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D RADIO FREQUENCY LABORATORIES
presents

Associated Equipment for the Calibration and Repair
of Electrical Instruments

• Model 829: Instrument Calibration Standard Model 107A: Magnet Charger
• Model 889A: Magnetreater • Model 1605: AC-DC Calibration Standard

• XD-4128: Basic Fixture (for Core Mechanisms)

MODEL 829: This compact anti portable AC-DC Instrument Calihration Standard has bern designed to
permit fast, accurate calibration of a great variety of electrical instrllments by non-technical personncl.

Guaranteed accuracy of 0.; per cent is obtainable over all ranges using charts supplied.

It also proddes a. controlled current or Yoltagc SOUTce when treating instrllment after charging as
shown above.

MODEL l07A: :\n efficient condenser discharge magnetizer, which will sJturatc almost allY shape or kind
of instrument magnet.

Unit is simple to operate. Two charging rangc3 provide 12.0JO and 2~,OOO ampere-turn output.

MODEL 889A: An accessory to the Jlagnct Chargcr, it will quickly treat s:ltur;ttccl instrumcnt magnct to
any desired lc\'cl, including the new core type mechanisms, using variuus trl:ating coils or fixturl:s.

MODEL 1605 AC-DC Calibration Standard: This calibration standard combines a ,"olt hox, shunt box,
prccision potentiometer, \\'eston standard cell, gah-anometcr and therll1ucouph:. It provides dig-it;ll reading
accuracies of ±O.l per cent on DC voltage and current; ±O.13 per (('Ill un AC vultage and l'urrcnt, Hangcs
up to 1500 volts AC/DC and 15 amperes AC/DC.

PART XD-4128: For charging core type mechanisms, Basic Fixture XD-4128 is used; various inserts arc
available for different magnet diameters.

Whm used together, as illustrated, these ullits form a complete combil/ation for
chargillg, treating alld calibratillg electrical j,zstrumeuts

Write for descriptive literature ou ellch /I./I.it to
SOLE DhTl{J I3\jTOHS

The SCIENTIFIC INSTRUMENT Co. Ltd.
ALLAHABAD, BOMBAY, CALCUTTA, MADRAS, NEW DELHI

l.S.I.R.- OCTOBER 1959
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Bausch & Lomb
TRIOCULAR MICROSCOPE

The new Bausch & Lomb TRIOCULAR MODEL MICROSCOPE combines
comfortable binocular vision with a photographic tube; you can scan, orient and focus
in the usual way. Furthermore, the Triocular Body doubles the normal (eyepiece
times objective) magnification, still flare-free sharp contrast images are obtained. The
observer can rotate the body over a full 360°. Please ask for Bausch & Lomb Catalogue

of Dynoptic Laboratory Microscopes including the new Triocular Model.

MADE BY

BAUSCH & LOMB OPTICAL CO., U.S.A.

SOLE AGENTS

MARTIN & HARRIS (PRIVATE) Ltd.
SAVOY CHAMBERS, WALLACE STREET, BOMBAY 1
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·spare no Improper names
.. WMn w, publish,d our ,ssoy on th, Nom,ndatur, of Ch,mistry, w, Wtr,

"prlX/ch,d [or haYilll chang,d th, languag, which was spok,n by our maSlerS, which th,y
stamp,d with tMir authority, and ha" hand,d down to us. Butthost who rtproach us on this
QCCQl/llt, ha" [orgol/,n that Bergman and Macqutr urg,d us to mak, this rtformation : In 0

Itlltr which th, I,arn,d proftSsor of Upsal,
M. Btrgman, wrolt, a short tim, b,fort h,
di,d, to Mr. Mory,au, h, bids him 'spart nd
improptr namtS .. thost who art I,arn,d, will
always bt I,arn,d, and thost who art ignorant
wil/thus I,arn soontr':'

(LlVoilicr -' Elements of Chemistry in a New Sys·
IcmalteOrderContainina: All the Modern Discoveries'.
transilled from lhe French by Robert Kerr. lrd
edition, 1196.)

The nomenclature of chemistry Is b.ing reform.d still. Th. Chemical

Society. the British Standards Institution, the Association of British Ch.mical Manufacturt..

and other bodi.. ltad th. way along th. path of reformation and a new and much enlarg.d

catalogue of B.D,H. laboratory chemicals that has just bt.n publish.d ..eks to follow.

This bigger aDd bttter catalogue contains over six thousand products and

gives formulae and molteular weights for most of them, as well as quoting a grtat many

specifications of minimum purity. It is also Iibtrally provid.d with cross·rtferences

for sooner ltarning.

B.D.H.
LABORATORY CHEMICALS

BRITISH DRUG HOUSES (INDIA) PRIVATE LIMITED
P.O. Box 1341, BOMBAY·l

J.5.l.R.- OCTOBER 1959



I Coronary Thrombosis
A recent development in the treatment of coronary

thrombosis and deep venous thrombosis

has been the introduction of

Ir

I

BINDAN
(2-Phenyl-l: 3-indanedione)

In oral anticoagulant therapy'

BINDANprovides * more rapid onset of action

* easy management

* uniformity in action

Manufactured by

BENGAL IMMUNITY
COMPANY LIMITED

CALCUTTA 13

!
I

I
J.5.l.R.- OCTOBER 19S9 A7



THE FOR YOUR

TRADE MARK GUARANTEE

LABORATORY EQUIPMENT

Students' Microscopes - Dissecting Microscopes - Microscope Lamps
Slide Viewers - Adjustable Stand Magnifiers - Colony Counters

Laboratory Stirrers - Water Stills - Cork Boring Machines
,Water Baths - Paraffin Baths - Serological Baths

Ovens - Incubators - Hot Plates

For prices and particulars enquire from your regular suppliers or
SELLING AGENTS:

J. T. JAG T I A N I
National House, 6 Tulloch Road, Apollo Bunder

BOMBAY I

5P/JTl2

-~~:;;~~~;---I
laboratory
with

WIDE RANGE ALL PURPOSE OVEN
OVERALL HEIGHT 6 FT.

FREDERICK HERBERT

. :

LABORATORY & PHARMACEUTICAL

CHEMICALS, ANALYTICAL &

LABORATORY REAGENTS,

AMINO ACIDS, STAINS.

DRUGS. VITAMINS.

ETC.

Directly imported by

S. MATHURADAS & CO.
P.O. BOX No. 2113

PRINCESS STREET

BOMBAY 2

J.5.l.R.- OCTOBER 1959
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POST BOX No. 6055, BOMBAY 5

5P/FH/J

GrJ.m : .. SMATHURCO " Phone: 3027)



DISHES

A\
TRADE MARK

Available from 50cc to 700cc capacity. Have
rounded thick base to withstand heavy wear.
Semi - Microchemical Dishes from IDee to
30cc are also available. Supplied with pouring
lips. Lids. crucible or watchglass types also
manufactured .

LABORATORY
APPARATUS

ELECTRODES
Electrodes are very useful

in electrochemical and mi

crochemical analysis. They

are available in wide range

to suit different purposes.

can be manufactured as per

requirements. Some of the

types: Fischer,Heavy Fischer

.and Paddle type.

PLATINUM

TIPPED TONGS TRIANGLES SPATULAE

CRUCIBLES, DISHES, WIRES, TIPPED FORCEPS, SPOONS,
BOATS, FILTER CONES, WIRE GAUZE, FOILS, ETC,

All Items Manufactured From -Special
Platinum' Guaranteed 99.9% and Over.
ALL ITEMS AVAILABLE FROM READY
STOCKS.

Replacement & Reshaping of damaged Plati
num apparatus undertaken.
Any article in Platinum manufactured and
supplied as per specifications furnished.

ILL USTRATED CATALOG UE ON
REQUEST.

Pioneer Manufacturers In India

Tel: 40024.
Grams: 'CRUCIBLE'

J.5.l.R.- OCTOBER 1959 A'J



Awell aimed blow by Pyrex

BRAND

A machine cal red the Turret Chain made

these: it automatically makes blownware

such as flasks, beakers and other types

of laboratory ware. to a very high standard

of uniformity. It's the only machine of its

kind in Europe. Just an example of how

PYREX. the first and most important

source of borosilicate glassware in this

country, use the latest and best pr<>cesses

available. PYREX are always improving

their production methods to attain even

higher standards of quality. This is one

good reason (among many) why everyone

who is looking for quality glassware.

looks for PYREX

•

t.

• •. '"

Laboratory
and scientific

ReId. Trade Mark

glass

PYREX

INDUSTRIAL SALES EXPORT DIVISION JAMES A JOBLING

WEAR GLASS WORKS SUNDERLAND ENGLAND

• Obtainable from all main dealers

THEREFORE durable, accurate,

economical, dependable, most-used

High stability

against attack from water and all acids

(except hydrofluoric and glacial phosphoric)

Extremely low expansion

coefficient

virtually eliminates breakage from

thermal shock

allows more robust construction giving

greatly increased mechanical strength

are made in all practical sizes and shapes

for students, routine or research work

Pyrex beakers
and flasks

AlO '.HR.-OCTOBER 1959



PYREX
REGD. TRADE MARK BRAND

Laboratory and Scientific Glassware

A boro-silicate glass of low alkali cont~nt. 'PYREX' Brand Glassware resists
attack from all ordinary reagents. Its low coefficient of expansion enables I PYREX'
Brand apparatus to be made with thicker, stronger walls. thus reducing risk of breakage
while retaining a very high resistance to the effects of sudden temperature changes.

A simple but very effective system ensures accurate calibration of 'PYREX'
Brand Graduated Glassware to NPL. Class A or Class B, Standard required.

The foregoing properties offer very sound reasons for using' PYREX' Laboratory
and Scientific Glassware, on grounds both of efficiency and economy.

'PYREX BRAND'

PRECISION BORE

GLASS TUBING

Made by a continuous stretching process which

ensures highly accurate inside dimensions, • PYREX'

Precision Bore Glass Tubing is exceptionally suit

able for hypodermic syringe barrels, pump cylinders,

etc. Normally supplied with a bore tolerance of

plus or minus 0.05 mm., but for special needs can

be supplied to plus or minus 0.02 mm.

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

Sole Agents in India

GORDHANDAS DESAI PRIVATE LIMITED
PHEROZSHAH MEHTA ROAD, BOMBAY I

P·7 MISSION ROW EXTENSION
CALCUTTA I

J.S.I.R.- OCTOBER 19S9

Branches:
4/28 ASAF ALI ROAD

NEW DELHI
22 L1NGHI CHETTY STREET

MADRAS I

All



ROTOFIX II
255 x 320 mm. Weight: 21 lb.

CENTRIFUGES IN MODERN DESIGN
(MADE IN GERMANY)

• Modern streamlined appearance • Robust and well

proved universal motor for a.c./d.c., fitted with sup
pressor • Resilient mounting, no vibrations • Balancing
unnecess~ry • Four-stage speed regulator • Versatile

interchangeable heads • Medico-white enamel finish

• Strong metal case ensures safety • Speed: 4200 r.p.m.

Available types:

4 X IS ml. each - Angle head
6 x IS mi. each - Angle head

A Small Centrifuge with the Big Performance
OTHER MODELS ALSO AVAILABLE

IMPORTERS:

THE SUMMIT SURGICALS
Phone: 38689

FURNISHERS OF LABORATORY APPARATUS, SURGICAL & HOSPITAL REQUISITES

27/29 POPATWADI, KALBADEVI ROAD, BOMBAY 2
G"m : ' SURGESUMIT '

RO-TAP SIEVE SHAKERS
with

AUTO TIME SWITCH

Also

WA~BURG'S APpARATUS

COLD INCUBATORS

B.O.D. INCUBATORS

BI-METAL THERMOSTATS

HOT & COLD
THERMOSTATIC BATHS

etc.

Manufactured by

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

A12

Gram: UDAYINDUST Phone: 55-3777

J.S.I.R.- OCTOBER 19S9



* PHOTOMICROGRAPHY, ETC. ETC.

The New

handy and

easy-to-carry

MICROSCOPE
MODEL Mil

suitable for

field work

•
Available as

* Monocular
or

* Binocular

* POLARISING

* PROJECTION

Extra Attachments for:

* DARK GROUND

WILD Binocular Research Microscope
Mil BRGL with dust-proof steel hood and
leather carrying strap

* PHASE CONTRAST

Equipped with modern, High Precision Swiss Machines, Tools, Gauges and Collimators

and with an expert Swiss trained Engineer, our SERVICE DIVISION undertakes repairs

to Wild Microscopes and other Optical and Fine Mechanical Instruments.

SOLE AGENTS

RAJ-DER-KAR & CO.
Sadhana Rayon House, Dr. D. Naoroji Road

BOMBAY

Branch Office:

44/6 Regal Building

Connaught Place

NEW DELHI I
Telephone: 26-2304

J.5.I.R.- OCTOBER 1959

Telegram: TECH LAB

OUR SUB-AGENTS:

VULCAN TRADING CO. PRIVATE LTD.
l8C Mount Road, Madras 6

A13



SIEVES
8-inch diam.• Up to 250 mesh

&

for

SOIL

CEMENT

CONCRETE

Testing Equipment

Write to:

5PU~ BOD\' SCIENTIFIC EQUIPMENT WORKS
11m TILAK MARG. DELHI 6

Telo,ram: CHEMBIO Telephone: 27029

..............................................................
i
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Phone: 61761

Branch: AHMEDABAD

Available from

READY STOCK

Write for further particulars to:

DHUN MANSION, VINCENT ROAD
DADAR, BOMBAY 14

ENGLISH WARING BLENDER

An excellent apparatus for rapid preparation of
homogeneous pulp-like or liquid samples,

invaluable for Chemical and
Biological Laboratories

LABORATORY FURNISHERS I
COOTO~'_ i

t
••••••••••••••••••••••••••••••••••••••••••••••••••••••• •••
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i

I
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ZEISS
2-METRE PLANE GRATING SPECTROGRAPH

• AUTOMATIC CASETTE ADJUSTMENT WITH ADJUSTABLE TRANSPORT STEPS FROM
I TO 12 MM.

• FOCUSSING THROUGH SHIFT OF SLIT. COMPENSATION OF SPECTRAL LINES
INCLINATION THROUGH ROTATION OF THE SLIT

• ELECTROMAGNETIC SHUTTER

• ATTACHABILITY OF TIME SWITCHING DEVICES

VEB CARL ZEISS "'ENA

Sole Agents

GORDHANDAS DESAI PRIVATE LIMITED

22 LINGHI CHETTY STREET
MADRAS I

PHEROZSHAH MEHTA ROAD, BOMBAY I

Branches:
P·7 MISSION ROW EXTENSION 4j2B ASAF ALI ROAD

CALCUTTA 'NEW DELHI

j.s.t.R.- OCTOBER 1959 AIS



Estd. 1920

M. RAM CHANDRA & SONS
KELEWADI, GIRGAON, BOMBAY

Manufacturers of

PHARMACEUTICAL MACHINERY &

LABORATORY, HOSPITAL

and
SCIENTIFIC INSTRUMENTS

Please send your enquiries for

AUTOCLAVES, INCUBATORS, DISTILLATORS, OVENS,

VACUUM STILLS, FILTERS, VACUUM, GAS & WATER

TAPS, BURNERS, TRAYS & CAGES FOR MICE, RABBITS

& ANY SORT OF WORK RELATED TO LABORATORIES

B-OROSIL
LABORATORY GLASSWARE

such as

FLASKS. BEAKERS. CONDENSERS, MEA

SURING FLASKS, MEASURING CYLINDERS,

PIPETTES & ANY SPECIAL APPARATUS

MADE TO DESIGN

and

PENICILLIN VIALS, VACCINE BULBS

WHITE & AMBER

o

ALL OTHER APPARATUS & EQUIPMENT

MANUFACTURED TO CLIENT'S DESIGN

INDUSTRIAL & ENGINEERING
APPARATUS CO. PRIVATE Ltd.

CHOTANI ESTATES, PROCTOR ROAD

GRANT ROAD, BOMBAY 7

A16

............................
t ~
+ Direct Importers it! for

i * LABORATORY CHEMICALS 1+

* PHARMACEUTICAL
CHEMICALS

I
·:I~::~:SICALS j

* STAINS, etc. t
t t

!B. BA;'~{~t & co.l
+ 71 PRINCESS STREET Ii Gram ::~::o:': No. :a09, BOMB~:el: l8thS

....................................
).S.I.R.- OCT08ER 19S9



MICHAELSON'S
INTERFEROMETER

This is

one of the

Precision
Optical

Instruments
manufactured

by us
for use in
Euucation,
Science &

Research

Pt-I J.\ f\ tJI J.\
"r f\U s"r
114 PRINCESS STREET

BOMBAY 2

*

LABORATORY
GLASSWARE

FOREIGN & INDIAN MAKE

Cul/ for I/,temture from:

THE ANDHRA SCIENTIFIC CO. LTD.
MASULIPATAM. MADRAS, BOMBAY, CALCUTTA,

DELHI & HYDERABAD

*
Grams: 'ANTIGEN'

HOT AIR OVEN
MANUFACTURED AT OUR OWN FACTORY UNDER PERSONAL SUPERVISION

Inner chamber is made of hard rolled copper sheet, while the

outer is made of sheet iron painted grey hammertone provided

with air regulator and thermometer tubular but without thermo

meter. A 2-inch thick glass wool insulation is provided between

the two walls. Maximum temperature is 2S0°C. Electric models

are for use on 220/230 volts a.c./d.c. universal mains. Complete

with indicating lamp, switch, cord and pi ug.

In various sizes, Stove or Gas Heated; Electric Models and also

Thermostatic Control Ovens.

CONTACT:

UNIQUE TRADING CORPORATION
221 SHERIFF DEVJI STREET, BOMBAY 3

Grams: UNILAB

j.S.l.R.- OCTOBER 19S9

Phone: 30011
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'SAMCO'
THE TRADE MARK OF
QUALITY & SERVICE
TO THE LABORATORY

& INDUSTRY

Call at: 62761
Gram: • GLASSCO'

We specialize in manufacturing:

GROUND GLASS JOINTS, STOPCOCKS, STANDARD

JOINT ASSEMBLIES, AUTOMATIC BURETIES & ANY

OTHER APPARATUS MADE TO SPECIFICATIONS

SCIENTIFIC APPARATUS MANUFACTURING Co.
255j3-C MANGALDAS ROAD. BOMBAY 2

STOCKISTS OF

Physical, Chemical & Geographical Instruments
MANUFACTURED BY

POPULAR TRADERS, HILL ROAD, AMBALA CANTT.

SP/SAM/2

Al8

•
Sole Selling Agents

GHARPURE & CO.
P-l6 ROYAL EXCHANGE PLACE EXTN.

CALCUTTA I

Gram: MEENAMO • Phone: 22-2061

).S.I.R.- OCTOBER 19S9



AVAILABLE EX-STOCK

TEMPO Laboratory Equipment

INCUBATOR,

BACTERIOLOGICAL

The Incubator Cabinet is double walled
with tWQ doors and is made of mild steel
except for the inner door which is of wood
with a glass panel for observation. It is
operated electrically on 230 V. a.c. and the
temperature is variable up to 600 e. The
Pilot Lamp shows the working of the tem
perature control system.

Complete with a suitable length of three
core wire with socket and a three-pin plug.

Working Space: 14" x 14" x 14"
Shelves: Two

Construction - Double-walled mild steel construction
with 2" gap between the walls filled with fibre
glass. Outside finished in silver-grey hammered
tone synthetic enamel and inside painted with
heat-resisting aluminium paint.

Size (working space) - 14" x 14" x 14".

Heating-Electrically operated on 230 V., 50 cycle,
a.c.

Maximum temperature - 250°C.

Temperature control- By means of a bimetallic
thermostat. Variation not more than ± 1°C. HOT AIR OVEN

TEMPO EQUIPMENT CARRIES A ONE-YEAR GUARANTEE

Manufactured by:

TEMPO
INDUSTRIAL CORPORATION (PRIVATE) Ltd.

SONARI ROAD, PARANJPE'B' SCHEME

BOMBAY 24
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We manufacture
AMYL CINNAMIC ALDEHYDE ALPHA

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

ACETATE, GUM STYRAX

and other

Aromatic Chemicals, Essential Oils, Resinoids and
various perfume compounds useful for soap and

other toilet articles

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

BOMBAY 2

Gram:

'SACHEWORKS', BOMBA Y-DADAR

PLANTS

CHEAP & SIMPLE

source for GAS

for all type of

HEATING
AVAILABLE IN VARIOUS CAPACITIES

A/so Manufacture

BURNERS FOR INDUSTRY, LABORATORY, KITCHEN

LABORATORY FITTINGS, OVENS, BATHS, STillS, ETC.

ATOMIC ENERGY EQUIPMENT, REMOTE CONTROL TONGS,

ORE DRESSING EQUIPMENT, ETC. ETC.

Stainless Steel Plant and Equipment Fabricators

GANSONS PRIVATE LTD., P.O.B. 5576, BOMBAY 14
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CALIBRATION & SERVICE CENTRE

for

MARCONI INSTRUMENTS

WE have pleasure in announcing the establish

ment of a Marconi Calibration and Service

Centre at Delhi by arrangement with our

Principals

Messrs MARCONI INSTRUMENTS Ltd.
St. Albans, England

The Centre, equipped with a wide range

of Marconi instruments, is under the direct

supervision of a Marconi Instruments Engineer

and provides up-to-date facilities for repairs

and recalibration of Marconi Test Instruments

*

ASSOCIATED INSTRUMENT MANUFACTURERS
(INDIA) PRIVATE LTD.

INDIA HOUSI!

FOIlT STIlEET

P.O. BOX I"
BOMBAY
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"5 GILLANDEIl HOUSE
P.O. BOX 1136

CALCUTTA

SUNLIGHT INSUIlANCE
BUILDING

16-17 ASAF ALI 1l0AD
NEW DELHI
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BALANCES for
SCHOOLS, COLLEGES, INDUSTRIAL

LABORATORIES & RESEARCH INSTITUTES

No.5x No.6 No.2

CATALOGUES SENT ON REQUEST

MANUFACTURED BY:

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

Estd. 1944

ASHA SCIENTIFIC COMPANY
Lotlikar Mansion, 503 Girgaum Road

BOMBAY 2

Tele,ram.: ASHACOM

DIRECT IMPORTERS

OF

LABORATORY APPARATUS,

INSTRUMENTS & EQUIPMENT

AUTHORIZED DEALERS OF

"PYREX"
LABORATORY & SCIENTIFIC

GLASSWARE

[Made in England]

SCIENTIFIC

LABORATORY

REQUIREMENTS

•
•

•

.
INDSALES

Corporation
11 HORNIMAN CIRCLE

BOMBAY 1

Your orders and enquiries - Please
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Indian skill can make
THE MAKERS OF RENOWNED .. BAS Y NTH" BRAND A.R. ACIDS AND CHEMICALS

HAVE THE PLEASURE TO OFFER TO THE SCIENTIFIC RESEARCH WORKERS

OF INDIA A NEW PRODUCT OF 'THE ENGINEERING SECTION:

ROTARY VACUUM PUMP
Laboratory Model: With Air Ballast

• ALL INDIAN MATERIALS &

CONSTRUCTION

• DRY MODEL/SO: SINGLE STAGE,
FOR ROUTINE VACUUM WORK,
WITH AIR BALLAST GADGET

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

Use Swadeshi and help to leeep employed Indian Technical Skill in Industries

INDEX TO ADVERTISERS

S. H. KELKAR & CO. (PRIVATE) LTD.; BOMBAY A20

S. MATHURADAS & CO., BOMBAY AS

SUMMIT SURGICALS, BOMBAY A12

TEMPO b'DUSTRJA.L CORPORATION (PRIVATE) LTD., BOMBAY AID

TOSHNIWAL BROS. PRIVATE LTD., BOMBAY ~32

UDAY SCIENTIFIC INDUSTRIES PRIVATE LTD., CALCUTTA A12

UNIQUE TRADING CORPORATION, BOll BAY A17

VEB CARL ZEISS, JENA Ala

VOLTAS LTD., BOWBAY A3:>

... A24, 25
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AIO

A8

A30

AU

AS, 38

Al8

A28

Al7

A27
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A22

Al8

AU

A2

JAMES A. lOBLING & Co. LTD., SUNDERLAND, ENGLAND

]. T. ]AGTJA.NI, BOMBAY ••.

KEROY (PRIVATE) LTD., CUCUTTA •••

LABORATORY FURNJSHERS, BOMBAY .••

MARTIN & HARRIS (PRIVATE) LTD., BOMBAY

MEGHNA INDl'STRIES PRIVATE LTD., CALCUTTA •••

MOTWANE PRIVATE LTD., BOMBAY •••

M. RAMCHANDRA & SOSS, BOMBAY .••

MVSORE INDUSTRIAL & TESTING LABORATORY LTD.,
BANGALORE

PRARMA TRUST, BOMBAY

PIONEER EQUIPMENT CO. PRIVATE LTD., BOMBAY

RAJ-DER-KAR & CO•• BOMBAY

RAVINDRA & CO. (PLATINUM), BOMBAY

SCIENTIA INDUSTRIES (INDrA) PRIVATE LTD., HOWRAH

SCIENTIFIC ApPARATUS MANUFACTURING Co., BOMBAY

SCIENTIFIC EQUIPMENT WORKS, DELHI

SCIENTIFIC INSTRUMENT CO. LTD., ALLAHABAD •••

ANDHR" ScrESTIFIC Co. LTD., MASULIPATAM •.• At7

ASHA SCIENTIFIC Co., BOMBAY A22

ASSOCIATED lNSTRUXENT MANUFACTURERS (INDIA) PRIVATE
LTD., CALCUTTA •• , ••• ••• A21

B. BABULAL '" Co., BOMBAY A16

BASIC & SYNTHETIC CHEM'CALS PRIVATB LTD., CALCUTTA A23

BENGAL hnlUNITY Co. LTD., CALCUTTA A7

BHARAT ELECTRONICS LTD., BANGALORE AS4

BLUE STAR ENGINEERING Co. (BOMBAV) PRIVATE LTD.,
BOMBAY A31

BONBA Y SCIENTIFIC GLASS WORKS, BOMBAY A28

BRITISH DRUG HOUSES (INDIA) PRIVATE LTD., BO¥BAY A6

CENTRAL SCIENTIFIC SUPPLIES Co. LTD., TAMBARAM A36

CU.PTSMAN ELECTRONIC CORPORATION PRIVATE LTD., BOMBAY AS?

EMISSION RADIO & VARIETIES, CALCUTTA A32

FREDERICK HERBERT, BOMBAY A8

GANSONS PR1VATB LTD., BOMBAY A20

GHARPURB & Co., CALCUTTA Al8

GORDRANOA5 DESAI PRIVATE LTD., BOMBAY All

H. REEVE ANGEL & CO. LTD., LONDON A26

IMPACT, UNESCO, PAR1S A36

!NDSALES CORPORATION, BOMBAY A22

INDUSTRIAL & ENGINEERING ApPARATUS Co. PRIVATE LTD.,
BOIIBAY Al6

INSTRUMENT RESEARCH LABORATORY LTD., CALCUTTA ASO

lNTERNATIO!'fAL CHElnCAL INDUSTRIES, CALCUTTA A28

INTERNATIONAL COMBUSTIO!'f (INDIA) PRIVATE LTD.,
CALCUTTA ••• A33
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VERSATILE-Performs all types of g.. and
scintillation counting of alpha. beta, gamma,
and x-rays with ease and precision.

This new, h1lhly reliable analytical labo
ratory offers complete countinl facilities
for most research and industrial radio
isotope analysis.

MODERN DESIGN-The famous' B·A

"chimney" construction - All receptacles
located on rear of instrument assembly.
Instruments removable from front of cabl net.

EXCELLENT REPRODUCIBILITY-In
all three counting methods-provides Integral
spectra with both proportional and scintilla
tion counting.

COMPLETE - Scaler, amplifier, timer,
power supply, and detectors Included. All

component Instruments are selected for
complete compatibility to deliver maximum

performance.

r---------------,
AComplete Radioactivity Analysis
Laboratory for
Scintillation,
Proportional and
Geiger Counting

BAIRD.ATOMIC, INC., U.S.A.

Distributors:

SEPARATE SYSTEMS-The B-A Basic
Research Laboratory Is available In Individual
counting systems when all types of counting
systems are not reqUired.

Complete facilities for all researchers Is pro
vided by adding the following accessories:
B-A Count Rate Meter and geiger tube, Beta
Sources, Gamma Sources, Carrying Case, and
the Single Scale LogarithmiC Gun type
survey meter.

~
Irel

~ ...Ie

MOTWANE PRIVATE LIMITED
Incorporating:

EASTERN ELECTRIC" ENGINEERING COMPANY PRIVATE LIMITED
and

CHICAGO TELEPHONE" RADIO COMPANY PRIVATE LIMITED
Electrical, Mechanical & Electronic Engineers and Contractors

L 127 Mahum. Gandhi Ro.d, Post Box No. 1312. Bomb.y.1. Phone: 252337 (J line.) Grams: "CHIPHONE".1I offices .J
Branches at: Calcutta, lucknow, New Delhi. Madru, Bangalore and Secundenbad--------------SISTA'S·EE-64
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Curren t

SOVIET MOON ROCKET

THE LANDING ON THE MOON OF THE SECOND RUSSIAN

space rocket, Lunik II, is an achievement of historical
significance and marks the beginning of a new epoch
in man's attempt to conquer space. Lunik II reached
the moon at 2 hr 32 min. 24 sec. 1ST on 14 September
after a flight of about 34 hr. It was launched by
means of a multi-stage rocket, the last stage of which
was a guided rocket weighing 1511 kg. (without fuel).
It carried a hermetically sealed spherical container
with scientific and radio-engineering equipment
weighing 390·2 kg. The last stage rocket attained
a speed of about 11·2 km. (7 miles)/sec. and reached
a trajectory of flight towards the moon approximating
the calculated orbit. At the moment of impact, the
rocket was travelling at 3·3 km. (2,05 miles)/sec.
relative to the moon at an angle of 60° to the moon's
surface.

The precision achieved both in the matter of time
and position of landing in the face of a multitude of
unknown factors and the large magnitudes of distance
and speeds involved, has been truly amazing. After
travelling a distance of 233,600 miles, the rocket hit
the moon 2 min. 36 sec. ahead of the scheduled time
and almost at the exact place where it was intended
to land (in the area of the mare tranquillitatis, mare
serenitalis and mare vapor1l11l, about 497 miles from
the centre of the visible surface of the moon). Care
was taken to sterilize the rocket before launching and
after landing in order to prevent possible contamina
tion of the moon's atmosphere with microbes or fast
growing forms of plant life from the earth.

The equipment carried by the rocket included,
besides three radio transmitters, instruments for pro
viding data on the earth's magnetic field, radiation
zones round the earth, composition of interplanetary
gas, intensity of cosmic radiation, micro-meteors,
etc. Preliminary analysis of the collected data has
revealed that the moon has no magnetic field. In
formation has been obtained on the currents caused
by particles of ionized gas caught by traps in the
rocket's container; the force of currents differed along
the rocket's route, a marked increase having been

Topics

observed at a distance of about 10,000 km. from the
moon. This is explained either on the basis of the
existence of a layer of ionized gases around the moon
or an area of greater concentration of corpuscles.

