;on82 has reported that soil-borne viru~es

I
changes favouring fungus invasion. Symptoms pro-
duced in plants are very often due to the synergistic
action of both nematodes and fungi.

Nematodes Involved in Bacterial Diseases
of Plants

Nematodes that are (kmonstrated to be associated
with bacterial diseases of plants are listed in Table 2.
Pitcher'" has recently reviewed the literature on
various aspects of nematode-bacterial interactions
in producing disease complexes of plants. An
important fact that has emerged from the reviewed
literature is that relatively a small number of nema
todes are known to be involved in bacterial diseases
of plants. Although in nature virtually all nematodes
are contaminated with bacteria and thereby act as
vectors, the majority of the organisms carried by
them are of little significance.

However, even some mildly virulent bacteria may
take advantage of infection courts provided by
nematodes producing a large number of local lesions.
Although the part played by ectoparasitic nematodes
in bacterial diseases is negligible, the endoparasites
may aid the invasion of bacteria by providing avenues
to inaccessible regions of host plants. Besides
mechanical injury, nematodes may bring about
physiological changes in host plants making them
more susceptible to the attack of bacterial organisms.
Studies of Pitcher" and Pitcher and Crosse"" on
cauliflower disease complex indicated that both
the nematode and the bacterium contribute to the
de\'elopment of disease syndrome. It has also
been observed bv Pitcher" and Sabet"7 that in
nematode-bacterit;m interactions, the latter exerts
an inhibitory effect on the fanner in later stages of
infection. ~

Nematodes Known to be Vectors of
Microorganisms

Phytoparasitic Nematodes

As .'eelon oj Jllngi - Atanasoff'" reported that
the nematode Angllina sp. acts as a vector for the
fungus DilojJhosjJora alopewri which is responsible
for a disease of wheat and certain other cereals in
Europe. Spores of the fungus become attached to
the nematode and are carried to the growing points
and flower primordia of the plants.

As .'ectors oj iJacteria - The nematodes A ngllina
frith'i, A jJhelenchoides ritzemabosi aud DitylencilUs
dijJsaci ha\'c been reported as esscntial vectors of

Nematode

I.ongidorus
clongatus

I .. attemtalus

TyichodOY1IS
packVdeYHlUS

r. py'imitivus
T. christiei

T teres

T. viruliferus
Xiphinema

index

X. atnericanum

X. diversicau.
datum

Virus

Tomato black-ring virus, beet
ring-spot virus (TBRV-BRV)

Raspherry ring-spot virus
(RRV)

Tomato black-ring virus, lettuce
ring-spot strain (TBRV-LRV)

Tobacco rattle virus (TRV)

do
Potato corky ring-spot viru~

(TRV)
Early browning virus of peas
(PEBV)

do
Grapevine fanleaf virus (GFV)
Grape yellow mosaic virus

(CYMV) & Grape vein-banding
virus (GVFlV)

Tomato ring-spot virus-yellc w
bud mosaic strain (YBMV)

Tobacco ring-spot virus of soya
beans (TRSV)

Necrotic ring-spot virus of blue
berry (NRBV)

Arabis mosaic virus (AMV)

Ref.

68

69

68

70
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71

72

73
7+
7S

76

77

78

79-81
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a\'ailahk concerning its O'TlUT,'nc<: in coconut palms
in India.

The c"'monstration hv \'an Hoof and Seinhorst"
th<lt th,' same lIl'mato,"': Nil. ("I}("I}/,hilus, is n'sponsible
for little leaf is of consider<lhle hiological inlt'rest.
Causation of two clinicall.\· differeut diseas"s by the
same ncmatodl' in till' s:Jnl<' spl"cies of host plant is
certainly iutriguing. Usuallv n'stricted to the I'oung
"'a\'"s of tn'"s, litt'" leaf is :Jppan'ntly c'\lIsed iJ\' the
nematode ectoparasiticall\', wlll'n'as red-ring, which
appears to affect '\ny p,\rt of tile trel', l'specially
roots and stems, is prodnl'l'd hI' til(' nematode endo
parasitic:lily. Thus the sam" sp('ci"s of nl'lllato<le
acting as l'cto- and endoparasit", and affecting
obviously different parts of th" host plant mav h,n'e
pathologicalh' diffen'nt manifestalions resulting in
little leaf and n·d-ring. It is possible that the
nematodes responsihle for tll('se diseasl's may be
morphologicalh' indistinguishable but ph~'siolngical\y

distinct. There are instances in animal parasitolog\'
as discussed hy Chandler'!! in which 1\\"0 species of

Hd.
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XX
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• 'II
n

.10
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do
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lose their infectivity when the soil is dried. Obser
vations made by \'ariou;; investigators have provided
evidence as to the persistence of drusrs in the
nematodes for variable periods of time. The grape
vine fanleaf virus (GFV), for instance, can persist in
its vector, X. index, for at least 30 days as reported
by l{aski and HewittS3. Survi\'al of viruses in the
nematode vectors as long as 9 months has also been
recorded by these authors'.

Zooparasitic Nematodes
The association of nematodes and \'iruses has also

been reported by various investigators in animal
and human parasitolog~" A number of nematoch's,
which are known to transmit virusrs of animal and
human diseases, are presentt'd in Table 4. In thrse
cases however, only the larval stagrs seem to be
capable of virus transmission. TIll' \·irus of swine
influenza can survive as long as three ycars in ·lung
worms encapsulated in earthworms, and it is thw;
perpetuated from one outbreak to another a~ reported
by Shopes6 ,s,. It has been ~uggested by Chandler'"
that such virus disrases as pohomyehtls and ornithosis
may be transmit~ed by eggs of intestinal worms like
Enterobius spp. fhe role of zooparasitic nematodes,
like that of phytoparasitie nematodes, as vectors
of pathogenic viruses and other microorganisms
remains mostly unknown. Zooparasitic nematodes
involved in virus transmission belong to the class
Secernentea (= Phasmidia) with the exception of
Triclll:llella spiralis which is a mcmber of the class
Adenophorea (= Aphasmidia).

Some of the parasitic fungi reported by various
workers in association with diseases of coconut
palms are listed in Table S. It is e\·ident from
Table 1 that some of these fungi such as FusariulII,
Rhi:oetollia, Phytophthora, Thielaviopsis and Hellllin
tllOsporiullt are potentially capable of interacting
with parasitic nematodes producing disease com
plexes. Insect pests ha\'e been considered to be a
predisposing factor in fungus infections of coconut
palms, particularly of .aerial parts. Although .re
corded instances of chsease compll'xes 1l1\'olvlllg
nematocle and fungi .appc·ar to be lacking in the case
of coconut palms, onl~' fnture research can t<'ll
whether they do exist or not.

Available literature shows that our knowledge of
parasitic nematodes associated with coconut palms
is decidedly in an ekmentarv state. WI. cocophilus
is the only nematode which is known to be of patho
genic significance and is undoubtedly one of the
most intensively studied phytoparasites because of
its economic importance. I~ed-ring diseasl' which
is attributed to this nematode, according to Oostl'n
brink 'o, seriously limits the copra production in
different regions of South and Central America, and
also the yield of oil palms in Venezuela and ot her
countries. A vast amount of information on \'arious
aspects of red-ring disease is now ,l\'ailable parti
cularly through the investigations of Fenwick ami his
associatesI2- 16 ,21.23,2S. Although red-ring is mainly
restricted to South and Central American countries,
its causative agent, Rh. eoeophilus, appears to have
been recorded in India bv Thirumalachar26 associated
with bud-rot disease o( areca palms. Howe\'er, to
the present author's knowledge, no information is
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the virus pathogen may also spread as droplet
infection through specks of organic materials as are
certain viruses of animal and human diseases.

Rh. cocophilllS, the causative organism of red-ring,
and apparently of little leaf of coconut and oil
palms, is known to be vectored by the palm weevil,
Rh. palmarmll L. A related species, Rh. jerrltginCIIs F.,
occurs in Kerala and is a serious pest of coconut
palms. However, information appears to be lacking
as regards the nematodes parasitic or saprophagous,
harboured by this insect. A search for nematodes
occurring in insect pests of coconut palms such as
Oryctes rhinoceros L., Nep/umtis serinopa Meyr.,
Stephanitis typiclts, Rh. jerru.ginelts, etc., would be
highly rewarding particularly in view of the im
portance of nematodes serving as vectors of viruses.
The recent report by Shanta et al. 103 that the insect,
Stephanitis typicus, can act as a vector of the virus
of Kerala-wilt suggests an alternative possibility of
the insect pests transmitting viruliferous nematodes
from tree to tree.

Summary
Parasitic nematodes known to be associated with

diseases of coconut palms are decidedly small in
number. The red-ring nematode, Nh. cocophillls, is
the most important parasite that has been studied
extensively by various workers. A wealth of
information concerning the aetiolog~I, epidemiology,
pathology, symptomatology and prophylaxis of
red-ring disease is now available. The palm weevil,
Rh. pahnamm, serves as a vector of Rh. cocophilus
both in the case of red-ring and little leaf diseases of
coconut and oil palms in South and Central American
countries. The observation that the same species
of nematode, Rh. cocophilus, is responsible for two
clinically different diseases in coconut and oil palms
is of considerable biological interest. It is possible
that these nematodes, although morphologically
indistinguishable, may be physiologically distinct
strains of the same species. The other parasitic
nematodes recorded from coconut palms arc Roty
lenc/llIs sp. and Rotylenchulus sp., the former asso
ciated with red-ring and the latter with Lethal
yellowing in Florida and Jamaica. The nematode
Rotylenchulus appears to be involnd in the Ll'thal
yellowing of the palms since control of this disease
by the application of nematicides like nemagon sel'ms
to yield promising results. Free-living nematodes,
Panagrolaimus sp. and Metacrobeles togoensis, have
been detected in association with root (wilt) disease
in Kerala, and Kaincope disease in Togo, Africa,
respectively. The role of phytoparasitie nematodes
involved in various plant disease complexes has
been discussed in relation to bacteria and fungi. The
potential danger of certain species of nematodes
serving as vectors of soil-borne viruses of plant
diseases has been discussed providing lists of known
phyto- and zooparasitic nematodes involved in
virus transmission. A discussion has been made
of the possible role of intercrops, weeds and insect
pests in the spread of harmful microorganisms
among the coconut palms indicating the possibility
of the insemination of viruliferous nematodes bv
them. In view of the multiplicity of ways in which
nematodes play an important role in our agricultural
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economy, there is now an imperative need for organ
izing nematological research in relation to coconut
palms at ecological, biological and aetiological lenls.
A survey of disease-stricken coconut gardens indud
ing their soils, intercrops, weeds, insect pests as well
as different parts of coconut trees themseh'es for
nematode population is likelv to yield promising
results.
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REVIEWS
THE PLANET EARTH edited by D. R. Bates (Per

gamon Press Ltd, Oxford), 1964. PI'. vii +370.
Pricc 425.

The first edition of this work containing a series of
articles by leading authorities in geophysics appeared
in 1957. The articles have been re\'ised for this
edition. An extra article on the Van Allen radiation
belts, which were discovered soon after the first
edition was published, has been included.

The book contains 18 articles which cover a wide
range of topics. The introductory paper is by
Sidney Chapman on the International Geophysical
Year and its achievements. Gerard Kuiper traces
the history of the earth and its possihle future which
is bound up with the development of the sun. The
third paper by Bullen deals with the interior of the
earth and its investigation by seismic waves. It is
now agreed th,lt the e,uth's core consists of two parb,
the outer fluid and the inner solid. The latest data
seem to indicate that the centre of the earth has a
density of around 15, instead of a range of 14-18.
The Chilean earthquake of 1960 has given informa
tion on the free oscillations of the earth, of which
more than 40 separate periods between 3 and 60
min. have been recorded.

The next paper is on the development and structure
of the crust by Tuzo Wilson. He shows that there
are four stages in mountain growth, exemplified by
the mountains of the Aleutian arc, British Columbia
coast, Appallachians and Grenville province, from
the youngest to the oldest. The latest information
on tides, wa\'es, currents and water masses arc pre
sented briefly in a paper on the ocean by G. E. R.
Deacon. Vestine deals with the geomagnetic field,
the secular changes connected with it and recent
work on remanent magnetism. The next contri
bution by D. R Bates deals with the structure
and the composition of the atmosphere. Intensive
studies are being made on the outermost layers
(exosphere) which at a height of 300 miles has a
pressure of only 10-12 of one atmosphere. It is
calculated that about 10 tons of hydrogen arc lost
everyday into space and that at very great heights
hydrogen is the dominant constituent, followed by
helium.