Another major step towards the conquest of space
was the launching of an automatic interplanetary
space station on 4 October. The 278·5 kg. station,
mounted on the last stage of a cosmic rocket weighing
1553 kg. (without fuel), disengaged itself from the
rocket after going into orbit. Two radio transmit
ters on the station use radar batteries operating on
frequencies of 39·986 and 183·6 Mc/s. They transmit
at definite intervals, for periods of 2 to 4 hr, scientific
information and the results of the measurements of
the parameters of the movement of the station. The
operation of the equipment in the station is con
trolled from a co-ordination and computing centre in
U.S.S.R. This space station will permit the study
of the 40 per cent of the territory of the moon which
has never before been seen by man, and supply new
information on outer space.

DOMESTIC FUEL

THE AGGREGATE FUEL CONSUMPTION FOR HEATING

and cooking purposes in Indian households amounts
to the colossal figure of 83 million tons of wood equi
valent. Indeed the domestic sector is a major con
sumer of energy accounting for nearly 40 per cent of
the total energy consumption. While this is a feature
of the pattern of energy consumption in all under
developed countries, a matter for serious concern in
India relates to the sources from which the domestic
sector draws its energy requirements. Reliable data
on the types and quantities of fuels used in various
parts of the country are not available. An attempt
has been recently made to collect information from
various sources and estimate the consumption both
for rural and urban areas. The results of the survey,
published in this issue, show that wood, charcoal,
and agricultural wastes and cattle dung account for
97 per cent of the total fuel consumed and that cattle
dung forms roughly half of it: The large-scale ex
ploitation of fuel wood for burning, as such or after
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conversion to charcoal, and of cattle dung, which has
been going on for centuries, has had serious reper
cussions on soil conservation and soil fertility.

The energy demands of the domestic sector have
been continuously increasing consequent on the
growth of population and the need for arresting the
wasteful burning of wood and cattle dung for fuel
purposes by making available alternate fuels at
economic prices has gained in urgency. The use of
firewood and cattle dung as fuel is wasteful and only
5 per cent of the heat released by burning them is
actually utilized. Firewood is becoming scarce in
some parts of Rajasthan and in the plains of Uttar
Pradesh, North Bihar, Madras and Andhra, and in
a few states, e.g. Kerala, Orissa and Assam, the
climatic conditions during a large part of the year are
unfavourable for the sun-drying of cattle dung cakes.

Researches at the Regional Research Laboratory,
Hyderabad, and the Central Fuel Research Institute,
]ealgora, have established the commercial feasibility
of producing smokeless fuel from coals at economic
prices. Domestic coke is being produced at Hydera
bad in a 25 tons/day pilot plant and it has found ready
consumer acceptance. The plant in operation at
]ealgora yields domestic coke from all types of coal,
coking and non-coking. These are important deve
lopments. If commercial production of soft coke
and smokeless fuel is established and sustained efforts
are made to popularize their use, the consumption
of firewood and cattle dung can be greatly reduced.
It is gratifying to learn that serious consideration is
being given to the production of domestic coke in the
country in the Third Five-Year Plan.

TELEVISION SERVICE

THE INAUGURATION OF THE EXPERIMENTAL TELE

vision (TV) service of the All India Radio at New
Delhi on 15 September 1959 "marks a significant
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step in the progress of broadcasting and tele
communication in India ". The TV station, which
is equipped with a 500 W. transmitter, four cameras
and ancillary equipment, is housed on the fifth floor
of the broadcasting house in New Delhi, and has
been set up with the assistance of the Unesco and
the Government of U.S.A.

Much planning and experimentation had to be done
before inaugurating the service to attain suitable
conditions for transmission. Problems on lighting
systems and lighting arrangements had to be gone
into and illumination of studio settings had to be
checked; illumination level on an average subject,
strength of the light source, nature and colour of the
reflecting surface, heat dissipation and air-condition
ing, etc., which enable the camera to produce an
acceptable picture, had to be determined. Many of
these intricate problems were tackled by the technical
staff of the All India Radio in collaboration with
the research personnel of the Optics Division of the
National Physical Laboratory.

Because of its audiovisual appeal, TV has great
potentialities as a tool of education and mass com
munication. Its effectiveness for classroom teaching
has been recognized in U.K.; it has been employed
as a demonstration aid in medical education in U.S.A.
The electronic applications of the television principle
in defence installations and in industrial management
are well known. As President Dr Rajendra Prasad
put it, television will go a long way in broadening the
popular outlook and bringing people into line with
scientific thinking. There is no doubt that the tele
vision service should be extended to other parts of
the country, and this implies the training of personnel.
Provision has to be made in universities and technical
institutions to teach the principles of television and
a centre should be set up in the All India Radio to
impart necessary training on the practical aspects of
television.



Food Technology for Asia. & the Far East:
F.A.O. Regional Seminar

V. SUBRAHMANYAN & M. SRINIVASAN

Central Food Technological Research Institute, Mysore

THIS seminar, first to be organized in this
region, was held at the Central Food Techno
logical Research Institute, Mysore, from 1 to 8

August 1959, at the invitation of the Government of
India. Dr A. G. van Veen of the F.A.O. acted as the
Director of the seminar and Dr V. Subrahmanyan,
Director, Central Food Technological Research Insti
tute, as the co-Director. Delegates representing the
following twelve countries of the region attended the
seminar: Burma, Ceylon, China (Taiwan), Hong Kong,
India, Indonesia, Japan, Korea, Pakistan, Philippines,
Thailand and Vietnam. The seminar afforded an
opportunity and a forum for perscms in the discipline
of food technology in the region to exchange views
and establishing contacts so helpful for progress and
mutual benefit.

Country statements presented by the head of each
delegation and lectures and discussions that followed
focussed atten tion on the place of foods processed by
traditional or modern methods in national diets,
present status of food industries in the region, avail
ability of raw materials for processing, effects of pro
cessing on nutritive value, packaging and transport,
storage, hygiene and sanitation, food legislation and
additives, importance of protein-rich foods, technical
resources that exist within the region for the study of
associated problems and machinery for dissemination
of knowledge.

Traditional methods

A feature common to most countries in the region
is the overall importance of traditional methods of
food processing, the great variety of some products
made by these processes and the important place
they have in the diet of the people. Thus, in Korea,
there are nearly 40 different kinds of Mmchies, a
pickled product consisting mainly of vegetables,
spices and some cereal products. In Japan, two
fermented products, miso and shoyu alone, together
with soya, contribute about 6 g. of protein daily to the
diet of the people. Parboiling of rice is mainly
practised in India, Burma and Pakistan and by
other people of Indian origin in the region. India
has further improved upon the method which aims
at reducing the processing time considerably with a

corresponding reduction in the cost of production and
improvement in quality. Fermentation processes for
pulses and fish with or without addition of cereals are
largely used in all countries in the region. In India,
fermented milks and fermented mixtures of rice and a
pulsl' are important, like the notable example of
iddl-i, a fermented and steamed pudding made of rice
and black gram. Smoking of fish is not widely prac

.tised in the region. Though foods processed by these
traditional methods do not appear to contribute
significantly to the food supplies in these areas, some
of them are of nutritional importance and are suitable
for being utilized on a much larger scale. However,
there is need for knowledge of the basic scientific
principles involved.

Protein-rich foods

In large areas of the region, different grades of
protein malnutrition are observed. Some of the
countries of the region reported an increase in the
products of milk. Good use has been made of sup
plies of surplus dried skimmed milk from North
America. But yery often milk and milk products
are not available at reasonable prices or are 'not
available at all. For this reason, the seminar
stressed the need for developing other protein-rich
foods of animal or vegetable origin of high biological
value and particularly those which are assimilable
by infants and children.

Fish fiour of an acceptable! quality is produced
and is in use in Thailand and Burma, to some extent
in Philippines, and is in the experimental stage in
Pakistan and Indonesia.

Soyabean preparations have long been used in the,
national diets of Japan, Taiwan, Korea, Indonesia
and Hong Kong. In Indonesia, a new product
called 'Saridele', which is a spray-dried vegetable
milk produced from soyabean and sesame, fortified
with calcium, vitamin Bli and vitamin A-palmitate,
is in production and use for feedmg school children.
Soyabean milk is being produced in Philippines and
Hong Kong and to a smaller extent in Thailand. In
India, vegetable milk, prepared from peanuts, suitably
fortified with calcium and vitamins, has been pro
duced on a pilot plant sc~e for use, after fermentation,
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mainly as vegetable curds. Japan is carrying on
research on the preparation of a fermented soya
bean product for infant feeding.

Groundnut flour of edible quality for use in low
cost protein foods, enriched flours and composite
grains is being produced in India on a pilot plant
scale. Other reports related to experimental pro
duction of defatted peanut flour in Indonesia, Viet
nam and Taiwan, defatted soyabean flour in Korea,
and defatted coconut flour in the Philippines and
Ceylon.

The seminar considered that: (1) the blending of
protein-rich materials from different sources to
produce the optimum combination of essential amino
acids was desirable; and (2) the protein-rich foods
could be suitably enriched with calcium and vitamins,
to make up for these deficiencies prevalent in some
of the countries of the region.

Food processin~

Food processing was discussed under the following
titles: Raw materials, Canning and bottling, Dehydra
tion, Refrigeration, Food irradiation and Influence of
storage and processing on nutritive value. The main
emphasis was on the methods of processing rather
than on the processed foods themselves. Economic
factors were considered in so far as they had a direct
bearing on the technical discussions.

In all countries in the region, the processed foods
are largely cereals, legumes, fruits, vegetables and
fish and generally there is little processing of other
animal products. An outstanding feature of food
processing in the various countries in the region is the
great importance of small factories. For example,
in Japan there are nearly 30,000 food processing
plants that employ less than 20 people each. This
represents over 80 per cent of the food processing
plants in the country. Nevertheless, in the same
country, the major part of some important processed
products (e.g. soya sauce) is manufactured in large·
factories. In some countries there is a considerable
demand for imported processed products which can
not be produced locally because of the lack of raw
materials. An example is that of Indonesia which
imports each year some 20 million kg. of processed
milk. India imports even greater quantities.

In cases where a food processing industry is linked
with a considerable export trade, a high level of
technical development is found. Particular examples
of this are the frozen fish industry of Japan and the
pineapple canning industry in Taiwan.

Canning and bottling - In Taiwan, the canning in
dustry has expanded to reach in 1958 a total produc
tion of 2,000,000 standard cases, mainly pineapple,
and in Japan, the yearly production was 26,000,000
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standard cases as against 9,400,000 in pre-war years,
mainly fish and shell fish. In general, the canning
industry in other countries of the region has remained
at a low level or has shown only a slight progress, in
spite of there being excellent resources for the produc
tion of raw materials needed for the purpose. Among
the factors responsible for this situation are the low
purchasing power of the people, prejudice against
processed foods and sometimes the poor quality of
most of the raw materials, the deterioration caused by
defective packaging and transport, the poor quality
of auxiliary materials such as sugar and salt and
inadequate control during the canning process itself,
besides sub-standard containers and the cost factor
(since pectin and chemicals like citric and tartaric
acids and specialized equipment for processing have
to be imported). Lack of adequate cold storage
facilities lead to serious losses in perishables used as
raw materials for processing.

Dehydration of foods - Dehydration by modern
methods is little developed in the region. Sun
drying is practised to varying extents. Sun-drying
of fish in Japan amounts to 300,000 tons annually,
in Korea 10,000 tons and in Taiwan about 12,000 tons.
In Thailand, about 7000 tons of tamarind (for export)
and 8000 tons of fish are sun-dried. In Ceylon, about
20,000 tons of sun-dried fish are utilized and small
quantities of jackfruit and breadfruit are sun-dried.
Commercial dehydration is confined to industrial
crops like tea in India, and tea and coconut in Cey
lon. Recently, Taiwan has installed two modern
dehydration plants for sweet potatoes with a daily
capacity of 50 tons.

Refrigeration - Except where it is associated with
an export industry, refrigeration is not adopted
in many countries of the region. Nevertheless, it
can play an important role in developing food indus
tries of a country and India may be quoted as an
example of this, where there are at present 182 cold
storages with a total capacity of about 130,000 tons.
Another 240 cold storages are planned for fruits
and vegetables and an equal number for fish. To
minimize losses, the cold storages for fruits and vege
tables will be located near the main marketing centres.

In the export trade of some countries, for example,
refrigerated foods passing through Hong Kong and
frozen fish from Japan and in the storage of import
ed foods before distribution as with temperate fruits
and dairy produce in Ceylon, ;efrigeration plays an
important part in the region.

Food irradiation - Little work has been done on
this aspect in the countries of this region. Recently,
the Atomic Energy Department of the Government
of India has started a centre for research on food
irradiation. Discussions at the seminar showed an
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awareness to the limitations of radiation treatment
of foods, as was brought out fully at an F.A.O. meet
ing on the use of Ionizing Radiations for Food Pre
servation held at Harwell, England, in November
1958, and the need for further research to be done in
the region. At present, it seems that sub-sterilizing
doses rather than sterilizing doses might lead to prac
tical applications in a reasonably near future and that
such processes may have to be combined with other
methods of processing.

The handling, packaging and transport of perish
able foods present a serious problem throughout the
region. There is an urgent need to improve con
tainers, especially those made from indigenous
materials. In most countries, cans have to be im
ported and the costs are high. Some countries have
to import both cans and glass containers, but more
usually glass containers are made locally. However,
it is often the case that these glass containers are
difficult to seal in automatic or semi-automatic ma
chines and are liable to break during heat processing
of the foods.

A considerable proportion of food produced is lost
during processing, storage and transport and there is
often a loss in nutritive value. Improved methods
of handling, packaging, storage, transport and pro
cessing, with which the science of food technology is
concerned, would do much to reduce these losses.
There is a need to provide facilities for more rapid

• transport of perishable foods.
Influence of storage and processing on nutritive

value - Since relatively little is known about the
effects of processing and storage on the nutritive
value of the foods commonly used in the region, and
for the improvement of the processes, both tradi
tional and modern, the seminar considered that:
(i) data should be collected from different countries
in the region on the effects of canning, dehydration
and refrigeration on the nutritive values of locally
available foods. The data should refer to the foods
as freshly produced and after specified periods of
storage under typical local conditions; and (ii) data
should also be collected on the effects on nutritive

value and the traditional methods of food process
ing, especially as operated on a small scale. These
processes include sun-drying, salting and brining,
pickling, smoking, starching, deep fat frying and
home baking.

Food le~islation

After hearing the views expressed on food legis
lation, food additives, hygiene and sanitation, the
seminar came to the conclusion that a proper con
sideration could be given to these subjects only in a
seminar exclusively devoted for the purpose and
accordingly made a recommendation to the F.A.O.
to hold a seminar in the region. in the near future.

Personnel and trainin~ facilities

Research in food technology and training of per
sonnel are receiving attention in all countries in the
region which includes training abroad under fellow
ships granted by the United Nations organizations
and under bilateral aid agreements. With the
exception of Japan and India, the facilities for spe
cialized courses in food technology are rather limited
in the area. The necessity is, therefore, urgently
felt for the establishment of national training centres.
The seminar was also of the opinion that it would be
extremely useful if a regional training centre could
be set up where students from the different countries
could be trained in food technology at different
levels and where researches pertaining to the prob
lems of the region could also be undertaken.
Accordingly, it was recommended that the F.A.O.
should explore the possibilities for setting up such a
centre, keeping in view a programme for exchange of
technical and research personnel between the different
countries of the region, in developing this centre.

Among the various recommendations made to
governments based on discussions at the seminar
was the need for starting extension services to pro
mote food processing industry and to impart instruc
tion to people with regard to simple methods of food
processing and food preservation and conservation,
and prevention of wastage.
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In this paper an attempt has been made to estimate the domestic fuel con
sumption in rural and urban areas in India. The estimates given are based on
the population figures for the year 1954-55 and have been derived from an
analysis of the available and recorded data.

The total domestic consumption of fuels in India is estimated at 82·24
million tons in air-dry firewood equivalent, about 78 per cent of which is con
sumed in the rural areas and 22 per cent in the urban areas. Of the total

. quantity of fuel consumed, cattle dung contributes 49·6 per cent, firewood and
charcoal 38·7 per cent, plant waste 8·5 per cent, soft coke 2·7 per cent, kerosene
0·4 per cent and electricity 0·1 per cent. According to the derived estimates
the total quantity of firewood consumed is about five times the recorded pro
duction. The total quantity of cattle dung (green) produced in the country is
1036 million tons and the quantity available for use is 696 million tons of which
300 million tons are dried and burnt as fuel.

FOR the implementation of any scheme of
industrialization, adequate supply of energy
is as important a problem as the supply of

raw materials or technical manpower.' In the Third
Five-Year Plan, the Government of India is laying
special emphasis on the development of energy
resources. In this context, it is, therefore, neces
sary to have as precise an estimate as possible of
energy consumed by industrial, domestic and other
sectors.

In India, as in other industrially under-developed
countries, the domestic sector is by far the biggest
energy consumer and any survey regarding the supply
and consumption of energy has to begin with the
domestic sector, because its requirements have to be
met first.

The survey regarding domestic consumption of .
energy in India is beset with a serious difficulty.
More than four-fifths of the population is rural and
the people li', .••g in the villages depend upon fire
wood, cattle dung and agricultural and other plant
wastes for fuel. These materials are generally
obtained free of cost from all possible local sources
according to the needs of the user. Under these
conditions it is well nigh impossible to arrive at precise
estimates of the consumption of different types of
fuels without the aid of a properly planned and
comprehensive survey. No such overall survey, for
all types of fuels, for the whole country has so

·Formerly Technical Officer (Forestry), Ministry of Food
& Agriculture, Government of India, New Delhi. Present
address: ]B/S Rajouri Gardens, New Delhi.
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far been undertaken in the country and no direct
recorded data are available for certain types of
fuels.

For the purpose of the present survey, scattered
information dealing with domestic fuels has been
collected from various sources, and aliter examining
it in the light of the local conditions, estimates of
consumption have been formed for the whole country,
separately for the rural and urban areas. The esti
mates are derived values and are based on the popu
lation figures for the 1954-55; the energy consumption
for illumination purposes has not been taken into
consideration and the domestic heating and cooking
requirements' are the main areas covered.

Types of fuels

With the exception of hydro-electricity, utilizable
energy is mostly obtained by burning certain organic
materials, generally designated as fuels, which, for
convenience, have been classified into the following
three categories:

(a) Primary fuels - This class includes mineral oil,
coal, lignite, etc. To these may be added hydro
electricity. They provide the bulk of the energy used
in the industrially advanced countries.

(b) Secondary fuels - To this class belong firewood,
charcoal, vegetable oils and animal fats, cattle dung,
agricultural and other plant wastes, etc. These
materials form the major part of the fuel consumed
in industrially under-developed countries.

(c) Atomic fuels - At present the use of these fuels
is not widespread.



•A survey was conducted by the author in September 1958.
tA survey was conducted by the author in October 1958.

TABLE I-CALORIFIC VALUE AND MOISTURE
AND ASH CONTENTS OF FUELS

FUEL MOISTURE ASH CALORIFIC CONVER-
% % VAL. SION

B.t.u.jlb. FACTOR
FOR WOOD

EQUI-
VALENT

Wood (air-dry) 9·8 1'5 8000 1·00
Charcoal 2·0 3·0 13900 2'00
Mango leaves 9·8 18·0 6100 0·50
Casuarina leaves 8·4 1·3 8000 0'60
Palmyra leaves 9'4 5·3 7600 0'60
Date palm leaves 10·5 I 4-4 7300 0'60
Paddy husk 11'6 19·5 6200 0'50
Coconut shell 9·3 0·2 7700 0·75
Dung (sun-dry) 9·0 18·0 5000 0·63
Coal 10700 1·60
Soft coke 5·0 25·0 10200 1·60
Kerosene 19800 3·00

having a colder climate consume more fuel. Simi
larly the requirement of fuel by wheat eaters is more
than that required by rice eaters. After making due
allowance for these variations, it should be possible to
estimate the total quantity of fuel burnt in rural
households in each state.

Rural Punjab is economically somewhat better off
than its counterpart in other states. Its climate is
cold in winter and the inhabitants are principally
wheat eaters. The domestic fuel consumption in
this state should, therefore, be among the highest in
India. In the rural areas of Amritsar district the
monthly intake of fuel per household is about 4
maunds* (c. 328 lb.). By weight, 80 per cent of
this is constituted of sun-dry cattle dung, 15 per cent
air-dry firewood and 5 per cent agricultural and other
plant wastes. In terms of air-dry wood equivalent it
comes to about 540 lb. per head per year. This may
be taken as a reasonable average for the whole state.
In arriving at this figure the average household has
been taken to consist of five persons8 and the conver
sion factor of plant waste to firewood equivalent as 0·5.

In rural areas of Uttar Pradesh the domestic fuel
consumption is slightly less than that in the Punjab
and is about 500 lb. per head per yeart.

Orissa State is among the poorest in India and the
domestic fuel consumption per head per year in
firewood equivalent is 420 lb. in this state (personal
communication from the Forest Utilization Officer,
Government of Orissa).

In Madras and Kerala, the density of rural popu
lation is high and the fuel supplies limited. In these
states fuel consumption may be taken as 400 lb. of
firewood equivalent per head per annum.

The estimated fuel consumption in the rural house
holds for each state in India is given in Table 2.
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Quality of domestic fuels

The quality of a domestic fuel is determined by
its calorific value and its moisture and ash contents.
Fuels which bum away rapidly require constant
feeding and heat wastage is high. Leaves, brush
wood and most of the agricultural and other wastes
suffer from this drawback. Woods which bum uni
formly and are converted into charcoal before turning
to ash are good fuels. Smokelessness and ability
to ignite readily are also desirable qualities.

In Table I are listed the fuels commonly used in
the"Indian households, along with their calorific values
and ash and moisture contentsl ,2. The approximate
conversion factors for deducing air-dry wood equivalent
are also given which have been fixed, taking into
consideration the calorific values and heat losses in
use. Firewood has been made the basis because,
for a long time to come, it will perhaps continue to
be the most important' domestic fuel in India.

Pattern of domestic fuel consumption In
rural and urban areas

Domestic fuel consumption in the rural and the
urban areas in India is different both in quantity and
kind, and the quantity of fuel used in a rural house
hold is less than that in an urban household. The
choice of the domestic fuels in the villages is governed
mainly by two considerations. The first is the tra
ditional disinclination of a villager to buy fuel. Se
condly, the transport of fuels in rural areas is difficult
due to poorly developed roads and other transport
facilities and the little demand at anyone place.
Not only the supply of primary fuels to the rural
areas is ruled out but also that of firewood if it has
to be brought from some distance. Thus the fuel
supplies in the rural areas are highly localized and
where firewood resources are meagre, they consist
mostly of agricultural and other plant wastes.

In urban areas every item of domestic fuel is a
commercial commodity, and firewood is still the main
fuel. In most of the towns in the eastern parts of
India and parts of North India, the quantity of soft
coke consumed is more than that of firewood, because
the former is relatively cheap. The proportion of
cattle dung used is small and that of plant waste
insignificant. In cities electricity and kerosene are
being increasingly employed.

Domestic fuel consumption in rural areas

Due to scarcity of firewood, especially in the
densely populated parts of the country, the con
sumption of fuel in the majority of the rural house
holds is reduced to the barest minimum. This can
be assumed to be the case for all the states but for
the differences in climate and eating habits. States



TABLE 2-ANNUAL DOMESTIC FUEL
CONSUMPTION IN RURAL AREAS

(Fuel consumption given in terms of wood equivalent)

STATE CONSUMPTION RURAL TOTAL
PER HEAD POPULATION CONSUMPTION

lb. millions million tons

Andhra 420 26·70 5·01
Assam 550 8·93 2·19
Bihar 480 37-42 8·02
Bombay 450 35·82 7·20
Kerala 400 12-18 2·18
Madhya Pradesh 480 2J-74 5·09
Madras 400 23045 4-19
Mysore 420 I 15-47 2·89
Orissa 420 14'54 2-73
Punjab 540 13·52 3-26
Rajasthan 500 13047 3·07
Uttar Pradesh 500 56·50 12-61
West Bengal 420 20·72 3-89
Delhi 520 0·30 0·07
Himachal Pradesh 600 HO 0·30
Manipur 500 0·59 0·13
Tripura 480 0·63 0·14
Jammu-Kashmir 700 3-62 H3

All India 465 308·70 64·10

The population figures given are for 1954-55 pro
jected from the census held in 1951, assuming a
yearly increase of 1 per cent.

Firewood supplies in rural areas - In rural areas
firewood is obtained from nearby fuel-wood planta
tions, if any, from trees growing on private lands,
village commons, wastelands, boundaries of the fields,
fruit gardens, etc. Villages situated near the forests
draw their requirement of firewood from them.

During the past 50 years the supply of firewood has
considerably deteriorated in the rural areas. Before
the First World War, firewood formed a large part of
the domestic fuels and good quality species were
available in plenty. At present they have almost
disappeared and others are also getting scarce. The
scarcity of firewood in the rural areas has also been
aggravated by the high cost of its transport. The
result is that the areas which are densely populated
or are away from the forests generally suffer from
acute shortage of firewood. Whatever quantity is
available, comes mainly from the local industrial
species which are felled to meet some immediate
demand and the felling waste is used as fuel. Fruit
trees that are no longer productive and trees of
stunted growth are also cut down, irrespective of
their worth as fuel. Wood from palms is also burnt
as fuel in South India.

States which are surplus in firewood also have
pockets suffering from its shortage because the
distribution of the resources is uneven and transport
facilities are inadequate. For example, there is
acute shortage of wood fuel in the rural areas of the
coastal plains of Orissa, a state in which the pro
duction of firewood is more than the demand. Even
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in the plains of Assam, the most forested state in
India, firewood supplies are inadequate.

In 1954, the National Sample Survey of India,
New Delhi, estimated the firewood and charcoal con
sumption in the country both for the rural and urban
households. Their estimate' of 93 million tons of
annual firewood consumption in the rural areas is
very high and is far beyond the productive capacity
of the country. Very probably the estimates also in
clude dung in addition to agricultural and other plant
wastes, since in the rural areas all these are used
together. The data are, therefore, not of much help
in determining the consumption of firewood alone.

In the absence of any other data, one has to make
the best of the piecemeal information which can be
obtained from various sources. It has been stated
that the supply of firewood in the rural areas is
inversely related to the density of population and
directly to the extent of forests or firewood planta
tions. The means of transport to some extent and
the unequal distribution of firewood resources are also
factors which affect the supply of firewood. Conse
quently, domestic consumption of firewood in these
areas varies considerably with each state.

In the Punjab, the forests occupy only 12 per cent
of the total land area, and a part of it is unreserved.
There is little forest in the plains where the demand
for firewood is the highest. Species like jand (Pro
sopsis spicigera Linn.), kikar (Acacia arabica Willd.)
and shisham (Dalbergia sisso Roxb.) are getting scarce
and whatever is available is now burnt. On account
of pressure of agriculture on land, the progress of
afforestation is extremely slow. The supply of
firewood in the state has been low for a long time
but after the partition of India in 1947 it has become
worse. About 15 per cent by weight of fuel consump
tion in the rural households in Amritsar is met by
firewood, which comes to about 120 lb. per head per
year. This figure may be accepted for the whole state.

The supply of firewood in Uttar Pradesh is no
better. In the vast Gangetic plains of the state there
are hardly any forests and the density of rural popula
tion is high. Non-forest species like mango (Mangi
fera indica Linn.), jaman (Syzygium cumini Linn.).
ber (Zizyphus mauritiana Linn.), nim (Azadirachta
indica A. Juss) and mohua (Madhuca indica J. F.
Gmel) supply firewood. In western Uttar Pradesh
nearly the whole of the cattle dung produced in the dry
eight months of the year is burnt. In eastern Uttar
Pradesh, there is serious shortage of firewood but in
the Himalayan and Terai regions the supplies are
fair. About 100 lb. of firewood per head may be
taken as the estimate for the rural areas in the state.

Bihar has three serious handicaps which have
adversely affected the availability of firewood in the
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rural areas. Firstly, Bihar is one of the most
densely populated states in India. Secondly, com
munication and transport facilities are not well
developed, and lastly, the frequent occurrence of
devastating floods. North Bihar, where the population
is the densest, experiences chronic firewood shortage
and supplies from other parts of the state are negli
gible because of the absence of transport facilities. As
a consequence about 75 per cent of the fuel consumed
in rural houses is constituted of cattle dung. South
Bihar has more forest area but it is not served ade
quately by railways. The domestic firewood con
sumption in the rural sector of Bihar may be nearly the
same as in Uttar Pradesh, i.e. 110 lb. per head per year.

West Bengal's position is peculiar. The state is
fairly urbanized and industrialized but the density
of rural population is very high (about one person
per acre). It is apparent that a part of the rural
population is depending upon urban areas for the
supply of domestic fuels. The rural resources at a
liberal estimate may be providing about 1 cu. ft of
firewood per head of rural population. This is sup
plemented by another cu. ft per head from the urban
areas and firewood depots amounting to 15 million
cu. ft in all. This quantity is what is left over after
deducting the quantity consumed by urban popula
tion from a total recorded availability of firewood of
25 million cu. it in the state which is made up of 15
million cu. ft of forest fellings, 8 million cu. ft of
sawmill and wood-working waste and about 2 million
Cll. ft obtained from other states5. Thus in the rural
areas domestic consumption may be about 2 cu. ft or
90 lb. of firewood per head per annum.

The firewood resources of Orissa are ample but are
unevenly distributed and means of communication
and transport are inadequate. In the coastal dis
tricts of Puri, Cuttack and Balasore, where the
population is the densest, firewood forms only 20 per
cent of the domestic fuel consumption. For the rural
areas of the whole state it may be estimated at about
50 per cent of the total firewood supply or about
200 lb. per head per year.

Madhya Pradesh has a large area under forest,
but not uniformly distributed. About half of the
firewood produced in the state is consumed in the
urban areas and a part is exported. What is left
for the rural sector is small (about 60 lb. per head
per year) and its distribution is uneven. Conse
quently, the rural population depends mainly upon
local resources for firewood which may be about
double of the above quantity. The total firewood
consumption of the rural areas in the state may be
about 160 lb. per head per annum.

In Rajasthan, because of its large area, most of
which is in the arid zone, and poor means of com-

munication, firewood consumption in the rural areas
is the lowest in India and may be put at 60 lb. per
head per annum.

In Mysore State 18 per cent of the total area is
under forests and the density of rural population is
not high. The state being away from the coal
producing centres, the urban areas use mostly fire
wood and charcoal with some quantities of cattle
dung. About one-third of the firewood felled in the
forests is used in the rural areas which amounts to
about 70 lb. per head per annum. Some quantities
of firewood are also obtained locally from unrecorded
sources which may be on an average 1·5 cu. ft per
head per year. The total annual firewood consump
tion in the rural households in Mysore State may be
taken as 130 lb. per head per year.

In Bombay State, the western parts are urbanized
. like West Bengal, but this does not materially affect
the overall position of the rural areas in respect
of firewood supplies. The domestic consumption
of firewood may be put at 120 lb. per head per
year.

The density of rural population in Madras is high
like Uttar Pradesh. The forests of the state have
suffered a great deal from denudation but there are
casuarina plantations all along the west coast. Fire
wood supplies in the rural areas are meagre and may
be the same as in Uttar Pradesh amounting to about
90 lb. per head per year.