The contribution by E. T. Eady deals with climate
and the general circulation of atmosphere and the
oceans. Icc ages arc considered by Opik who states
that three major glaciations arc known since the hegin
ning of the Cambrian and five more before that date.
He is of the opinion that mountain building and geo
graphic altitudes cannot explain ice ages and that
there must be other causes. He also considers that
palaeomagnetic data and the former distribution of
animals and plants do not support continental drift.
A short description of ice cap of Greenland is given
and figures are quoted to show that the amount of
ice during Pleistocene amounted to 3·3 times the
volumes of the present amount of 4·86 cubic miles.
He favours the variations of solar radiation as the
cause of ice ages.
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B. J. Masoll has an article on nl\'teorology; J. A.
Ratcliffe on the ionosphere and its prope'rties; and
D. R. Bates 011 air-glow. III n'cent years the green
lines in aurorae have heen prOlwl to be due to atomic
oxyg('n. The sodium douhiL't occnrs in the \'i,ible
regions while Lyman alpha line du" to atomic hydro
gen and infrar"d hand dne to OH have also b,','n
confirmed. Th" OH, D and gr"en lin"s appear in
aurorae at 55-60 miles altitueh', while the red lines
and Lyman alpha lines appear at ISO miles. \'. C. A.
Ferraro considers the connection of aurorae with
magnetic fields. A. C. B. Llm,ll d('scribes the
natun, of metmri!<', and md,'ors which are now
studied with th" h"'p of radio tel",copes. It is
now known that O\','r a million tons of n-ry fine
meteor dust (micrometeorites) fall on the earth
every year. Sam" of the Inlg''' fall, which havc pro
duced crat<~rs and dl'va,tation of larg" an'as also
find a 1Il,'ntion.

J. G. Wilson in his paper ,h"crilws the production
and the nature of th" co,mic ray,. Tlw Van AII"n
belts of radiation ar" descrih,'d hy' J. W. Dungey. Di,
covered in 1958, thl'y '\I"(' known to extl'nd 500-10,000
miles in space from th" eartll, Th,'y arc essentially
magnetic ticld, in which th" particl,', (protons ,md
electrons) perform spiral motions hut arc kept Il"ithin
the belts.

The last article i, hy .J. B. S. Haldane on the
genesis of life, He sUg'gests that anaerobic metabolic
proce,;ses gcn"rally found in all organisms arc morc
primitive than aerobic on"s, and that the first orga
nism hroke down metastable compomHI, in a medium
containing a little mol<-cular oxyg['n. When enzymes
and ,uitahl<- substrates arc availahle DNA molecules
can be accurately copil'd and n·prodnced. After
many million years during which the atmo,phcre
contained only a trace of oxyg,'n, life h"gan to multi
ply when much of th" hydrog.'n had h[','n lo,t and
photosynthesis Lll,canw efkctive, prodncing oxyg('n.
There must he millions of pl,uH'ts supporting life as
we know it and p,'rhaps as many otlll'rs which snpport
life in ammonia medinm.

The hook is an ('xcellent introdnction to many
aspects of geophysics and provides an anthoritati\'c
and ,Iccurat" picture of the present ,tat<- of knowledge
of the carth, the oc"ans and atmosph"re. It is well
got-up and print,'d and will repay stndy by all who
arc interestl'd in mO(l<-rn geophysics.

M. S. KHhH:\.\)i

HIGH TEMI'EHATUIIEs 11\ !\EIW1\AUTlCS - Interna
tional Series of Monographs in !\"ronantirs ami
Astronautics: Vol. 15, 1964. I'p. xiii 1-446. Price
£5 55,

The volnme und,'r n'\'i"w records tlJ(' proceeding" of
a s~'ll1posiull1 held in Turin to ['clebrate the 50th
anni\'erslry of the 'Lahoratorio di Aeronautica'
and contains III pap,'rs dealing with different
aspects of high temperature phenomena in aero
nautics. Broadfy speaking, the articles in the \'olume
may be cJassificd under till' following thn'e headings:
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micropower transistor linear amplifiers by J. N.
Miendl and associates discusses optimum design and
performance characteristics of linear broad band
amplifiers using silicon planar transistors which have
very low reverse curren ts.

The text has been profusely illustrated and each
. chapter is complete with a bibliography of the recent
literature on the subject. The broad spectrum of the
problem of micropower electronics, supplemented by
valuable comments, gives a lucid picture of the state
of art and helps the engineer to visualiw a new field in
electronics, which holds promise for a more efficient
and reliable equipment. The book is a valuable
addition to an electronics library.

C. S. I~ANGAN

JAPANESE MII'IATURE ELECTRONIC CO:lIPONENTS AND
ASSEMBLIES DATA AN:-JUAL edited by G. W. A.
Dummer & J. Mackenzie Robertson (Pergamon
Press Ltd, Oxford), 1964. PI'. xxiii+483. Price
£ 7

This volume is published as an electronic component
data annual series by the Pergamon Press. The
authors have given a comprehensive information
on the various small size radio components and
assemblies, manufactured by the Japanese electronic
industry. The text is actually a manual comprising
a large number of technical catalogues and data
sheets published by such leading manufacturers as
Messrs Fujitsu, Matsushita and Nippon companies.
Some of the main components for which exhaustive
details are given are fixed and variable resistors and
capacitors, miniature ceramic ami electrolytic capa
citors, RF and IF coils for radio receivers, plugs,
sockets and switches. Assembly components such as
printed circuit boards, micro-assembled circuits and
semiconductor integra ted logic circuits are also
included. Basic design features of circuits with the
technical specifications and application data are
gi ven in many cases to help the designer. A list
showing the title and number of standard specifica
tions for the different components published in .rapan
is also furnished.

The book is. profusely illustrated, showing compo
nent dimensions and actual photographs. It is very
instructive especially to those who wish to acquire a
knowledge of miniature electronic products available
from Japanese sources.

c. S. RANGAN

RADIATION PROTECTION: RECOMMENDATIO~S OF THE
INTERNATIONAL CO:lDIISSION ON RADIOLOGICAL
PROTECTION - ICRP Publication 4 (Pergamon
Press Ltd, Oxford), 1964. PI'. v+70.

The widespread applications of radiation sources such
as radioactive isotopes, research reactors, X-ray
machines and particle accelerators require competent
guidance for the protection of persons handling these
sources. As far back as 1928 when the scale of
handling of radiation sources was negligihle compared
to that in the modern times, a Commission was
established at the Second International Congress of
Radiology under the name of International Commis
sion on X-ray and T{adium Protection which was
renamed in 1950 as the International Commission on
Radiological Protection. This Commission, abbre-
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viated as ICRt', was established to give recommenda
tions on the safety aspects of ionizing radiations.

Since its creation in II.)2~ the Commission has kept
its recommendations continually under review in the
light of new knowledge concerning the dfects of
atomic radiation. It has published, sinc.e 1958, a
series of 6 reports (known as lCRP Publicatious)
relating to pennissible dose for internal radiation,
protection against X-rav,;, handling and disposal o[
radioactive materials and other allied topic,;.

In its latest form tl", Commission ron,;ists of 12
members with 4 committees working for it, designated
as Committee 1,2,3 and 4, to ,"'al with radiation effect~,

internal exposure, external exposnrc al1l1 application
of recommendation respectively. TIl<' report under
review is a report of Committee 4 whiclt was one of
the six committee,; of the ICRP which existed up to
May 1962, when the Commission was reorganized in its
present form. This report deals with . Protection
against electromagnetic radiations above 3 :VIe\".
and electrons. neutrons and protons'. The risks
and the special problems involved in the use of
radiations at high energi,~s arc of a special nature and
re<juire specific recommendations. different [rom tho,;e
given for the radiatiolb at low energy. TI'l'se
recommendations arc important because o[ the
widespread use of modern machines [or the accelera
tion o[ electrons and lll'avi"r particles to high energies
now extensivelv used for resmrch in physics all over
the world. The report gives a sumlnary of the
recommeJl(lations [or difIc'rent tvpes of high energv
machines used in medicine, imiustrv and rescarcli.
The concept of linear energy transfer:t1te understand
ing of which is vital for the protection against high
energy radiation, has been explained in an ap
pendix. The absorption data for electromagnetic
radiation and dose build-up factors are also gi"cn
in the appenclices and a prefatory review of the
recommendations of the IC1{P prepared in 195~ and
its revision up to 1962 arc given at the end of this
report. The report would prove valuable to the
health physicists responsible [or radiation monitoring
for particle accelerator,;, to the engineers responsible
for the design and installation of accelerators, anti
to tile physicists ,ulll l'nKim'ers workin:.: with these
high energy machines.

K. G. VOHRA

REcmlMENIlATIOKS OF THE b:TE\{~i\TlO~Ar. CO:l\~\I,

,ION ON [{AIlIlILO(;lCAL P[WTECTIO~ - ICRP
Pltblication 6 (Pergamon Press Ltd, Oxford), 1964.
PI'. v+44

The understanding of llarmful effects of atomic
radiations requires a long-term stndy of the problem.
The International Commission on Radiological
Protection, which was first formed in 192~ under the
name of International X-ray and Ra,\ium Protection
Commission, has been continuously working on the
standards of radiation protection. and has been
issuing its recommendations from time to time.
The first report of thl' Commission in til(' presc'nt
series was published in Ilj5~ under the title' !{ecom
mendation.<; of the lnt<'rnational Commission on
I{adiological Protection' - ICI{P Publication 1.
Tht'Sl' recommendations were amended in 1959. an,l
further re"ised in 1':162. The publication untler
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re\'iew bears til(' same title as the 1958 report, and is
issue<l as [CI{P Publication 6. leRI' Publications 2,
3,4 an,l 5 are the reports of tile differcnt committees
dealing with specific topics in radiation protection
such ;t;; internal exposure, exl<'rnal exposure and
waste disposal. TIl(' present publication incorporates
all the amendments in tile 1958 [['port made up to
:I[al' 1962, and is the latest published document
of 'the Commission. Tllis publication contains the
explana tor,' statements to I", incorporated in tl",
earlier rel"Omnwndations. It also gives all the
Commission',; general H'commendations, as amended
to [962. TIl(' amendments consist of, mainly, the
definition of '(2uality factor' wllich replaces' RBE
used earlier for the purpose o[ dose evaluation in
radiation protection; the current views of the ICRi'
on the kns of the eves as ' lTitical organ " definition
of permissible do,,:, dose-ral<' effects, exposure of
\I'omen of reproductive age, emergency exposure,
maximum permissible concentrations of strontium-90
in water ami ;lir, and maximum permissible concentra
tions of radon-222 in the air.

In the past a linear dose-effect relationship has been
accepted for gene-mubtions, unaffected by dose-rate.
Although the Commission has noted recent investiga
tions on non-linearity of the dose-effect relationship
at lIigher dose-rates, it has not yet modified its
recommendations to allow for dose-rate effects in man.
For somatic e[[ects the report suggests a linear dose
rate relationship for verI' low dose-rates, but it makes
no mention of dosc-rate diects at higher dose-rates for
somatic effects.

The \',dues of 'maximum permissible dose'
continue to be the same as recommended in the [958
report except for a few explanatory notes. However,
the Commission lIas now recommended that 13-week
dose to the women of reproductive age be limited to
1'3 rems in a [3-week period for occupational exposure
and the total dose should not exceed I rem during the
periorl of pregnancy. The Commission has also
gi\'Cn useful recommendations regarding radiological
examinations of women of reproductive age. How
e\'Ct·, the Commission has not made any numerical
recommendation with regard to the .appropriate
genetic dose from medical exposure.

TIll' publication includes in I'art 2 the details of
the organintion of the Commission. Part 3 gives the
explanatory statements for the amendments to
the 1958 recommendations. Part 4 contains all the
Commission's general recommendations as amended
to 1962. Parts 5 and 6 contain 1962 supplement
to ICRI' Publication 2 and 1962 addendum to ICRl'
Publication 3. This publication and all the preceding
publications of till' Commission are very \'aluabl"
documents in the field of r;uliation prot(,ction and
it is desirable that til" Commission now publishes its
complete recommendations as a single document.

K. C. VOHliA

THE :'\lTLEOHISTONES edited by .J. I'\onlll'r -\: Paul
Ts'{) (Holden-Iky Inc., s~lIi Franci,co), 1964.
Pp. xii+398. liricl' S 12.75

Till' book is till' outcome of til" lirst \Vorl,1 cunfercnce
on histone bio!o,C:Y and chemistry held fmm 29 Apri!
to 2 :llay 1963 at l{ancilo Santa F,', California, nnder
til" auspices of the Di\'i,ion of Biology, California

Institute of Technology. The conference was at
tended by 56 scientists who arc actively engaged in
research on various aspects of nucleohistones. A
total of 39 papers were presented and they are
grouped in 7 chapters in this book.

The first chapter consists of a single paper on tbe
pioneers of histone chemistry and describes the dis
cO\'ery of nucleohistone, by lVliescher followed by
works of Kossel. This is only of historical interest
and does not add much to the quality of the book.
The next chapter on histone chemistry indicates the
great strides that have been made to isolate and
characterize the various fractions of histones from
various sources. It is confirmed that histones are
very heterogeneous and there could be hundreds of
different kinds of molecules of histones. The chapter
on structure of nucleohistones gives some new ideas
on how histones could be associated with DNA. In
addition the older idea that histones arc wrapped
round the grooves 01 DNA molecule, Zubay has pro
posed that the histones run at an acute angle to DNA
molecules. This bears implications on the chromo
some structure. Richards has proposed that histones
are loeated between pairs of DNA molecules.

The fourth chapter deals with histone metabolism
and chromosome structure, Cytochemical studies
of Swift indicates that histones are chiefly involved
in chromosome structure rather than in genetic
suppression, Prescott claims that nuclear protein
shows dispersive distribution on mitosis. Flamm
and Birnstiel question that histone synthesis is
obligatorily linked with DNA synthesis. These
workers and Busch and coworkers contend that
nucleolus is the major site of histone synthesis,
The fifth chapter, dealing with enzymology related to
the nucleohistone:;, reaffirms the concept that DNA
dependent RNA synthesis is inhibited by histones
and in in vivo systems even DNA synthesis is strongly
repressed by histone,. The role of histones in de
velopment is dealt with in the next chapter. In
addition to the works on puffing of polythene chromo
somes, the role of steroid hormones in activating genes
is illuminating. The seventh and the final chapter
entitled 'Thoughts for the fLlture' is very exhilarating.
A number of authors have discussed the present state
of knowledge and have pointed out various specific
problems that need critical investigation.

This book is better than a typical symposium
voluml'. It is more than an ensemble of papers and
presents an integrated picture of the specific field.
The idea of having a chapter like' Thoughts for the
future' is worth emulating. Undoubtedly the book
would be helpful and stimulating to the students
and research workers in terested in modern biology.

DEEPESH N, DE

AN ANTHo!.Ur;Y OF FOOD SCIENCE: Vol. 2 - MILE
STONES IN NUTRITION by Samuel A. Goldblith &
Maynard A. J03lyn (AVI Publishing Co. Inc.,
Westport, Connecticut), 1964. Pp. xv+ 797.
Price $ 15.25

This book is an anthology of the science of nntrition.
It not only makes interesting reading but also gives
much useful information to a student of nutrition;
especially, it gives the reader an insight into how
nutrition has developed into a specific field of science.
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The first paper in the book, ' A history of meta
bolism " by Grahan Lusk deals with the history of
medicine and nutrition. This paper helps one to
know the contribution chemists have made towards
the development of medicine and nutrition and also
the close interrelation that exists between these
branches of science.

The greater part of the book is devoted to the field
of vitamins. These papers deal with the problems
that were encountered in the treatment and preven
tion of these deficiency diseases; the difficulties that
were encountered in the djscovery of vitamins and
of their role in nutrition. This part of the book
covers papers on the fat-soluble vitamins A and D;
beriberi and vitamin B,; pellagra; scurvy and vita
min C. Chapter II includes work on pyridoxine by
Samuel Lepkovsky, to whom this book is dedicated.

The other papers in this anthology are about amino
acids, proteins and minerals. The chapter on amino
acids and proteins contains papers by three of the
most important investigators in the field of amino
acid nutrition - Osborne, Mendel and Rose. These
papers deal with the role of indispensable amino acids
and of amino acid imbalance in nutrition.

One feels, however, .that the chapter on ' Minerals '
is very inadequate. Both the papers that have been
included are on ' Iron in nutrition '. No paper on
any other mineral has been included. Considering
the fact that much of the book is devoted to vitamins,
it would have been better if the editors had included
papers dealing with the role of calcium in nutrition
and its interrelation with vitamin D.

The book would have been more complete if work
on lipids and carbohydrates had also been included.
Considering the fact that metabolic disorders like
atherosclerosis and diabetes'are now problems of the
nutritionist, it is surprising that these two aspects
have been completely excluded.

A commendable feature of the book is that at the
beginning of each chapter, photographs and short
life sketches of some of the eminent scientists are
presented.

This is a book which every student of nutrition
should read.

C. GOPALAN

AN INTRODUCTION TO FEEDING FARM LIVESTOCK by
Robert H. Nelson (Pergamon Press Ltd, Oxford),
1964. Pp. 108. Price 175. 6d ..

This is an excellent book for beginners in animal
husbandry cgurse. The subject matter of livestock
feeding has been dealt with in a lucid manner, which
will be easily understood by young people, starting
on agricultural, dairying or animal husbandry course.
However, a few additions and alterations are suggested
which, according to this reviewer, will enhance the
value of this book.

In Chapter 2 (p. 13), it will be of practical im
portance to mention that non-sweating animals like
cattle can remove a good portion of their surplus heat
through evaporation of water from lungs (respira
tion). As such, these animals adapt themselves to
higher environmental temperature in summer by
increasing their respiratory rate.

In Chapter 3, lignin has been classified as a carbo
hydrate. This is not correct. In page 16, it has
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been meutioned that as plants mature, they lose their
feeding value. A more correct description will be that
'as plants mature, their feeding value is diminished '.

]n Chapter 4, the role played by fats in energy
supply to the body needs elaboration.

In Chapter 7, vitamin BIZ has not been mentioned.
In view of its importance in poultry and pig rations,
a short description of this vitamin will be useful.

In Chapter 8 (p. 42), propionic acid should be
added to acetic and butyric acids.

There is an obvious mistake in Chapter ]0 (p. 61).
For measuring digestibility of feed protein, analysis
of urine is not required. Urinary nitrogen content
is to be determined only to find out the balance of
nitrogen in an animal.

] t is surprising that no ration schedules for poultry
have becn included in the book. One more chapter
on this subject is sure to add to the usefulness of this
type of text-book.

S. N. RAY

THE ECOLOGY OF WASTE WATER TREAnlENT by
H. A. Hawkes (Pergamon Press Ltd, Oxford), 1963.
Pp. ix+203. Price 42s.

The aim of this book, as stated by the author in the
preface, is " to provide some understanding of the
biological aspects of waste water treatment for the
non-biologist employed in this field". The modern
biological methods of treatment of waste waters,
such as bacteria beds and activated sludge plants,
are designed, constructed and operated by engineers
and chemists who, " in many cases, have little or no
biological training ". For them and others concerned
with the prevention of river pollution, a knowledge of
the basic biological principles of waste water treat
ment, the interrelationships of populations of the
necessary organisms and their environment should
be useful.

The first chapter of the book deals with those basic
principles of biology considered necessary for an under
standing of the following six chapters in which the
dominant organisms present notably in bacteria beds
and activated sludge are first enumerated and then
the factors influencing their numbers and activity are
considered, and finally the practical application of
these factors or principles to plant design and opera
tion is discussed. Three of these chapters contain
the results of the author's own investigations on the
ecology of bacteria beds. The diagrams are good.

In formulating a theory as a working hypothesis
for the correlation of experimental evidence and
operational experience, particularly for the mecha
nism of the removal of organic matter from waste
waters by activated sludge, the author has endea\'our
ed to give a generally balanced view of the present
state of our knowledge. At the same time he makes
a cautious and comforting statement, which is of
more general interest: " One must, however, be will
ing to change or modify a theory to accommodate
any new and valid evidence or experience, one's
sense of judgement being consoled by the thought
that in science there is no such thing as the ultimate
truth!" (p. 126).

The book is well produced, and it should be of real
assistance to those for whom it is primarily intended.

S. C. PILLAI
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ELECTIW:"1l" I'IWI'ElnlES OF ~!.ITEHIALS: A CurnE
TO THE LlTEH,\"ITliE edited hI' H. Tha\'lH' Johnson
(Pil'num I'n',;,; Inc., New York), 1965. I'p. 2000
(appro:".). Price 150

Thi,; two-I'ohll11<' work is a major rontrihution
toward,; ,;oh'in;: the inen'asin;:h' lar;:,' prohlem of
information rdri"I'al in tlti,; lil'ld and has hel'n
de,;i;:I1l'd to fllndion as a eritieal alHI "oll\'l'nil'nt ;:nide
to 'llUrl'l'S of e:"pl'rin1l'nLtl data on dl'drieal and
ele{'tronic propl'rt ie,; of n,'arh' 10,000 materials. The
compilation has Ill'l'n made afkr a sl'll'etil'" literaturc
sean'h hI' a ;:rollp of si" sci,'nti,;!s of the Electronic
Properties Information Centn' (EPIC), an or;:aniza
tion Sl't lip hI' till' HII;:hes Aircraft Co. to eolll'ct,
inde:" and ahstract literature on till' e!Pdrical anrl
electronil' propertil's of materials and to cI'aluatl' 'Ind
compil,' the e:"lll'rin1<'ntal data from Ol'l'r 5,00,000
publications, ;:rowin;: at the rate of 5000 per month.
The ;:lIide con'rs thl' nin" major {'at"1.;oril's of mate
rials, I·iz. Sl'micondllctors, inslliators, fl'IToeil'elric
diclectrics, nll'tals, fl'rI'itl's, krroma;:nl'lics, l'il'elro
lumine';t'I'nt m'lterials, thermionic l'mittl'rs, and sllper
condllctors '"HI is IlOnnd to Iw a ",dllahlt, rdl'l'enre
book for all l'nginr,'rs and scientists concerned with
the application of tlll'Sl' matl'rials.
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I'p. i,,+185. Price 50s.
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THE CUBE MilliE hTEliI-:STI"</;: Vol. 9, bv Anil'la
Ehr(:n[,'ncht; translalt't! from th,' I'oli,;h hI'
\\'achlll' Zawadow,;ki (I'"rgamon I'n',;,; Ltd,
O~ford). 1964. I'p. l'ii+~l3

RECE T PUBLICATIONS

Mathematics

ADI·.I:"CES I!' M:ITHlDI:ITlC~: \'01. I, ('dited by
H. Busemann (Acadt'mic Pre,;,; Inc., 1\l'W Yorkj,
1964. Pr. 162. I'ric<' 5.50

Physics

MAGI'ETISM - A TIlEATISE ON MODERN THEORY AND
M,\TERIALS: Vol. 2A, edited by G. 1. Rado & H.
Suhl (Academic Press Inc., New York), 1964.
Pp. 430

AUYA:"CES 1:-1 I{AIHO J{ESEARCH: \'ols. 1 & 2, edited
by J. A. Sa:"ton (Academic Press Inc., lew York),
1964. Vol. I: I'p. 266. Price S 8.50. Vol. 2:
Pp. 215. Price S 8.50

THE DIRECT OBSEIlI'ATION OF DISLOCATIOl\S by S.
Amelinckx (Academic Prcss Inc., New York),
1964. pp. 487, Price 17.00

POTE:-ITlAL BARRIERS IN SDIICONUUCTorlS by R. R.
Gossick (Academic Press Inc., New York), 1964.
Pp. 160, Price S2.45 (paper bound); S5.50
(cloth bound)

COl\CEPTS IN QlJA~TU~1 MECHANICS hI' F. A. Kaem
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[NTEllPI1ETATION OF METALl.OGRAPHIC STRUCTURES
by W. Rostoker & J. R. Dvorak (Academic Press
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by Gunther K. Wertheim (Academic Press Inc.,
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Inc., New York), 1964. Pp. 125
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AIlVAl\CES IN QUA!\TU~l CHEMISTRY: Vol. I, edited by
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SOLI'ENT EFFECT'; ON J{EACTIO:>1 I{ATES by Edward S.
Amis (Academic Press Inc., New York), 1964.
Pp. 245. Price S8.00
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R. B. Bradstreet (Academic Press Inc., New
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Vol. 8, edited by R. H. F. Manske (Academic
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CHDIlCAL TI1A;,;,;poI1'l' REACTIONS by Harald Schafer
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BllInGED AnOMATlC Co~rpouNDS by Brandes H.
Smith (Academic I'rcss Inc., New York), 1964.
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ADLI:-iCES I:-i HETEROCYCLIC CHEMISTHY: Vol. 3,
echted by A. R. Katritzky (Academic Press Inc.,
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AI)V.INCES IN I~OIIGANIC CHE)[JSTRY AND RADIO
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ISOTOPES Dl BIOLOGY by Wolf George (Acackmic

Press Inc., ew York), 1964. Pp. 173. Price
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1964. Pp. 618. Price $ 18.50

COMPARATIVE BIOCHDIISTRY: A CO\IPIlEIfENSIVE
TIlEATlSE - Vol. 7 (Suppl.), eclited by Marcel
Florkin & Howard S. Mason (Academic Press
Inc., New York), 1964. PI'. 365. Price $13.50

ELECTRONIC ASPECTS OF BIOCHDIISTIlY edited by
Bernard Pullman (Academic Press Inc., New
York), 1964. PI'. 582. Price S20.00

Biology
EXPERIMENTAL ENDOCIUNOLOGV: A SOUIlCE HOOK

OF BASIC TECHN[QUES edited bv M. X. Zarrow,
J. M. Yochim & J. L. McCarthy (Academic Press
Inc., New York), 1964. PI" 516

PHYSICAL PROCESSES IN RADIATION BIOLOGV edited
by L. G. Augenstein, R. Mason & R. Rosenberg
(Academic Press Inc., New York), 1964. 1'1" 377.
Price S 14.00

ADVANCES IN MARI:-IE BIOLOGY: Vol. 2, edited by
F. S. Russell (Academic Press Inc., New York),
1964. Pl'. 320. Price S 11.50 (approx.)