Firewood consumption in the rural areas of Andhra,
though higher than that in Madras, may be of the
same order as of Bombay or Mysore, i.e. about 120 lb.
per head per year.

Assam is the most forested state in India. Out of
about 80,000 sq. miles of its forests, a little less than
half is in the NEFA area and about 20,000 sq. miles
are in the areas which are difficult to develop. The
rest, about 25,000 sq. miles, is in the plains districts.
The urban population being small, its demand for
firewood is not heavy, but the tea gardens need
considerable quantities of firewood. On account of
the unequal distribution of forests there is some
shortage of firewood in the rural areas and its
supply may be of the order of 300 lb. per head per
year.

Kerala has sufficient area under forest but it is<,

unevenly distributed. The demand for firewood by
industry is heavy. The density of population in this
state is the highest in India and both rural and urban
areas suffer from firewood shortage. Palms, palm
leaves and other plant wastes are burnt in very large
quantities, palms alone accounting for more than
500,000 tons. Wood and palms combined may
roughly contribute 180 lb. per head per year as fuel
in the rural areas.
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TABLE 3-ANNUAL CONSUMPTION OF
FIREWOOD IN RURAL HOUSEHOLDS

The firewood resources in the rest of the states are
fair considering their population. Delhi is. however,
an exception.

In the light of the above considerations the con
sumption of firewood for the different states has been
calculated and given in Table 3. From Table 3 it
can be seen that the total annual firewood consump
tion in the rural households in India is 17·72 million
tons and the average per head is about 129 lb. The
total annual recorded production of firewood in the
country during 1952-55 was 6·37 million tonss. The
rural consumption of firewood alone is thus a little
less than three times its recorded production in the
whole country.

Domestic consumption of charcoal - The use of
charcoal in rural households is small and it is mostly
used up near the centres of production where it is
available cheaply. According to the National Sample·
Survey4 about 234.000 tons of charcoal were con
sumed in the rural areas in India in 1954 (figures for
Jammu-Kashmir are not included). The average
consumption of charcoal per head of rural population
can, therefore. be put at 1·7 lb. or 3·4 lb. of wood
equivalent.

Consumption of agricultural and other plant
wastes - Rice husk. stalks of cereals, bagasse, stems
and roots of agricultural crops. coconut shells, shrubs,
brush wood. leaves and grasses. etc., are extensively
used as domestic fuels in the villages. Principally
these waste materials are burnt in the households to
relieve shortage of firewood and cattle dung.

The consumption of agricultural and other plant
wastes as fuel depends upon various considerations.

Cattle dun~ as domestic fuel in rural areas

Enormous quantities of ca,ttle dung are used in
rural households for domestic heating and cooking
purposes. As dung is meant to be used primarily
as a soil fertilizer. it may be worthwhile ascertaining
its total production in the country and how much of
it is used as fuel.

Annual production of cattle dung in rural areas
The production of cattle dung in the country has
been variously estimated by different authorities2,7,8.

The Compost Development Officer, Government of
India. estimates the production of green dung in the
country at 1200 million tons annually. The different
states are divided into two groups with respect to
production of dung per animal per day. The first
group includes Assam. Kerala. Orissa, West Bengal.
Jammu-Kashmir, Himachal Pradesh. Tripura and
Manipur, where the size of the cattle is small. In the
second group are included the rest of the states in
which the cattle are of larger size. The estimates
for the two groups are as follows:

GROUP I GROUP II

Adult buffalo 25 lb. 80 lb.
Adult cattle 20 " 40 "
Young stock 10 " 20 "

The estimates in the second group require some
modification. The average yield of 80 lb. of dung
per adult buffalo is rather high. The average should
be about 55 lb. Similarly. for the cattle it should be

1-43
1·20
1·84
1·92
0·98
1·70
0·94
0·90
1·30
0'72
0·36
2·52
0'83

Small
0·01
0·22
0·18
0·10
0·65

17·72

TOTAL
CONSUMPTION
OF FIREWOOD
million tons
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In the Punjab. agricultural waste is utilized as cattle
fodder. A part is also used for making articles of
utility. Consequently little is left for use as domestic
fuel and what is available is approximately one-third.
by weight of the firewood consumed. In Rajasthan
the quantity thus used may be the same and in Uttar
Pradesh and North Bihar slightly more.

In Assam, Orissa and Kerala. the use of plant
waste is high because larger quantities are available
and the production of cattle dung is not only small
but the climate for the major part of the year is too
wet for its drying. In the coastal plains of Orissa.
the use of plant waste as fuel is two and a half times
that of firewood. In these states. on the average. the
consumption of plant waste should be well over that
of firewood. For the whole country. the consump
tion of plant waste in the rural areas is about three
fourths by weight of firewood consumed and its
firewood equivalent may roughly be put at 7 million
tons or about 51 lb. per head per year.

It may be mentioned here that agricultural and
other plant wastes are highly heterogeneous and
accurate estimate of their consumption is very
difficult.

80
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380
350
400

129

120
300
110
120
180
160
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130
200
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60

100
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Per capita
CONSUMPTION
OF FIREWOOD

lb.

STATE

Andhra
Assam
Bihar
Bombay
Kerala
Madhya Pradesh
Madras
Mysore
Orissa
Punjab
Rajasthan
Uttar Pradesh
West Bengal
Andamans
Delhi
Himachal Pradesh
Manipur
Tripura
Jammu-Kashmir

All India
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about 35 lb. After making allowances for these, the
statewise production and consumption of green dung
has been calculated for rural areas and is given in
Table 4. The buffalo and cattle population for these
calculations has been obtained from the All India
Livestock Census, 1956.

The total production of green dung in the rural
areas in India is estimated at 995·14 million tons
100·53 million tons in Group I states and 894·61
million tons in Group II states.

Annual consumption 01 dung lor domestic use as
fuel in rural areas - Surveys on the production and
utilization of dung have been undertaken in some
parts of the country. Recently, one such survey
was carried out in Chingleput district, Madras9• But
no survey has been undertaken for the whole country.
A number of estimates have been put forward which
show wide differences. According to Burns8 about
115 million tons of dry dung are burnt in India as
domestic fuel annually. Putnam10 estimates that
out of 10·62 million B.t.u. of. energy consumed per
head in the country, about 73 per cent comes from
dung which amounts to 250 million tons of dry dung.
According to Bhabha, the quantity of dung used is
224 million tons. In arriving at this estimate,
Bhabhall has assumed that firewood used in the
country is only 33 per cent more than its recorded
production while actually it is considerably more.
This assumption accounts for the high estimate.
Acharya7 reports that two-thirds (c. 600 million
tons) of the green dung produced in the country is
used as fuel. According to the Indian Council of
Agricultural Research Memorandum on the Develop
ment 01 Agriculture and A nimal Husbandry in I ndia12,

about 40 per cent of the available dung is consumed
for domestic purposes while according to the Report
01 the Experts Committee on Manures and Fertilizers13

it is 50 per cent. Saha, accepting the first estimate,
concluded that 256 million tons of green dung (71
million tons dry) are consumed as fuel.

The above ~stimates are for both the rural and the
urban sectors; separate data for the former are not
available. However, with data already available
for firewood, charcoal and plant waste under total
domestic fuel consumption in the rural areas, the
amount of dung consumed can be calculated. The
total amount of energy, in terms of air-dry wood
equivalent, is 64·10 million tons and to it firewood,
charcoal and plant waste contribute 17,72, 0·47 and
7 million tons respectively. The remaining 38·91
million tons of wood equivalent come from 62·26
million tons of sun-dry, or 286 million tons of green
dung which is 43 per cent of the 663 million tons of
available green dung, assuming that one-third is lost
during grazing, etc. Thus, the per capita consump-

TABLE 4 - ANNUAL PRODUCTIOJ:I/ AND CON-
SUMPTION OF DUNG AS FUEL IN RURAL AREAS

STATE TOTAL AVAIL- QUANTITY CON-
GREEN ABLE USED AS SUMP-

DUNG GREEX FUEL TION
PRODUC- DUNG million 0'

/0
TION million tons

million tons
tons

Group I
Assam 16·12 10·7 1-83 17
Kerala 7·76 5·2 0·93 18
Orissa 25·20 17·0 4-11 24
West Bengal 33·17 22·0 9·98 45
Jammu-Kashmir 5·76 3-8}Himachal Pradesh 9·26 6·0 3-75 30Manipur 2·30 1·5
Tripura 0·96 0·6

Group II
Andhra 94·44 63·0 24-64 39
Bihar 95·86 64·0 37-60 59
Bombay 128·68 86·0 37·02 43
Madhya Pradesh 142·74 95·0 23·73 25
Madras 58·09 39·0 20·67 53
Mysore 59·78 40·0 13·00 32
Punjab 51·96 35·0 17-76 51
Rajasthan 78·09 52·0 18·81 36
Uttar Pradesh 181-45 120·0 71-30 59
Delhi 3-45 2·3 0·37 16
Andamans

Total 995:14 663·1 285'00 43

tion of dung as fuel can be assumed to be 452 lb.
(sun-dry) or 282 lb. of wood equivalent.

It may be of interest to know the factors which
promote the use of dung as domestic fuel and how
its use varies in different states.

The first of these factors is the scarcity of firewood
which may be due to lack of firewood resources as in
Rajasthan and the plains of Punjab, Uttar Pradesh,
North Bihar, Madras, Andhra, etc. In areas which
suffer from paucity of firewood resources and where
the density of population is high, the demand on
dung as domestic fuel is very heavy, as in Uttar
Pradesh, Bihar, Madras and Punjab. Secondly, the
quantity of dung produced should be large and the
climatic conditions should facilitate its sun-drying.
For this reason the consumption of dung in Rajasthan
Madhya Pradesh and parts of Punjab, Mysore,
Bombay and Andhra is high. In Kerala, Orissa and
Assam, the production of dung, is low and also its
use as fuel is scant.

Based on these considerations and taking into
consideration the total domestic fuel requirement
and the production of firewood, charcoal and agri
cultural waste, the consumption of dung as fuel for
each state has been worked out and is given in Table 4.

The total domestic consumption 01 various fuels in
rural areas is summed up in Table 5. Dung forms 60·7
per cent and firewood 27·7 per cent of the total con
sumption of 64·10 million tons of firewood equivalent.
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TABLE 5-DOMESTIC CONSUMPTION OF
FUELS IN RURAL AREAS

FUEL TOTAL CONSUMPTION PERCENT-
CONSUMPTION PER HEAD AGE OF

~----. r-~ TOTAL
As fuel Wood As fuel As wood
million equi- lb. equi-

Ions valent valent
million lb.

Ions

Firewood 17·720 17·72 1·29 129·0 • 27-7
Charcoal 0'234 0·47 1·70 H 0·7
Agricultural 7·000 7·00 50'60 50'6 10·9

and plant
wastes (in
wood equi-
valent)

Dung (sun- 62-260 38·91 452·00 282·0 60·7
dry)

Total 64·10 465·0 100·0

Domestic consumption of fuel in urban areas
During the past fifty years the pattern of fuel

consumption in th'e urban households ha~ undergone
some change. To begin with, firewood was the only
domestic fuel employed; small amounts of dung
were also used. The supplies of firewood were
obtained from the rural areas and forest plantations
near the urban centres. During the First World
War, the forest plantations suffered heavily and after
the war, although firewood was still the main domestic
fuel in the towns, its supplies were no more local.
During the Second World War, firewood supplies
decreased further and the rural areas were almost
exhausted of firewood species. Since then the urban
population has started using soft coke and electricity
and kerosene oil to some extent. Sawdust and wood
working waste are also now employed in urban
households.

The consumption of different fuels for domestic
purposes in urban areas is discussed below. Since
plant wastes are consumed in negligible amounts,
firewood, charcoal, dung and other primary fuels
such as coke and kerosene are discussed.

Firewood - The National Sample Survey of India
has collected information on the domestic consump
tion of firewood and charcoal for the urban areas.
Recently, the National Council of Applied Economic
Research, New Delhi, also undertook an investigation
on similar lines. According to the National Sample
Survey4 the consumption of firewood is the lowest in
east India amounting to 198 lb. per head per year.
It is because urban areas in this zone lie mostly in
West Bengal where, on account of the proximity to
the coalfields, soft coke is available in plenty and
cheap, and is consequently the main domestic fuel.
Firewood, on the other hand, is in short supply and
costly. Calcutta, which is by far the biggest single
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urban unit in this area, uses firewood only as a subsi
diary fuel.

In the central zone, firewood consumption is the
highest, i.e. 618 lb. per head per year, and but for the
region constituted by the former Hyderabad State,
the central zone has ample firewood resources. The
Madhya Pradesh Government is paying special
attention to the proper distribution of firewood over
the whole state. Lastly, this zone is not sufficiently
urbanized and hence the use of soft coke and other
primary fuels is yet to be established.

For the country as a whole the annual domestic
consumption of firewood is 372 lb. per head of urban
population. The total firewood, consumption is
11·45 million tons which is a little less than twice its
recorded production. This is understandable because
practically the whole of the recorded production of
firewood is directed towards meeting the needs of
the towns with additional supplies coming from un
recorded sources like the surrounding rural areas,
private lands, gardens, etc., and from the sawmills
and wood-working industries.

Charcoal- Only south and south-west India are
consuming significant quantities of charcoal and the
consumption is estimated at 27 lb. per head per year.
Since these zones are far away from coal production
centres, soft coke is not used to any great extent.

The total amount of charcoal used in urban house
holds in India is 435,000 tons or 14·7 lb. per head
which is nine times the amount employed in rural
areas.

Dung - Dung is used in relatively small amounts
as compared to rural areas and the dried dung cakes
are produced locally. As a rough estimate about 40
per cent (33 million tons) of the available dung is
burnt as domestic fuel in the urban sector which
works out to 3 million tons (sun-dry) or 97 lb. of
dry dung per head per annum. The corresponding
figure as air-dry wood equivalent is 1·89 million tons
or 61 lb. per head. Thus the use of dung in the
urban households is about one-fifth of that in the
rural households.

Soft coke - Soft coke is being increasingly used as
domestic fuel in the urban areas. In the eastern
parts of the country its use is the greatest. In Delhi
it forms about 50 per cent of the total domestic fuel
consumption. In Calcutta the percentage is higher.
In 1954, the amount of soft coke used for domestic
use was 1·4 million tons or 1·75 million tonsl4 of coal
equivalent. The wood equivalent of it is 2·24
million tons. Assuming that the whole of it was
consumed in urban areas, the per capita consumption
of coal is 45·4 lb. or as wood equivalent to 73 lb.

Electricity-In 1954, electrical energy used for heat
ing and other purposes in the domestic sector in India
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"Electrical energy consumed expressed in million kWh.

TABLE 6 - ANNUAL DOMESTIC FUEL AND
POWER CONSUMPTION IN URBAN AREAS

TABLE 7-TOTAL ANNUAL DOMESTIC FUEL
CONSUMPTION IN INDIA

"Total electrical energy consumed expressed in million
kWh. and per capita consumption in kWh.

CONSUMP
TION

%

QUANTITY QUANTITY
CONSUMED IN WOOD

miNion tons EQUIVALENT
million tons

FUEL

FUEL FUEL IN WOOD EQUIVALE:-IT
CONSUMPTION , I

~ Total Per Percent-
Total Per milliou capita age of

",illioll capita tons lb. total
tons lb.

Firewood (air- 12-60 409·00 12-60 409·0 69·5
dry)

Charcoal 0·50 16'00 1·00 32·0 5-4
Dung (sun-dry) 3·00 97·00 1·89 61·0 10·4
Soft coke 1·40 45-40 2·24 73-0 1204
Electricity" 48·94 2·16 0·11 3·6 0'6
l(erosene 0·10 3'20 0'30 9·7 1·7

All fuels 18·14 588·3 100·0

Firewood (air-dry) 30·320 30·32 36·9
Charcoal 0'734 1-47 1·8
Agricultural and plant 7·000 7·00 8·4

wastes (in.wood equi-
valent)

Dung (sun-dry) 65·260 40·80 49-6
Soft coke 1·400 2-24 .2-7
Kerosene 0·100 0'30 0·4
Electricity" 148·940 0'11 0·1

industrial wood. In most countries of south-east
Asia this ratio varies from 8 to 10. Per capita annual
consumption of firewood in India works out to 180 lb.
or 4·4 cu. ft. If wood for making charcQal is included,
it works out to 4·9' cu. ft.

In addition to 734,000 tons of charcoal consumed
in the domestic sector, another 150,000 tons are
utilized in industry, bringing the total to about
884,000 tons. Out of this, 335,000 tons are the
recorded production, the rest coming from unrecorded
sources.

The total green dung produced in the country is
1036 million tons and the quantity available for use is
696 million tons. The dung consumed as fuel is
about 300 million tons (green) or 65·26 million tons
(sun-dry), which forms 43 per cent of the available
amount.

For the whole country the quantity of fuel used
for domestic purposes is 82·24 million tons in wood
equivalent. Wood, charcoal, agricultural and plant
wastes and dung constitute 97 per cent of the total
and the primary fuels constitute only 3 per cent.
Dung alone accounts for 50 per cent of the total
amount of fuel consumed.

was estimated at 135·4 million kWh.I.. Since prac
tically the whole of it was confined to the urban areas,
the consumption per head works out to 1'96 kWh.
Assuming that the efficiency of electric heating is
about four times that of the burning of firewood, this
works out to, in terms of wood equivalent, 0·1 million
tons or 3·3 lb. per head of urban population.

Kerosene oil- Although mainly used for illumina
tion purposes, kerosene oil is also used for domestic
heating and the quantity used may be about 0·1
million tons or 0·3 million tons in wood equivalent or
9·7 lb. per head per year. Its consumption is, how
ever, increasing rapidly.

The consumption of fuel in hostels, boarding
houses, messes, hotels, restaurants, etc., should be
considered as part of the fuel used for domestic
purposes. For want of a better estimate, the con
sumption by these establishments has been fixed at 10
per: cent of that in the urban households. Modify
ing the estimates for firewood, charcoal and electri
city accordingly, the domestic power and fuel con
sumption in the urban areas is summarized in Table 6.

In terms of wood equivalent, the total domestic
fuel consumption is 18·14 million tons and per capita
consumption is 588·.3 lb. This does not include the
energy used for illumination. Assuming the average
strength of a household as 5·3 persons, the consump
tion per household is 3118 lb. of firewood equivalent
or 25 X 106 B.t.u. The estimate according to the
Central Fuel Research Institutel is 30 X 106 B.t.u.

Table 6 shows that firewood is still the principal
domestic fuel in the urban areas, forming over 69 per
cent of the total consumption. The consumption of
dung and soft coke is nearly the same, each being
about 10 and 12 per cent respectively of the total
fuel consumed. Charcoal, which comes next, is 5
per cent. Thus in the urban sector the average
amount of domestic fuels utilized per head is about
27 per cent more than that in the rural areas.

Total domestic fuel consumption in India - In
Table 7 is recorded the total domestic fuel con
sumption for both rural and the urban areas.

The quantity of firewood consumed per annum in
the domestic sector is 30·32 million tons which,
together with 1·2 million tons consumed in other
ways, makes a total of 31·52 million tons. Of this
quantity about 0·7 million tons is wood-waste ob
tained from the various wood-based industries. The
rest of 30·82 million tons are made up of firewood.
Thus the total quantity of firewood consumed in the
country is about five times its recorded production.

The average annual production of industrial wood
in the country for 1953-55 has been estimated at
225 million cu. ft or 4·5 million tons16• The quantity
of firewood produced in India is seven times that of
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Sir Alfred Egerton, F.R.S.: I886-I959-0bituary

THE NEWS OF THE DEATH OF SIR ALFRED EGERTON,

F.R.S., Professor of Chemical Technology, Imperial
College, London, on 7 September 1959 will be received
with regret by many Indian students who have had
their research training under him. Sir Alfred will,
however, be remembered in India for his work as
the Chairman of two scientific reviewing commit
tees - the Indian Institute of Science, Bangalore, in
1948 and the Council of Scientific & Industrial
Research in 1954 - and for his contributions to
the development of scientific research in India.

Born on 11 October 1886, Sir Alfred was educated
at Eton and the University College, London. He
was one of the last group of research students of Sir
William Ramsay. He subsequently studied in Ber
lin under Prof. Nernst, a Nobel Laureate. In 1923, he
was appointed Reader in Thermodynamics at Oxford
University. From 1936 to 1952, he was Professor of
Chemical Technology, Imperial College, London. He
was elected a Fellow of the Royal Society in 1926
and served as its Secretary from 1938 to 1948. He
was knighted in 1943. He filled many important
positions in public life. He was a member of the
War Cabinet Scientific Advisory Committee, Fuels
and Propulsion Committee (Admiralty), Scientific
Advisory Council (Ministry of Fuel) and Director,
Salters' Industrial Research Institute. He first
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visited India in 1948 as the Chairman of the Re
viewing Committee for the Indian Institute of Science,
Bangalore. Later, in 1954, he was invited to accept
the Chairmanship of the Reviewing Committee set
up by the Council of Scientific & Industrial Research
to appraise the researches, both pure and applied,
conducted at the national laboratories, and spon
sored research at universities and other research
institutions, and suggest future lines of development.

Sir Alfred Egerton was an authority on Combustion,
particularly on problems bearing on 'knock', a
phenomenon which occurs in internal combustion
engines. As a result of brilliant research he showed
that the' knock' was brought about by the local
enhancement of the rate of reaction owing to chain
reactions produced and sustained by highly energized
intermediate products identified as peroxides. His
approach was mainly fundamental, resulting in
studies bearing on a better understanding of the
phenomenon of combustion. The results of these
researches are found in the Proceedings of the Royal
Society, covering varied topics in combustion such as
(1) limits of inflammability, (2) flames under low
pressure, (3) flat flames, (4) combustion in engines,
(5) exhaust flames from jet engines, etc. In these
projects many Indian students made valuable con
tributions under his guidance.
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The axiomatization tendency and the information network theory application
in neurophysiology have been critically examined, and the experiments and
linguistic habits the various theories involve have been briefly discussed. From
this analysis, it is concluded that biological material can be handled only in a
framework of empirically workable concepts.

I T is in the nature of scientific enquiry that
every potential subject of scientific thought
reaches sooner or later a stage in which it is

treated axiomatically and thereby enters the domain
of mathematics: " Science concedes to idealism that
its objective reality is not given but to be construc
ted", was the way in which Weyll characterized this
state of affairs. In biology, however, a large part of
statements about the subject matter is of purely
descriptive nature or of a type which Mainx2 named
. Pauschalaussagen' (blanket statements); these are
statements referring to highly complex occurrences
which can be analysed into a series of lower order,
testable statements. "The respiratory quotient of
Herbivorous is one ", exemplifies a blanket statement
which in the course of further analysis can be broken
down into observational records of lower generality
and finally into . protocol sentences' of the type
idealized by the Vienna circle. Even in very elemen
tary descriptive statements, .however, there exists
already the beginning of hypothesis construction
and, in fact, the structure of the language used to for
mulate a statement, in itself, determines to some ex;
tent, the nature of the hypothesis. It must not be
overlooked that the subject-predicate construction
of human languages represents in itself a hypothesis
about the nature of the Universe as pointed out by
Whorf3. But statements about observations are not
only determined by the syntax of the language in

'The present paper is meant as a personal tribute to Prof.
C. R. Sankaran, Phonetics Laboratory, Deccan College Re
search Institute, Poona, through whom I have learnt so
much about the subject. I am also indebted to Prof. San
karan for the final form in which the paper is presented
here.

tPresent address: Department of Pharmacology, Cornell
University Medical College, New York.

which they are formulated but also by the meaning
of the constituent words which, at some early
stage of the development of a field of scientific
enquiry, may be identical with their intuitive meaning
in everyday linguistic use. More frequently, how
ever, specific semantic rules are developed to define
the way in which certain words may be connected to
meaningful sentences and such semantic rules imply
in most cases a very specific hypothesis as to the
nature of the event which is to be represented by the
particular statement about it: " the drug A produces
behavioural arousal by desynchronizing the electro
encephalogram" is a typical statement which may be
found in the note-book of an experimenter in neuro
pharmacology and it has, structurally, the appearance
of an observational record. However, the terms
. arousal' and . desynchronization' are connectible
to a meaningful sentence only if we take a specific
hypothesis for granted, namely that statistically
irregular activity of nerve cells of the central nervous
system is in some way linked with the organism's
ability to perceive, and react upon, the environment.
The credit for pointing out the' principle of connecti
vity' in scientific discourse goes to Mises4•

Goody5 has recently given a typical example for
the kind of fallacy that may arise from improper
linguistic habits in neurology, which dates back to
the days of Jackson: "the activity X is localized in
region Z of the central nervous system". A state
ment of this type is legitimate only on the basis of
a specific hypothesis, namely that there exists a speci
fic and invariable correspondence between certain
functions of and certain regions in the central ner
yous system. Such a hypothesis, in its generality,
is no longer tenable on experimental grounds, and
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statements of this type are, therefore, not permis
sible, although they occur frequently in neurological
language.

In more recent years, it has become customary to
use in neurology, as in linguistics', certain terms and
phrases which originally were formulated, and whose
semantics was defined, in information theory or in
algebraic theory of electrical networks7• Their use
is now common 'in neurophysiology and it seems
necessary to examine whether their semantic rules
are such as to justify their use in the subject matter
of neurology, for which they were not specifically
defined. Such an examination is all the more neces
sary as the previously indicated examples show to
what extent linguistic habits determine the structure
of statements and involve assumptions about the
nature of facts; they thereby may, as in fact the
linguistic habit of ' cerebral localization' did, inter
fere with progress in a certain field of enquiry. Infor
mation and network theories were from the very
beginning particularly attractive to neurologists,
because they permitted to some extent an axiomatic
approach in neurology, as will be shown subsequently.

Axiomatic systems in general must fulfil certain
conditions in order to be considered valid4 : (1) there
must be consistency within the system, i.e. state
ments of the type (a. ....., a) 'ire prohibited; (2) inde
pendent interchangeability of the axioms must be
granted; and (3) correspondence to observables,
obtained by co-ordinating the arbitrary symbols of
the axiomatic system with ~ertain protocol sentences
about observables, must be demonstrable.

Although axiomatic systems consist only of tauto
logies, as repeatedly pointed out by the logical posi
tivists, their importance consists in the fact that,
provided certain formulae of the system are made to
correspond to observables, any derived formula will
also correspond to observables.

For the axiomatic system~ under consideration,
conditions (1) and (2) will be considered as valid and
no further discussion appears necessary in view of the
existing liter~ture8,9; only the correspondence prin
ciple will be discussed here for the subject matter of
neurology and an attempt will also be made to analyse
explicitly whether, and to what extent, semantical
rules and basic assumptions of information and formal
network theories may be applied to represent obser
vations about the way in which the central nervous
system functions. More specifically, an attempt will
be made to show whether communication and elec
trical network theory can be considered as a poten
tially useful theory in neurology whose linguistic
apparatus may legitimately be used to map events
occurring in the central nervous system. It will be
useful to divide the enquiry into two parts, and
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consider network and information theories separately.
Both represent higher level hypothesis in the sense
defined by WoodgerLO,ll, characterizing the introduc
tion of words and subject-matter signs different from
the lower level hypothesis (i.e. generalized observa
tional .records).

Formal neural network theory

When Turing12 in 1936 offered the complete proof
for the now famous theorem according to which it is
always possible to design a machine that, given any
axiomatic system, can state and prove all theorems
possible within that system, up to the limitation
drawn by Giidel's theorem, he set the stage for the
development of theoretical neurophysiology. Making
a series of plausible assumptions, such as: (1) the
activity of the neuron is an ' all-or-none' process;
(2) a certain fixed number of synapses must be excited
within the period of latent addition in order to excite
a neuron at any time, and this number is independent
of previous activity and position of the neuron; (3) the
only significant delay within the nervous system is
synaptic delay, which is measured in quantized units;
(4) the activity of any inhibitory synapse absolutely
prevents excitation of the neuron at that time;
and (5) the structure of the net does not change with
time.

McCulloch and Pitts13,U outlined in 1943 a pro
positional calculus of neuron networks which per
mitted to represent, by a formal network, any event
describable in a finite number of words. Their work
allowed to draw some very interesting epistemic
conclusions: specification of the state of a given net
at anyone time t is sufficient to determine fully its
state at the time t +1; however, knowing the state of
the net at time t never permits complete determination
of the state at t-I. The existence of regenerative
activity of constituent circles and the inclusion of the
disjunctive relation makes statements about time
past indefinite. It is, therefore, obvious that any
event can be mapped on activity within a neuron net,
but by no such activity are the actual afferents
unambiguously determined: "The thing in itself
ceases to be knowable".

For several reasons, it soon became necessary to
revise the nerve-net theory of McCulloch and Pitts,
for the purpose of satisfying the correspondence
requirement of axiomatic systems for the subject
of neurophysiology. The universal elements of the
McCulloch-Pitts networks are postulated to function
errorlessly and it is obvious that one single failure of a
neuron in a highly specific net renders the whole net
useless. It also became apparent that some more
complicated representations would need more neurons
than there are nerve cells in the central nervous
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system. Finally, there will always be an infinity of
networks whose firing pattern will be isomorphic to a
given event and this fact diminishes the predictive
and representative value of the theory.

Shimbel and Rapoportl5 examined a probabilistic
approach by assuming the existence of a probability
distribution of different kinds of synaptic connections
in the net. Considerations of faulty functions of the
basic elements of a net are, in such instances, of
particular interest in which the 'logical depth' of
the represented event (i.e. the number of sequential
operations in time) is large. Neumann16 proposed as
solution the existence, and essential properties, of
• neuron pools', for restoring the excitation level
of multiple transmission lines to either of the two
values of the digital system, i.e. 0 or 1, in accordance
with the actual excitation level in the line. Assump
tions of this kind seem sufficiently realistic since
it is well established that the analogue principle is
extensively represented in th~ functioning of nervous
structures.

A set of basic assumptions, different from the sys
tems mentioned so far, was made as the starting point
of a much promising theory by Cragg and Temperley17)

the functional structures of the cerebral cortex is
considered in terms of • co-operative phenomena'
which represent the subject of statistical mechanics.
Apart from digital interaction between neurons
through synapses, analogue processes in the form of
extracellular current flow are discussed. There
would be a differentiation of the whole system in
domains defined by equal values of membrane poten
tial, and energetic considerations always favour in such
a system the assumption of a domain pattern with a
minimum of free energy. Levels of excitation are
consequently not only dependent on the pattern of
afferences, but also on the distribution of domains
over the whole system and impulses impingillg upon
the system alter, in turn, the domain pattern of the
whole system. Observations of Lilly18 on travelling
waves in the central nervous system are compatible
with this model and his observations cannot be
explained on the basis of ordinary digital automata
theories. It, therefore, appears that the linguistic
and the formal apparatus of the thermodynamics of
co-operative phenomena is more adequate for the
representation of events in the central nervous system
than any other existing form of theoretical neuro
physiology. However, this approach is still in the
very early stages of development.

Obviously, anyone of the hypotheses discussed
suggests certain types of experiments and certain
linguistic habits which one should be aware of
whenever statements are translated from one con
ceptual framework to another. To give an example:

• impulse', in the McCulloch-Pitts hypothesis, is a
localized event occurring in one faultlessly working
universal organ whose interaction with its neighbours
is described by the rules of Boolean algebra, extended
in quantized time. In a co-operative phenomena
theory, an impinging impulse alters the energy dis
tribution of a set of domains and the semantic rules
for the use of the word • impulse' are consequently
different. .