THE BIOLOGY OF CELLS AND TISSUES IN CULTURE:
Vols. I & 2, edited by E. N. Willmer (Academic
Press Inc., New York), 1964. PI'. Vol. 1, 550;
Vol. 2, 750

SYMPOSIA OF THE INTEH)lATIONAL SoCIETY FOR CELL
BIOLOGY: Vol. 3 - CYTOGENETICS OF CELLS 1:-1

CULTURE edited by R. J. C. Harris (Academic
Press Inc., New York), 1964. 1'1'. 350. Price
S 13.00

HISTOLOGICAL TECHNIQUES FOil ELErTHON M[CRO
SCOPY by D. C. Pease (Academic Press Inc., New
York), 1964. 1'1'. 355
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Evidence of water vapour
~n Venus

Recent research conducted at
Johns Hopkins Astrophysics and
Physical Meteorology Laboratory
in Baltimore, Maryland, by means
ofaday-time balloon flight carrying
a robot telescope at an altitude of
87,500 ft revealed the presence of
water \'apour on the planet Venus.
This was achieved by observing
the absorption of certain infrared
wavelengths in sunlight reflected
by the clouds on the planet. When
the balloon reached the altitude
of 87,500 ft where the terrestrial
water vapour is negligible, a clock
mechanism opened the sides of an
unmanned gondola carried by the
halloon and placed it in a position
to observe Venus with the help of
sun sensors. Later a star tracker
, locked' the telescope on Venus for
2 hr during which period spectro
scopic observations were recorded.
The gondola with the recorded data
was recovered intact by means of a
safety parachute. A study of the
recorded information indicated that
there are V,LSt amounts of water
\'apour above the reflecting layers
of Venus and the clouds around
it may constitute water and not
dust as hitherto believed. The
study of the presence of water
vapour on Venus has a bearing on
space travel. From the present
investigation the amount of water
\'apour on Venus has been esti
mated with a relative precision of
5 per cent rj. Franklin Inst., 277
(1964), 622].

Violation of time-reversal
invariance principle

A recent experiment performed
by a group of research workers at
the Princeton University indicated
the violation of the crucial principle
of time-reversal invariance, which
forms a basic assumption in all
existing theories of particle physics.
This principle states that it is
impossible to say whether an event
is taking place forward or back
ward. The experiment was based
on the observation of the nature of
the mode of decay of I<~, Olll' of
the four members of the K meson
family (1<-, J<i, K\' being the other
three). The th('ory gO\'('[ning the
decay of such particles includ('s the
. CPT' rule according to which
particle reactions arc indistinguish-
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able from their time-reversed, anti
matter mirror images. If C and
P arc conserved, KV (which has a
CP value of +I) can decay into
pi-plus meson (,,') and pi-minus
meson (,,-). But J<~ is forbidden
to do so because it has a CP value
of -I. If Kg were also to undergo
a decay similar to that of K~, the
CPT rule could be preserved only
hy a violation of the principle
of invariance of time-reversal.
Earlier efforts to detect experi
mentally the forbidden two-pi
decay of K~ which provides a
crucial test for CPT rule were
unsuccessful. Previous experi
ments were sensitive enough to
have detected one two-pi decay
among 300 decays of other types,
In the new experiment one in
every 500 K~ decays was observed
to be of the two-pi type. Fifty
such events were recorded. Ex
periments in which violation of
T alone can be tested apart from
CP are now being explored. One
proposed test is to measure the spin
or angular momentum of the mu
meson when a K meson decays into
a pi-meson, a mu meson and a
neutrino. If time-reversal invari
ance is true, the number of mu
mesons spinning in one direction
with respect to a plane in a certain
way should he exactly equal to the
number spinning in the opposite
direction. If the observations are
contradictory to this, the violation
of time-reversal invariance will be
confirmcd [Sci. Amer., 211 (No.3)
(1964),811·

Rapid determination of
auroral hei~hts

A new system developed at
the Defence Research Northern
Laboratory. Fort Churchill, Mani
toba, Canada, has reduced the
time and labour required for paral
lactic determination of auroral
heights. In the system used
hitherto for the determination of
auroral heights, computations are
necessary for the position of stars
in the photographs taken to allow
correct orientation of the images
of the aurora on ' nets' previously
constructed. To cover large por-
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tions of the' sky many . nets'
arc needed and rough calculations
must be made in order to point
the cameras at the same part of
the aurora during exposures. Be
cause of this labour involved in
computations for the . nets', it is
not possible to get both cameras
pointed at the same auroral feature
while studying fast moving auroral
forms. Another disadvantage of
the conventional system is that
during the flight of a rocket into
an auroral display it might not be
possible to obtain the height at the
point of entry of the rocket because
of the considerable horizontal ex
tent of the arc traced in the photo
graph of the moving rocket. The
new system which is free from these
defects consists of two wide-angle
or 'all-sky' cameras at a fixed
separation of 21'65 km. Simul
tam'ous photographs from the two
stations are projected on a pre
determined grid from which the
parallax can be read directly. The
slant range from the main station
and the height above the earth of
the auroral point can be evaluated
from the elevation of the point
from the main station and the
distance between the stations,
using a nomogram. Apart from
the short time (10 min:) required
in evaluating the auroral heights,
the new system has other advan
tages over the conventional system.
These arc: (i) The method does not
require pointing of the cameras
at the aurora and consequently
any well-defined arc can be studied
with scanning spectrometers for
rotational temperatures and ratios
of emissions of lines; and (ii) con
siderable lengths of arcs (as much
as 350 km.) can be studied for the
orientation and variation with
height of the auroral arcs [Canad.
]. Phy5., 42 (1964), 1813].

Anomalous electronic
conduction in rare ~ases

Observations made at the Elec
trical Communication Laboratory,
Musashino-shi, Tokyo, on the anode
current-voltage characteristics of
inert gas-filled triodes have shown
anomalous current maxima at
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applied anode voltages correspond
ing to the first excited potentials
of the ambient gases, With in
creasing gas pressure the current
peaks reach a high value. These
characteristics have been observed
to be peculiar to heavy rare gases
such as xenon and krypton and arc
not observed in argon, neon and
helium. The current peak has
been found to disappear when a
small amount of a gas of diatomic
molecules is mixed with the original
gas. From a study of the dynamic
and static characteristics of this
phenomenon, it has been proposed
that this unusual electronic con
duction through neutral rare gases
is due to an anomaly concerning
the scattering process between
electrons and metastable atoms,
similar to the Ramsauer ('Hect.
By using the negative resistance
region of the observed maximum
in anode current-voltage charac
teristic as a circuit element, experi
ments on the design of an oscillator
were made and it has been found
that oscillations at fre'luencies up
to 50 Mc/s. could be prodnced
with large amplitudes U. phys.
Soc. Japan, 19 (1964),1925].

Beam-lead structure for
semiconductor devices
and circuits

A new type of structure for
semiconductor devices and circuits
which will simplify fabrication and
assembly procedures has been de
vised at the Bell Telephone Lahora
tories, New York. The structure
uses strong electrical leads, termed
, beam leads', to provide mecha
nical support for the semiconductor
and to make electrical connections.
The beam leads (made of gold and
10 Il thick) arc integral parts of
the devices and circuits and extend
out from the structure like canti
lever beams to form both electrical
and mechanical connection to a
header or substrate. For integ
rated circuits, the beam leads also
form the electrical intraconnec
tions between components.

One of the main features of
beam-lead integrated circuits is
the simple way in which electrical
isolation of components is accom
plished: all unwanted material
between components is removed;
at the same time individual circuits
are being separated. The beam
lead intraconnections are then left
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to support and electrically connect
the components. Unlike other
techniques in usc today, no addi
tional diffusion or processing stqls
are required to isolate components.
In these circuits parasitic capa
citance between compOlwnts is
negligible, making them suitabl"
for ultra-high speed switching appli
cations. Anotlwr featme of this
type of structure is that semi
conductor wafers or chips which
may contain either single devices or
entire circuits can now be connected
directly to headers by beam leads.
Previously, semiconductor waf,'rs
were first bonded to the lH'ad"r to
keep them in place, and then
extremely fine win's were indivi
dually connected to circuit ele
ments on the wafer; these two
steps are unnecessary with IlPam
lead devices or circuits. Beam
lead devices and circuits such as
diodes, moderate and ultra-high
speed transistors, and ultra-high
speed logic circuits have demon
strated their physical ruggedness
by successfully passing tests which
include thermal ageing in 360°C.
steam and centrifuging to forcl's
greater than 1,00,000 times the
gravitational force [News [ro/ll nell
Telephone Laboratories, New York,
Release dated 29 October 1964J.

Simple solar or gas-powered
generator

A new kind of power plant
containing a turbine of advanced
thermodynamic design which can
be operated with solar energy
or gas fuel has been designed by
the National Physical Laboratory,
Jerusalem. The new design mini
mizes the number of moving parts
and obviates some maintenance
problems. This will be usdnl in
remote areas where electricity is
not available or where fuel main
tenance is difficult. The turbine
is operated by an organic "apom,
and many usual controls are dimi
nated. The unit has only onl'
moving part, viz. the wheel of the
turbine that carries on its shaft
the rotor of the generator, coutains
no brushes or commutators on til<'
generator and requires no oiling.
The low operating tempera tures
do not pose any maintenance
problems and explosion is ruled
out becau,;e of lower pre,;surc ou
the boiler. A I kW. power pIa nt
could supply power for irrigatiug

7·5 acres, lighting a village of 25
families and will be useful for
communications. The laboratory
planned a range of power of till'
plant from 150 W. to 10 k\\', or
mon'. The cost of solar-operated
and !(as-fudled units is expected
to I", a bout $ 2000 amI S 1000
re';l1t'ctiVl'ly [New Scielltist, 24
(1964), 31J.

Thermal conductivity of
gas mixtures

A paper prt'St'nte,! to the Con
krenn' on Thl'rIllal Conductivit\
at the National Physical Lahor,;
tory, Teddington, (JI" has indi
cak,l the possibility of tlll'on,ti
cally l'valuatiug the exact valUl'
of the thermal conuucti"itv of gas
mixtures from their molecular pro
perties. The couduction of heat
through gas mixtures is one of the
appart'lltly simple physical prtl
Cl'SSt'S which has so far d\l[!t-,l
exact quantitative explanatiou,
though it should, in principl", he
possibk to predict it,; value exaeth',
since the heat conduction is ""us,'d
by mo!t-cularinkractions, The'I!"t'
tical model,; used for ""aluating
til<' thermal conductivity ha,'" so
far b"I'n only con lined to th" a,;
snmpt ion of sph,'rical mo!.-cnil's
which dilkr only in mass and radilh
for ,liffl,rt'nt g-aSt'S, As such, tilv,;e
modds could make exact prediction
ollly for gasl's consisting of singh,
atoms, ~h-nce, in practice, til<'
tll<'orl'tical ,'xpn:ssions can hI: made
to predict the obsl'rvl'd ,'alues in
gas mixtures only by introdncin,g
additional con,;Iants in th,' Ih"orl'
tit:al (':\pn·ssioll. Tllt'st, COIl:-itallb

diffl'r in ",tlue for difft-rt'nt gas mix
tures and no physical significance
for these ClIllstanb has ht'l'll giVt'l1

so far. ! n tl", papl'r pre,,'nted at
tl", confl'n'ncl' on th<-rlllal cou
ductivily, two factors haw b"I'n
tak"n i;,to account, "iz, (il til"
ohstruction of the mot ions of moil'
cllks by 011" :lIlOll",r ill diffen'llt
mixtllrt,s and (ii) tl", trall.'ft-r IIf
lwat l'1H'rgy from DIll' 1l10!cCIl!t' to
anotl"'r oi a differl'nl gas. ,\n
an:tlvsis of tl", dkct of th,'S!' two
facti'rs in the case of gas mixlme,
gi"l's an actnal physical ,;ig-ni
!icance to til<: con,;tants introduu'rl
in the theon'tical expression 10
make them prt'dict the obSt'r\',rl
valul's, Furtll<'r study 'lIon>; lile"e
litH'S is expected to giw a qnanti
tative "X planation of a nlunb"r of



gaseuns transport phenomena, such
as diffusion, viscosity, dc., of f.(as
mixtures [New Scientist, 23 (1964),
231].

Measurement of small
temperature changes

An improwd l<'chnique of nwa
suring small ll'mperature changes
of the order of 1O-3°C. has heen
dl'wloped at the Mathematical
Department of the Technical
School, Plzen. The tedllliqu,' will
he usehl1 in the study of magneto
thermal effects where measurement
of snch small changes of ll'mpl'ra
tun' is necessary. At present,
sm"l1 temperature changl's an'
measured, by using a large numh,'r
of th,'rmocoup!es, each hl'inf.( con
nt:ctt'd in series \\itb the intrinsic
primary winding of a transformer,
the secondary winding of wllieh is
cOnJlt'cted to a mirror galvano...
mder. This ll'chni'lue has the
clisadvantages that (i) the primary
windings in series with the therlllo
coupil"s have to 1)(' adjusted to hi'
identical in all respects and (ii) the
time constant uf the solenoid (in
which the specimen, the tempera
ture change of wh ich has tu be
studied, is hpt) has to be increased
substantiallv so as to reduce the
influ('J1ce oi edtly curn'nts. The
n"w tl'Clllliqlll', in' addition to ]wing
free from till' above shortcoming-s,
lias quick responS!' to tl'mp,'rature
changl's, In the new ll'chniqne,
the th,'rmuconpll's an' rl'plac,'d hy
a singlt: thermistor (placed inside'
the sampil" of dial1l. 4 mill, and
ll"ngth 10 cm.) forming- one arlll of
a Wheatstune hridge. TIll' resist
ance of the thermistor as \Vl'1l as the
puwl'r supply fur the WIll'atstolH'
nd WTn' c1")Sl'n so that the output
has maximum sensiti\'ity to templ'
ratun' chang"s at the room ll'mpe
ratun', OIlS('r\'ations made have
shown that a !t'mperatun, change
of 10-:1' C. produces an output
curn'nt uf 0·005 ILit. This current,
passing througll till' olltPUt im
pl'dance, gin's an outpnt voltage
uf 75 I" V. This output vultage is
rl'cord,'d after amplification, using
a suitably desi,glll'd nH'asuring cir
cuitiCzech. j.l'!Iys., 14 (1964),555].