Communication theory

The subject of communication theory is the
amount oLinformation and the quantitative relations
describing its transmission. Assuming a finite num
ber of events whose a priori probabilities of occur
rence (Pi) are known, the amount of information
obtained can be defined by, knowing which of these

"events actually occurred, as H= - 'f, Pi log2 Pi (in
i=l

bits). This definition bears close formal resemblance
to the statistical definition of the entropy of a closed
system, and in fact, the definition is fOrinally identical,
considering that the • configuration number' is the
number of a prior·i equally probable states that are
compatible with the macroscopic description of the
state. In other words, the entropy of the sytem
corresponds to the amount of (micro-state) informa
tion that is missing in the macroscopic description.
The theory was developed in this form by Szilard19*
and Shannon2o and is of great value in all cases
which information is processed, as for instance in
transmission lines and computers; computers, in
this sense, are looked upon as circuit elements
with characteristic transfer functions for informa
tion.

Taking into account the apparent similarity between
impulses conducted in peripheral nerves and signals
transmitted in electronic network, it is tempting to re
present events occurring in the central nervous system
in terms of concepts of information theory. This
has, in fact, been extensively done in recent years,
and as a result, corresponding hypotheses on central
nervous system functioning have been proposed.
The notion of feedback (i.e. transfer of a fraction of
the output signal to the input terminals in suitable
phase relation) proved particularly useful for design
ing models with goal seeking behaviour21. In all
these cases the central nervous system was con
sidered to be a • black box' and only input-output
relations were discussed.

"For a satisfactory phenomenological formulation of the
entropy law see Popper, K. R., Brit.]. Phil. Soc., 8 (30) (1957),
153-5, in which he has demonstrated the unsatisfactory
nature of Szilard's discussion on Maxwell's Demon. Popper's
concluding comments are illuminating.
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Certain basic considerations about the applicabi
lity. of information theory to neurophysiology are,
however, essential before any such theory may be
considered as legitimate in its extension to the central
nervous system. Assuming, for the moment, that
sense data in the form of measurable quantities in
space and time were transformed in the central
nervous system as sensations (i.e. qualities, not
measurable in space and time), an attitude of neuro
logical idealism would be adopted, with which the
application of information theory to neurological
data are no longer compatible. In this case, we would
have to say that the central nervous system gene
rates topological invariants out of metrical invariants.
Some support for this idea can be obtained from the
work of Piaget who showed that in the course of
development of the child's concept of the Universe,
topological aspects controlling behaviour arise long
before the notion of metrics. In order to apply in
formation theory to neurology, we must adopt a
, neurological realism' of the kind that any sensation
exists in the central nervous system as patterns of
neuronal activity in space and time. The application
of information theory to neurology, therefore, already
implies in itself a basic decision about a high level
hypothesis according to which we assume the central
nervous system to work.

Having made the d~ision that the information
theory may be applied to neurological data, the fol
lowing problem arises: a 'black box' considered
as an organ in which information transfer takes
place, can at best transmit an amount of informa
tion equal to the one received at the input termi
nals; as a rule there will be degradation and waste
of information taking place. The central nervous
system on the other hand is undoubtedly able to
perform activity (i,e. produce output) in the absence
of an input signal and it resembles, therefore, in some
functions at least, more an information generator
than an information machine (i.e. a computer). An
example for activity independent of input to the
central nervous system was first discovered by
Adrian22 when he demonstrated electric activity in
the completely isolated olfactory bulb of fishes, the
, emission of behaviour' as used for operant condi
tioning23 and numerous instances of innate behaviour
patterns activated by releasers24 are also not com
patible with the' black box' notion of the central
nervous system.

In some respects, it will undoubtedly be permissible
to apply formal apparatus and semantic rules of
information theory to certain functions of the nervous
system, e.g. in the description of simple input-output
relation across synapses of any kind, as long as they
can be looked upon as ' black boxes'. Reichenbachzs
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even came to the conclusion that the notion of
direction of time was based on memory function,
acting like a registering instrument that stores
information; time's arrow points in the direction of
increase of information content. It is evident that,
within certain domains of events, information theory
provides useful linguistic rules and concepts; how
ever, for the fundamental reason that the central
nervous system, in its entirety, cannot be considered
a •black box', information theory cannot be applied
to phenomena of more complex occurrences in the
central nervous system.

Dealing exclusively with quantities of information,
definable as a logarithmic measure of the statistical
unexpectedness of a message, Shannon's theory leaves
completely open the question involved in the quali
tative characterization of messages, i.e. their meaning
to the recipient. A profoundly' biological' approach
to this problem was suggested by Mackay26; meaning
in his concept is closely tied up with the behavioural
consequences a message pro.duces in the recipient.
The meaning of a message depends, therefore, also
on the recipient's past knowledge. Measurement
of meaning may conveniently be based on the selec
tive function of a message on the ensemble of possible
• conditional probability matrices' which describe
the set of behaviour patterns of an organism. We
may thereby extend the • classical' information
theory of Shannon to the domain of meaning, by
showing that' meaning' can be given a quantitative
place within an enlarged framework of information
theory: •meaning' can be quantitatively defined and
experimentally determined as logarithmic measure
of the size of change caused by the selective opera
tion of a message on the ensemble of possible outcomes
(in biological terms; conditional probability matrix
of organismic behaviour). In geometrical inter
pretation, the meaning of a message can be pictured
as a vector in the • information space' where each
point stands for a particular state of the represented
organism26. The similarity of Mackay's basic idea
to the concept of the • semantic reaction' of Kor
zybski is apparent: information, looked upon from
the point of view of the recipient's past knowledge,
turns into semantics.

The utility of this concept may be illustrated by
a set of recently communicated observations. In
accordance with its general definition, we may take
the electrical response of various areas in the central
nervous system as one of the measurable indices of
'meaning' of a real-life stimulus situation; such
records were taken by Hernandez-Peon27 and Hernan
dez-Peon et al. 28 in animals with permanently im
planted electrodes and it became obvious from this
work, to what extent temporal succession of identical
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and simultaneously competing stimulus patterns
alter the electrical response, i.e. direction and abso
lute size of the vector representing the 'meaning'
of physical stimulus patterns in the 'information
space' of the observed organism.

Taking together the evidence presented with res
pect to the legitimacy of theoretical neurophysi~logy
and information theory in neurology, it becomes
evident that both approaches can at best be looked
upon as models, suggesting certain linguistic and
semantic rules of a specific vocabulary, to be used,
however, only with great caution. In the classical
and original form, their axiomatic structures do not
correspond to the neurological reality·. This state
of affairs is remedied to some extent in the modi
fications and extensions as given in the Cragg
Temperley hypothesis or in Mackay's concept of
meaning. In these modified forms, the theories are,
however, not yet sufficiently formalized as to provide
a generalized abstract representation of neurological
events.

Once more, the view of Burnett is confirmed, viz.
.. The handling of biological material will always be
the business of sciences using their own working
concepts "28.
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Chemical Composition of Tobacco Leaves & Its Influence
on the Grade Obtained on Flue-curing
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The influence of the various chemical constituents in green tobacco leaves
on the grade of tobacco obtained on flue-curing has been investigated. By
assigning marks to the various grades of cured tobacco on the basis of colour
and extent of blemish, a multiple regression equation connecting the various
chemical constituents with the quality of cured tobacco has been worked
out. It has been found that on the basis of the chemical composition of green
leaves, the favourable influence of moisture and starch on the quality of
cured tobacco is respectively 3 and It times the unfavourable influence of
nitrogen. Leaves with a fairly good amount of moisture (80-85 per cent) and
starch (t. 13 per cent) tend to produce good grades of tobacco on curing. In
the cured leaves sugars are positively correlated with good grades of tobacco
while nitrogen is negatively correlated.

I T is common experience that tobacco leaves
grown under similar conditions and harvested
at the same time and apparently at the same

stage of maturity, and cured on the same stick, fall
into different grades. Minute differences in tempera
ture and humidity conditions to which the leaves are
subjected during curing may be one of the factors
responsible for this. The differences in the chemical
composition of the leaves may be another factor.

The positive influence of carbohydrates and the
negative influence of nitrogenous constituents on the
quality of flue-cured tobacco have been recognized by
several workers. Schmuckl showed that quality in
Russian cigarette tobacco varied directly with the
percentage of sugars and inversely with the proteins,
and the ratio of these two constituents is known as
'Schmuck number '. Kovalenk02 substituted the
proteins in this ratio by the percentage of total
nitrogen excluding nicotine nitrogen. According
to Ward3 and Darkis et al.4 , quality in flue-cured
tobacco is directly related to percentage content of
sugars in the cured leaf. Blick5 found a fairly good
agreement between quality and the ratio of total
sugars to total nitrogen in New Zealand leaves.
Phillips et al.S showed that grades of flue-cured .
tobacco which differ in physical properties also differ
decidedly in chemical composition. Elliot et aU
worked out statistical correlations between the

'Present address: Assistant Collector, Nellore.
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chemical composition and .arbitrarily assigned prices
of grades of flue-cured tobacco and found that the
ratio of total sugars to total nitrogen gave the best
correlation with quality.

The influence of the chemical composition of green
leaves on the quality of cured leaf, as determined by
grades of tobacco obtained on curing, has been ex
tensively investigated by Sastrys-n and it has been
shown that the initial carbohydrate content of the
green leaf - which was mostly starch .-largely
accounted for the production of better grades8•9,1l.

It has also been observed that leaves cultured on
water for different periods produced better grades than
'those allowed to wilt for the same periodslo or cured
immediately after harvesP2. These studies have
given an indication that starch and moisture in the
green leaf are in some way connected with the grade
of tobacco obtained on curing the leaf. The influence
of nitrogen in the green leaf, however. has not been
brought to light in the above studies. Macdowelll3,

however, has stated that high protein content in the
green leaves was detrimental to quality.

The above investigations, however, were carried
out with groups of leaves and variations in the
individual leaves would have been masked by such
studies.

The present investigations have. therefore, been
conducted with the object of obtaining more precise
information on the magnitude of importance of the
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various chemical constituents, viz. moisture, starch,
and nitrogen in the green leaf and sugars and nitrogen
in the cured leaf, on the grades obtained on curing.
This information was sought to be obtained by work
ing out statistical correlations bet~een the chemical
constituents in each individual leaf and the grade
obtained on curing the same.

Materials and methods

For the purpose of this study leaves of five plants
of the variety Chatham (N. tabacum L.) were used.
They were harvested in 8 successive primings when
they were at the right stage of maturity. Each of
these leaves was quickly divided into two halves by
cutting it along the centre of its midrib and the green
weights of these two halves were determined. One
of the half-leaves was preserved in the green stage
by steaming and quickly drying in a current of air
at 60°C., while the other was cured under controlled
conditions in the laboratory. For curing the follow
ing procedure was adopted. The half-leaves were
allowed to yellow at 90°F. and 88-90 per cent
relative humidity. When most of the half-leaves
became completely yellow-in most of the curings this
took c. 30 hr - they were transferred to a specially
designed chamber for the' fixing' and 'drying' ope
rations. This chamber was equipped with electric
heaters and water sprays and by adjusting and draw
ing air over them, air of any required temperature
and humidity could be drawn through the chamber,
thereby avoiding any sponging or scalding during fix
ing. The dry and wet bulb temperatures during these
operations in a typical curing are given in Table 1.

The' fil'ing' was completed in c. 8 hr and the entire
curing took 20-22 hr. After the curing was over
the leaves were brought to condition by opening the
doors of the chamber and exposing them to the
humid atmospheric air. They were then bulked
for 10 days and their grad~ noted. For determining
the grades the specifications given in the Agmark
grading and marking ruleslC were followed, except

TABLE 1 - CURING CONDITIONS

CURING DRY BULB WET BULB
SCHEDULE TEMP. TEMP.

h, OF. OF.

0-1 93 85
1-2 100 90
2-3 105 93
3-4 108 95
4-5 110 95
5-6 118 96
6-7 120 96
7-8 125 100
8-9 130 100

9-10 147 97
10-22 150 97

that mixture of grades 1 and 2 of Agmark was
designated as YI and mixture of grades 3 and ~ of
Agmark was designated as YI'

Leaves of plant No.1 were destroyed by weevils
and could not be analysed. The green halves were
individually analysed for moisture, starch and total
nitrogen and the cured halves for total sugars and
total nitrogen. The methods of analysis employed
were the same as those described in a previous paperS.

Results and discussion

By curing c. 15 half-leaves at a time, and fixing and
drying them in conditioned air, the curing conditions
were kept as near ideal as possible. However, the
grade of tobacco obtained by a particular leaf is the
result of not only its inherent physical and chemical
make-up but also the deviations from the ideal
curing conditions. The fit between the chemical
composition and grade obtained is not always exact.
The only way to assess the influence of chemical
composition on the quality of cured leaf is by work
ing out statistical correlations between the various
chemical constituents in the leaves and the grades
of tobacco. For this purpose the grades of tobacco
obtained have to be equated with marks assigned
to them on a rational basis. The basis used in this
study is the specifications given in the grading and
marking rulesu . According to these rules, grades 1
and 2 - mixture of which is the same as Y1 in this
study - possess bright lemon yellow or orange
appearance with sponginess, scalding or blemish
extending from 0 to 5 per cent of the leaf area.
Hence this grade can carry a maximum of 100 marks
and a minimum of 95 marks and is given 97·50 marks,
the average of the two figures.

Grades 3 and ~ - mixture of which is the same
as Ys used in this study - possess yellow to orange
colour (a little less bright than grades 1 and 2) with
blemish extending to 25 per cent of the leaf area.
Therefore, the maximum marks these leaves can
carry are 95 and the minimum 75 per cent of 95 or
71·20. This grade is, therefore, given 8HO marks,
the average of 95 and 71·20.

Grade L.G. is of a lower colour category than YI

and consists of light green coloured leaf with blemish
not exceeding 10 per cent of the leaf area. This can,
therefore, carry a maximum of 71·20 marks, which is
the minimum of Ys, and a minimum of 90 per cent
of 71·20 or 64'10, and is given an average mark of
67·65.

Grade L.M.G. is of a still lower colour category
and consists of leaves of light medium green colour
with blemish not exceeding 25 per cent of the leaf
area. This can carry a maximum of 64·10 marks
the minimum of L.G. grade - and a minimum of
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TABLE 2-CHEMICAL COMPOSITION OF GREEN AND CURED HALF-LEAVES

GRADE MARKS PLANT MOISTURE STARCH TOTAL TOTAL TOTAL
DESIGNATION ASSIGNED AND (ON FRESH % N SUGARS N

LEAF No. BASIS) , % % %
%

D.G. 24·05 2-21 77-56 16·90 1·38 6·61 1·66
2-23 75·91 10'33 H5 7-77 1·78

Av. 76·74 13-62 1'42 7·19 1'72

L.M.G. 56'10 2-8 87·58 H2 1-07 5·39 1·93
2-10 85'78 1·34 1·28 6·57 2·16
2-11 85'58 3·77 1043 7-70 1·99
2-12 85-48 7-76 1'53 7·09 1-65
2-14 84-65 7·34 1·79 7·34 1-82
2-20 75·96 19'88 H3 13-99 1-66
3-9 86·26 4'23 1·53 6·16 1·30
3-28 76·81 17·73 1·29 9·93 1-68
4-8 86·19 4-15 1·51 5·09 HO
4-28 77046 18-46 1·02
4-29 77-24 12·24 1·38 11-00 1'59
5-27 77-26 10'47 1'21 11·36 H3

Av. 82·19 9·07 1·37 8·33 1·69

L.B.Y.l 62'30 2-19 79·19 12'54 1·29 8·17 2-11
2-26 74'79 12·72 1·22 13·13 1·72
2-25 73·75 16'88 1·35 12-66 2·06
3-32 78·22 5'38 1·34 7046 2·01
3-30 78'20 12-25 1·37 7·54 1-82
3-31 75-81 12-45 1·17 13·18 2·01
3-29 75'20 9'37 1-19 12-64 1-60
5-21 79'75 21·81 1·00 8·33 0·91
5-23 76'51 22'93 1·35 13-05 1·27
5-29 76·48 17'52 1·27 7049 1·46
5-28 76·00 10·89 1·21 7-90 1-16
5-30 75'28 12·31 1-49 8·69 H7

Av. 76'60 13-92 1·27 10·02 1-63

L,G. 67-65 2-9 87·00 0·98 '1·26 6·62 1·80
2-16 84'53 5-45 1·64 10·67 1-83
2-15 82-64 7-18 1-68 9'87 1·95
2-18 79·50 15·54 1·70 HI 1·96
3-8 85·76 3·12 HI 4·59 1·30
4-9 86'47 5·81 1'59
4-23 78'47 27-86 1-13 8'50 1·37
4-26 77'16 12-46 1-13 9·55 H6
4-27 76'59 21·93 1-19 15·36 1'25
4-24 76'43 20·65 1·27 14·32 1·33
5-8 89'12 7'31 1·38 4·30 1·61
5-12 84·30 17'74 1'55 9'80 HI
5-24 77·99 17-79 1·26 13·03 1·31
5-26 77-24 8·90 1'34 13-23 1·26
5-25 77-17 17·66 1·23 9·60 1·33

Av. 81'36 12-69 .1'39 9·78 HI

Y. 83'10 2-13 85'72 5·72 H3 6·31 2-17
2-22 76'26 14040 HI 14046 HO
3-14 87·58 5-49 1'29 11·10 1'31
3-12 85-17 7-56 1·39 8·17 1·21
3-10 84-97 8-40 1'30 8·75 1·06
3-19 84·01 13'50 1-19 12·05 1·23
3-16 83-55 13-68 1·32 10-75 HO
3-13 82·93 15·37 1·33 13·56 1·38
3-20 82-62 5-46 1'27 10·82 1·54
3-18 81'67 12-43 1·27 11·38 1-18
3-22 80·68 9·09 1-19 13-14 1-17
3-26 72·52 18'75 1-18
4-12 86·92 11'33 HO 19·33 1·28
4-15 85-62 21·91 1'25 10·16 HI
4-19 82-98 20·04 1·30 12-52 1·38
4-18 82'55 22·02 1·33
4-22 80'89 16·76 1-10 13-57 1·25
4-21 80'10 20·02 1'22 5·74 1·57
4-25 76·54 25-14 1·30 5·80 H2
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TABLE :l-CHEMICAL COMPOSITION OF GREEN AND CURED HALF-LEAVES-contd

GRADE MARKS PLANT MOISTURE STARCH TOTAL . TOTAL TOTAL
DESIGNATION ASSIGNED AND (ON FRESH % N SUGARS N

LEAF No. BASIS) % % %
%

Y. 83'10 5-11 87·33 11·02 1·55 8·79 2·06
5-9 87·04 7·16 1043 5·75 1'52
5-10 86·99 7·39 1047 7·16 2·04
5-14 84·33 19·60 1·35 13-58 1049
5-16 83-91 12-62 1042 13-62 1·34
5-15 82·02 17·15 1'33 12-15 1·29
5-18 80·18 18·39 1'26 17·34 1·37
5-20 79'55 10·81 1-19 8·89 1-11
5-22 77-94 16·08 1-17 11·51 1·25

Av. 82-59 13083 1'31 11·02 1042

Y, 97'50 2-17 83-15 4060 1047 6-45 1·79
3-11 87·17 4-84 1042 8·58 1·28
3-17 84064 9-44 1·32 8·36 1046
3-25 81·30 %5 1-18 16·25 1·29
3-21 81-17 12·03 1-18 10·39 1·29
3-27 79·25 9·86 1'23 10·94 1-56
3-24 78·14 16·71 1-16 8·53 1'25
4-10 88·30 5'53 1048 8·05 HI
4-14 87·59 6·71 1·34 12·91 1046
4-17 85042 14062 1·37 7·09 1043
4-13 84·78 15·24 1·50 9·35 1·39
4-11 84·72 16·14 1048 10·03 1'29
4-16 83-96 18·89 1·26 14·72 1·30
4-20 80·16 18·65 1·17 7·31 1·33
5,13 86·61 12'43 1040 12-81 1·31
5-17 82·55 20·87 1-51 14012 1·53
5-19 82·02 18·03 1·20 13072 1'34

Av. 83-58 12-60 1·33 10'56 1·39

75 per cent of 64·10 or 48·10 and is given an average
mark of 56·10.

Grade D.G. consists of dark green coloured leaves
not falling into the above two categories. This
grade carries a maximum of 48·10 and a minimum
of 0·0 marks and is given an average of 24·05 marks.

Grade L.B.Y.1 is again of lower basic colour than
Ys and consists of leaves of light brown'ish yellow
colour with blemish not exceeding 25 per cent of the
leaf area. This grade carries a maximum of 71·20
marks (the minimum of Ys) and a minimum of 75
per cent of 71·20 or 53·40 and is assigned an average
of 62·30 marks.

Grade L.B.Y.2 is of the same colour category as
L.B.Y.1 but with blemish not exceeding 50 per cent
of the leaf area. This can carry a maximum of
53·40 - which is the minimum of L.B.Y.1 - and
a minimum of 50 per cent of 71·20 which is the
minimum of Ys grade leaves or 35·60 and is given
an average of 44·50 marks. .

Grade B consists of brown coloured leaf and is of
a lower category, than L.B.Y.2 with blemish not
exceeding 40 per cent of the leaf area. This can,
therefore, carry a maximum mark of 35·60 and a
minimum of 40 per cent of 35·60 or 21,40, and is
given an average of 28·50 marks.

The chemical composition of green halves, cured
halves, grades obtained on curing and the marks
assigned to each grade on the above basis are
presented in Table 2.

The present investigations have been designed to
get precise correlations between the chemical com
position of green leaves and the grade obtained on
curing them. To achieve this, half-leaves have been
cured. It is possible that the results obtained with
half-leaves may not be completely applicable to
whole leaves. However, the studies of Askewu , who
found that removal of midribs did not interfere
with respiration leading to carbon dioxide evolution,
protein hydrolysis and production of sugars, make
it probable that these findings hold good even for
normal curings using whole leaves.

It was of interest to find out how the various
chemical constituents are distributed in the leaves
yielding the same grade. This was obtained by
working out the internal correlations between the
chemical constituents in the leaves falling into the
same grade. The data are presented in Table 3.

There is always a negative correlation between
moisture and starch in all the green leaves except in
the case of those falling into L.B.Y.1 grade. As the
grade improves, the negative correlation decreases.
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TABLE 3 - CORRELATIONS BETWEEN CHEMICAL CONSTITUENTS OF LEAVES OF DIFFERENT GRADES

GRADE
DESIGNATION

L.M.G.
L.B.Y.I
L.G.
Y.
Y,
All grades

MARKS
ASSIGNED

56'10
62·30
67-65
83-10
97'50

SIMPLE CORRELATION COEFFICIENTS BETWEEN
, . •Moisture and Moisture and Starch and Sugars and

starch in the nitrogen nitrogen nitrogen
green leaf in the in the in the

green leaf green leaf cured leaf

-0·9169· +0'3148 -0,2060 -0,1668
+0·0850 -0'2872 -0'2263 +0'1768
-0'7396· +0·4973 t -0'4703 -0'3684
-0·5131· +0'5697· -0,3308 -0·3911t
-0'3697 +0·6741· -0'1652 -0'3182
-0·5170· +0·4022· -0'3358· -0'3121

·Significant at I % level.
tSignificant at 5% level.

In the case of moisture and nitrogen there is posi
tive correlation which increases as the grade of the
cured leaves improves. Again the leaves under
L.B.Y.1 are an exception. The trends in the cor
relations between starch and nitrogen in the green
leaf and sugars and nitrogen in the cured leaf are
not definite.

The'reason for the exceptional behaviour of leaves
in L.B.Y.1 grade is not clear. It is interesting to
note that the green leaves giving' this grade are
strikingly low in moisture and high in starch. Also
out of the 12 leaves which fall into this category, 9
belong to the topmost portion of the plant. These
results show that green leaves with a f~ir amount of
moisture (80-85 per cent) and starch (c. 13 per cent)
and a balanced composition yield good grade cured
leaves.

In order to get a measure of the importance of the
various chemical constituents on the quality of the
leaves, multiple regression analysis of the various
constituents in the green leaf on the quality of the
cured leaf (as judged by the marks) has been worked
out and the following equation was obtained.

Y =97-20+2·36x1+0·96xa-24·20x3

where Y = the quality on the basis of marks; XI =
moisture; xa= starch and x3 = total nitrogen per
cent in the green leaf. The multiple regression co
efficient was 0·52 and was highly significant. This
shows that variations in these constituents account
ed for the grades obtained in 52 per cent of the
leaves.

Statistical correlation!> between the chemical con
stituents in the green leaf and the quality of the cured
leaf were worked out. The data presented in Table 4
show that all the partial regression coefficients are
significant. The influence of moisture and starch
in the green leaf on the quality of cured leaf is
positive while that of nitrogen in the green leaf is
negative.
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In order to take into account the range and mean
percentage of the constituents they are expressed in
terms of their standard deviations and the standard
coefficients are obtained (last column, Table 4). On
the basis of the standard coefficients it is obvious
that the positive influence of moisture and starch are
approximately 3 and Ii times the negative influence
of nitrogen.

When the multiple regression equation between the
grades and chemieal constituents in the cured leaf is
worked out, the following equation is obtained:

Y =92·02+0·88xl -17·23xa

where Y = quality on the basis of marks; Xl = total
sugars and x. = total nitrogen per cent.

The multiple regression coefficient is 0·30 and is
highly significant.

Statistical correlations between the chemical con
stituents in the cured leaves and the grades are shown
in Table 5. The partial regression coefficient due to
sugars is not significant while that due to nitrogen is
highly significant. While sugars are positively cor
related with grades, the correlation of nitrogen with
grades is negative. These trends confirm the trends
shown by starch and nitrogen in the green leaves.

On the basis of the standard coefficients the nega
tive influence of nitrogen on quality appears to be
more than the positive influence of sugars. This is
just the reverse of what has been found on the basis
of the composition of the green halves where the
positive influence of starch is more than the negative
influence of nitrogen. This is due to the poor cor
relation between starch in the green half and sugars
in the cured half. The correlation coefficient between
these two constituents is only 0·387 as compared to
0·815 obtained in another studylS using Harrison's
special leaves. Examination of the data in Table 3
shows that in a number of cases the sugars obtained
in the cured half are not accounted for by the hydro
lysis of starch in the green half. Probably other
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TABLE 4 - CORRELATIONS BETWEEN CHEMICAL
CONSTITUENTS IN GREEN LEAF AND

GRADE OF CURED LEAF

CONST!- COEFFICIENT MULTIPLE REGRESSION·
TUENT OF SIMPLE \

CORRELATION Partial S.E. Standard
regression coefficient
coefficient

Moisture +0·3383t +2-3554t 0·437 +0·6169
Starch +0·1191 +0·9564t 0'295 +0·3615
Total N -0,1013 -24-1048t 11·002 -0,2281

·Coefficient of multiple correlation 0·5243.
tSignificant at 1% level.
tSignificant at 5% level.

TABLE 5 - CORRELATIONS BETWEEN CHEMICAL
CONSTITUENTS AND GRADE OF CURED LEAF

CONSTI- COEFFICIENT MULTIPLE REGRESSION·
TUENT OF SIMPLE -...,

CORRELATION Partial S.E. Standard
regression coefficient
coefficient

Total sugars +0·2660t +0·8808 0'5579 , 0·1721
Total N -0·3S48t -17-2347t 6'2400 -0,3011

·Coefficient of multiple correlation 0·3007.
tSignificant at 5% level.
*Significant at I % level.

polysaccharides like dextrins and glucosides contri
bute to the production of sugars in this variety.

These results corroborate the previous findings o~

SastryB-I2 and bring out the fact that starch and
moisture in the green leaf are favourable for the pro
duction of better quality of cured leaf. Moi~ture

appears to be nearly twice as important as starch in
regard to the quality of cured leaf produced. The
role of carbohydrates and P1oisture, in bringing about
better yellowing of the leaf and f~r obtaining a
better quality cured leaf, has been discussed in detail
in a previous studyll, qn the basis of which the follow
ing hypothesis h~s been formulated to explain the vari
ous observed facts. Chlorophyll is held by chemical
forces on proteinaceous matter, degradation of pro
teins being accompanied by an equivalent destruction
of chlorophyll. This unmasks the yellow colour of
the leaf which is due to carotenoids and f1avones.
According to modem views, concomitant synthesis
and breakdown of nitrogen compounds is a charac
teristic of all life processes. According to Sastryll,
this appears to be a characteristic of the yellowing
process of the leaves also, and the disappearance of
proteins and chlorophyll observed in the leaves is
only due to the difference in the. rates of proteolysis
and resynthesis. The role of carbohydrates appears
to be in facilitating the reactions of resynthesis of
proteins from their breakdown products, thus causing
a more uniform degradation of proteins and chloro-

phyll in all the cells of the leaf (because of their
mobile character) and hence more uniform yellowing.
The tole of moisture appears to be in contributing
to the mobility of the carbohydrates.

These studies have brought out the unfavourable
influence of nitrogenous constituents in the green leaf
on the grades of leaf obtained on curing. Their
exact role is not clear at present. However, on the
basis of the above hypothesis, it may be postulated
that their role lies in hastening the reactions of
proteolysis in some celIs of the leaf (where they
may be more concentrated), thus causing uneven
yellowing of the leaves.

The significance of. these studies lies in their
practical application. On the basis of these results,
it can be stated that preserving moisture in the green
leaf after harvest is of paramount importance. This
can be achieved by covering the leaves with wet
gunnies and protecting them against the sun. In
a recent study Sastry and Bhat12 have shown that the
quality of the top leaves could be improved by
culturing them in water before curing.

As the leaf matures the starch content attains a
maximum and then decreases during senescence.
This is accompanied by depletion of nitrogenous
constituents also. The diurnal variations in carbo
hydrates also C<j.n be taken advantage of. It is thus
possible to harvest the leaves when they contain
the optimum concentrations of these constituents
and thus improve the quality of the cured leaf.

The negative influence of nitrogen on the quality
of cured leaf suggests that flue-cured tobacco should
be grown with as little nitrogen as possible. How
ever, nitrogen fertilization cannot be reduced beyond
a certain limit as this element is' essential for the
growth of the plant.
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The pyrophosphate bath has been studied in detail for the piating of lead.
The optimum conditions for working the potassium salt bath are: composition
of electroiyte (g./litre): lead nitrate, 33'2 i total pyrophosphate, 78'0 i and glue,
1'0; pH, 8'9; bath temperature, 60°C. ; and limiting c.d" 3.5 amp./sq. dm. ; agita
tion of the electrolyte facilitates plating. The deposits are finer grained than
those from acid baths. The throwing powers of the plating solution, measured
with a modified Haring-Blum cell, are 60~88 per cent as per Field formula from
the weights of deposits and 6-20 per cent using the Gardam equation involving
cathode potentials and resistivity.

LEAD is commonly electrodeposited from acid
baths such as fluoborate, sulphamate and
fluosilicate baths. There is no reference in the

literature to the use of the complex pyrophosphate
bath for the electroplating of this metal. The
preliminary work carried out on this subject has
already been briefly reported from this laboratoryl,2.

This pa.per reports the results of experiments on
the determination of optimum conditions for the
plating of lead from the pyrophosphate bath.