A new pyrometric
standard lamp

A radiator lamp whicll can effec
tively replace the tuugsten strip
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lamp (at present nsed as a pyro
metric standard source) and has a
number of advantages over the
tungsten strip lamp has becn
designed by the scientists of the
Standards Division of the National
Physical Laboratory, Teddingtoll,
in collaboration with those in
the Hirst Research Centre of
the (;elleral Electric Co. Ltd.
Though tungsten strip lamps have
been found to serve well both as a
standard source of luminance and
in particular fur the calibration of
optical pyrometers in the visual
region of uptical pyrometry, the
accmacy cannot be increased ex
cept by imposing severe demands
on the operating conditions which
art' difficult to achieve. Further,
it has been ubservecl that there arc
variations in the surface luminance
of the tungsten strip lamp, which
incrmse as the filament becumes
tlll'rmallyetched. It has also been
observed that there are differenceli
in the polarizatiun of light emitted
from different parts of the filament.
Th,' new pyrometric standard
somce overcomes these difficulties
and provides with a unifurm disk
of light independent of surface
variations. The full radiator is a
tube of tantalum ((liam., 2 mm.
and length, 45 mm,) mounted lwri
zontally at the centre of a spherical
glass bulb (diam., 150 mm.) with
"nartz windows for sighting axially
down tht, tllbe. The tube is form
ed frum a strip of tantalum and is
wdded alung a seam beneath the
tube. At its centre is placed a
brush of very fine tungsten wire
so that, when viewed' end-on " a
very , black' surface is presented.
A tantalum diaphragm with 1 mm.
apertun' is placed at a short dis
tance from one end of the tube.
The radiations from this aperture
approximate the radiations from
a full radiator. Near the opposite
t'nd of the tube is another dia
phragm completely dosing the
tube. This experimental design
has been tried with satisfactory
resulr,; in a vacuum lamp uperating
1Ip to 1550°(;. and in a gas-filled
lamp up to 2500"C.

The ach'antag"s accruing from
the use of this type of standard
source are: (I) The true tempera
ture, the luminance temperature
and the colour temperature are the
same; (2) Changes in the surface
conditions of the refractory body
would not affect directly the cali-

bration of the lamp~ (3) The disk
of light to be used is well defined
and is unifurm in luminance (varia
tion, ±O·1 per cent), thus satis
fying the fundamental requirement
of a standard source; (4) Variations
in luminance and degree of polari
zation with angle of emission are
eliminated; and (5) A higher maxi
mum "uminance temperature is
achieved for the same true tempe
rature of the refractory hocly
[Nature, Lond., 202 (1964), 686J.

A new X-ray tube for
spectrochemical analysis

A new double target X-ray tube
developed by General Electric is
capable of performing X-ray emis
sion spectrochemical analysis for
a broad range of clements, This
tube cuntains chromium and tung
sten targets which can be external
ly switched to give almost instan
taneous spectrum selection. The
chromium target is designed for
usc with elements of atomic
number 22 and below and the
tungsten target for the other
elements. The chromium-tungsten
target combination is selected as
the best for optimum excitation
of a number of elements.
Chromium target provides a 2-to-l
gain in sensitivity and intensity
compared to a tungsten tube.
This tube will prove useful in X-ray
quality control and quality assur
ance programmes in ceramic, petro
leum, chemical mining, foundry
and metallurgical .industries [j.
Franklin 1nst., 278 (1964),156].

Production of gallium by
continuous electrodeposition

Gallium metal has been produced
at Monsanto Co., 51: Louis, Missouri,
by continuous electrodeposition
from 1·5 Iitres of a 2M gallium
(III) chloride solution; 200-250 g.
of gallium are produced in 6-7 hr
at current efficiencies of 60-80 per
cent. The electrolysis is carried
out using graphite anode and
molten gallium cathode which are
mounted horizontally and parallel
to each other at a distance that
permits the required current (50
100 amp.) to pass at a potential
of 12-16 V. The current density
around each electrode is main
tained at 0·3-1 amp.jcm.2• Per
foration of the anode facilitates
the escape of chlorine gas. The
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operating temperature is main
tained at 70-90°, and the pH at
about 1; this pH prevents the
precipitation of gallium oxychlo
ride. The cell should preferably
be made of pyrex, quartz and
teflon as most metals and other
materials are attacked by gallium
chloride solution [Nature, Lond.,
203 (1964), 749J. •

Concept of superautocatalysis

The phenomenon of superauto
catalysis has been postulated to
clarify the mechanism of auto
catalytic rcactions. While carry
ing out kinetic studies on the re
action of various oxazolidinones,
Dr Wilhelan of Dow Chemical
(Midland, ~lich.) found that auto
catalytic reactions which are
inhibited do not resume auto
catalytic rates when the inhibiting
reagent is used up. Instead the
reaction rates are higher than
expected. These higher reaction
rates have been proposed to arise
as a result of a release of an auto
catalytic agent which has been tied
up with the inhibitor.

A good example of how super
autocatalysis can take place is
provided by the thermal decom
position of 5-methyl-2-oxazolidi
none (A). This compound nor
mally exists as a hydrogen-bonded
dimer (AA). It decomposes to
form I - (2 - hydroxypropyl) - 5 
methyl-2-imidazolidinone (B) and
carbon dioxide (C) in a simple first
order reaction:

2A""AA
k,

AA->B+C
The imidazolidinone (B) functions
as an autocatalytic agent and
reacts with (A) to form a 1: 1 molar
complex (AB). This complex in
turn decomposes to carbon dioxide
(C), the imidazolidinone (13) and
propyleneimine (D). The com
pound (D) reacts with (A) to give
more of (13) according to the
equations:

k,
A+B->AB

k,
AB-+B+C+D

D+A-+B

The complex (AB) decomposes
about 1000 times faster than the
dimer (AA). Thus k3 , the auto
catalytic step, provides an increas-
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ing production of imidazolidinone
(B). Therefore, the overall result
of these reactions is a higher
rate of production of the imidazo
Iidinone (B) and carbon dioxide
(C). Cyanuric acid (E) inhibitor
reacts with imidazolidinonc (B)
to give a 2: 1 molar complex (H2E)
according to the c1luation:

k,
2B+E-> H.E

The k3 is inbibited from taking
place and the rate of production of
carbon dioxide and the imidazolidi
none drops to k, (which is constant
with time). After all thc cyanuric
acid is used up, the decomposition
reaction would be expccted to
become autocatalytic again. Hut
~his situation is not encountered;
mstead, after the reaction remains
steady and quiet for a long time
at constant temperature, a rapid
and exponential rise in the rate of
decomposition of oxazolidinone is
observed. This unexpected in
crease has been explaincd to be
due to the release of imidazolidi
none (B) stored up in 2: I complex
(B.E). The release is caused by
the propyleneimine which reacts
with the complex to give 2 moles
of (B), 4-methyl-2-imidazolidinone
and organic acid according to the
e<]uation:

k,
D+B.E -+ 2B+other products

It may be seen that for every mole
of propyleneimine, two moles of
imidazolidinone arc set from
storage: the autocatalytic agent
is itself autocatalytically released
from storage. It is for this reason
only that the phenomenon has been
termed as superautocatalysis. The
phenomenon will enable a better
understanding of systems which
exhibit an explosive release of
chemicals or cncrgy without any
rise in temperature [Cltem. Engllg
News, 42 (29) (1964), 36].

Oxidation by molecular
oxygen

The name' mixed function oxi
dases' [Mason, H. S., Adllanc.
Enzymol., 19 (1957), 128J is attri
buted to enzymes having two in
dependent catalytic properties, i.e.
they catalyse the reduction of one
atom of an oxygen molecule,
coupled to specific oxygenation or
hydroxylation with the other atom.

O,+S+AH.-....SOI-A+H.O

where S, the substrate, is oxidized
by two electrons to SO and the
biol~gical reducing agent AH2 is
OXldlZl'd by two electrons to A.
The oxygen in SO comes from
molecular oxygen. A biological
examl.,I!' of tlds type of rcac
tl,on IS ohserved in phenylala
1111ll' hydroxylation. The cofactor
which donaks dectrons directh'
to t!H: subst~ate .is a tetrahydro
ptl'ndm!' .wlucl, IS oxidized during
the reactIOn to the dihydro IC\'cl
and plll'nyialaninc is hydroxylated
to tyrosine.

In 1954, Udenfriend and co
workers [Udenfriend, S., Clark,
e. T., Axelrod, J. & Brodie, H. B.,
1: bioI. Oem., 208 (1954). 731:
discovered a non-enzymatic sys
tem, by which a number of
aromatic compounds were hydroxv
lated. This system consisted of
ascorbic acid, ferrous ion and
molecular oxygen, and it was
believed that the hydroxylating
agent 111 the reaction is the
hydroxyl radical. However, later
studies indicated that neither H20,
nor OH - is intermediate in
model hydroxylation reaction.
Udenfriend's reaction, in which
ascorbic acid takes part in the
hydroxylation, can be considcred
as .a model for biological hydroxy
latIOns also. Evidence for the
similaritil's of both reactions has
be('n adduced and a possible
mechanism of hydroxylation is
proposed [Hamilton, G.A.,}. Amer.
c1lelll. Soc., 86 (1964), 3391.

The cofactor for phenyl;tlanine
hydroxylase is a tetrahydropteri
dme of general structure (f). This
contains a partial structure of the
enediol of ascorbate, The pro
posed oxidizing agent in the model
hydroxylations is a complex bc
twel'n molecular oxygen and ferrous
ion, and enediol of ascorbate of
type:

"t"~:QNyN"'
• " IN

N

" " 0"

By the shift of electrons in
structurc A, an oxygen atom lI·ilh
six electrons could be transferred
from this structure to the substrate,
or as in B by a shift of electron,;



<lnd a proton the substrate can be
hydroxylated. In model systems
the recycling of this complex is
essential. Fe2+ ion could recycle
in model systems, but during this
oxidation ascorbate is oxidized to
dehydroascorbate.

Thus, the necessity for a reduc
ing agent in the enzymatic· system
has been implicated. In phenyl
alanine hydroxylase the dihydro
pteridine is reduced to the tetra
llydro b'd with NADPH. The
function of metal ion i:; to form an
-electronic link between enediol and
molecular oxygen and it allows the
conversion of triple! oxygen mole
cule to singlet species, thereby
facilitating the combination of sub
-strate molecules without the
formation of radical or diradical
intermediates.-P. M. NAIR

Polyribosomes and
-peptide bond formation
in reticulocyte

, Heading' the genetic message
is believed to occur in the reaction
sequence which leads to the transfer
of amino acids from aminoacyl
RNA to their proper sequential
positions in the polypoptide chain.
R. Arlinghaus, .I. Shaeffer and
R. Schwee! [Froc. nat. Acad. Sci.,
Wash., 51 (1964), 1291] provide
-evidence to show that the formation
of aminoacyl-RNA bound to the
ribosome (the first intennediatewith
a requirement for (;TI') is catalys
ed by the' binding' enzyme. The
specificity for phenylalanyl-RNA
(phe-Rl\A) for poly uridylie acid
messenger I{NA, and the recovery
from the ribosome of apparently
unchanged phe-I{NA after this
reaction indicate that this enzy
matic step involves the binding of
the specific species of transfer RNA
to the poly U-ribosome template
and is a key reaction in the trans
lation of the genetic message. In
addition, the failure of unchanged
transfer I{NA to inhibit the binding
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of phe-RNA suggests that this
reaction can distinguish between
aminoacyl-RNA and the free
transfer RNA species. The re
quirement for GTP is lost as
the enzyme is purified. This is
possihly due to removal of GTP
degrading enzymes. The absolute
requirement for GTP is shown
only when the aminoacyl-RNA,
poly lJ and ribosomes are purified.
W. Conway [Proc. nat. A cad. Sci.,
Wasil., 51 (1964), 1216J used GTP
with phosphoenolypyruvate kinase
as phosphoryl feeder for amino
acid incorporation studies. He
concludes that the ammonium sul
phate present in the kinase prepa
ration to be highly stimulatory
even in the absence of the feeder
system.

The second step in the sequence
of the conversion of the phe-RNA
bound to the ribosome to the
dipeptide, diphenylalanine (phe
phe), is catalysed by , peptide syn
thetase '. The formation of the
dipeptidyl-RNA as the first product
of this reaction indicates that
generally only two phe-RNA can
bind to a ribosome at a time. When
an aliqnot of ribosomes containing
C14-phe-RNA and C14-phephe-RNA
is incubated with peptide synthe
tase, GTP and Cl2-phe-RNA, a
tripeptide was formed. Therefore,
the synthesis of a polypeptide
must involve an alternating
seq uence of binding reaction and
peptide synthctase reaction. The
binding of the first amino acid
in the chain is the rate-limiting
reaction and chain elongation pro
ceeds more rapidly. Preliminary
studies indicate that dipeptidyl
RNA is bound more tightly to
the ribosome-poly U complex than
to the phe-RNA. J. E. Allende,
R. Monro and F. Lipmann [Proc.
nat. A cad. Sci., Wash., 51 (1964),
1211.1 separated two complemen
tary factors A and B for phenyl
alanine polymerization from phe
RN A on Esch. coli ribosomes.
They identify factor A with the
amino acid polymerase and factor
B is linked to the GTP effect.