Experimental procedure

The plating bath was prepared by the addition of
alkali pyrophosphate to lead nitrate; the solubility
of the dry precipitate of lead pyrophosphate in alkali
pyrophosphate was low. The pyrophosphate content
of the solutions' was always in excess of that required
for complex formation. Physico-chemical'measure
ments have shown3 that the molar ratio of pyrophos
phate to lead in the complex is I as well as 2, the
metal ion concentration and the instability constant
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being of the order of 10-11 g. ion/litre and 10-11 respec
tively for the latter ratio.

It was considered necessary to raise the pH of the
plating solutions containing sodium pyrophosphate
to 10·8 (from 9·8) in order to prevent the tendency
of the solution to precipitate on keeping. With
the potassium salt bath, however, no difficulty was
experienced at pH 8·9. In both cases the molar
ratio of pyrophosphate to lead in the solution was
kept at 4·5 or 5·0; otherwise there was turbidity
on electrolysis.

Fresh solutions (200 mI.) were taken for each ex
periment. The anode was a hollow cylinder (l in.
thickness, if in. height and 71 in. circumference) of
chemically pure lead. A cylindrical platinum hollow
cathode (1} in. length, i in. diam.) was placed inside
the anode and rotated. The interelectrode distance
was 0·5 in. and the cathode area was· 2·25 sq. in.
The anode area was four times that of the cathode,
thereby reducing the anode current density and
facilitating anode corrosion. Plating time for an
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FIG. 2 - EFFECT OF LEAD CONCENTRATION AND pH ON LIMIT
ING CURRENT DENSITY [(A) Ratio of pyro~hosphate to metal,
4'5 (or 5); temp., 60'C.; (B) Ph, O'lM; ratio of pyrophosphate

to metal, 4'5; temp., 60'C.]

Results

Electrodeposition was carried out under the fol
lowing conditions: lead concentration, 0,01, 0,025,
0·05,0·075,0'1 and 0·125M (K salt); ratio of pyro
phosphate (PZ07) to metal, 4, 4·5 and 5; pH, 8·8
(8,9 K salt), 9·8 and 10·8; and temperature, 40°,
45°, 50°, 60°, 70° and 80°C. The results are presented
in Figs. 1-9 and Tables 1-3. Electrode efficiencies
have not been included as the values are very close
to 100 per cent under all conditions. All the results
have not been covered to avoid overlapping and
the data recorded are for good quality deposits only;
The decomposition potential for the plating solution
was 2·4 V. and the bath voltage 0,1-1·0 V.

Specific resistivity - Increase in metal content,
ratio of pyrophosphate to metal or bath temperature
lowered the specific resistivity of the plating solutions;
pH had little effect. The resistivity of the plating
solutions with potassium salt was much less than
that with sodium salt (Fig. 1 and Table 3).

Limiting current density - The limiting current
density (cathode and anode) was increased by an
increase in the lead content or the pH of the solution
(Fig. 2), and to a small extent by an increase in the
ratio (not shown). At pH 9·8 it decreased when the
temperature was raised above 60°C., by stopping
agitation, and by most of the addition agents. At

and 15 rna. were employed. Hardness measurements
were made on the surface of the deposit with Leitz
1151 Durimet Midget hardness tester.
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experiment was 10-45 min. Still, plating was not
satisfactory. The experimental details concerning
the cleaning of electrodes, plating equipment, current
efficiencies, temperature, agitation, pH, resistivityand
electrode potentials were the same as described ear
lier4. The pH was adjusted by the addition of hydro
chloric acid and sodium or potassium hydroxide.
Plating conditions were carefully controlled to obtain
electrode potential values (hydrogen scale) accurate
to ±0·005 V.

The throwing power of the plating solution was
measured under optimum conditions with a modifica
tion of the Haring-Blum throwing power box5• The
object was to obtain a relative idea of the throwing
power of different plating solutions. A cylindrical
glass cell, 15 cm. long and 4·5 cm. diam., was used,
with two copper cathodes and a perforated lead anode
in between. The distance between the cathodes was
12 cm. The cathodes were weighed before and after
electrolysis, and cathode potentials and resistivity
of the solution determined. The throwing power
was calculated from the Field formulae and also from
the equation of Gardam7• There was no variation
of the cathode efficiency with current density.

Photomicrographs of a thick coating (0,001 in.) of
the surface of lead deposit were taken with a Leitz
projection microscope. X-ray powder pattern of the
deposit was obtained from Siemens, Baujahr 1950
model X-ray unit with 57·3 mm. diam. camera.
Iron Ko:-radiations with manganese filter at 35 kV.

FIG. 1 - EFFECT OF LEAD CONCENTRATION, RATIO AND
TEMPERATURE ON SPECIFIC RESISTIVITY [(A) Ratio of pyro
phosphate to metal, 4'5; temp., 60'C.; Na salt; (B) ratio of
pyrophosphate to metal, 5·0; temp., 60'C.; Na salt; (C) Ph.

O'lM; ratro of pyrophosphate t,o metal, 4'5; K salt]
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TABLE 1-THROWING POWER (GARDAM) OF
DIFFERENT BATHS

FIG. 3 - EFFECT OF LEAD CONCENTRATION AND GLUE ON
CATHODE POTENTIAL [Na salt; temp.• 60'C.; ratio of pyro
phosphate to metal. 4'5; (Al Pb.0·025M; (B) Pb. 0·05M;
(C) Pb. 0·075M; (D) Pb. O'IM; (E) Pb. O·IM+glue. 2 g.f1itre]

FIG. 4 - EFFECT OF TEMPERATURE ON CATHODE POTENTIAL
[Pb. O·IM; ratio of pyrophosphate to metal, 4'5; (A) K salt;
temp.• 45'C.; (B) K salt; temp.• 60'C.; (C) K salt; temp.•

80'C.; (D) Na salt; PH. 10'8; temp.• 60'C.]

BATH

Pyrophosphate
Fluoborate
Sulphamate

pH 10·8 or with the potassium salt bath, increase in
temperature had no effect on the limiting current
density. It was possible to work the bath up to a
cathode current density of 4·2 amp./sq. dm. and

'anode current density one-fourth the value. There
was some sludge formation at the anode after electro
lysis, but this did not affect the efficiency.

Potentials - The cathode potential decreased with
increase in lead tontent of the solution or tempera
ture, and decrease in the ratio of pyrophosphate to
metal. Variation in pH had little effect, and some of
the addition agents like glue, gelatin and ~-naphthol

increased the potential (0·1-0·2 V.). The values were
increased by the substitution of potassium salt for the
sodium salt. The potential changes were, however,
not very marked. There was no change in the form
of the potential curve when the limiting current
density was reached (Figs. 3 and 4).

The effect of the variables on anode potential was
not consistent. and the changes in potential values
were very small. When the limiting current density
for the anode was reached. the potential suddenly
jumped to more positive values (broken portion of
curve) and the anode efficiency decreased. Finally
the potential approached oxygen evolution values
and there was total passivity (Figs. 5 and 6).

Corrosion of lead anode was favoured by an increase
in lead content, ratio of pyrophosphate to metal, pH
of the solution and temperature (40-60°c.), and use
of the potassium salt. Above 60°C.. the anode
became passive at very lo\v current densities when
the pH was 9·8. Glue was the only addition agent
which was beneficial in this respect.

Throwing power - In Tables 1 and 2 are given the
results on throwing power measurements for the
pyrophosphate, fiuoborate8 and sulphamate8 baths
under optimum conditions. The throwing power of
the pyrophosphate bath decreased with increase in
the current density or decrease in the linear ratio.
The reciprocal of the slope of the plot of the metal'
ratio against linear ratio (termed throwing index9)

gives a direct measure of the throwing power. Fig. 8
gives this plot for the three baths. and the index
values are given in Table 2.

Control and maintmance of bath - The bath was
quite stable under the conditions of operation. In a
typical case with a solution containing O·lM lead and
a pyrophosphate to metal ratio of 4·5, the cathode
and anode efficiencies were 98 and 99 per cent res
pectively. The changes before and after electrolysis
for 1 hr at 2·8 amp./sq. dm. and 60°C. were: lead, 20·3.
21·0; total pyrophosphate (P207)' 78,0, 76·6 g./litre;
pH. 9·80. 9'75; sp. resistivity, 11-11, 10·06 ohm/cm.s.

A freshly prepared solution could be used for several
runs with consistent and satisfactory results. Ageing
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FIG. 5 - EFFECT OF LEAD CONCENTRATION AND RATIO ON
ANODE POTENTIAL [Temp.• 60·C.; (A) Pb, 0'05M; ratio of
p)'Tophosphate to metal. 4·5; (B) Pb, 0'075M; ratio of P)'To
phosphate to metal, 4'5; (C) Pb, O'IM; ratio of pyrophosphate
to metal, 4'5; (D) Pb, O·IM; ratio of pyrophosphate to metal,

4; (E) Pb, 0·1 M; ratio of pyrophosphate to ,metal, 5]

FIG. 8 - THROWING INDEX [L and M values at 2·8 amp./sq•
dm. are from Table 2. (A) P)'Tophosphate; Na salt; (B) sul

phamate; (C) fiuoborate]
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(A) Na salt; pH 8·8; temp., 60·C.; (B) Na salt; pH, 9·8;
temp., 60·C.; (C) Na salt; pH 10·8; temp., 60·C.; (D) Na salt;
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TABLE 1-THROWING POWER (FIELD) OF
DIFFERENT BATHS

(Distance of the nearer Cathode from the anode in the
throwing power cell is 2 em.')

BATH C.D. LINEAR METAL THROW-
amp./ RATIO RATIO ING

sq. dm. (L) (M) POWER
%

r 5 3·15 3011-4 5 4010 13
P)'Tophos- 2-8 5 4·08 13
phate 4·2 5 3-76 18

J2·8 11 6·57 46
l2-8 3 2-87 3

r 5 4·74

j}1-4 5 4·70

Fluoborate 2·8 5 4-67
4·2 5 HI
2-8 11 9·21 10
2·8 3 2'53 13r 5 5·20 -'l}1-4 5 4·50

Sulphamate 2·8 5 4-76
4·2 5 4·56
2-8 11 9·14 10

L2-8 3 2·19 19

THROW
ING

INDEX

1·2

of the electrolyte up to six months had no effect on
the performance of the bath.

Nature of deposit - The bath gave adherent, light
to dark grey deposits of lead on platinum (steel or
copper) cathodes over a wide range of plating con
ditions. The following addition agents were tried:
resorcinol, ammonium citrate, ~-naphthol, gelatin,
glycerol, rochelle salt and glue. Only glue made the
deposits finer grained, and others were not beneficial.
Photomicrographs of lead deposited froni. the pyro
phosphate and acid baths under optimum conditions
are shown in Fig. 9. The effect of glue can be seen
from Fig. 9 (A and B). Fig. 9 (B, C and D) shows
that the deposits from pyrophosphate bath are finer
grained than those from the acid baths. X-ray
studies showed that the deposit has a f.c.c. structure
with a = 4·959 A.

Testing of deposits - Satisfactory coatings of any
desired thickness from 0·0005 in. and above could be
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TABLE 3-COMPARISON OF PYROPHOSPHATE AND ACID BATHS

PARTICULARS PYROPHOSPHATE FLUOBORATE SULPHAMATE
-.

Sodium salt Potassium salt

rru~"
3302 Lead nitrate 3302 Lead carbonate 150 Lead carbonate to give

Lead 20·3 Lead 20·3 Lead 120 80 g./Iitre of lead

Composition, g./Iitre Total P,O, 78 Total P,O, 78 Hydrofluoric acid 240 Sulphamic acid to give
Glue 1 Boric acid 106 apH of 1·7

Glue 0·2

pH 10·8 8·9 1·2 1·7
Temp.,oC. 60 60 29 25
Sp. resistivity, ohm/em.' 10·31 5·55 8·11 2·37
Bath voltage. V. 0,1-1,7 0'2-1'7 0,1-0,8 0,1-1,3
Agitation, ft/min. 200 200 nil nil
Cathode c.d. (max.), 4·2 3·5 4·0 5-6

amp./sq. dm.
Anode c.d. (max.), 1·1 0·9 >1·0 >104

amp./ sq. dm.
Cathode efficiency, % 95-100 95-100 100 100
Anode efficiency, % 95-100 95-100 100 100
Cathode polarization, V., 0,08-0,21 0,10-0,21 0,04-0,15 0·02-0·05

0·35+2 amp./sq. dm.
Throwing power, %,

Field, 2·8 amp./sq. dm. 13 74 4 3
Gardam 8 6 8 7

Hardness (Vickers) 15 16 12 10

obtained. Bending and breaking tests indicated
good adherence of the electroplate., The deposits
were free from pores as shown by the ferroxyl test
(on steel).

Comparison between pyrophosphate and acid baths 
In Table 3 are given the plating characteristics, under
optimum conditions, for pyrophosphate, fluoborate
and sulphamate baths for lead plating. The data
recorded for the last two baths have been obtained
experimentally for typical compositions8•

The pyrophosphate bath is comparable to the acid
baths in most respects. The advantages of the
pyrophosphate bath over the others are: low lead
content, greater throwing power and ability to give
deposits free from treeing without the use of addition
agents.

Discussion

The results of this study show that the pyrophos
phate bath is satisfactory for the plating of lead.
In previous work on alkaline baths based on
plumbite1()'12, a high lead content was used and the
limiting cathode current density, which ranged from
1,5, to 3·0 amp./sq. dm., was not very high. All of
them employed addition agents. The pyrophosphate
bath developed is simpler in composition and can be
worked up to 4·2 amp./sq. dm. even at 400e. The
use of the potassium salt has decided advantages
over that of the sodium salt.

Addition agents are mainly used in acid lead
plating baths in order to suppress treeing and obtain
finer grained deposits. They are not brighteners,
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since there is little necessity for bright lead plating.
The addition agents mentioned earlier are all bene
ficial in acid lead plating baths, but in the pyrophos
phate bath only glue effected some improvement, and
prevented film formation and yellow colouration on
the anode. Most of them decreased the limiting
current density considerably.

The cathode polarization was high, ranging from
0·1 to 0·5 V., and of the same order as that for
the deposition of other metals from this bath13. It
was greater than that in acid baths. The relation
ship between cathode potential and current density
was linear under optimum conditions for the pyro
phosphate (sodium salt), fluoborate and sulphamate
baths (Fig 7), whereas the linear relationship was
between cathode potential and log current density
for the potassium salt bath (not shown). The last
one gives finer grained deposits than the others.
This is in accordance with the views of Gardam14

that the logarithmic relationship is an indication
of the frequent formation of new nuclei. The loga
rithmic relationshipt ogether with fine grained depo
sits has also been obtained during the plating of
tin, zinc, copper and nickel from the pyrophosphate
bath13.

The bath possesses good throwing power. In view
of the greater slope of the potential-current density
lines, the throwing power of the pyrophosphate bath
is greater than that of the acid baths. The throwing
index is also higher. The throwing power of the
potassium pyrophosphate bath is greater than that of
the sodium salt bath due to its lower resistivity.
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FIG. 9 - PHOTOMICROGRAPHS OF LEAD DEPOSITS X 700
[Cathode copper; c.d., 2·8 amp./sg. dm.; other experimental
conditions are the same as those described in Table 3.
(A) Pyrophosphate bath; Na salt; (B) pyrophosphate bath;

K salt; (C) tluoborate bath; (D) sulphamate bath]

Under optimum conditions Cfable 3) and in the
current density range 0·7-2·8 amp./sq. dm., the
throwing power of the potassium salt bath is 60-88
per cent (Field), and 6-20 per cent (Gardam). The
throwing index is 13·3.

The anode potentials of lead in pyrophosphate solu
tions indicate the phenomenon o'f passivity (Figs. 5
and 6). As long as the anode is dissolving normally
the potential is in the range -0,15 to -0'40 V.,
which is the active value. In the partially pass
ive state the potentials are of the order of +0·2 V.
This region is very narrow, and a small rise in the
current density causes a sudden jump in the potential

to +1·2 V. and above. Complete passivity now sets
in and the anode efficiency is practically zero per
cent. The anode is first partially covered with a
thin film, and in the last stages of complete passivity,
there appears an adherent, non-washable coating. In
accordance with the anodic behaviour of lead in
sodium hydroxide solutionsl5, anode potential toge
ther with the bath voltage values can be used to
follow the course of corrosion and passivity in pyro
phosphate solutions. When the experimental condi
tions are properly controlled, the efficiency of the
anode is very close to 100 per cent in the working
current density range. The anode polarization is of
the order of 0·05-0'30 V.

The electrodeposition of alloys of lead with tin
from this bath has been reported elsewhere2•

Acknowledgement

My thanks are due to Dr T. 1. Rama Char for
suggestions and guidance, and to Prof. K. R. Krishna
swami for his keen interest in the work.

References

I. VAID, J. & RAM A CHAR, T. L., ]. eleetroehem. Soc., 104
(1957). 460.

2. VASANTA SREE, VAID, J. & RAMA CHAR, T. L.,]. eleetro
ehClN. Soc. } apan, 26 (1958), 224, E 78.

'3. VAID, J. & RAM ACHAR, T. L., Bull. India See. eleetroehetn.
Soc., 7 (1958), 5.

4. VAID, J. & RAMA CHAR, T. L., ]. eleetroehetn. Soc., 104
(1957), 282.

5. HARING, H. E. & BLUM, W., Trans. eleetrochetll. Soc., 44
(1923),313.

6. FIELD, S.,). eleetrodep. tech. Soc., 9 (1934), 144.
7. GARDAM, G. E., Trans. Faraday Soc., 34 (1938), 698.
8. GRAY, A. G., Modern Electroplating (John Wiley & Sons,

New York), 1953.
9. JELINEK, R. V. & DAVID, H. F., ]. eleetroehetn. Soc., 104

(1957), 279.
10. BELVAEV, P. P., Chem. Abstr., 36 (1942), 4031.
11. KUDRYAVTSEV, N. T., SOLOKHINA, V. G. & MATLlS,

YA V., Chetn. Abstr., 50 (1956), 12697.
12. LIGER, A. W., U.S. Pat. 2,474,092 (1949).
13. RAMA CHAR, T. L., Eleetropl. Met. Finish., 10 (1957), 347.
14. GARDAM, G. E., Disc. Faraday Soc., 1 (1947), 182,
15. BROWN, O. W., HENKE, C. O. & SMITH, LT., ]. Phys.

Chem., 24 (1920), 367.

483



REVIEWS
COATED ABRASIVES: MODERN TOOL OF INDUSTRY

by Coated Abrasives Manufacturers' Institute
(McGraw-Hill Book Co. Inc., New York), First
Edition, 1958. Pp. v + 426. Price $ 8.50

The book represents the combined effort of a team of
top technical personnel working in the field and the
subject matter has been so detailed and arranged
that it will prove useful and interesting as com
prehensive guide to bperators, supervisors and pro
duction engineers, particularly those engaged in the
finishing trades. It can also serve as a text-book as
well as a reference book to the technical students
and will be of special interest to those manufacturers,
big and small, who want to cut down their finish
ing costs by adopting the concepts discussed in the
book.

It has been rightly said that coated 'abrasives are
as old as civilization in their use and are as modern
as tomorrow as they can do most odd abrading jobs
more effectively and cheaply than the usual grinding
appliances. The simple looking •sand paper', the
most common and the earliest of the • coated abra
sives', has now been developed into a myriad of
products, the use of which has penetrated almost
every field of industry; has helped in automation in
finishing operations; and has provided the key to more
efficient and economic methods of polishing as well
as of stock removal. The ease with which coated
abrasives can be made to match the various profiles
and forms, lends them special importance as tools of
economy. The exhaustive applications described
in the book with thought provoking discussions
of the operating factors will enable any manufac
turer to effect a planned changeover from the con
servative to modern methods and obtain increased
efficiency.

The first two chapters describe the abrasives and
various other raw materials used and tests prescribed
for maintaining the quality of the finished product.
The next three chapters contain the various appli
cations and the machines used for a wide range of
operations. Of particular interest are the sketches of
basic designs for such applications and the adapta
tion of the process for automatic polishing. One
exclusive chapter is devoted to the details of the
contact wheels, pressure pads and plattens giving
useful data for their selection and use.

Subsequent chapters enumerate the various trades
where the coated abrasives are employed with due
consideration of the economics involved. Whether
it be wood working, metal polishing, enamelling, shoe
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repair, glass and plastic polishing, automobile repair,
egg polishing, contour polishing, etc., coated abrasives
provide a suitable answer. The discussion of the
economic considerations in the use of the various
forms of the coated abrasives provides interesting
material for a production engineer.

The book is distinctive in many ways and provides
comprehensive coverage of the many recent advances
as well as the principles underlying the conventional
usage of the various materials, processes, such as
contour polishing, and the use of cutting oils and
coolants. It can be recommended as a useful addi
tion to technical libraries, and as a reference book
for use in the workshop.

OM PRAKASH

ELECTROANALYTItAL CHEMISTRY by James J. Lin
gane (Interscience Publishers Inc., New York),
Revised & Enlarged Second Edition, 1958.
Pp. xiv + 669. Price $ 14.50

Since the first edition 'of this book appeared in 1953,
considerable additions have been made to our know
ledge of electroanalytical chemistry. It is appro
priate, therefore, that a second edition of this use
ful book has been published. In this edition, the
subject of amperometry and amperometric titration,
which is becoming increasingly popular, has been
allotted a full chapter. The treatment of coulometric
titration has also been expanded into two chapters in
keeping with the extensive researches that have been
done in the subject in recent years. The electro
analytical technique of chronopotentiometry has been
treated comprehensively in a new chapter. A chap
ter on polarography and one on electrical measure
ments have been added, which has rendered the book
more comprehensive and useful.

The high standard of presentation, characteristic
of the publishers, is maintained. As exceptions,
one may point out that on page 28, line 9, the refer
ence to the figure is not correctly given. On page
569, line 16, " +2" should be replaced by " +3 ".
On page 71, more potent reasons for adopting pH
scale could have been stated. On page 82, the dis
cussion with regard to conditions to be satisfied for an
electrode being suitable for pH determination is not
very happy. On page 192, the later work of N. V.
Achar [Proc. Indian Acad. Sci., 16 (1942), 332],
which appears to have some advantages, could have
been referred to. On pages 495 and 607, under
coulometric titration of acids, the reference to reduc
tion of water to OH- does not appear to be correct.
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Water is ionized into H+ and OH- and H+ is
reduced to H2• OH- is just a dissociation product
and not one of reduction.

The objective and impartial presentation of the
subject is striking as the author has made a detached
assessment of all contributions including his own as
for instance on pages 280, 470, 480 and 596.

The term' titrate' to represent the liquid in the
titration flask is a convenient innovation.

A description of Polarization Titration of Franck
(1954) for finding out the end-point was desirable
as also the pulse-coulometric titration of M. A. V.
Devanathan (1956). A section on determination of
thickness of electroplates by the method of electro
lytic stripping would have been welcome. An
author index would have added to the utility of the
book.

The book is undoubtedly a very useful addition 'to
the libraries of all colleges and research institutions
dealing with electrochemistry.

, K. S. G. Doss

NUMBER-AvERAGE MOLECULAR WEIGHTS - FUNDA
MENTALS AND DETERMINATION by Robert U.
Bonnar, Martin Dimbat 8< Fred H. Stross
(Interscience Publishers Inc., New York), 1958.
Pp. x + 310. Price $ 7.50

The book deals with the theory and experimental
details of the various methods of determining the
number-average molecular weight, M. The methods
in particular are the well-known ones depending on
the experimental determination of freezing point·
depression, boiling point elevation, osmotic pressure,
lowering of vapour pressure, vapour density and
functional group analysis. A separate section is
devoted to each of the methods, wherein have been
discussed the underlying theory, the types of appa
ratus employed and the experimental procedures
with relative merits of each, the precautions, the
treatment of experimental data to obtain the best
estimate and also the interpretation of the experi
mental results. It is reassuring to come across such
a wealth of ingenuity directed towards constructional
details and treatment of data even in recent years in
the development of some of these almost ' classical'
apparatus into speedier and less laborious instru
ments without significant loss of accuracy.

Such a book which serves as a via media between
laboratory manuals and original research publications
on a subject which is' of great practical importance in
any chemical laboratory, was long overdue. The
treatment is comprehensive, balanced and adequate,
specially with regard to the first three methods.
Particular attention has been paid to the requirement
of industrial laboratories where routine determina-

tion on a large number of samples are made by
operational staff.

The present book would be of immense help to
anyone interested in the determination of molecular
weight and would eventually find a place in the
book-shelf of every laboratory having to do anything
with experimental determination of molecular weight.

S. R. PALIT

THE INDIAN EPHEMERIS AND NAUTICAL ALMANAC
FOR THE YEAR 1960 (Manager of Publications,
Government of India, New Delhi), 1959. Pp.

.xxviii + 444. Price Rs 13.00 or 20s. 6d.
This is the third volume in the series published by the
Government of India and has come out commendably
early to serve the purpose these volumes are intended
for. While some of the criticisms of the earlier volumes
are still valid, the new volume has features of greater
use to the local almanac makers, though there are still
several who refuse to use the data. In· the current
volume under review, nine new tables have been
added, making the almanac more useful for local
practices. If the ephemeris continues to come out
as early as the current one, in future, there will be no
justification for the State Governments adopting a
different calendar for fixing the holidays in a year.
The reviewer did not come across any serious mis
prints and the production compares well with the
British and American analogues.

S. V. ANANTAKRISHNAN

STRUCTURAL DESIGN FOR DYNAMIC LOADS by
Charles H. Norris, Robert J. Hansen, Myle J.
Holley, Jr, et al. (McGraw-Hill Book Co. Inc.,
New York), 1959. Pp. xviii +453. Price $12.50

A number of factorS such as the failure of the Tacoma
Narrows Bridge, the occurrence of major earthquakes,
developments in the field of atomic weapons, high
speed aircraft and guided missiles have stimulated
research in the field of structural dynamics in the
U.S.A. in recent years. To give the civil engineer
a grounding in the principles and applications of
structural dynamics, a short-term summer course was
organized at the Massachusetts Institute of Techno
logy in 1956. The book under review is an ampli
fication of the lectures delivered at this course.

The first of the four parts into which the book is
divided deals with the behaviour of structural mate~
rials like concrete and steel under dynamic loads.
In the second part, the response of structural systems
to dynamic loading is presented. Part 3 discusses
the tools of analysis. Methods of numerical inte
gration are explained followed by a short introduction
to the use of analogue and digital computers. The
introduction of high speed computers is perhaps the
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most significant development in the field of structural
dynamicS in recent years. Analysis of complex
structural systems under dynamic loads has now
become possible. Parts I, 2 and 3 serve as an intro
duction to Part 4 wherein the principles and tech
niques described in the previous parts are applied to
the design of structures for blasts, earthquakes and
vibrations under moving loads. Of particular interest
to us in India are the chapters devoted to earthquake
resistant design, as an Indian Code of Practice on the
subject is on the anvil. Written by a Japanese
expert, these chapters emphasize the recent trend in
the United States Of treating the action of earthquakes
on structures as a dynamic problem. Empirical co
effi.cie~ts are gradually giving place to the approach
based on the earthquake spectrum. This is reflected
in the provisions of the Joint Committee Code for
lateral forces to which the author makes reference.
The provisions of the Japanese Code are also dis
cusses!. Of special interest is the illustrative example
given by the author wherein the different methods of
analysis are compared.

The book represents the labours of six different
authors and this accounts for a certain lack of conti
nuity in the treatment. Part 2 does not refer to the
Lagrange's equations of motion which form the
foundations of dynamics. In fact, many of the
relations in Part 2 can be derived from these funda
mental equations. The value of the chapter on
digital computers would have been enhanced if a
typical 'programme' for a dynamic problem had
been given. In the section devoted to earthquake
resistant design, tall slender structures like refinery
vessels and elevated water tanks do not receive
adequate treatment. Another significant omission is
the effect of earthquakes on water-retaining struc
tures like dams. The authors modestly state that the
work is to be regarded neither as a reference nor a
text-book. It woUld, however, serve as an excellent
introduction to all those who are working in the
field of structural dynamics.

G. S. RAMASWAMY

THE PHYSICAL METALLURGY OF MAGNESIUM AND ITs
ALLOYS - International Series of Monographs on
Metal Physics & Physical Metallurgy, Vol. 5
by G. V. Raynor (Pergamon Press Ltd, London),
1959. Pp. ix + 531. Price 755. net

This is an excellent treatise from an internationally
renowned physical metallurgist, Prof. G. V. Raynor,
and it is said to be partly based on his lectures
to final year undergraduates at the University of
Birmingham.

In the early chapters, the book deals with the
fundamental nature of magnesium, its electronic
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constitution and the effects of alloying. Next the
theories regarding the solid solubility limits, liquidus
curves, formation of intermetallic compounds, and
variations in lattice spacings are discussed; also the
general interrelations between the intermediate
phases are discussed in some detail. This is then
followed by an outline of the essential deformation
characteristics of the single crystals and polycrystal
line aggregates. The latter half of the book is
mainly devoted to the discussion of the various alloy
systems formed with magnesium, especially those of
commercial significance.

The book contains 220 illustrations and 50 tables
but only 6 photomicrographs. Metallographic details
are rather conspicuous by their absence and quite a
few topics are more ' metal physics' than ' physical
metallurgy'. Nevertheless, the book is an excellent
survey of the technological aspects of magnesium
metallurgy and is commended to the serious physical
metallurgist.

A. A. KRISHNAN

LEHRBUCH DER ORGANISCHEN CUEMIE (A Text-book
of Organic Chemistry) by Hans Beyer (S. Hirzel
Verlag, LeipzigCI, SchuhmachergaBchen 1-3), 1959.
Pp. xvi +690. Price DM 22.50

This book, written by an East German Professor, has
been quite popular. It was first published in 1953
and has already passed through seven editions. As
is claimed in the preface, it is quite a modem book
and contains a full treatment of recent developments

. in theory and practice. Not only are the theoretical
principles introduced early but they are applied in
the interpretation of different reactions all through
the book. Practically all the well-known major
items in the field of organic chemistry have been
included though in many cases the accounts are brief
in view of the size of the book. For example, quite
satisfactory treatment is given of pterins and enzymes.
This book covers very satisfactorily the requirements
of the Honours course of Indian universities. Since
it is written in German it may not be suitable for the
majority of Indian students. But we are informed
that an English translation is expected to be ready by
1960. If the translation is rendered properly so that
the English is simple, one would expect that it would
be a highly satisfactory book for the study of organic
chemistry and should be warmly recommended. One
suggestion could be made in this connection. In
order to help students to study further on their
own, references could be given to review articles
and books on major topics particularly in English,
e.g. acetylenic compounds by Johnson and tropolones
by Nozoe.

T.R.S.
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MATHEMATICS DICTIONARY, edited by Glenn James &
Robert C. James (D. Van Nostrand Co. Inc., New
York), Multilingual Second Revised Edition, 1959.
Pp. vi +546. Price 112s. 6d.

This is an enlargement and revision of the Mathe
matics Dictionary (1949) and underlines the impor
tance of the study of mathematical sciences in
all types of scientific and technological disciplines.
There has been so much advance in every field of
scientific activity that narrow specialization has
<;ome into vogue. Thus arises the need for a
dictionary which the specialist can readily make
use of.

The present edition incorporates a number of
corrections. Its special feature is the multilingual
index in French, German, Russian and Spanish
which will prove to be of great help to all workers.