Support for the conclusion that
there are two sites for s-RNA on
a ribosome is given by J. Warner
and A. I{ich [Proc. nat. A cad. Sci.,
Wash., 51 (1964). 1134]. They
studied protein synthesis in rabbit
reticulocyte, and conclude that
each ribosome active in protein
synthesis contains two s-RNA

molecules. From their study they
postulate that the two .1-RN A
sites on the ribosomes are adjacent.
Site A (the exchanged site) has
the property of loosely binding
activated s-RNA molecule. When
m-RNA is present, it binds .I-RNA
selectively using the codon nucleo
tides. Site I' has the property
of holding the s-I{NA with the
growing polypeptide chain; this
s-RNA occupies the next codon
in the m-I~l\A straud. Peptide
bond is formed with the transfer
of the growing polypeptide chain
on site P to the s-RNA in site A.
The .I-RNA on site P is displaced
by the transfer of the s-RNA from
site A together with its newly
attached polypeptide chain.
There is a simultaneous translation
of iit-R:'-IA codon from site A to
site P so that the s-RNA remains
attached to the same codon as it
is being transferred. This move
ment frol11 site A to site I' would
be the basis for the movement of
the ribosomes relative to the mes
senger strand. When site A is
again filled with the appropriate
activated s-RNA, the system is
ready to repeat the process.
K. SANTANAM

Biotin as a constituent of
bacterial carboxylases

Biotin linked to lysine through
the <-amino group (biocytin) has
now been established as the pro
sthetic group of several' carboxylat
ing or carbon dioxide transferring
enzymes like acetyl-CoA carboxy
lase [Waite, M. & Wakil, S. J.,
J. bioI. ehem., 238 (1963), 81.1,
~,~-dimethyhlcrylyl-CoA carboxy
lase [Knappe, J., Beidenbick,
K. & Brummer, J., Angew. Chem.,
74 (1962), 432.1 and propionyl-CoA
carboxylase of liver mitochondria
[Kosow, D. P. & Lane, M. D.,
J3iochem. biophys. Res. Conmum.,
7 (1962),439]. The purification of
the transcarboxylase from Pro
pionibacterium shermanii has been
reported earlier [Wood, H. G.,
Allen, S. H. G., Stjernholm, R.
& Jacobson, B. c., J. bioI. Chem.,
238 (1963), 547]. In an attempt
to compare the active sites of two
biotin containing enzymes, methyl
malonyloxaloacetic transcarboxy
lase and propionyl-CoA carboxy
lase, S. H. G. Allen, B. C. Jacobson
and R Stjernholm [Arch. Biochem.
Biophys., 105 (1964), 494] have
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{
Cyst;lthhmillC
(rcplacclllell t)

X-CH.-CH.,-CI! -COOl!. - I
1 NH,

Pyridoxal phtlSphatc

I

(3)

;\.=HO
RS
I(SS-

j
a- "ctolHltyratc

(t·liminativn)

Cl-KG disappear. When 1l1.-[2-C"]
homoserine, another substrate for

the sanl(' enzyme, was incubated
with cold NEM, a product
chromatographically identical to
X Mal was ohtained. But again
no such X Mal could be detected
in reactions (1) and (4).

Two obviously possible inter
mediates could he either amino
crotonate (IX) or vinyl glycine
(VIII). If amino crotonate were
the intermediate trapped by NEM,
it is difficult to explain the non
reactivity 01 the amino acrylate
formed from ~-c1imination rf'action
(4) towards NEM. J. S. Fruton
IBiochemistry, 3 (1964), 885J sug
gested that the mohile electrons

01 compound (IV) constitnting a
nq~ati\"e charge on Y-carbon atom
could react with maleimidt· douhle
hond instead of acquiring a solvent
proton. However, it still remains
to he explained as to why male
imides react with compound
(IV) in reaction (3) hnt not in
reaction (1).- S. S. l{Al;H.\vA:-I

COOH
I

CH,

I
CII,cOO-

(ysl(.'inc

(2)(I)

{-
ThrL'onine

(isoml'rizati(ln)

M. & Snell, E. E., J. Amer. chem.
Soc., 76 (1954), 648].

M. Flavin and C. Slaughter
[Bioclle1nistry, 3 (1964), 885] report
the ability of maleimides to react
with and trap a transient precursor
of IX-ketobutyrate in reaction (3).
The Y-enzyme of /\"euro.,pora
mutants H 98 and P 162 catalys
ing this reaction can also bring
about r~-elimination from Janthio
mne.

Lanthioninc+ H:!O--+
Cystein,,+ l'yrllvatl"·l· t\ H, ... (4)

But the inability of maleimides to
trap any intermediate in reactions
(I) and (4) can possibly indicate
the points at which these closely
related pathways digress.

The Y-enzyme of Ncurospora
mutants H 98 and P 162 canses
a heterogeneous decomposition of
cystathionine lFlavin, M., Proc.
International Union of Biochcmistry
co·nference on pyridoxal catalysis,
(Pergamon Press Ltd, Oxlord),
1963, 377-94] producing a small
amount of pyruvate in addition to
Cl-ketobutyrate. Equal formation
of total mercaptans and Cl-keto acid
could be shown by including an
aromatic disulphide in the reaction
mixture [Flavin, M., J. bioi.
Chern., 237 (1962), 768/. But when
(l4-N-ethyl maleimide (NEM) was
used to trap the mercaptans, equal
amounts of pyruvate and homo
cysteine were formed, wlll'rcas the
amount of Cl-ketobutyrak (KB)
was much less than the amount of
cysteine.

An unknown radioactive product,
X Mal, accumulated in the system,
but when IX-KG was used instead
of cystathionine in the system,
no X Mal was formed nor did

A pyridoxal phosphate
potentiated enzymatic
elimination reaction

described the purification of pro
pionyl-CoA carboxylase con taining
tritiated biotin. Cell-free extracts
of the mycobacterium grown on a
medium containing tritiated biotin
was adsorbed on DEAE cellulose
and the 0·5M phosphate buffer
(PH 7,4) eluate was subjected to
ammonium sulphate fractionation
and the 30-70 per cent precipitate
was chromatographed on DEAE
cellulose with a gradient phosphate
buffer pH 7·6 (0·7M)-PH H
(0,1 M). The pooled fractions were
refractionated with ammonium sul
phate. The precipitate containing
practically all the propionyl-CoA
carboxylase was extracted with
ammonium sulphate. The 30 and
40 per cent fractions containing
the enzyme had a specific activity
of 18·1 and was approximately
50 per cent pure. In the final
stages of purification all or most of
the radioactivity present in the
protein appeared to be associated
with the carboxylase acti,·ity. As
contrasted with the propionyl-CoA
carboxylase of animal origin, the
bacterial enzyme had a broader
pH range (6·8-8·7) and a greater
substrate affinity, whereas the
animal enzyme has a rather sharp
optimum between pH 8·0 and 8·5.
Biocytin containing tritium labelled
biotin was isolated from the de
natured and pronase digested trans
carboxylase from P. sherlllanii and
propionyl-CoA carboxylase Irom
M. smegmatis. The material iso
lated from oxaloacetic trans
carboxylase was shown to contain
equimolar parts of biotin and
lysine.

Thus, the preparation and puri
fication of specifically labelled en
zymes and the means of isolating
and identifying the prosthetic
group should provide material for
comparison of the active site of
both oxaloacetic transcarboxylase
and propionyl-CoA carboxylase.
S. L. N. RAO

IX-Amino acids with electrOlH'ga
tive group at the terminal carbon
atom give rise to three types of
reactions. All these reactions (1,
2, 3) require pyridoxal phosphate,
but a non-enzymatic catalysis by
pyridoxal phosphate has not been
observed [Metzler, D. E., lkawa,
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Studies on Iysosomes

The isolation and properties of
the specific cytoplasmic granul,'s
of rahhit polymorphonuclear I,:uco
cvles \\"t'n' first d('scril",d by Z. A.
(olm and J. C. Hirsch !f rxp.
Med., 112 (1%0), '.I83!. Th,'se
authors sholV"d that the sp,:cilic
granul,'s res('mbit'd lysosol1ws in the
rei cas" of acid hydrola"'s, such as
acid phosph:lta"', ;;-glucuronida,,',
catlH'psilh,l'lc., by ml'lhods involv
ing incn ba tion a t acid I' H, freezing
and thawing or exposnre to dder
gents. Further studies by .J. (;.
Hir,;ch, A. \Y. IkrnheinH'r and
(;. \\'eis,;m:lnn !I expo ]HI'd., 118
(1963), 2231 n:veait'd that stn'pto
Iv,;ins 0 and S obbilwd from
Jiaemolytic streptococci cau'" the
death of intact kucocytes by
their action on th,'s,' grannks
of white celk How('\·,'r, these
studie,; failed to rewal whdher tl",
Iysins acted directly on th,' m('m
hran,'s of th,' grannks or "xerted
an indin'ct eIkct throngh nH'cha
nisms operati\"(, only in the living
cell. Further, streptolysins Sand
o arc found to differ in th"ir acti
vitie,; in causing tIl(' reka,;e of
enzyme,; from mitochondria aml
Iysosomes IWeissmann, (;., Keiser,
H. & Sernheiml'f, A. W., I rxp.
Med., 118 (1963),205; Kei"'r, H.,
\\'ei"mann, (;. & Bernheinwr,
A. W., I CeLL Hi"l., 22 (IIJ64), 10lJ
and in causing damage to tl'" slwci
fic granules of intact kucocytes
IHir,;ch, .J. (;., Bernlll'imer, A. W.
& Wei"mann, C., I expo Med.,
118 (1963), 223J.

In a recent commlmication,
C. Weissmann, B. Ikch,'I" and L.
Thomas 1./. CeLL Hiol., 22 (1'.164),
lIS] ha\'e reported the effects of
streptolysins and oU,er haemolytic
a!S0lls on isolated kucocyte
granuit's. Both streptolysins ()
and S have been found to Iy,;e th"
granules at 20"e., the initial rate
of ly,;is by streptolysin 0 jwing
greater than the streptolysin S.
:\ntimvcin and bm'ine serum
album:n inhibit streptolysin S,
\dlCreaS cystein" :Ictivates and a
specific antibody inhibits strepto
lysin O. ~o other streptoeoecal
exotoxins are fonnd to lyse the
granules. Lysis is irr"\'l'rs'blc and
independent of oxidati\'e pho,;
phorylation or intaet mitochondrial
respiration. The granules are also
Iy,;ed hy lysolecithin, vitamin A,
non-ionic detergents and ultra-

NOTES &. XEWS

\'iolet irradiation. The granules
of white cells resemble erythrocytes
in susceptibility to lysis and other
properties but differ from mito
chondria in that they do not
appear to take up or release water
reversibly. Leucocyte granules
are not affected by thyroxine and
phosphate. The results of these
studies point out that white cell
granules are ,;imilar to lysosomes
from other tissue,;, and also have
surface properties in common with
erythrocyte,;.·-- H. S. j\JNEjA

New Periodical

Chio Medica, a periodical pub
lished quarterly under the auspices
of the International Academy of the
History of Medicilw, commenced
publication from january 1965.
The periodical is intended to serve
as a medium for the publication of
papers of a scholarly character
which may he too long or too
specialized for acceptance by the
ordinary historical or scientific
journals. Papers in English,
·French, (;erman, Italian and
Spanish languages will be accepted.
The first few i"ues of the journal
will he devoted to proceeding,; of
the lirst symposium organized
by the acackmy in Basle during
7 September 196+· on 'Materia
;\\edica in the Sixteenth Century'.
Annual ,;ubscription for the journal
is [10 ($ 30.00) for libraries,
government establishments and re
Sl'arch institutions and £5 ($ 15.00)
for individuals.

Corn:spofl(lence regarding publi
cation of papers ,;hould be
addressed to the Editor, Prof.
Marcel Florkin, Universite de Liege,
Laboratoire de 13iochimie, 17 Place
Ikleour, Liege, Belgium. In
quiries regarding SUbscription,
orders and advl'Ttisement should be
addn's,;ed to Pergamon Press Ltd,
Headington Hill Hall, Oxford.

Progress Reports

Natiotlal Etlgitleeritlg
IJaboratory, GlasgolV

The research activities of the
National Engineering Lahoratory,
(;lasgolV, reported in the annual
report for 1963, show that emphasis
has Iwen laill on direct ami im
mediate industrial applications.
However, a fair amount of work is
also llevoted to basic research which

may lay the foundations for future
developments or provide explana
tion of phenomena of engineering
significance.

Investigations in the field of cold
,forming of steel isa typical example,
the results of which have found
immediate profitable application in
industry. The laboratory has pre
pared detailed instructions to the
industry regarding the design of
the tooling for each operation con
nected with the process of cold
forming of steel, and this has
resulted in substantial savings in
material as well as increased tensile
strength of the products. An in
vestigatiom to provide the infor
mation on the properties of cold
extruded products and to find out
change,; in properties of materials
has bel,n completed. From the
completed results of this investi
gation, it will be now possible to
pre(Ect the hardness and strength
of the products from the defonlla
tion pattern observed in the pro
cess of extrusion.

As a result of investigations melde
in the hydrostatic extrusion tech
nique, smooth continuous extru
sion of long products with a good
surface finish without 'pick-up'
on the die has been made possible.
A new process for cold extrusion
of brittle materials has also been
developed and the process has been
successful in cold extruding beryl
lium for the first time. With a
view to extending the range of
applications of fans, by increasing
the volume flow and head genera
tion, a fan combining both centri
fugal and axial action has been
de~igned. Tests made on the proto
type of the mixed-flow fan show
ed that the de,;ign duty could be
attained with a high efficiency. The
efficiency of hyc]raulic machines,
when evaluated by the thermo
metric method, requires the mea
surement of small differences in
tempemtures between the inflow
ing and outflowing water. An a.c.
bridge capable of measuring accu
mtdy such small differences in
temperatures has been developed.

The hboratory has taken lj\'er
the responsibility, from the Natio
nal Phy,;ical Laboratory, of pro
ducing linear grating,; and now
holds master linear grating,; with
line spacings ranging from 25 to
2500 lines/in. In addition, during
the year under review, the labora
tory produced a range of master
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radial gratings with 90-23,040
lines in a circle. Extensive per
formance tests have been carried
out to assess the accuracy and
reliability of the single-flank gear
tester developed at the laboratory
for checking the errors in relative
motion of precision spur gears
directly and automatically and the
tests over a period of months
showed that all measurements could
be reproduced within very close
limits. Studies were made to pro
vide reliable data on the bulk
modulus of hydraulic fluids and
from an analysis of these data the
probable relationship between bulk
modulus and pressure of liquid was
derived. Two novel methods of
measurement of the bulk modulus
of liquids developed at the labora
tory are expected to be particularly
useful in industrial measurements
and even in educational institu
tions. As a result of investigations
made on the application of fully
cavitating blades to hydraulic
machines, particularly to axial-flow
pumps, it has been found that fully
cavitating pumps are likely to have
two main fields of application, viz.
(i) where very high suction lifts
were required from a pump in the
low and medium speed range, and
(ii) where a smaller diameter pump
running at very high speeds was
required. Since a knowledge of
the non-Newtonian behaviour of
liquid is of importance in lubri
cation problems, a study of the
visco-elastic behaviour of various
lubricants is being carried out.
Investigations made so far on a
series of polydimethyl siloxanes
with a range of steady state visco
sities from 102 to 105 cS. showed
that at very high frequencies both
the dynamic viscosity and the
modulus of rigidity are indepen
dent of molecular chain length,
Some of the new instruments and
measuring techniques developed
are: (i) a soap-film technique for
calibrating conventional flow
meters, (ii) an electronic digital
ratio equipment for use with the
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NEL single-flank gear testl'r, aml
(iii) an instrument for rapid deter
mination of thermal conductivity
of any liquid with an accuracy of
±5 per cent.

Hydraulics Research Station,
Wallingford, UK

The sixteenth annual report of
the station presents an account of
the research and design investiga
tions conducted on the various
specific problems encountered in
a number of projects in England
and the Commonw('alth countries.
The station, engaged in the study,
with help of models, of problems
connected with open channel
hydraulics, such as training and
controlling of rivers and estuaries,
improvements of ports and coasts,
etc., makes available the results of
its research investigations to all
interested in hydraulic prohlems
and charges a fcc for special in
vestigations. The primary fidds
of study covered arc hydrology,
hydraulic structures, directional
flow in channels, tidal flow, and
disturbances in harbours due to
long-period wa\·es.

Equipment for controlling tides
and littoral currents has been fitted
to the Newcastle Harhour model
at Many Vale to be used in the
many schemes for the solution
of the siltation problems. The
station carried out research in
providing a deeper and more stahle
shipping lane at the Great Ouse
Estuary and experiments with
radioactive tracers were conducted
to examine the movements of sedi
ment from one channel to another.
Studies on disturbances in harbours
due to long-period waves wer('
also conducted by (i) developing
long-wave recorders, (ii) conducting
model tests to find ways of reducing
long-wave resonance, and (iii) de
veloping techniques for deri\'ing the
significant horizontal movem(·nt.
The results showed that a reduction
of the horizontal movement caused

by the long-wave resonance coul
be achieved by positioning a wav,
reflection wall either inside e
outside the harbour. The spe'
trum of horizontal mo\'('m('nt in
propos..d harbour is th..ordicall
derived with the progressi\'e wa\
spectrum at sea known and H
response of the proposed harbol
found from the modd study.

The station added some ne'
equipment, de\'('loped new instn
ments and improved the existin
ones. A conductivity recorder t
study the mixing of a fresh wat,
wave superimposed on a salir
base flow was developed. It h,
a maximum s..nsitivity of c. 10 cn
deflection for ()·3 pt'r cent sal
A general purpose pn..umatic W;I\

machine capab'" of producingwav(
at an angl<· which may he \"arie
over a wide range has also bee
constructed which overcomes man
disad\'antages of the earli('r serper
type waH' machine. The ne'
machine is cheaper, compact, ..asil
movabh' and anH'nab'" to he hui
up in sections to any desired lengtl
An impro\Td Iysimeter for climate
logical study which prm'ides
continuous record of evapotran~

piration from a grass con'red hloc
of soil, thus euabling the study (
the [('lationship between soil moi~

ture and drainag(', an anemomet,
recorder that registers the run (
wind for each day for a week, an
tide and current generators al
some of the other instrumenl
designed and fabricated at H
station.

TIl<' station is pres('ntly engage
in investigating the way rivel
llH'ander when tht·y flow throug
heds of non-cohesive material, usin
sand with a mean grain size of 0·1
mm. and discharges from 0·4 t
3·5 cusec. Another study in pn
gress is on the heha\"iour of
tanker moored offshore to a sing:
fixed to\Vl'r hy nH'asuring the moo'
ing forces hy means of strain gaug'
attached to the tow..r and recorc
ing the mO\'('nH'nls of the \"('ss,
photographically.



The New Bausch & Lomb
V.O.M.-7

records 500 microvolts full scale

Now, the one truly versatile
Recorder that records volts, milli
amperes and ohms, without extra
attachments or extra cost, is avail
able in a high sensitivity model.
500 microvolt si1!;nals can be
recorded full scale with a 2'5
microvolt accuracy, For every con
ceivable application in g:lS chromato
graphy; monitoring of pH, tem
perature, pressure and humidity
with appropriate transducers; time
rate studies; extending the useful ab
sorbance range of colorimeters-the
new V,O.J\1.-7 is the ideal recorder.
And it's priced very reasonably, too.

FEATURES

• 6 n.r.. Vlllt:q.!.C r;lll,~l':"i - 0.5 mv, I my, 10 my, 100 mv,
I v, 10 V - full "c:,k

• 5 D.C. currl'nt r:lngl.'" -I miCl'lI:llnp, TO l1liCro;m1p,,;, 100

miCl"lI:Il11p". I lllilli:ll11p, 10 lllilli:Ill'lps

• 6 \int.'.lf J"c,i... I:IOCC r.lllgl.:S - I ohm. 10 ohms, 100 ohms,
I J' 'Ihm, 10 Jo..: "hm". Joo "ohm..; fuJI ~r;I!l'. Zl'llL"r Ji,,Jc
D.C. ""upply {:lcCUr:lcy 3 J1LT Ct:Ill)

• Fast response

• Huilt·in full scale olh,cl control

• Operates iI''! flat, tilt, or w;,II-moumcu position

• Compact and purt:1hlc

• Built-in event marker

• ~ chan speeds between 0'05 inch/min. to 20 inches/min.

BAUSCH & LOMB •

ror Jllrlher illJorlllalioll, picase ,,'rile 10

Sole .,I;;OIls

MARTIN & HARRIS (PRIVATE) LTD.
(S('I E~TIFie 11EI',\ 1<T\IE:\T)

SAVOY CHAMBERS, WALLACE STREET, BOMBAY 1
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Contact Sole Selling Agents:

IOEALERS IN LABORATORY EQUIPMENT
OF EVERY OESCRIPTION)

'LAB-CHEM'

Gram: • Esvijack .

•
BOMBAY S9

ANALYTICAL BALANCES &
WEIGHTS

PEERBHOY MANSION

460 SARDAR VALLABHBHAI PATEL ROAD

BOMBAY 4

INDIA SCIENTIFIC TRADERS

Phone: 76336

for

INDUSTRIAL, RESEARCH & COLLEGE

LABORATORIES

Manufactured by

LAB-CHEM BALANCE WORKS

·...:.--~----_.

SETT & DE
16 Ganesh Chandra Avenue

Calcutta 13
Phone: 23-9588

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

SWITCHBOARD TYPES), RESISTANCE BOXES, P.O. BOXES (PLUG &

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

A.C.iD.C. CONVERSION EQUIPMENT, ETC. ETC.

for

LABORATORY AND INDUSTRY

OUR SERVICE DEPARTMENT IS ALSO AT YOUR DISPOSAL
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•

P6Dt1" S8/S11
Ph,." 881312

Phone: 251791
Gram; NUTRAlGlAS

WORKS
Bombay Poona Road. AKURDI .
CHINCHWAD. Poona 19.

o

MANUFACTURERS OF
l-l~AT R~SISTAN~ AND

SCI~NTI~IC

GLASS allAR~S

ClOMMY OfFIC(
Co· operative Insurance Bldg..
2nd Floor. Sir D. Mehta Qoad.

Bombay I

A SPECIALITY. ND ..

CAN TAKE UP THE

F AB RICATlON OF ANV

GLUCOSE SALINE BOTTLE
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mE TE!iT OF EXCELLENCE. Consistently high quality and
unfailing reliability-tested and proved time and again in laboratories all
over the world! These mllke

BDH LABORATORY CHEMICALS the first choice in all
Important analytical work. BDH Laboratory reagents, 'AnalaR' chemicals,
microanalytical reagents, testing outfits, stains, etc. today playa vital role in
Industry, education, medicine and research.• Recent BDH booklets.
available free on request, include "Biological Stains and Stainin~Methods H

•

·Su~ar Phosphates and Related Substances" _.

BRITISH DRUG HOUSES (INDIA) PRIVATE LTD.
Laboratory Chemicala Division, 8 Graham Road, Bo~y I
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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.

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

BOMBAY 2

(;ralll: . S.\rIlE\VOI{l~S·, BO~IB\Y-DAj)i\l{

AianujFacturers ojF

I

I

I·

I
FOR SAMPI.E i\~1> P!{ICE, PLEASE WRITE TO THE ABOVE ADDRESS

------,.

COR NING~AND

LABORATORY GLASSWARE

manufactured by

BOROSIL GLASS WORKS LTD., BOMBAY

available from ready stock

Please contact
STOCKISTS & DISTRIBUTORS

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

Branch Office; Kapasia Bazar, Ahmedabad 2

ISIR-MARCH /965 A27



ENDECOTT'S

STANDARD TEST SIEVES
B.S. & A.S.T.M. SPECIFICATION

and

METROHM pH-METER E 350

Technical Data

Measuring range: O ... 14 pH, ~ 500 ..•

o... I 500 illY.

By di,pbcing tilt' z,'ro point, till' nlV.
range can 1>(' ,,~t"II(iPd to {J .• ,

\ 1000 III Y.

Length of scale: ,d>ont 110 l111n. for H pH
nnit,

Graduation of scale: 0.1 I'll, 10 Ill".
Accuracy of reading: 0.05 pH,S Ill".
Absolute accuracy: 0.1 pH, 10 Ill".
Temperature scale: 0 100 C.

Main voltages: 110 125 alld 200.

240 \"fllb, +0 ... 60 <"'1',,;.

Weight: 5.7 kg., inclnding ,;talldar" ('qnil'
IIH'lIt

Overall dimensions: 215 X 225 >: 220 1I11n.