A wide range of mathematics, both pure and ap
plied, is covered. It includes elementary terms in
arithmetic, calculus, differential equations, geometry,
topology, set and measure theories, integral equations,
matrices and determinants, linear and dynamic pro
gramming, computation, statistics, theory of poten
tial, analytical mechanics.

It will be too much to expect that a single book
can cover all the mathematical terms. It is no
wonder, therefore, that applied mathematics has not
received the same attention as that given to pure
mathematics. Important omissions include Van
der Pol equation, Cornu's spiral, tautochrone, Lan
Emden equation, viscosity, centre of flexure, and
non-Newtonian mechanics.

The book can be profitably used by engineers
and all those workil'g in any branch of applied
science.

B. R. SETH

BORON FLUORIDE AND ITs COMPOUNDS AS CATALYSTS
IN ORGANIC CHEMISTRY by A. V. Topchiev, S. V.
Zavgorodnii & Ya M. Paushkin. Translated into
English' by J. T. Greaves (Pergamon Press Ltd,
London), 1959. Pp. 326. Price 80s.

Boron fluoride (more usually known as boron tri
fluoride) is a versatile catalyst, used both in the
laboratory and in technical practice, for condensa
tions and polymerizations. A simple illustration of
its catalytic activity is the preparation of acetyl
acetone from acetone and acetic anhydride. Other
common laboratory uses are in alkylations (of aro
matic hydrocarbons, phenO'ls, acetoacetic ester, etc.)
and in the preparation of phenolic ketones by the
Nencki reaction. As a strong Lewis acid or electron
acceptor it readily forms co-ordination compounds
with molecules containing electron-donor atoms such
as oxygen, nitrogen and sulphur; and boron fluoride

etherate, for instance, is a convenient form in which
the catalyst can be used for esterification and
other reactions. In the petroleum processing and
other industries boron fluoride is a valuable catalyst
or initiator for cationic polymerization, alkylation
and isomerization. Notwithstanding its greater cost
it has advantages over aluminium chloride and
sulphuric acid. Although there are innumerable
papers and patents on the uses of boron fluoride,
only one book (Booth and Martin, Boron Trifluoride
and Its Derivatives, 1949) preceded the present
volume, which gives a clear and comprehensive
account of this important subject in the rela
tively short space of 326 pages. Academician
Topchiev of the Institute of Petroleum, U.S.S.R.
Academy of Sciences, has made notable contri
butions to the chemistry and utilization of boron
fluoride, among them being the molecular com
pounds of boron fluoride and phosphoric acid.
Topchiev and his collaborators, therefore, write with
authority.

The twelve chapters of the book cover the prepara
tion of boron fluoride, the physical and chemical
properties of boron fluoride and its derivatives,
co-ordination compounds, compounds with hydrogen,
alkylations, polymerizations, addition of 'oxygen and
sulphur-containing compounds to ethylenic com
pounds, dimes and acetylene derivatives, isomeriza
tions, cyclizations, nitration and sulphonation, con
densations and miscellaneous reactions. In addition
to hundreds of references in each chapter, there is a
long supplementary list of references to work which
became more recently available to the Russian
authors. The work of Butlerov, Nesmeyanov and
other Russians naturally receives special attention,
but no work of any significance outside Russia has
been neglected. A serious defect is the absence of a
subject index.

K.V.

MACHINE DESIGN by R. C. Patel & A. D. Pandya
(Acharya Book Depot, Baroda), Second Edition,
1958. Pp. xiv + 424. Price Rs 12.50

The first edition of this book published in January
1958 was smaller in size and content than the present
edition, and contained many printing errors and
omissions. In the second edition many of these
have been rectified, and its publication six months
after the first edition is an indication of its popu
larity. The book incorporates some advanced prob
lems on bending moment, eccentric loading and steam
engine, and machine parts like pulleys, gears, etc.
It is primarily meant for students preparing for the
degree or diploma examinations and contains select
ed, solved and unsolved problems. Fundamental
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principles of machine design are not dealt with,
so also the derivation of various formulae and basic
equations. This has been done because the authors
feel that the students are expected to be well
acquainted with the subject of applied mechanics
by the time they take to the study of machine
design. This is a handicap both for the student and
the teacher, and it may be useful if some space is
devoted to the fundamentals of applied mechanics
in the next edition.

Whatever may be the drawbacks and defects of
the book, the authors deserve to be congratulat
ed in their praiseworthy attempt to bring out a
book on such a vast and varied subject as machine
design.

S.P.L.

THE THEORY AND DESIGN OF MAGNETIC AMPLIFIERS
- Automation & Control Engineering Series
by E. H. Frost-Smith (Chapman & Hall Ltd,
London), 1959. Pp. xix + 487. Price 755. net

The volume, the first of a series on automation and
control engineering, is intended for engineers design
ing or using magnetic amplifiers as well as for uni
versity students. The author builds comprehensively
all aspects of the subject from basic principles to
details of design. His discussions reveal real appre
ciation of practical problems.

A lucid account of the basic operation of trans
ductors is followed by an exha.ustive analysis of
the steady state and transient operation of the
idealized transductor both under self-excitation and
auto-excitation. The frequency response character
istics of transductors are discussed in detail. This is
followed by a clear account of high speed transductors
and magnetic amplifiers as well as balanced amplifier
circuits. Amplification at low levels and magnetic
modulation are also covered. The basic principles
developed are then applied to the practical design
of magnetic amplifiers. The author's rich ex-'
perience as a control engineer has enabled him to
outline several practical applications of magnetic
amplifiers.

The contents of the book, strictly within the con
fines of its title, can hardly be criticized. But con
sidering amplifying devices in general, it is unfor
tunate that the book gives little help to the reader
to rate the position of magnetic amplifiers in the
range of such devices. A comparative study of the
different types of amplifying devices and an elucida
tion of the conditions under which magnetic ampli
fiers would be more suitable than other amplifying
devices for specific problems would have been valu
able both from the point of the university student as
well as the control engineer.
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The book, scholarly in presentation and masterly
in practical details, is perhaps the most complete
work on the subject so far available.

C. BALAKRISHNAN

MODELMAKING FOR INDUSTRIAL DESIGN by Ralph
R. Knoblaugh (McGraw-Hill Book Co. Inc., New
York). 1958. Pp. xi + 276. Price $ 9.75

Modelmaking today has come to occupy an impor
tant place in science and industry, and a modelmaking
.department has become a vital unit of most industria.l
establishments. In all branches of engineering, parti
cularly architecture and town planning, study of
modelmaking' is given particular attention. Books
on this subject are few, and a practical treatise like
this should be welcomed by all those engaged in the
art of modelmaking.

.In this essentially practical manual, the treatment
is confined to such models as are commonly made in
the workshop of an average industrial designer.
Modelmaking in plaster of Paris has received more
detailed treatment, as information on this subject is
rather meagre; some of the plaster-working processes
have been described for the first time in English. In
addition, modelmaking in wood, plastics and metal,
with simple hand tools and small power tools, is
described.

Four kinds of models employed during the deve
lopment of an industrial product are dealt with.
They are: (1) study models; (2) presentation models;
(3) mock-ups; and (4) prototypes. The processes in
volved in the making of these models are described
and each step is explained with the help of excellent
drawings and photographs of actual works in progress.
Valuable hints are provided for the selection of mate
rials and processes to be employed for a particular
job. Practical tips are given on processing, assem
bling, and painting'of the various components of the
model and its finishing. How to judge whether a
model is good or bad is discussed.

Both the hobbyman and the professional model
maker will find this well-produced and illustrated
book instructive, and of help in improving their model
making techniques and expressing industrial design
ideas more readily in three dimensions.

M. A. REGE & T. S. RAGHURAM

PLASTIC ANALYSIS OF STRUCTURES - McGraw-Hill
Series in Engineering Sciences - by P. G.
Hodge, Jr (McGraw-Hill Book Co. Inc., New York,
Toronto, London), 1959. Pp. xiv + 364. Price
$ 10.50

This book is primarily a text-book presenting syste
matically the available techniques used in plastic
analysis of structures. The structures dealt with are
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beams, frames, plates, shells and plates with cut-outs.
Their load carrying capacity is determined by means
of the two well-established basic theorems relating
to the upper-bound and lower-bound values which
can be calculated from considerations of kinematics
and statics respectively of the given structure. In
complex structures, in addition, the assumption that
the material yields by Tresca's or Mise's yield condi
tion is also made.

In two parts the book deals with (1) simple struc
tures like beams and frames which f'lil principally
in bending and (2) structures under combined stresses,
i.e. beams under combined stresses, plates, shells,
plates with cut-outs, etc. Worked out problems are
included to illustrate the application of the principles
to the various types of structures.

The theorems relating to plastic analysis are given
and proof for each of the theorems is given at the end
of the respective chapters. Problems for solution
and selected bibliography for further reading are also
included.

The treatment of the book is mathematical and it
will appeal more to theoretical investigators and
research workers interested in plastic design. The
theories dealt with are applicable to structures of
ductile materials (because of the assumed law of
failure). On the other hand, there are a number of
structures of other materials (like reinforced con
crete) which have limited capacity for deformation.
They do show limited plastic yielding and plastic
redistribution. These cannot be analysed by the
methods of analysis presented in this book and they
have to be modified to suit the particular mate
rial. Also, the subject treated is limited in scope
as problems in plastic buckling, creep, flaw, etc.,
associated with plastic failure, are left out; this is
unavoidable in a text-book of limited size.

The book will serve not only as a good text-book
for undergraduate and postgraduate study on plastic
design of structures, but also as a good introduction
to those who want to make a special study of plastic
analysis of structures. The author deserves credit
in presenting most of the existing basic information
on the subject, which was otherwise available only
from published papers, in a handy volume.

P. C. VARGHESE

NUCLEAR REACTOR PHYSICS by Raymond 1. Murray
(Macmillan & Co. Ltd, London), 1959. Pp. xi +
317. Price 30s. net

In the past few years, rapid progress has been made
in the field of reactor physics and several books have
been written on the subject. The book under review,
based on a series of undergraduate and graduate
courses given by the author, is intended to serve as an

introduction to the physical concepts and calculation
methods employed in reactor design.

This book starts with an introduction to the
general concepts of a nuclear chain reactor and
different design problems. Next, the problems of
space-energy distribution of neutron flux in a mode
rator and multiplying medium are discussed. More
rigorous derivations, employing the transport theory,
are also described. Reactor constants and methods
for calculating the critical conditions of a reactor are
dealt with in a llirect manner. The transient beha
viour, temperature effects and the control of a reactor
as source of heat are described in considerable de
tail. Special problems of slowing down of neutrons
in hydrogenous materials and spherical harmonics
method are also described.

The treatment of different problems is straight
forward and clear-cut. This is further aided by seve
ral detailed examples and num~rical illustrations of
practical applications. Several problems are given
at the end of each chapter together with references.

This book is specially useful to design engineers and
physics students interested in reactor technology.

V. P. DUGGAL

NOMOGRAPHY by 1. Ivan Epstein (Interscience Publi
shersInc., New York, London), 1958. Pp. x + 134.
Price $ 4.50

Rapidity in calculation, saving of time in • trial and
error' computations and quick results even by those
not familiar with the slide-rule and logarithms have
made the technique of • nomography' almost indis
pensable in research, design and plant control.
Many of the excellent text-books available on the
subject discuss the methods of construction of nomo
graphs. which represent various types of formulae
usually encountered in scientific and technological
fields. While practical and automatic construction
of the charts is all that is required in actual practice,
the scientist and the engineer should also understand
the theoretical basis. Written to serve this purpose,
the present volume combines a " discussion of methods
of construction with a thorough presentation of the
underlying theory". The first chapter on deter
minants forms the basis of the next one where the
construction of nomograms representing a few simple
equations, using deductive and semi-deductive me
thods, is clearly explained. Further chapters deal
with applications of • projective transformations',
'matrix multiplication' and 'non-projective trans
formations in nomography'. Separate chapters have
been devoted to • empirical nomography' and treat
ment of equations involving more than three vari
ables. • Kellogg's methods' of ascertaining whether
a given equation can be nomographed are discussed in
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sufficient detail. Problems have been set mainly to
make the reader work out simpler proofs required for
the theoretical discussion and there are also a few
practice problems. The book is complete in itself,
containing concise treatment of the required topics
in mathematics sufficient to acquire the necessary
knowledge for following the subject matter. The
book should prove equally useful to the student,
research worker and plant executive.

B. NARAYANA DAS
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AND THERAPEUTICS - Proceedings of a Sympo
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Series, Vol. 3, edited by D. R. Laurence (Perga
mon Press Ltd, London), 1959. Pp. xvii + 253.
Price 45s. net

THE SCIENCE OF BIOLOGY by Paul B. Weisz (McGraw
Hill Book Co. Inc., New York), 1959. Pp. xvi +
796. Price $ 7.95

ADVERTISING LAYOUT AND ART DIRECTlON
McGraw-Hill Series in Marketing and Adver
tising - written and designed by Stephen
Baker (McGraw-Hill Book Co. Inc., New York),
1959. Pp. x + 326. Price $ 13.50

SOIL MECHANICS FOR RAILWAY ENGINEERS by
U. G. K. Rao (Railway Testing & Research Centre,
Lucknow), 1958. Pp. xiv + 206. Price Rs 7.50

THE WEALTH OF INDIA: RAW MATERIALS - Vol. V
(H-K) (Council of Scientific & Industrial Re
search, New Delhi), 1959. Pp. xxviii + 332 + xii.
Price Rs 30.00

FLUIDIZATION - McGraw-Hill Series in Chemical
Engineering - by Max Leva (McGraw-Hill Book
Co. Inc., New York), 1959. Pp.xiii+327. Price
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THE CHEMISTRY AND TECHNOLOGY OF CEREALS AS
FOOD AND FEED, edited by Samuel A. Matz
(AVI Publishing Co. Inc., Westport, Connecticut),
1959. Pp. xv + 732

TRANSACTIONS OF THE AMERICAN SOCIETY FOR
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London; Distributors: D. Van Nostrand Co. Ltd,
London), 1959. Pp. xix + 577. Price lOSs.

RADIATION PROTECTION - Recommendations of the
International Commission on Radiological Pro
tection (Pergamon Press Ltd, London), 1959.
Pp. v + 18. Price 3s. 6d.

SOVIET REVIEWS OF NUCLEAR SCIENCE (on the 40th
Anniversary of the October Revolution)- Inter
national Series of Monographs on Nuclear Energy
(Vol. 3, No. 11 of Atonznaya Energiya, Nov.
1957)-edited by R. A. Charpie & J. V. Dunworth
(Pergamon Press Ltd, London), 1959. Pp. 108.
Price 30s. net

A PRACTICAL MANUAL ON THE MONTE CARLO METHOD
FOR RANDOM WALK PROBLEMS by E. D. Cashwell
& C. J. Everett ( Pergamon Press Ltd, London),
1959. Pp. ix + 153. Price 4Os. net

NATURAL RESOURCES - University of California En
. gineering Extension Series - edited by Martin

K Huberty & Warren L. Flock (McGraw-Hill
Rook Co. Inc., New York), 1959. Pp. xviii + 556.
Price $ 11.00

CLOSE BINARY SYSTEMS - The International Astro
physics Series - Vol. V, by Zdenek Kopal
(Chapman & Hall Ltd, London; Distributors in
India: Asia Publishing House, Bombay), 1959.
Pp. xiv + 558. Price lOSs. net

MODERN TRENDS IN DOCUMENTATION - Proceed
ings of a Symposium held at the University of
Southern California, April 1958 - edited by
Martha Boaz (Pergamon Press Ltd, London),
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NOTES & 'NEWS
Plasma engine

THE FEASIBILITY OF A PLASMA
engine, which could harness the
power of a brief shock wave gene
rated by an electric current dis
charged through air in a cylinder,
has been demonstrated in a labora
tory model. This achievement
holds good prospects for the use of
such engines, with further improve
ments, in future space ships.

By using curved electrodes in the
cylinder and by attaching a nozzle
to its bottom end, the shock wave
has been directed to produce useful
thrust; the shock wave produced
could blow away a little disc into
the air with a force of 4000 lb. It
has been calculated that a 27,300 lb.
space vehicle including a 5000 lb.
instrumented pay-load could make
a one-way trip to Mars in just over
8 months. The engine would give
rapid bursts of low-level power
over a long period and could deve
lop 9000 lb. of thrust per pulse.
But operating at a pulse rate of
500 pulses/sec., each pulse lasting
only O'39 sec., an average thrust of
1·8 lb. would be developed. Though
small, this thrust is adequate as the
engine is specifically designed to
work outside the earth's gravity.

The potentialities of the plasma
engine can be gauged by comparing
an interesting statistic of this type
of engine with those of other con
ventional ones. This statistic is
the' specific impulse', which is the
rocket engineer's equivalent of
, miles-per-gallon " and is 1700 sec.
for the plasma engine. This means
that I lb. of thrust is delivered for
each pound of fuel over an operat
ing period of 1700 sec. The speci
fic impulse of the V-2 rocket was
200 sec. and chemical rockets with
specific impulses of 400 sec. are
theoretically possible. The design
of plasma engines with specific
impulses of 5000 sec. is now con
sidered practicable [Sci. NewsleU.
Wash., 76 (1959), 21].

New method for studying
shock waves in metals

AN ACCURATE AND EASY METHOD OF

measuring and recording transient

elastic waves created in metals by
impacts and explosions is reported.
The new method gives research
engineers a means of studying the
patterns of shock waves and their
speed of transmission in solid
materials in order to establish de
sign criteria to minimize the effects
of explosive shock on finished
(military) equipment.

In operation, an explosion set off
at one end of a metal bar to which
a strain gauge has been attached,
sends a shock wave down the bar
at an extremely high speed. The
strain gauge picks up a reading
from the shock wave and transmits
a signal to a set of amplifiers, which
in turn, display a reading on the
calibrated face of an oscilloscope in
the form of a pip of light. A
polaroid camerawith shutter opened
is prefocussed on the face of the
oscilloscope and records the pip in
the form of a line as it passes. The
curve of the pip of light indicates
the speed of propagation of the
shock wave, maximum strain, shape
and changes of the wave, and
duration of strains. The oscillo
scope is set for a 4-fLsec. sweep to
reproduce a detailed display of the
signal picked up by the strain gauge
[J. Franklin Inst., 267 (1959), 548].

Amplification of
magnetic resonance signals

A METHOD FOR INCREASING THE

strength of nuclear, magnetic reso
nance (NMR) signals by factors up
to 100 or even more is described.
The values of the quality factor
(Q) of a circuit attained in practice
have rarely exceeded 250 (a com
mon value being 100) due to losses
in the circuit arising from a
number of causes like skin effect,
dielectric losses in the coil form
and the presence of a metallic shield
round the coil. In this method
the quality factor of a coil con
taining the sample is increased
by the use of an active network
to supply energy to the tuned
circuit to compensate the losses,
by introducing a shunt negative
resistance in parallel with coil.

Using this principle, experiments
on proton resonance in a sample of

water, treated with ferric nitrate
solution, have been conducted with
the amplitude bridge of Thomas
and Hunton. A Q-multiplier,
which employs a single tube acting
as a cathode follower in the feed
back path and consequently has a
high inherent stability, has been
used. A slight modification made
in the Q-multiplier involved the
application of feedback to the
junction between two fixed capa
citors connected in series across the
main tuning condenser instead of
splitting the latter. A variable
resistance served to maintain a
given voltage across the coil for
different effective values of Q.
The attainable Q-multiplication
was limited because the shunt
resistance of the tuned circuit was
smaller than the minimum shunt
negative resistance that could be
generated by this simple Q-multi
plier. However, it is ideal for work
in low field NMR spectroscopy.
The circuit should be fed from a
constant current source even at
high values of the Q-multiplication
factor for maximum benefit. At
frequencies of the order of a few
Mc/s. it is desirable to use an ampli
fier with a stabilized gain of c. 10.
At 7·35 Mc/s. a maximum increase
in signal strength by a factor of
about five has been observed.
Incidentally, the circuit offers two
advantages: firstly, the amplifier
noise at the output will be slightly
less due to the lower amplification
now required, and secondly, there
may be a slight improvement for
an oscillographic display due to
the increased selectivity of the cir
cuit [Proc. Indian Acad. Sci., 50A
(1959), 63].

Recovery of uranium

A NON-AQUEOUS METHOD FOR THE
recovery of uranium from zirco
nium tin alloy (Zircaloy) in nuclear
fuel elements is being tested at the
Brookhaven National Laboratory
of the Atomic Energy Commission,
U.S.A. The process has two ad
vantages over the currently used
aqueous hydrogen fluoride tech
nique: it uses less and smaller
equipment and produces smaller
volumes of radioactive wastes.

In actual practice, spent Zircaloy
fuel elements are first dissolved in
a mixture of 15 mole per cent
nitrogen dioxide and 85 mole per
cent hydrogen fluoride. The nitro-
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gen dioxide is used to dissolve
Zr-Sn and to prevent uranium from
forming a stable complex salt.

The solution containing Zircaloy
is then filtered to remove fission
products and most of the zirconium
in the form of a mixture of
(HzNOa)zZrF6 and (NOz)zZrF6. The
solvent is then filtered, thus leaving
soluble uranium and the soluble
zirconium salts. Bromine trifluo
ride is added to the solution, when
uranium is converted to uranium
hexafluoride. Repeated evapora
tion separates uranium hexafluo
ride and the bromine trifluoride
from the remaining zirconium and
non-volatile fission product fluo
rides. Finally, uranium hexafluo
ride is separated from bromine
trifluoride and the volatile fission
products by fractional distillation
[Chem. Engng News, 37 (20) (1959),
56].

A new paper chromatography
and electrophoresis technique

A SIMPLE APPARATUS EMPLOYING
centrifugal force has been developed
for use in the separation techniques
of paper chromatography and elec
trophoresis; the technique can be
used for one or two-dimensional
separations on circular paper sheets
rotating in a horizontal plane.

The developed chromatograms
closely resemble those of the classi
cal radial pattern. The sheets are
fixed at the centre and are held in
a taut position by rotation at 300
1000 r.p.m. The developing sol
vents are fed to the paper in a con
tinuous stream at a point slightly
away from the centre of the rota
tion. The sample solution is
applied in the form of spots on a
ring marked round the centre of
rotation or alternatively it can be
introduced as segments or whole
rings. The use of centrifugal force
speeds up chromatographic sepa
rations quite markedly.

For electrophoresis, a suitable
chamber is obtained by clamping
together a bakelite (lower) and pers
pex (upper) tray. Platinum strip
electrodes are clamped along the
full length of the two long edges of
the paper strip. When the paper
is correctly positioned it makes
contact with neither the upper nor
lower plates. The short ends of
the paper are serrated and the nine
teeth at either end dip into com
partmented troughs which are posi-
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tioned in such a way that they
swing out into the plane of the
paper when the unit rotates. The
sample is applied at two points
symmetrically distributed about
the centre of rotation along the
central longitudinal axis of the
paper. As the sheet rotates more
liquid is introduced at a point near
the centre of rotation to prevent
drying out of the paper.

In this way the developing solu
tion is applied as a ring and moves
out uniformly under the influence
of capillary and centrifugal motion
as a circular front till it reaches
the platinum strip electrodes. It
then streams along the edges of
the electrodes till it passes into the
four corner collecting compart
ments of the two troughs. This
ensures continuous removal of elec
trolysis products from the elec
trodes.

The patterns obtained by this
method are such that the one
developed on one half of the paper
is the mirror image of that on
the other half. Consequently an
authentic sample of a substance
can be applied on one side and a
mixture for analysis on the other.
When the separation has proceeded
to the necessary extent, the sheet
can be folded in half and the pre
sence or absence of the given subs
tance can be determined by observ
ing congruence of the' known' and
, unknown' zones [Chem. Age, 81
(1959), 937].

Boron measurement in
liquid streams

AN INSTRUMENT FOR MEASURING

boron in liquid streams conti
nuously to meet large-scale pro
duction control needs is described.
It is based on the large capacity of
boron for neutron absorption.

Slow neutrons (0,035 electron
volts) from a radium-beryllium
source are allowed to pass through
a concentrically arranged stainless
steel sample cell and into a propor
tional tube filled with boron tri
fluoride gas containing 96 per cent
of the isotope Blo, which captures
the neutrons. Each captured neu
tron causes a pulse on a wire
(carrying about 2000 volts) in the
proportional tube. The pulses are
amplified and counted. A time
measuring device tied to the coun
ter gives a rate measurement of the
pulses. The rate of pulse genera-

tion is inversely proportional to
boron concentration in the stream.

A pneumatic integrator, adjust
able for the range of boron content
in the plant streams, is used for
measurement. Components of the
instrument can be located almost
as desired. No thermosetting is
needed, since a change in ambient
temperature from 70° to 120°F.
has no noticeable effect on the
reading [Chem. Engng News, 37
(23) (1959),52].

Direct mass-flow meter

A TRUE MASS-FLOW METER - ONE

that measures fluid flow directly in
pounds - has been developed by
the General Electric Co. Since its
operation does not depend on
volume it can bypass such variables
as pressure, temperature and den
sity. The meter, made up of three
major components - flow rate
sensor, gyroscopic integrator, and
six-digit cyclometer register - can
be used with many industrial fluids,
such as naphtha, gasoline and
other hydrocarbon liquids, refinery
and natural gas, oxygen, nitrogen,
and liquefied hydrocarbon gases,
such as butane and propane. The
device may also prove useful for
light gases such as hydrogen and
helium, as well as high temperature,
corrosive, and cryogenic fluids.

The unit does not depend on a
regulated power supply; it will
measure flow rates of gases up to
40,000 lb. per hour and liquids up
to 240,000 lb. per hour. The
meter operates at pressures up to
1500 p.s.i.g., and at ambient tem
peratures from -20° to 125°F.,
and fluid temperatures from 0° to
165°F. It is explosion-proof [Chem.
Engng News, 37 (21) (1959), 88J.

Screening of anti-ozonants

AN EFFECTIVE TEST WHICH
screens organic compounds to
determine their potential as anti
ozonants in rubber has been report
ed. A model olefin, cyclohexene, is
dissolved in an inert solvent, car
bon tetrachloride; a small amount
of the compound to be tested is
also dissolved in the solvent. The
solution is cooled to O°C. and
a stream of air containing ozone
(2 per cepL by volume) is passed
through the solution.

The effluent is then scrubbed
with potassium iodide, dried and



analysed for oxygen with a Beck
man oxygen analyser. This oxy
gen content is recorded at 10 min.
intervals for about 40 min., plotted
and extrapolated to zero time.
The extent to which the inhibitor
is able to suppress the three-atom
reaction is expressed in per cent
by volume of oxygen. This value
is then compared with that of a
reference standard, N, N'-dioctyl
p-phenylenediamine, which is arbi
trarily set at 100 [Chem. ElIgllg
News, 37 (23) (1959), 38].

Microbiological oxidation of
steroids

A NEW ~IETHOD FOR THE MICRO
biological oxidation of steroids has
been developed at the Research
Institute of the Pharmaceutical
Industry, Budapest. The method
is simpler and gives a purer product
than the conventional fermenta
tion process and can be used for
all microbiological conversions
where the organism performing the
transformation can be grown in
pellet form and the polarity of the
substrate molecule to be converted
is not such as to make it soluble
in the aqueous fermentation broth.
The method gives a product which
can be continuously extracted from
the system and is thus not subject
ed to further oxidation; the pro
duct can be easily separated from
the mycelial tissues and no loss
occurs since the small quantity
of untransformed steroid can be
totally recovered.

R. lIigricans is grown as a volu
minous mucous mass and the
inoculum (400 mI.) consisting of
105 spores/litre in the pellet form
are placed in a chromatographic
column of 4 em. diameter fitted
with a sintered glass plate. The
fluid rises through the lower four
way joint into the glass tube placed
alongside the column. Air is blown
through a capillary and thus the
broth is continuously forced from
the tube into the column and satu
rated with air at the same time.
To the fluid thus kept in constant
circulation, 160 mg. of progeste
rone dissolved in 4 ml. of acetone
are added. The speed of circula
tion of the broth was 250 ml./min.
After the addition of progesterone,
the fermentation broth (250 ml.) is
drained off at different intervals
and the same quantity of fresh
broth added. The broth samples
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are shaken with twice their volume
of dichloroethane, the mycelium
globules retained in the column are
extracted twice with 10 ml. of
acetone and three times with di
chloroethane, using in all 100 ml.
of the solvent. The extracts are
washed with a 2 per cent solution
of sodium bicarbonate, then with
water, dried with sodium sulphate
and, finally, examined by paper
chromatography. The conversion
yield of progesterone was 86 per
cent [Nature, Lond., 183 (1959),
1279].

Synthetic penicillins

A NEW CHEAPER AND SHORTER
route to l>iologically active synthe
tic penicillins, starting from com
mercially available penicillin G, has
been worked out. The new series
of penicillins can act on organisms
which are resistant to the natural
penicillins.

The first step in the new syn
thesis is the removal of phenyl
acetic acid side chain from penicillin
G, which is done by treating the
potassium salt of penicillin G with
methanol containing triethylamine
as catalyst. The resulting potas
sium ot-methyl-D-ot-benzyl penicil
loate is then directly converted
with methanolic hydrogen chloride
to methyl-D-ot-4-carbmethoxy- 5,
5-dimethyl-ot-amino-2-thiozolidine
acetate hydrochloride. This is the
starting compound upon which the
whole new synthetic series is based.
The new intermediate also com
pletes a transition between a
natural penicillin and a biologically
active synthetic penicillin series
which is not directly available by
fermentation [Chem. Engng News,
37 (24) (1959),43].

Isolation of anti-protein bodies

A CONVENIENT, REPRODUCIBLE AND
gentle method for the isolation of
antibodies (Ab) directed against
protein antigens (Ag) is reported.
The method has been used suc
cessfully to isolate pure rabbit Ab
to hen ovalbumin (OA) , bovine
serum albumin (BSA), and bovine
ribonuclease (RNase).

A protein Ag is treated with N
acetyl D, L-homocysteine thiolac
tone (AHT), which places a number
of SH groups on its surface without
seriously affecting its capacity to
precipitate with Ab directed to the

original protein. A specific preci
pitate is then prepared with the
thiolated protein (T-Ag) and the
Ab. After the precipitate is freed
from non-specific proteins, it is
dissolved in a glycine- sulphate
buffer at pH 2'4, in which the
Ag-Ab bonds are largely disso
ciated and the appropriate amount
of the bifunctional organic mer
curial 3,6-bis-(acetoxymercurime
thyl)-dioxane (MMD) is added. The
T-Ag is cross-linked by -S-Hg
bonds - and precipitates, leaving
much of the Ab in solution [J.
Amer. chem. Soc., 81 (1959), 2277].