(withont "'I'port rod)

Available from ready stock

Contact :

PHARMA TRUST
114 PRINCESS STREET, BOMBAY 2

A28

Telephone: 23519

SP;PT/3
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/;' III/'ul', 1"11'('1 .. \1< Jall)l\ IH':I'(fr, I.alllillglidl
1{";1l1. nOli/1mI', I'F()!'I,E'S 1:IH)f\: II(H'SE, Iklid
I,';ad, II/1N:·IIt~/f(lrI. l'EcII'I,E'S niHil\: IItJI·SE,(}pp.
~, i"I:' ,. ColI.·:-,:«', /)alu((, Umur!J: J bzarihaJ,.:h 1<lIad,
,,",11"/". \I.\':ISII.\ (;IU:\TII.\I .. \\',\ 1'1(1\',\'1'10:
1.'1'11 .. -4-}.\'; 1;;lIlkilll Chatkrjt'" Stn'd, Call1ll1a,
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LATEST ARRIVALS

• ONLY METRIC SYSTEM USED

• POPULAR PRICES

:\1any of them prescrihed and recom

mended in Inc\ian Universities am1

Technical Institutions

SWITCHGEAR INSTALLATION
M. I\in'~·t·\' & ,\, !\o\'al'sl,.\· (PI' 3WI) }{S 4.00

This lllilJlllal i"i a h-xtI>Ot:k fm polyftt 111~!l'~

INDUSTRIAL WIRING
C. I'olyalw\' & .\, 1\.tl\·<Ll":"I,~' (pp :OH) J<:-; 4.00

This 11':-.:1 hool, is a t'ol1lprt'1l1'Il:-:in' manual
for trailll't,s alld appn'nlil't,s ill t'kc:trical
t'ngint'ning, and hlr prtlft-:-osilliials in tilt'
livid

FUNDAMENTALS OF HEAT
TRANSFER. \1. \likl,,'''''\' (1'1' 37S) lis 6.00

~rhis k:-.:tllool, is intended rill" highn
Sdll)ol stuclt-Ilts

HEAT TREATMENT.. A HANDBOOK
I. l\all1<'lIi\'hll\' (1'1' 276) lis 3,00

This is a IISt'flll alld ('ompn'lwllsin' n'·
(t'n'IH'e hook for IH'r~u1lJlt'1 of Iwal tn'al-
Illt'nt shops

ROLLING MILL PRACTICE
I', l'olllkh;1I (PI' SIO) Hs 8,00

This It'xthouk is intt'ndl'd primarily fur
stlld('nt~ of hight'T t'dllnttiullal institutions
in tht, tipld of llwtallllrgy, madlitH' build-
ing: and mining

MATERIAL HANDLI G EQUIP-
MENT, ,:, HII<1""ko (1'1' 336) Hs 6,00
This text hook is inh'n(kd for students of
gt'nt'ral t'ngiltt't'ring

ELEMENTS OF RAILWAY SUR-
VEYING. \'. Ikzl"hko (PI' 207) Hs 2,50

Iksign('<1 as II lexthook fur students of
pol~,lt'dtnics in tht, tkpartnlt'nt of railway
('ngiIH:('ring

PREFABRICATION OF REINFORCED
CONCRETE. 1'. Ih'acht'nko & S. JIirot-
\'o"k" (PI' 23'1) , lis 5,00

This is a ust'ful tt'xtbook for hight·[
tt'vhniral institutions

Order from:

':,\TI()':AI. IH)()I\ !\(;i':':C\' ]'III\,XI'E 1.1'])..
12 lJ;lllkim l'hatkrjl't' Stn'd, (."alrll/l(1. NE\\' CEl'\~
n'll\' IH)()I\ II(H'SE 1'11I\',\TE 1.'1'1>., Mount
Ilo"d, illa"I'lI', II Il ;1; II'< IlOTl1 A~IS 1'111\'.\'1'1' LTJl.,
i\IOllllt Hoatl. IHm!l'a.... "IS,\! .. \.\:\1)11 1<.\ Pl' B
I,ISIII\"(; 11C11:SE. l\)ach,l\':lram P.t)., .·ijell'lIu'ada,
\'IS,\I,,\,\':1>IIIU I;(JOh: lI11l'SE, Snltan' Bazar,
HI'''I'I'lII",'', ~.\\' \I\.\HI\.\T,\I\,\ I'('HUC \TIOI\S
J>j{ I".\TE I.TIl., Sarpahhllsana :'\Iutt Compound,
!\Iajt'stit" Cin'k, HlIlJ.~nll)rl'. Pl{,\BH.\TH BOOK
II( >l'SE, i\lain 1<0a<1, Tri,'a1J(/rlll1l
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RAW MATERIALS FOR

RESEARCH AND INDUSTRY 3
VEREINIGTE DEUTSCHE NICKEL·

WERKE AG.

(West Germany)

Pure nickel, nickel-silver, monel, inconel,

nickel bronzes, copper bronzes and other

special nickel a!loys. Anodes and nickel

clad materials.

For further particulars contact:

MESSRS K. S. HIRLEKAR
Western India House

Sir Pherozshah Mehta Road

BOMBAY I

Insist on P.S.I. Brand
PYREX Glass Apparatus

JOI'
·I\·~tillg of I'ETI{OLlT\\ .\:\\)

IT::' )'\W\H:CT:..;

Tl'~ting of ITEI. (;.\~ ;\:\.\I.Y:-'h
\lETIIOI)

Tl'~ting of O:\Y(;E\ .\\1)
:\cETYI.E\E \IETl[()[)

(WICKI;\T (;).;\~S\\·;\I\ES....
,\

~]\TEI{E)) CI..\SS\\·.\I\ES

.\1 (/'11 IIfacl II I'< 'd Ii."

Paul's Scientific Industries
3/1-G Chidam Mudi Lane

CALCUTTA 6
Gram: 'INOBUREAU " Bombay _ Phone: 251931:252073 (~r;llll: 1'.\l'I.~CIF\ 1'1111111' .55·5830

OPTICA-INTERNATIONAL

DISSECTING MICROSCOPE

Focusing by rack and pinion.

Lens supported in a sleeve which moves backward and

forward and lens-carrier moves sideways, thereby the

whole stage is covered. Movable sturdy hand rests.

Circular glass stage with specimen holding clips. One

opaque disc. Concave mirror. Optics lOx and 20x.

A30

Instruments and E.quipment for E.ducation, Research and Industry

INTERNATIONAL AGENCIES
79 GHOGA STREET, FORT, BOMBAY

Gram: •SCIENAPP' • Phone: 32S37S

SP'IA:
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• Turbidity
• Extinction
• Fluorescence
• Monochromatic light source

HQE 40
• Titration

• Reflectance 45/0

VEB Carl Zeiss JENA
• GRATING MONOCHROMATOR 365-750 mil • TEST TUBES • CELLS. TRANSISTOR

AMPLIFIER. COMPLEMENTARY AMPLIFIER ZV • SIMPLE MANIPULATION
• WIDE RANGE OF APPLICATION

fill.1'4~t·.
Birthplace and centre of modern optics

SOLE AGENTS IN INDIAI'D GORDHANDAS DESAI PVT:. LTD.
':I Equipment and instruments for all branches of science, technology and industry

KEPMANI BUILDING. SIR P. M. ROAD. BOMBAY·! BR

NO. 22. LING' CHEny STREET. • P·7 MISSION ROW EXTENT'ON,. 4/2 8. jWALA MANSION, ASAF ALI ROAD.
MADRAS-' CALCUTTA NEW DELHI
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Plan Your

Research

With Versatile

Eng~lish

'PYREX'

ALGAE BANK in use at the
Department of Botany. Westfield
College, University of London,
England.

Some Advantages of

English 'PYREX'
~ Its low co-efficient of expansion

results in a high resistance to
thermal shock and also means that
articles can be made with a thicker
wall and therefore are mechanically
stronger.

• Its high chemical durability ensures
that the glass will not deteriorate and
will not contaminate contained media.

• 'PYREX' can be easily worked and
jOined 'in situ' and can be rapidly
flame annealed.

English ORt
'PYREX' ;D:

'.....~

This Algae Bank, made from
English 'PYREX' glass is being used
in research on the physiology and
biochemistry of microscopic algae.
Growing algae in laboratory culture
requires exact control of environ
mental conditions. The vessels in
which the algae grow must be
robust, chemically inert, transparent
and able to withstand sterilisation
by dry or wet processes. English
'PYREX' glass has all these
properties.

LABORATORY
& SCIENTIFIC

GLASSWARE

MADE IN ENGLAND BY JAMES A. JOBLING & CO. LTD., WEAR GLASS WORKS, SUNDERLAND

AVAILABLE FROM ALL LEADING DISTRIBUTORS.

SOLE AGENTS.'-DGORDHANDAS DESAI PVT: LTD.
'1 Equipment and instruments for all branches of science, technology and industry

KERMANI BUILDING. SIR P. M. ROAD. BOMBAY-! BR

NO. 22, L1NGI CHETTY STREET. • P·7 MISSION ROW EXTENTION,. ~/2 B, jWALA MANSION, ASAF ALI ROAD.
MADRAS·' CALCUTTA NEW DELHI

mass, gd 4
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SODIUM HYDROXIDE
PELLETS IN B.P. AND G.R. GRADES

• Locally manufactured for the first time in
India under the internationally reputed
standards of E. Merck.

• Regular supply assured.

• Ease of handling and weighing.

• For Research, the Guaranteed Reagent
grade of Sodium Hydroxide is the
reagent of choice the world over.

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

Sales Enquiries:

SARABHAI MERCK LTD.
Post Box No. 16555, Bombay 18

SM 18
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Model 525 is the handiest self-contained gauss

meter. It is highly portable, self-powered Hall

effect gaussmeter that provides direct measurement

of DC magnetic fields and measurement of AC

fields (using an oscilloscope or VTVM) over a wide

range. Great care has been taken in its design

to achieve the maximum utility in the smallest

package possible, consistent with the requirements

for high-quality performance.

It measures DC magnetic fields over the range of

SO to 25,000 gausses . Direct reading accuracy is

3.25 pEr cent to 10,000 gausses and 3.75 per cent to

25,000 gausses . Colour coding provides convenient

determination of magnetic field polarity .

Mechanically as well as electrically, the Model 525

offers features that contribute to the instruments'

unusual convenience. It can be used to measure

alternating flux densities in the power and audio

range in conjunction with VTVM or Oscilloscope.

It can indicate the flux constantly during the

treating operation. Direct reading accuracy noted

above includes tolerance of l 0.75 per cent reference

magnet at room temperature. Deviation of probe

output over temperature from - 20-'C to + 60°C

does not exceed 3 per cent.

A3+

Direct indication of field polarity is obtained because each probe is colour coded

to identify field polarity and to determine direction of the flux path .

RADIO FREQUENCY LABORATORIES, INC., BOONTON, U.S.A.

For further details, please write to :
SOLE DISTRIBUTORS ,

THE SCIENTIFIC INSTRUMENT COMPANY LIMITED i(sICO
ALLAHABAD BOMBAY CALCUTTA MADRAS NEW DELHI ~G~"'---=.../~

Head Office: 6 Tej Bahadur Sapru Road, Allahabad
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ELEKTROLABORATORIET, COPENHAGEN 

INSTANT ACCURATE 

THERMOMETRY 

More than 30 models o f  

measuring applicators enable 

any temperature control 

of  humans and animals. Also 

for other purposes. 

IDEALLY SUITED FOR HYPOTHERMIA 
ANAESTHESIA. 

Accuracy 
+ - o c  

UNIVERSAL ELECTRIC THERMOMETER TYPE TE-3 
(Wi th  Connection Eon FE-10, Probe Type RK 25) 

Z -8 RECORDER 
FOR UPTO 6 APPLICATORS 

Also Rrmotc 

Temperature Measurinl 

Recovery rooms wards for 

intcnsivc care 01 post- 

operative patients 

ELECTRICAL THERMOMETER TYPE TR-I0 
(Mcasurment upto IS parients) 

For further detads: 

GDGORDHAN~AS DESAI PVZ ~ 7 m .  
PHEROZSHAH MEHTA ROAD. FORT. BOMBAY-I 

Branches at : 

NO. 22. LING1 P-7 MISSION ROW 4i2 6. JWALA MANSION. 
CHETTY STRREET. EXTENTION. ASAF ALI ROAD. 

MADRAS-I CALCUTTA NEW DELHI 
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For Controlled Temperature and Humidity 

G13/100 HUMIDITY OVEN 

for testing 

f Components fo r  rad io  and o t h e r  
e lectronic equ ipment  

* Protec t i ve  coatings, paint, lacquer. 
varnish, etc. * Containers, packages and packing 
m a t e r i a l  

* M a n y  o t h e r  manufactured products 

Conditions available with the 
basic oven and accessories include: 

BASIC OVEN 

(a) Controlled temperature and humidity. continuous operation. (b) Controlled temperature only, wi th no added 
moisture. (c) Controlled temperature at saturation. 

r W l T H  TIME SWITCH 
During a 24 hour (or  other specified) period the oven heats t o  the desired conditions. as a. b o r  c above, remains at 
these conditions and then cools towards ambient conditions for the remainder of the period. 

r W l T H  WATER SPRAY COOLER 

Oven cools more rapidly and remains at saturation during cooling period. 

r W l T H  FRESH AIR INlECTlON 

Oven humidity can be reduced rapidly and minimum attainable humidity is reduced. 

r W l T H  REFRIGERATION 

Oven can be operated down t o  O'C subject t o  ambient temperature limitations. 

r W l T H  ULTRAVIOLET LAMP 

The weathering effect of sunlight under various conditions of temperature and humidity can be simulated. 

r W l T H  AUTOMATIC PROGRAMMING SYSTEMS 

The oven w i l l  reproduce automatically the cycles of temperature and humidity preset on the controls. The program- 
ming systems available vary in complexity from a simple time switch through complex switching systems as used for 
the ISAT series t o  complete programming of both temperature and humidity. 

Ask for details 

A D  I MARTIN & HARRIS (PRIVATE) LTD. 
Scientific Department Savoy C h a m b e r s  Wallace Street Bombay I 

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

Regd No. PT-842 414' 
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