Enzymatic synthesis of
carbon-chlorine bond

THE FIRST ENZYMATIC SYNTHESIS
of carbon-ehlorine bond catalysed
by an enzyme (or enzyme system)
has been reported. The enzyme
used is obtained from Caldario
myces fumago which excretes cald
ariomycin as the major chlorine
containing metabolite. Acetone
dried mycelial powders of this
would catalyse the conversion of
chloride ion into an ether-extract
able organic form when supple
mented with ~-ketoadipic acid; a
small amount (5 mg.) of the radio
active enzymatically synthesized
compound has been isolated. The
behaviour of this unknown com
pound on a Dowex-l column
(formate phase) and labile action
towards IN NaOH indicate it to be
a weaker acid than ~-ketoadipic

acid and it was concluded that
the chlorine atom is situated on
a carbon alpha to the ketone.
Assuming a ~-decarboxylation,

these considerations limit the pos
sible constitution of enzymatically
synthesized acid to either 3-chloro
levulinic acid or ~-chlorolevulinic

acid. The enzymatically synthe
sized acid has been found to be
identical with ~-chlorolevulinic acid
[J. Amer. chem. Soc., 81 (1959),
1011]. -

Duplication of virus in
animal cells

A MAJOR STEP TOWARDS THE
understanding of viruses comes
from a recent discovery that an
animal cell can manufacture a
complete virus from the naked
nucleic acid of a virus inserted into
it. This clearly establishes that
the animal cell has the machinery
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within it to duplicate a virus.
Apparently there is a specific
attachment between the surface of
a cell and the protein coat of a
virus that determines whether the
virus attacks the cell or not. A
cell resistant to polio virus, for
example, does not have the kind
of protein on its surface that
will combine with the polio virus
protein.

In an experimental study, pro
tein coat from polio virus was
removed by chemical treatment
and the nucleic acid released was
then introduced into naturally
resistant cells. The cells produced
polio virus from the nucleic acid
that was identical with the original
polio virus. It has been found
that susceptible human and monkey
cells could be infected by the
new polio virus but resistant cells
from rabbits, mice, hamsters, chic
kens and guinea-pigs are immune.
These studies shed some light on
the possible mode of evolution of
viruses; they may also lead to the
development of new kinds of viruses
and vaccines [Sci. Newslett. Wash.,
75 (1959), 275].

Single-strand DNA

THE ISOLATION OF A SINGLE
stranded deoxyribonucleic acid'
(DNA) is expected to lead to a
better understanding of the be
haviour and properties of many
nucleic acids including how ribo
nucleic acid replicates.

While searching ·for a low mole
cular weight DNA with which to
study biological activity as a
function of chemical structure of
DNA molecule, it has been ob
served that .pXDNA, isolated from
the virus X174, does not act the
same way as DNA. Its radius of
gyration is smaller than predicted
for two-stranded DNA of the same
molecular weight. Also its radius
of gyration is a function of ionic
strength of the solution, in contrast
to two-stranded DNA. The ultra
violet absorption of .pXDNA is
temperature dependent between
20° and 60°C., a phenomenon which
is not observed in two-strand
ed DNA. Its average molecular
weight decreases upon enzyme de
gradation according to a function
expected for a single-stranded mole
cule different from a function for a
two-stranded molecule. It reacts
with formaldehyde at 37°C. and is
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precipitated by Pb++ ions. This
shows that the purine and pyri
midine rings are not tied up in a
hydrogen-bonded complementary
structure but are available for re
action. It does not have a com
plementary nucleotide composition.
Adenine and thymine contents and
guanine and cytosine contents are
not equal. The simplest explana
tion for all these observations is
that .pXDNA is a single-stranded
molecule [Chem. Engng News, 37
(22) (1959), 40].

Cholesterol-lowering activity
of wheat gluten lipid

THE SUBSTITUTION OF WHEAT
gluten for casein as the dietary
protein has been reported to cause
a marked reduction in the serum
cholesterol concentration of rats
fed a hypercholesteremic diet. It
has been recently observed that the
cholesterol-lowering activity of
wheat gluten is associated with
lipid material which is resistant to
extraction with an ether-petroleum
ether-acetone mixture. A major
portion of the lipid material could
be removed by continuous extrac
tion with hot absolute ethyl alcohol
for several days. Also, continuous
extraction with hot n-butyl alcohol
for 24 hr led to recovery of 80-90
per cent of this lipid material. The
lipid has been separated into two
fractions, one fraction soluble in
acetone which comprises 90 per cent
of the total lipids and another
fraction insoluble in acetone, which
forms approximately 10 per cent
of the total lipids. Both these frac
tions possess cholesterol-lowering
activity. Wheat gluten extracted
in this manner ,not only lost its
cholesterol-lowering activity, but
actually enhanced hypercholestere
mia when it was substituted for
casein in the hypercholesteremic
diet [Federation Proceedings ,U.S.A.,
18 (1959), 539].

Symposium on
Inhaled Particles and Vapours

AN INTERNATIONAL SYMPOSIUM ON
Inhaled Particles and Vapours,
organized by the British Occu
pational Hygiene Society, will be
held in Oxford, London, from 29
March to 1 April 1960. The
symposium, besides concerning it
self with the physical, chemical and
physiological factors governing the

entry of harmful substances into
the body via the respiratory system,
will cover the following subjects:
(1) Anatomy and physiology of the
respiratory tract; (2) Distribution
and retention of particles and
vapours in the respiratory tract;
(3) Elimination of material from
the respiratory tract; (4) Reactions
with the respiratory tract arising
from the presence of particles and
vapours; and (5) Sampling tech
niques simulating respiratory re
tention. The symposium will have
bearing on many problems of
industrial hygiene including sili
cosis, asbestosis and the other
pneumoconioses, and on the da
mage to health produced by smog,
tobacco smoke, radioactive gases
and dusts, air-borne bacteria and
toxic vapours.

Further details can be had from
Dr J. S. McLintock, Medical Ser
vice, National Coal Board, Hobart
House, London S.W.1.

Indian Institute of Technology,
Madras

THE INDIAN INSTITUTE OF TECHNO
logy, Madras, the third in the chain
of four regional higher technological
institutions being established by the
Government of India, was inaugu
rated by the Minister for Scientific
Research and Cultural Affairs on
31 July 1959. The other two
institutions, already functioning,
are located at Kharagpur and
Bombay. The fourth, to be estab
lished at Kanpur (U.P.), is to start
functioning next year.

The Institute, which is being
built on a 600-acre site at Guindy,
Madras, with the technical assis
tance of West Germany, is the first
to have a five-year integrated
course, which will set the pattern of
engineering education in the
country. The institute will have a
total strength of 1500 students for
the degree courses and about 500
students for postgraduate courses.
In addition, research work will be
carried out on a wide variety of
engineering and technological sub
jects. The Institute is expected to
partially reduce the existing im
balance between the number of
graduate engineers and those en
gaged in postgraduate research and
diploma holders. The course at
the institute will include instruc
tion in human and social sciences
also.



During the first year, the Insti
tute proposes to admit 120 students
and will offer facilities for advanced
studies and research in a wide range
of subjects such as machine tool
technology, production engineering,
mechanical handling of materials,
metallurgy of iron and steel,
foundry engineering, chemical en
gineering, plant design and fabri
cation, instrument teclmolo.sy,
structural engineering and electro
nics.

The Institute represents another
example of international co-opera
tion and co-ordination in the scienti
fic and technological field, and is
assisted by 20 experienced German
professors who will serve the insti
tution for 5 years in training Indian
engineers. Besides making avail
able the services of the technical
experts, the West German Govern
ment has provided equipment and
a fully equipped library, worth over
Rs I crore.

Physico-chemical data on
antibiotics

As AN AID TO THE IDENTIFICATION
and study of antibiotics, the re
search staff of the Hindustan
Antibiotics Ltd, Pimpri, Poona,
have prepared tables in which the
known antibiotics have been classi
fied by their physical, chemical and
biological properties. These are
being published in the Bulletin
issued by the Hindustan Anti
biotics Ltd. The first set in the
series of such tables published in a
recent issue of the Bulletin [2
(1959),13J presents data on the melt
ing points, ultraviolet absorption
maxima and empirical formulae for
235 antibiotics produced by fungi,
bacteria and lichens. In the table,
in which the antibiotics are
arranged by their empirical for
mulae, the data provided include
the name of the organism producing
the antibiotic, crystal form and
colour, nature, melting point, ultra
violet absorption maxima, optical
rotation, antibiotic activity and
structural formula.

Proceedings of the
Symposium on Chemotherapy

THE Proceedings of the Symposium
on Chemotherapy held at the Cen
tralDrug Research Institute, Luck
now, during 2-4 November 1958
have been published. The 172-page

NOTES & NEWS

volume contains 44 technical papers
presented at the symposium along
with the discussions on each paper.
A report of the symposium has
already been published in this
Journal [ISA (1959), 89J.

Copies of the publication (price
Rs 12.00) are available from the
Director, Central Drug Research
Institute, Lucknow.

Solid State Electronics

THE PERGAMON PRESS LTD,
London, has undertaken the publi
cation, under a distinguished inter
national board of editors, of a new
bimonthly, Solid State Electronics,
beginning with the autumn of 1959.
The journal will cover broadly the
following subjects: Transistor tech
nology in all its aspects, crystal
growing and handling; application
of contacts, crystal detectors and
power rectifiers; preparation of
intermetallic and other binary
and tertiary semiconductors; design
and performance of galvanomag
netic devices; thermo-electric pro
perties and their applications;
electroluminescence; photoconduc
tors and photovoltaic cells, and
solid state batteries; and problems
concerning encapsulation and work
ing life. Papers on circuitry will
also be included if they have a
direct bearing on new technological
aspects of the semiconductor de
vices concerned. The subscription
for the journal is £7 or $ 20.00 per
volume to libraries, and £ 5 or
$ 14.00 per volume to certified
private supscribers.

Journal of Research,
National Bureau of Standards

THE NATIONAL BUREAU OF STAN
dards, Washington, is now issuing
the Journal of Research in four
separate sections to permit more
effective dissemination of the
Bureau's contributions to science
and industry, and meet more
effectively the specialized needs of
scientists, engineers and mathe
maticians.

Section A: Physics and Chemistry,
will cover a broad range of physical
and chemical research, with major
emphasis on standards of physical
measurement, fundamental cons
tants and properties of matter.
This section will be issued six times
a year (annual subscription $ 4.00,
postage extra). Section B: Mathe-

matics and Mathematical Physics,
will present studies and compilation
designed for the mathematician and
theoretical physicist. It will in
clude topics in mathematical sta
tistics, theory of experiment design,
numerical analysis, theoretical
physics and chemistry, and logical
design and programming of com
puters. It will be issued quar
terly (annual subscription $ 2.25).
Section C: Engineering and Instru
mentation, will report results of
interest chiefly to the engineer and
the applied scientist. It will also
cover some of the work in applied
mechanics, properties of engineer
ing materials, building research
and cryogenic engineering. It will
also be issued quarterly (annual
subscription $ 2.25). Section D:
Radio Propagation, will report
research in radio propagation,
communications, and upper atmo
spheric physics. It will be issued
six times in a year (annual subs
cription $ 4.00).

In addition to research reports
the new journal will contain review
articles.

Announcements

Ii Dr F. W. G. White has been
appointed Chairman, Council of
Scientific & Industrial Research
Organization (C.S.I.R.O.), Austra
lia. Dr White was Professor of
Physics at the Canterbury Uni
versity College, New Zealand,
before corning to Australia in 1941
at the invitation of the Australian
Government to work on radar
research. When the C.S.I.R.O.
was formed in 1949 he became the
Chief Executive Officer and in 1957
the Deputy Chairman. He played
an important role in building up
the laboratories of the C.S.I.R.O.
He has been particularly active in
the development of the C.S.I.R.O.
Wool Research Laboratories and
was the Chairman of the First
International Wool Textile Re
search Conference which met in
Australia in 1955.

• Award of Doctorate Degrees
Shri Sunil Priya Das Gupta and
Shri Hakam Singh have been
awarded the Ph.D. degree of the
Delhi University for their respec
tive theses entitled Dielectric absorp
tion of long-chain aliphatic esters
and Some aspects of the structural
chemistry of clay minerals.
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Shri Khodu Sorab Irani has been
awarded the Ph.D. degree of the
Poona University for his thesis
entitled Structural transformations
in spinels.

INSTRUMENTS AND
APPLIANCES

Electronic microbalance

AN ELECTRONIC MICROBALANCE

which can automatically measure
and record small variations of
weight or energy for which the
conventional mechanical balances
are either inadequate or their use
involves lengthy and elaborate
operations, has been designed.
The instrument offers a number
of basic advantages not obtain
able in other presently available
ones, like precise control of the
weighing time and maximum im
munity to mechanical vibration.
The accuracy of measurement is
unaffected by impacts. The record
ings need not be in chronological
event sequence.

In the electronic microbalance,
the movement produced by the
weight or energy to be measured is
entirely self-compensated by a
counteracting electric current. A
small deflecting magnet attached to
the quartz lever and moving within
the field of an h.f. coil and per
manent magnet, indicates the posi
tion of the lever and produces the
counteracting moment. By suit
able arrangement of the electronic
circuits, other quantities, derived
from weight differential curves for
the determination of sedimentation
weight variations gauged or re
corded by the balance can be used
independently for monitoring or
controlling other processes. The
specifications of the balance are:
maximum measurable load, 1 kg.;
overall measuring range, 0'1-5 mg.
full-scale deflection in 4 sensitivity
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ranges; and error, 0·5 per cent of
full-scale deflection [Europ. tech.
Dig., 4 (6) (1959). 37].

Gamma ray-insensitive
fast-neutron counter

A FAST-NEUTRON COUNTER, SIMPLE
in construction and comparable in
efficiency to other similar devices
in use, is described. Available
devices to detect neutrons employ
ing organic phosphors suffer from
high gamma ray sensitivity, and
this counter is free from this
defect.

The counter consists of a number
of thin rectangular lucite sheets
coated with zinc sulphide over
their large faces and then sand
wiched together to form a rect
angular block which is mounted
on a RCA 6342 photomultiplier.
Zinc sulphide powder of thickness
less than 10 mg./sq. em. gives a
satisfactory neutron response.
Several lucite sheet thicknesses
have been tried and it has been
found that for radium-beryllium
neutrons the efficiency decreased for
thicknesses greater than 0·125 in.
Neutron detection efficiency has
been found, within the limits of
experimental error, independent of
the direction of entrance.

The pulse height spectra and
absolute efficiencies of'the counter
measured in the energy range 225
keY. to 4·4 MeV. using neutrons
from the T(P, n)He3 and D(d, n)He3

reactions and for 17-MeV. neutrons
from the T(d, n) He4 reaction,
showed that the dete.ction effi
ciency is dependent on the neu
tron energy. The curves for abso
lute efficiencies for C060 6-MeV.
gamma rays indicate that a suit
able bias can be chosen without
seriously impairing neutron detec
tion efficiency to give a gamma ray
efficiency of 10-6 to 10- 10 of the
neutron detection efficiency at that

bias [Canad. J. Phys., 37 (1959),
858].

Semiconductor tetrode

A NEW FOUR-TERMINAL SEMICON
ductor device, which can perform a
number of electronic functions, has
been developed at the Bell Tele
phone Laboratories, New York.
The device, called the field effect
tetrode, can be made to function as
a transformer, gyrator, isolator,
non-distorting modulator, or a
short-circuit stable negative resis
tance. The new device has been
the outcome of the theoretical work
done on the earlier field effect
current limiter. Functionally the
device has no analogue, either in
electron tubes or in previous tran
sistors. As a transformer, it has a
very decided advantage of con
siderable reduction in size for low
frequency use, although it does not
afford d.c. isolation. As a gyrator,
it should be of considerable circuit
interest, e.g. for effecting impe
dance conversion. One such appli
cation may be to use the new de
vice to convert the reactance of a
miniature capacitor into that of a
high-Q inductor. If the device is
biased properly, it will function as
an isolator, allowing passage of
alternating current in one direction
only. A chief application of the
new device may be as a distortion
less modulator, or electronically
controlled resistor for large signals.
If a direct connection is made
between the inner lead on one face
and the outer lead on the other,
the device will function as a two
terminal a.c. short-circuit stable
negative resistance. In the experi
mental models, this performance
has been achieved over a range of
about 30 to 250 V., at 0'1-0'6 rna.,
in a boron-doped silicon crystal with
a phosphorus diffused junction
[J.Franklin Inst., 267 (1959), 547].



Progress

TOBACCO RESEARCH IN INDIA

STATISTICS REGAIWING THE ACREAGE UNDER TOBACCO

and the production during 1957-58 and the significant
results of researches carried out on different aspects
of tobacco cultivation at the \'arious research stations
under the Indian Central Tobacco Committee are
presented in the committee's thirteenth annual
report. A slight fall was recorded both in area
under cultivation and the total production from
1029 thousand acres and 658·5 million lb. in 1956-57
to 926 thousand acres and 564·5 million lb. respec
tively in 1957-58. The area under Virginia tobacco
was 176,000 acres, of which 167,000 acres were in
Andhra Pradesh alone, yielding about 101 million lb.
Virginia tobacco out of the total of 114 million lb.
produced in India. During the year, 93·7 million lb.
of tobacco worth Rs 15·8 crores were exported
against 99·9 million lb. worth Rs 13·8 crores during
1956-57. Imports of manufactured tobacco fell from
3·5 million lb., worth Rs 1·31 crores, in 1956-57 to
2·8 million lb., worth Rs 1·27 crores, during 1957-58.

Agronomy - Application of farmyard manure as
a layer, at the rate of 50 tons/acre, supplemented
with groundnut cake has been found to be beneficial
for nursery plants of cigarette tobacco. The bene
ficial effect is, however, not marked when farmyard
manure is mixed with the top soil. The number of
transplants is minimum when groundnut cake alone
is applied to supply about 80 lb. nitrogen/acre. In
the case of cigar tobacco, the best results are
obtained from a combination treatment with 100-200
lb. nitrogen per acre in the form of farmyard manure
and 200 lb. nitrogen/acre as night soil compost or
100 lb. nitrogen as groundnut cake. For bidi
tobacco, a combination of 80 lb. nitrogen from
castor cake, 40 lb. from farmyard manure and 40 lb.
from ammonium sulphate was found to be the best.
Composting of the cake for one or two weeks before
application proves advantageous.

A seed rate of 3 lb./acre has been found to be
optimum for raising nursery plants. Rabbing of
seed beds helps in increasing the number of trans
plants, more so when ash is mixed with the top soil.
Cultural experiments on cigarette tobacco have led
to the following general conclusions: (I) Deep
ploughing increases the yield of bright grades and
total bright leaf equivalent by as much as 28 and
23 per cent respectively over normal ploughing;
(2) application of 20 lb. nitrogen per acre increases
the green leaf yield significantly under deep tillage.
Addition of P20 5 , K20 and Mg to the nitrogenous
manure does not appreciably increase the yield
under deep ploughing, but under normal ploughing
their addition is beneficial; (3) artificial mulching
with paddy straw at the rate of 3 cartloads/acre,
immediately after the first interculturing, signi
ficantly increases the yield of the bright grade leaf and
the total bright leaf equivalent over that of nor
mal interculturing. Application of well-decomposed

Reports

organic matter, whether farmyard manure or com
posted tobacco stalks, improves the response of the
crop to fertilizers, while the application of undecom
posed chaffed tobacco stalks has an adverse effect
in this respect; and (4) among different chemical
fertilizers, calcium ammonium nitrate appeared to
be most promising in producing more bright grades
and total bright leaf equivalent.

In the case of cigar tobacco, highest yields are
obtained by manuring with 20 cartloads of farm
yard manure plus 50-100 lb. nitrogen per acre, half
as groundnut oke and half as ammonium sulphate.

The spacing 48 X 24 in. has been found to be
more convenient from the points of view of inter
culturing and inspection of leaf at harvest than the
prevalent 33 X 33 in. spacing. In the case of Natu
tobacco, the farm method of topping at flower head
and harvesting from bottom to top as in flue-cured
Virginia tobacco, instead of topping, as in the con
ventional method, at about 14 leaves and harvest
ing from top to bottom has been found to give 27
per cent increase in cured leaf yield.

Chemistry - Application of nitrogen, phosphorus
and potassium, singly or in combination, does not
influence the nitrogen content of the leaf. In the
varieties Chatham and Harrison Special, the nicotine
content of the leaf increases with increasing amounts
of nitrogenous fertilizers used. Application of P20 5

gives significant increase in the yield of bright grades
and total bright leaf equivalent. The chemical com
position of cured leaf is independent of the me
thod of cultivation; the total nitrogen and nicotine
contents increase while the total sugar content of
the leaf decreases with the application of nitrogen.

Plant physiology - Seeds subjected to low tem
perature treatment have been found to germinate
better and to give higher number of transplants than
untreated seeds. The application of coconut oil
and spraying of M.H. 30 considerably improves the
cured leaf weight per plant. The total bright leaf
equivalent is more in Harrison Special and Delcrest
when coconut oil or M.H. 30 is applied two weeks
before topping. Application of mustard oil to top
eight buds has been found to be most effective in
eliminating the suckers in N. tabacum. Maleic anhy
dride was not only effective in controlling suckers,
but also gave maximum yield of cured leaf as well
as first grade leaf.

Plant breeding - Delcrest variety, among the ciga
rette tobaccos, has proved superior to other varie
ties in its response to topping and giving a uniform
and high proportion of bright grades in all pick
ings. Among the varieties of wrapper tobacco, a
new variety, ' Dixie Shade " introduced recently was
found to be best both from the point of yield and
first grade leaf.

Plant pathology - Shell Copper, Coppesan, Blitox
and Cupravit have been found to reduce the growth
of the fungus Pythium aphanidermalum. Applica
tion of 40 lb. sulphur/acre completely controls the
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incidence of powdery mildew. Spraying Dithane
Z-78 and priming of the spotted and sand leaves
control incidence of spot disease better than either
of them independently. In the case of bidi tobacco,
a seed rate of l-lilb./acre was found to give less
damping off and produced larger number of trans-
plants. .

Entomology - DDT, Rhothane and Endrin are
more or less equally effective in preventing damage
to seedlings. Two applications appear to give
better results in the case of DDT and Endrin than
one application. For cigarette beetle, the vertical
suction light trap with two baffle plates and a fan
and with one bulb gave the highest average catch
(533 per day). Hydrocyanic acid gave more than
90 per cent kill of all the stages of cigarette beetle
excepting eggs in which case the mortality was 100
per cent.

Endrin (10,01 per cent). Aldrin (0,05 per cent),
DDT (10,2 per cent). Dieldrin (0,05 per cent) and
Folidol (0,03 per cent), in order of preference, could.
be used effectively to control tobacco stem borer.
Aldrin (0,05 per cent), Dieldrin (0,05 per cent), DDT
(0·2 per cent), Endrin (0,05 per l:ent) and Folidol,
when sprayed at the rate of 2·5 gal. per bed of
12 X 4 ft before the seeds germinate, have been
found to be quite effective in controlling soil-borne
pests of tobacco nursery. The addition of Aldrex
emulsion in transplanting water at the rate of 0·5
Ib./acre effectively controls the cutworms.

DEPARTMENT OF SCIENTIFIC & INDUSTRIAL
RESEARCH, NEW ZEALAND

THE ANNUAL REPORT OF THE DEPARTMENT OF
Scientific & Industrial Research, New Zealand, for
the year ended 31 March 1958, shows that the budget
of the Department during the period under review
rose to £1,535,000, an increase of £130,000 over the
previous year. Three new research journals, the
New Zealand Journal of Agricultural Research (bi
montWy), New Zealand Journal of Geology and
Geophysics (quarterly), and the New Zealand Journal
of Science (quarterly) started publication during the
year; these replace the New Zealand Journal ofScience
and Technology.

During the year, the Department continued to.
devote much attention to the work in connection with
the International Geophysical Year Programme and
collected valuable data on the topography and geo
logy of the Ross Dependency Area, and on seismo
logical, ionospheric, geomagnetic and auroral pheno
mena at Scott Base and Hallett Station. Radar
experiments have shown that the reflections of the
radar beam come from a layer only a few km. (110
km.) thick above the earth, which indicates that in
this region the atmosphere is ionized along tracks
parallel to the direction of the earth's magnetic field.
These tracks are probably left by protons arriving
from the sun. The regions that reflect the radar
beam are not the same as those that glow.visibly
during auroral displays and the two do not neces
sarily occur simultaneously. These experiments
give a better understanding and control of the trans
mission of radio signals past the Poles. From obser
vations on ' whistlers' it appears that the state of the
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ionosphere fluctuates with the sun's activity but
shows a delay of about 6 weeks, whereas the corona
(much nearer the sun) is reported to show a delay of
about 3 weeks.

A number of new or improved medical instruments
have been designed and constructed: (1) An auto
matic isodose recorder for use with the 4 MeV. linear
accelerator. This instrument eliminates the tedium
in the plotting of individual curves in the earlier
method and takes only 15 min. for ploUing a 15 X
15 cm. field; (2) a repeating pistol for the implanta
tion of radon seeds which facilitates accurate control
of the implantation and minimizes radiation hazard.
Special casettes loaded in protective containers can
be simply transferred to the pistol, which delivers one
seed at the tip of a hypodermic needle for each
operation of the trigger; and (3) an improved cardio
tachometer which, by means of an automatic pulse
amplitude control and a rate recording circuit, allows
an accurate record to be made of the short-term effects
of certain modern drugs.

Comprehensive work on the evaluation of indi
genous materials for their pozzolanic properties have
led to the selection of two suitable types of pozzolans,
diatomite and pumicite, for use in mass concrete in
hydro construction. Diatomite has been found to
possess greater reactivity than pumicite. Measure
ments have conclusively shown that pumicite replace
ment in optimum proportions has decided advantages.
Fine grinding of pumicite imparted greater strength
to the concrete and the drying shrinkage can be con
trolled satisfactorily. Early heat generation has also
been reduced.

A technique developed, involving the use of paper
chromatography, has made possible the separation
and identification, in human organs, of barbiturates.
Another useful technique for studying metabolic
paths of hydrogen in photosynthesis or of oxygen
in respiration has been developed. The difficulty
of making radio-autographs with tritium has been
overcome by converting the beta particle energy
to light quanta and photographing the light on a
film. Such radio-autographs should prove valuable
in many fields of biochemical research.

The Auckland Industrial Development Laboratories
have developed a method of measuring sap flow
in plants (pines) by means of heat transport. An
instantaneous line pulse of heat is released in
the sap-wood by passing electric current through
a resistance wire (perpendicular to the sap stream)
and the resulting temperature changes at a point
c. 0·5 in. downstream are measured by means of
a thermistor probe. Experimental values confirm
the theoretical predictions showing the usefulness
of the instrument in sap flow measurement.

Based on the finding that cell.size has a correlation
with the storage quality of apples, the Fruit Research
Division has devised an improved method by which
the time of measuring of cell size in apples is consider
ably reduced and the section cutting is eliminated.
In this method the apple cells are separated without
altering their size or shape by dissolving away the
material that holds the cells together; once separated,
the cells are easily measured. With this increased
speed in testing, commercial forecasting of apple
storage quality becomes a possibility.
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C PHYSICS 53

C216 CrystallOl1raphy 53: 548.0

273. DESHPANDE, V. T., SIRDESHMUKH, D. B. &
MUDHOLKER, V. M.: The lattice constant of
strontium nitrate, Acta cryst., Copenhagen, 12
(1959), 257

The value reported in literature for the lattice cons
tant of strontium nitrate being too high, an accurate
determination of the lattice constant has been made.
The mean value at 20°C. has been obtained as 7·7798
±0·0002 A. The density of the crystal, calculated
from this value, is in good agreement with that given
in the International Critical Tables.

C216e Apparatus 53.07: 548.0

274. CHIDAMBARAM, R.: A magnetic storage system
for a double Fourier series synthesizer, ]. sci.
indus/r. Res., 18B (1959), 177

A magnetic storage system for an analogue computer
for the summation of double Fourier series in X-ray
crystal structure analysis has been described. The
system uses a synchronous magnetic recorder to store
the structure amplitudes and phases in the form of
sinusoidal harmonic waves. These harmonics are
generated photoelectrically by a chopper system,
processed and then recorded with appropriate ampli
tudes and phases on two magnetic drums. The
phase shifting is done by a modified RC phase shifter.
Long pickup heads perform the summations over one
of the running indices. Two new methods have been
described for indicating that the phase relations
between the reproduced voltages are correct. The
transfer characteristics for normal and synchronous
magnetic recording have been compared and it has
been shown that, in the latter, the' supersonic' bias
frequency may be much lower than the signal fre-

quency. It has been suggested that the pickup head
can be used as a low pass filter to eliminate part of the
·distortion in the recorded remanent induction. The
effect of amplitude modulation of the reproduced
waveforms at a sub-harmonic of the fundamental
frequency on the final contour map of electron den
sity has been investigated. The performance of the
storage system has been evaluated and some possible
improvements in the design have been indicated.

C5: 1 Optical Systems 535.31

275. SEN GUPTA, M. K.: Calculation of last radius
of an optical system for tr.e correction of zonal
chromatic aberration, ]. sci. indus/r. Res., 18B
(1959), 221

In calculating the last radius of an optical system for
the correction of chromatic aberration, for a parti
cular zone, the last glass thickness is in general
ignored, and set almost arbitrarily. This makes
the equations inexact and the chromatic correction
imperfect. An exact equation suitable for computing
with desk calculating machines has been derived by
which the two coloured rays can be brought to exact
reunion. The method has been illustrated by a
numerical example.

C5 : 3 Spectroscopy 535.33

276. GARG, S. N. & SINGH, 1. S.: On the emission
spectrum of benzaldehyde,]. sci. Res., Banaras
Hindu Vniv., 9 (1) (1958), 61

The emission spectrum of benzaldehyde, obtained by
transformer discharge through flowing vapour of
benzaldehyde (vapour pressure, c. 1 mm.), has been
studied. The spectrum covers the region 3679
5983 A. A comparatively large number of vibrations
has been observed to be excited. The main fre
quency is 1733 cm.-1, which is identified as C=O
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stretching frequency. Over this frequency and its
multiples, other totally symmetrical as well as non
totally symmetrical vibrations are superposed. A de
tailed analysis of a large number of bands observed
has been made. .

277. PADDI REDDY, S.: New band systems of FeBr
in the visible region, I sci. industr. Res., 18B
(1959), 188

Four band systems attributed to the FeBr molecule
have been observed in the region 5720-6410 A. in the
spectrum when excited both in a high frequency
discharge and in a heavy current discharge from a
generator. Starting from the shorter wavelength
side these have been designated as systems I. II, III
and IV. In each of the first three band systems,
only two sequences have been identified while in the
fourth, three sequences have been observed. The
vibrational analyses of the four systems indicate that
systems I, II and IV have a common lower state
which may probably be the ground state of the FeBr
molecule. Systems I and II, which consist of single
headed bands, may belong to a transition of the type
~-~ with multiplicity 2or 4. The bands of systems III
and IV show P and Q heads. In the 0, 0 band of
system IV, the 0 ' form' head has been identified in
addition to the P and Qheads. Ea~h of the systems
III and IV may probably belong to a transition of the
type ~-~ with multiplicity 2 or 4.

C5 : 73 Fluorescence 535.37

278. PANT, D. D. & KHANDELWAL, D. P.: Fluores
cence spectrum of uranyl perchlorate solutions
at room temperature, I sci. industr. Res., 18B
(1959), 126

The fluorescence spectrum of uranyl perchlorate
solutions at room temperature has been found to
consist of a single series of lX-bands which are un- .
affected by dilution, the solution being acidic. The
spectrum shows no noticeable change on adding
excess of perchloric acid. On increasing the pH of
the solution, weak bands develop in between the
lX-bands and finally these appear to the entire exclu
sion of lX-bands. On further increase of pH the
spectrum becomes continuous due to the formation
of higher hydrolysed species.

C6: 141 Dielectrics 537.226

279. ARVIND VYAS & SRIVASTAVA, H. N.: Relaxation
times of some simple alkyl amines, I sci. industr.
Res., 18B (1959), 195

48

Relaxation times of some simple alkyl amines have
been determined using a modified Debye equation
given by Gopal Krishna [Trans. Faraday Soc., 53
(1957). 767]. It has been shown that for primary,
secondary and tertiary amines the relaxation time
increases with the length of the carbon chain. Also,
the relaxation time for the amines increases from pri
mary to secondary and from secondary to tertiary.

280. NARASIMHA RAo, D. V. G. L.: A method for
obtaining dipole moment and relaxation time
from solution measurements, I sci. industr. Res.,
18B (1959). 133

A method h~ been described for the determination
of dipole moment and relaxation time from measure
ments of the dielectric constant and dielectric loss of
dilute solutions at two frequencies, on either side of
the peak of the absorption curve. The method has
been applied to four molecules - chloro-, bromo
and nitrobenzenes and benzophenone - and the
derived values of dipole moment and relaxation time
have been found to agree with previous literature
values; the actual values of tan il also couipare well
with previous measurements. It has been possible
to obtain approximate estimates of the distortion
polarization and hence the atom polarization from
the same data.

281. EA]AN, R: Variation of relaxation time with
viscosity - Benzyl alcohol and nitrobenzene,
Curro Sci., 28 (1959), 238

Results of a study of the variation of dielectric relaxa
tion time with viscosity of the solvent in the case of
two molecules, benzyl alcohol and nitrobenzene, have
been reported. Measurements of dielectric constant
and loss factor have been made on a wave guide set
up at 3·20 em. using the standing wave method of
Roberts and von Hippel.

282. SRIVASTAVA, S. C. & CHARANDAS: Simpleequa
tion for estimating the dipole moment of a mole
cule from solution data, I chem. Phys., 30
(1959), 816

A simple empirical equation for estimating the dipole
moment of a molecule from dielectric constant
measurements in solution without any density or
refraction data has been suggested.
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D34-66 Mica: Electrical Properties 691.27 : 621.31

283. DHAR, R N., MANDAL, S. S. & Roy, S. B.: Elec
trical properties oflndianmica-D.C. resistivity,
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Bull. cent. Glass Ceram. Res. Inst., 6 (1) (1959),
29

The d.c. resistivity of various classes of Bihar and
Madras mica has been studied. No correlation is
observed between volume resistivity and the visual
properties on the basis of which the micas are gene
ralIy classified. The resistivity of green mica is much
lower than that of ruby mica.

036: 81 Concrete: Testing 691.32: 620.179.1

284. CHATTERJEE, P. N. & SEN, B.: Use of resonant
frequency method as a standard for non-des
tructive testing of concrete, I Instn Engrs
India, 39 (Pt 1) (1959), 985

Studies on the use of resonant frequency of longi
tudinal and flexural vibrations for non-destructive
testing of concrete have shown that the flexural
method is preferable from the point of view of excita
tion and detection of resonant frequencies while the
longitudinal method is more satisfactory from the
theoretical point of view, the equations involved
being exact. Correlations between the compressive
strength of concrete specimens of different ages and
mixes with their corresponding modulus of elasticity
have been indicated and the possibility of using the
modulus of elasticity of concrete as a measure of its
strength has been discussed.

06, 9(085) Pumps 621.65

285. LAHIRI, A. K. & BANERJEE, T.: Cavitation ero
sion, a case of conjoint action, NML tech. I,
1 (2) (1959), 38

Cavitation erosion has been attributed to a con
jointed action of chemical and mechanical factors
giving rise to a serious type of erosion. A case of
seriolls failure of cast iron pump impelIer by cavitation
erosion investigated has shown that the hammering
effect of collapsing cavities and corrosion by chlorites
and chlorine are the root causes of attack. Preven
tive measures suggested include control of water
pressure head at the pump inlet, choice of metal,
perfection in design, etc.

064e Heating Devices 697.35

286. MATHUR, K. N., KHANNA, M. L., DAVEY, T. N. &
SURI, S. P.: Domestic solar water heater, I sci.
industr. Res., 18A (1959), 51

An arrangement for heating water with solar energy
for supplying the domestic needs of a small family
at Delhi, using easily available and inexpensive cons-

truction materials (galvanized iron sheets), has been
described. The heat colIector unit consists of a wooden
box, insulated at the bottom, in which are formed'
the flow channels for water by one corrugated and
one plane galvanized iron sheet. The upper side
of the box is glazed with one or more layers of
1 in. thick window glass sheets to reduce heat losses,
keeping a 2 in. gap between the glass sheets and the
water flow channels.

As the length of the day is short and hot water re
quirements large during winter, the heating unit is
set up at an angle of 45 0 to the horizontal to make the
best use of sunlight. Flow rates of water, through
the colIector unit, in the range 4-21 gaL/hr, have been
used and a rate of 7-10 gaL/hr has been found to be
optimum under the experimental conditions em.
ployed. The efficiency of heat transfer on a clear
day is about 70 per cent which is more than that for
the usual types of heat collector units using copper
pipes soldered to flat copper sheets.

D65 Electronics 621.38

287. KRISHNAN, S.: Cathode-folIower for a d.c.
reference level, Electron. Radio Engr, 36 (1959),
192

The equivalent circuit for the cathode-folIower as a
source for clipping circuits requiring variable clipping
level is given. Better performance is obtained with
clipping at negative voltages. On the positive side,
the height of the input pulses is limited by the cut-off;
the probable maximum height of the pulses to be
clipped has to be taken into account while designing
the circuit.

288. KRISHNAN, S.: Diode phase detectors: Charac
teristics of simple and balanced push-pulI cir
cuits, Electron. Radio Engr, 36 (1959), 45

A theory common to diode phase-meters and phase
sensitive detectors has been worked out for two
types of detectors (the simple push-pulI and the
balanced push-pulI detectors). The general case of
unequal sinusoidal voltages being compared for
phase has been discussed and it has been shown that
equality of the two comparison voltages, assumed by
previous workers to be the most suitable for phase
meter use, is inconvenient in certain cases. An alter
native operating condition has been suggested in
which the signal, is considerably larger than the
reference voltage. A study of the effect of the output
time constant indicates that, if the output capacitor
is dispensed with, the output of the balanced push
pulI arrangement becomes strictly proportional to
the signal.
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E : 213 Chemical Kinetics 541.12

289. PALlT, SANTI R. & GUHA, TILAK: Some observa
tions on the effect of the physical nature of the
separating phase on the rate of heterogen€Ous
polymerization, J. Polym. Sci., 34 (1959), 243

Study of the polymerization of methyl methacrylate
and acrylonitrile in aqueous solution in a redox
initiated system consisting of NaISSO,-KzSzOs has
revealed that the initial rate of polymerization in-

, creases with increase in concentration of the catalyst
or activator, and this is followed by a fall in rate
with a further increase in concentration of either of
t,he two, and finally the rate increases again with
higher concentration of the catalyst or activator.
This peculiarity has been linked with the physical
state of the separating phase. In the region where
the rate is increasing with increasing catalyst concen
tration, the insoluble phase is in the form of a fine sol.
In the region where the rate falls with increased
catalyst or activator concentration, the separating
phase is in the form of a coarser, less stable sol
(milky sol or latex). In the region where the rate
again increases, the insoluble phase is in the form of a
coarse precipitate or coagulum.

290. RASTOGI, R. P. & SRIVASTAVA, R. c.: Gene
ralized theory of thermal transpiration and
thermal diffusion based on the thermodynamics
of irreversible processes, Physica, 'sGrav., 25
(1959), 391

A generalized theory of thermal transpiration and
thermal diffusion based on the thermodynamics of
irreversible processes has been developed for a mixture
involving a single chemical reaction. The theory is
valid even when a non-linear relation between che
mical reaction rate and affinity exists but the range
of validity of the theory cannot exceed the range of
validity of the Gibbs formula for entropy production.

A quantitative estimate of the difference in the
values of thermal diffusion factors with and with
out chemical reaction for ortho- and para-hydrogen
mixtUl e has been made.

291. TEWARI, K. K. & KRISHNAN, P. S.: Further
studies on the metachromatic reaction of meta
phosphate, Arch. Biochem. Biophys., 82 (1959),
99

A quantitative study has been made of the metachro
matic reaction of polymetaphosphates (weight-ave
rage molecular weights ranging from 690 to 20,600)
with toluidine blue by the spectrophotometric tech
nique. The lower members of the series give only a
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weak reaction; the higher members are strongly
metachromatic. The latter yield the same meta
chromatic intensity for a given weight of the polymer,
irrespective of the molecular weight. Slight altera
tions in the molecule of the polymer brought about
by storage of solutions or subjection to ultrasonic
vibrations do not result in significant changes in the
metachromatic response.

E : 232 Surface Chemistry 541.83

292. PURl, B. R., KHANNA, S. N. & MVER, Y. P.:
Studies in properties of capillary-held liquids:
Part VI - Hysteresis effect in adsorption by
porous bodies, J. sci. indus/r. Res., 188 (1959),
67

Hysteresis in the sorption-desorption isotherms of
benzene, toluene and m-xylene on silica and alumina
gels has been found to be reversible. The relation
ship between adsorption and desorption pressure at
different points on the respective isotherms has been
found to be fairly in accordance with Cohan's quanti
tative treatment of the open-pore theory of hysteresis
[J. Amer. chem. Soc., 60 (1938), 433].

E: 33051 Paper Chromatoltraphic Analysis
544: 545.844

E: 33051 (95) Staining Reagents
544 : 545.844 : 667.21

293. CHANAN SINGH: New staining reagents for the
detection of condensed phosphates, J. sci.
indus/r. Res., 188 (1959), 249

Fifty-eight basic dyes have been examined for their
suitability as reagents for paper chromatographic
detection of condensed phosphates. Of these dyes,
toluidine blue has been found to be the reagent of
choice because of its sensitivity and relative specificity.
Another advantage of the use of toluidine blue is that
it permits the recovery of the detected compound
(free from the reagent) by a simple and mild pro
cedure. The reaction between this dye and the
polyanions on filter paper is adversely influenced
by a lar~e number of organic and inorganic cations.

EI0 : 228 Rare Gases: Diffusion 546.29: 533.15

294. SRIVASTAVA, B. N. & SRIVASTAVA, K. P.: Mutual
diffusion of pairs of rare gases at different
temperatures, J. chem. Phys., 30 (1959), 984

The coefficient of mutual diffusion of the binary gas
mixtures Ne-A, A-Kr and Ne-Kr has been determined
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at 0°, 15°, 30° and 45°C. From the experimentally
determined values of the diffusion coefficient at dif
ferent temperatures the unlike interaction parameters
for the above gas pairs have been calculated by two
different methods on the Lennard-Jones 12: 6 model.
These values of the force parameters are in good
agreement with those obtained from the usual com
bination rules and also from thermal diffusion data.
The values are found to .reproduce the experimental
data on mutual diffusion qHite satisfactorily. The
data have also been utilized to calculate the self
diffusion coefficient of neon, argon and krypton.

E5-38 : 26 Polymeric Acids: Electrochemistry
541.13: 678-1

295. PAL, MADINI KANTA: On the electrochemistry
of polymeric acids: Part I - Vinyl acetate
maleic acid copolymer, J. sci. indus/To Res., 18B
(1959), 109

During the potentiometric titration of a copolymer of
vinyl acetate and maleic anhydride in the ratio of
I: 1'4, the polymeric acid has been found to behave
as a monobasic acid. Consideration of the relation
between pH and percentage neutralization from the
point of view of Katchalsky and Gills [Rec. TTav.
chim. Pays-Bas, 68 (1949), 879] has shown that the
intrinsic pK of the carboxyl group is higher in this
case than those of the 'polymeric acids with random
distribution of carboxyl groups. This has been attri
buted'to the inductive effect of the carboxyl groups at
the adjacent positions.

E5: 4 Oraanlc Synthesis 547: 542.91

296. BANERJEE, D. K. & DAS GUPTA, S. K.: Syn-
. thesis of 4-keto-7-methoxy-l: 2: 3: 4: 4a: 9: 10:

10a-octahydrophenanthrene, J. Indian chem.
Soc., 36 (1959), 223

4-Keto-7-methoxy-1: 2: 3 : 4: 4a: 9 : 10: lOa-octahy
drophenanthrene has been prepared as a model
for the synthesis of aromatic analogues of 11-keto
steroids.

297. DHAR, M. M.: Some tuberculostatic derivatives
of isonicotinic acid hydrazide, J. sci. indus/To
Res., 18C (1959), 117

The condensation of isopropylidene isonicotinic acid
hydrazone with 30 per cent hot formaldehyde has
been found to give a compound of the formula
CU HU 0 6N.. The condensation of cyclohexylidene
isonicotinic acid hydrazone or INH with formalde
hyde also gives the same compound. The conden-

sation of crotonaldehyde with INH in water or
alcohol gives a compound, of the formula C1oHllONa.

298. GUPTA, A. S. & AGGARWAL, J. S.: Some deri
vatives of hexadecane-1: 16-dicarboxylic acid
IX, IX'-Diaryl diketones, J. sci. indus/To Res., 18B
(1959), 205

Hexadecane-1: 16-dicarboxylic acid has been esteri
fied with a number of mono- and dihydric phenols
using sulphonic acid catalysts and the phenolic
esters formed have been changed through Fries
transformation to the corresponding 0- and p-diaryl
diketones which are high melting waxy substances.
The diaryl diketones have been further reduced by
Clemmensen's method to the corresponding diaryl
octadecanes as possible antioxidants. During the
esterification of the dicarboxylic acid by IX-naphthol
Fries transformation also seems to take place.

299. NEELAKANTAN, S., RAJAGOPALAN, T. R.. &
SESHADRI, T. R.: A new synthesis of islandicin
and cynodontin, PTOC. Indian Acad. Sci., 49A
(1959), 234

2-Methylanthraquinones with the 1: 4-dihydroxy
system are conveniently prepared by the persulphate
oxidation of the intermediate benzoylbenzoic acids
and subsequent ring closure. 2-Methylquinizarin,
islandicin and cynodontin have been prepared by this
method as typical examples. .

300. PAUL, R., POPLI, S. P. & DHAR, M. L.:.Studies
in possible oral hypoglycemic agents: Part I 
Synthesis of some hydantoins, hydantoic esters
and related compounds, J. sci. indus/To Res.,
18C (1959), 21

Based on the fact that most of the synthetic oral
anti-diabetic agents are built round a guanidine, a
llrea or a potential thiourea moiety, a number of
a-substituted. hydantoic esters, 3- 'or 5-substituted
hydantoins and some of the corresponding thiohydan
toins have been prepared with a view to testing them
for their hypoglycemic activity.

301. SEN GUPTA, S. K. & BHATTACHARYYA, B. K.:
Studies in Michael condensation: Part IV
Condensation of 8-methylbicyclo-[4: 3: O]-non
anone-4 with 1-methyl-2-acetylcyciohexene, J.
Indian chem. Soc., ~6 (1959), 273

The condensation of 1-methyl-2-acety'lcyciohexene
with 8-methylbicyclo-[4: 3: 0]-nonanone-4 in pre
sence of a base furnishes a mixture of two products;
the presence of two double bonds in both the pro
ducts has been established by hydrogenation. Treat
ment of the mixture with LiAIH6 and acid affords
either a mixture of 2,4b-dimethyl-1,2-cyciopentano-1,
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2,3,4,4a,4b,5,6,7,8-decahydrophenanthrene and 2,4b
dimethyl-1,2 - cyclopentano - 2,3,4,4a,4b, 5,6, 7, 8,8a
decahydrophenanthrene or 2,4b-dimethyl-1,2-cyclo
pent -A1,1'-eno-1 ,2,3,4,4a,4b,5 ,6,7,8,8a,9-dodecahydro
phenanthrene, depending on the condition and the
acidic reagent. The former mixture of the aforemen
tioned dienes reacts with maleic anhydride to yield
an adduct and the mixture of the three dienes fur
nishes, on dehydrogenation, Diels' hydrocarbon. 9
Keto-2-methyl-1,2-cyclopentano-l ,2,3,4,4a,4b,5 ,6,7,8,
8a,9-dodecahydrophenanthrene on catalytic hydro
genation affords 9-keto - 2-methyl-l,2-cyclopentano
1,2,3,4,4a,4b,5 ,6,7,8,8a,9,1 O,10a-tetradecahydrophen
anthrene, indicating that the ~-side is less hindered,
and on treatment with LiAIH4 followed by acid,
affords a diene which is heteroannular.

302. SESHADRI, T. R. & VENKATASUBRAMANIAN,
G. B.: Anew synthesis of diploschistesic acid,
]. chem. Soc., (1959), 1658

Experimental support has been provided for the
biogenetic view that diploschistesic acid arises from
lecanoric acid by a Gattermann reaction of the latter
which gives the 3-aldehyde whence Dakin oxidation
affords diploschistesic acid.

E92: 34 Alkaloids: Estimation 547.94: 545

303. KANNAN, L. V., SRIVASTAVA, S, K. & RAY,
G, K.: Estimation of vasicine in Adhatoda
vasica Nees, Indian ]. Pharm., 21 (1959),
108

A method for the estimation of the alkaloid vasicine
in the leaves of Adhatoda vasica Nees has been
worked out, the variation in four estimations for
each sample being ±0·02 per cent. The loss on
drying, ash, acid-insoluble ash and alcohol-soluble
extractive have'been determined for a number of
authentic samples collected from different parts of
India.

E92Z2 Proteins 547.96

304. JOSEPH, K. THOMAS & BOSE, S. M.: Studies on
the reactive groups of collagen: III - Methyla
tion and guanidination, Bull. cent. Leath. Res.
Inst., 5, (1959), 399 I

Full esterification of collagen has been achieved with
methanolic hydrochloric acid, methanol and thionyl
chloride and methanol and ethylchloroformate. The
esterification of collagen with methanol and ethyl
chloroformate is accompanied by an increase in the
amino nitrogen content.
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E94972 Essential Oils 547.913

305. CHAUDHARY, S. S., VISHWA PAUL & HANDA,
K. L.: Chemical composition of essential oil
from Angelica glauca roots growing in Jammu
and Kashmir, Indian Soap]., 25 (1959), 288

Angelica glauca root oil has been found to contain
lactones and sesquiterpenes as major components
and DL-pinene, DL-phellandrene, selinene, DL-cadi
nene, umbelliprenin and some terpene alcohols.

306. GURMIT SINGH, TEJ SINGH & HANDA, K. L.:
Composition of Artemisia absenthium oil from
plants growing wild in Jammu and Kashmir,
Indian Soap ]., 25 (1959), 305

The worm wood oil obtained from Artemisia absen
thium growing in Jammu and Kashmir has been
found to consist mostly of esters of thujyl alcohol,
thujane, cadinene and S-guaiazulene.

307. GURMIT SINGH, VISHWA PAUL & HANDA, K. L.:
Composition of Origanum vulgare oil from plants
growing in Jammu and Kashmir, ]. sci. industr.
Res., 18B (1959), 128

The oil.from Origanum vulgare growing in Jammu and
Kashmir has been found to contain palmitic acid,
DL-pinene, dipentene, linalool and some bicyclic and
tricyclic sesquiterpenes.

308. NIGAM, S. K., SHARMA, ·V. N. & KAUL, K. N.:
The possibilities of growing Cymbopogon win
terianus J owitt in India, ]. sci. industr: Res.,
18B (1959), 132

The growth and the essential oil content of Cymbo
pogon winterianus have been studied. The' yield of
the oil is c. 0·38 per cent on the weight of the air
dried leaves.

E95 Pigments 547.97

309. KRISHNA MURTY, T. & SANKARA SUBRAMANIAN,
S.: Isolation of carotene from Roccella montagnei,
]. sci. industr. Res., 18B (1959), 162

A convenient method for the isolation of carotene
from Roccella montagnei has been described. Besides
~-carotene, which is the major carotene pigment,
the presence of Y-carotene is also reported.

310. SESHACHAR, B. R. & PRABHAKARA RAO, A. V. S.:
Observations on the pigment from an Indian
species of Blepharisma (Ciliata: Protozoa),
]. sci. industr. Res., 18C (1959), 76

The properties of the pigment from an Indian species
of Blepharisma have been studied. Ethyl alcohol
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has been found to be the best solvent for extracting
the pigment, and the extraction is easier and more
complete when the animals are wet. The pigment
gets bleached more quickly when the living animals
are exposed to sunlight than when the alcoholic
extract is exposed to sunlight. The pigment loses its
colour intensity to a certain extent in the cold and in
the dark; the loss in intensity is more rapid at room
temperature and when the extract is left uncovered.
The pigment shows absorption maxima at 340, 480,
540 and 580 mil. The pigment is purple in acid or
neutral medium and turns green in alkaline medium.

311. SESHADRI, T. R. & VENKATARAMANI, B., Leuco
cyanidin from mangroves, J. sci. industr. Res.,
18B (1959), 261

The barks of Bmguiera gymnorrhiza and B. parviflora
have been found to yield leucocyanidins which have
the flavan-diol structure. The leucocyanidin from
B. gymnorrhiza has a low rotation and that from
B. parviflora has a higher rotation.

E9G BIOCHEMISTRY 577.1

E9G: 11 Preparation 577.1: 542

312. RAGHAVENDRA RAO, M. R.: Preparation of
glucose-6-phosphate, J. sci. industr. Res., 18C
(1959), 87

A method for preparing glucose-6-phosphate using
a phosphoglucoisomerase-free phosphoglucomutase
preparation has been described. The product is
free from fructose-6-phosphate but contains small
quantities of inorganic phosphate.

E9(G: 33) Metabolism 577.12

313. NATH, M. C. & BELKHODE, M. L.: Glucose
cycloacetoacetate as a precursor to ascorbic
acid in germinating green gram - Its confir
mation by paper chromatography, Nature,
Lond., 183 (1959), 1258

It has been confirn1ed by paper chromatography that
ascorbic acid is formed from glucose cycloacetoacetate
(GCA) during germination of mung (Phaseolus radia
tus) beans. Chromatograms with standard ,ascorbic
acid solution and deproteinized extracts of the same
weight of seeds germinated in (a) water, and (b) aque
ous solutions of GCA show bands with the same Rf

value. The intensity of the colour of the bands with
extracts of seeds germinated along with GCA is much
higher than that obtained with extracts of seeds
germinated in water alone, showing thereby that

the reducing substance formed from GCA is ascorbic
acid, and its biosynthesis varies directly with the
amount of GCA added in the germinating medium.

E9G982 Enzymes 577.15

314. ARORA, K. L., KRISHNA MURTI, C. R. & SHRI
VASTAVA, D. L.: Studies in the enzyme make-up
of Vibrio cholerae: Part XIII - Tryptophanase
activity of vibrios, J. sci. industr. Res., 18C
(1959), 65

The distribution of tryptophanase in various choleri
genic and non-cholerigenic strains of vibrios, and the
optimu~ conditions for the extraction of the enzyme
in cell-free state have been described. The properties
of the enzyme and the action of enzyme inhibitors
and coenzymes on it have also been studied.

Incorporation of sodium and potassium chlorides
in the growth medium has been found to stimulate the
production of the enzyme by the cells, and potassium
chloride solution has been found to be relatively
specific for the extraction of the enzyme from viable
cells.

Indole-3-acetic acid, indole-3-propionic acid, indole
3-butyric acid and acetyl DL-tryptophane are not
decomposed by the enzyme and they do not affect
the normal course of tryptophane breakdown by the
enzyme. Cyanide, hydrazine and hydroxylamine, cop
per and mercury salts in very small concentrations
inhibit the activity of the enzyme completely. Com
pounds having sulphydryl groups also strongly inhi
bit the activity of the enzyme; glutathione is more
powerful than cysteine. Pyridoxal phosphate acti
vates tryptophanase of V. cholerae, whereas diphos
phopyridine nucleotide and riboflavin have no effect.

315. ARORA, K. L., KRISHNA MURTI, C. R. & SHRI
VASTAVA, D. L.: Studies in the enzyme make-up
of Vibrio cholerae: Part XIV - Organic nitro
reductase, J. sci. industr. Res., 18C (1959), 105

Vibrio cholerae and related vibrios reduce aromatic
nitro compounds, including chloramphenicol, pro
ducing the corresponding arylamines. '..An active
cell-free preparation of this enzyme has been made
and factors affecting its activity have been studied.
Chlorotetracycline, which has been shown to inhi
bit the E. coli enzyme, has no action on the V. cho
lerae extract. Isonicotinic acid hydrazide, however,
is found to be inhibitory.

316. JOSHI, A. P. & RAMAKRISHNAN, C. V.: Detection
of oxalacetic hydrolase in citric acid producing
strain of Aspergillus niger, J. sci. industr. Res.,
18C (1959), 62
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Results of investigations on the presence of oxalacetic
hydrolase in Aspergillus niger in the initial stage of
fermentation have been reported.

317. SADANA, J. C. & MOREY, A. V.: The purification
of hydrogenase of Desulfovibrio desuljuricans,
Biochim. biophys. Acta, 32 (1959), 592

Hydrogenase from D. desulfuricans has been purified
,by ion exchange and cellulose chromatography to a
specific activity of 11040 X·10' IJoI. HI absorbed per
mg. N per hour. The purified enzyme is free from
cytochrome impuritie5 and· js completely inactive
without added iron. The enzyme shows no activity
when Fe is replaced by equivalent amounts of Mn++,
Cu++, Ni++, Zn++, Pb++, molybdate, vanadate,
tungstate, chromate and borate. These substanc~s

also have no stimulatory effect on enzyme activity in
the presence of optimum amounts of iron. The ob
servations indicate that iron is required for hydro
genase activity with methylene blue as hy'drogen
acceptor.

318. SOHONIE, KAMALA, HUPRIKAR, S. V. & JOSHI,
M. R.: Trypsin inhibitors in Indian foodstuffs:
Part VI - Purification and properties of the
double bean trypsin inhibitor, ]. sci. industr.
Res., 18C (1959), 95

The physical and chemical properties of a purified
preparation of double bean (Faba vulgaris M.) trypsin
inhibitor have been examined. The elementary
composition of double bean trypsin inhibitor has been
found to be similar to that of trypsin inhibitors from
other sources and it has a molecular weight of 23,000.
It is soluble and stable in 2·5 per cent solution of
trichloroacetic acid and is stable to heat and to acid
and alkaline pH. The ultraviolet absorption spec
trum of the inhibitor is typical of proteins showing
maxima at 280 mlJo and minima at 252 mlJo. Of the
known trypsin inhibitors, the double bean trypsin
inhibitor appears to exhibit the least inhibitory acti
vity towards trypsin. It is, however, active against
other proteolytic enzymes.

/
E9G (F56) Antibiotics 577.1: 615.779

319. SHETE, (Mrs) K. & VORA, V. C.: Antibiotic
X-1285: Part I - Isolation from a Streptomyces
species, J. sci. industr. Res., 18C (1959), 48

An apparent mixture of antibiotic substances, desig
nated X-1285, has been isolated from a Streptomyces
species, whose cultural characteristics have been
described. X-1285 is active against both gram
positive and gram-negative bacteria and is effective
against Entamoeba histolytica infection in rats.

S4

E9G(F594) Antifungal Agents 577.1 : 615.77

320. SRIVASTAVA, O. P.: Antifungal activity of some
sulphur-containing compounds against dermato
phytes and yeast-like fungi, J. sci. industr. Res.,
18C (1959), 25

The antifungal activities of a copper chelate of
a sulphone hydrazide, two sulphoxides (p-methyl
amino-p'-aminodiphenyl and p-amylamino-p'-amino
diphenyl), three sulphides (diaminodiphenyl, p
methylamino-p'-aminodiphenyl and p-ethylamino-p'
aminodiphenyl) and a potassium salt of benzyl isothio
cyanate sulphonic acid have been tested against five
dermatophytes (Trichophyton Tl4brum, T. sulfureum,
T. m~ntagrophytes, Microsporum audouini and M.
gypseum) and three yeast-like fungi (Candida albicalls,
Geotrichum sp. and Trichosporon cutaneum) using
undecylenic acid as the standard. The potassium
salt of benzyl isothiocyanate suiphonic acid com
pletely inhibits the growth of all the fungi except
M. audouini. It appears to be superior to unde
cylenic acid against seven fungi but not against
M. audouini. p-Methylamino-p'-aminodiphenyl and
p-ethylamino-p'-aminodiphenyl sulphides completely
inhibit the growth of T. rubrum, T. sulfureum, T.
mentagrophytes, Geotrichum sp. and Trichosporon cuta
neum at certain concentrations but have little or no
effect on M. audouini, M. gypseum and C. albicans.
Diaminodiphenyl sulphide and the two sulphoxides
are able to stop the growth of T. rubrum, T. sulfureum
and T. tnentagrophytes only at the highest concentra
tion used. Copper chelate of the suiphone hydrazide
does not show much activity.

E(I) PLANT CHEMISTRY 54: 58

E(I) : 3 Chemical Analysis 543: 581

321. AGARWAL, K. P. & DHAR, M. M.: Chemical
examination of Ophiorrhiza mungos Linn., J. sci.
industr. Res., 18B (1959), 114

The chemical examination of Ophiorrhiza mungos,
reported to be useful in the treatment of cancer, has
been carried out. ~-Sitosterol, 5(X-ergost-7-en-3~-o1

and 5(X-ergost-8-(14)-en-3~-01 (as an ester) have been
identified in the extracts of the roots of the plant.

322. CHATTERJEE, S. K., NITYA ANAND & DHAR,
M. L.: Chemical examination of Melodinus
monogynus Roxb.: Part II - Identification of
monogynol A and monogynol B, J. sci. industr.
Res., 18B (1959), 262

Monogynol A and mOl\ogynol B isolated from Melo
dinus monogynus Roxb. have been shown to be
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318. KRISHNASWAMY, N.: Electrodialysis: Part 1-·
Desalting of aqueous salt solutions, ]. sci.
industr. Res., 18A (1959). 218

The construction and the performance characteristics
of a five-compartment electrodialysis cell using cation
and anion ' Permaplex ' ·membranes have been des
cribed. It has been shown, in the case of feed solu
tions containing sodium or a mixture of sodium chlo
ride and calcium chloride, that the feed rate, under
a constant applied potential, governs the extent of
desalting, and that by recycling the salt content of
the effluent can be reduced to any desired extent.
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triterpenes. Monogynol A possesses a lupeol skeleton
and may be designated as lupan-32: O-dio!. Mono
gynol B has been found to be identical with
lupeo!.

313. DHAR, M. L.,NEELAKANTAN, S., RAMANUJAM,S.
& SESHADRI, T. R.: Chemical investigation of
Indian lichens: Part XXII,]. sci. industr. Res.,
18B (1959), III

Four lichens of the Usnea species and five of the Par
melia species, collected from different parts of India,
have been analysed. Among them, two varieties
of U. orientalis differ in the depsidone component.
U. longissima is found to be a very good source of
usnic acid which is well known as an antibiotic. The
chemical components of six other lichens belonging
to different genera have been recorded.

314. GROVER, P. K. &. SESHADRI, T. R.: Chemical
investigation of Indian lichens: Part XXIII
Imperfect lichens, ]. sci. industr. Res., 18B
(1959), 238

Four Indian species of imperfect lichens have been
analysed. These contain closely related compounds
having the C18 skeleton and exhibit progressive
methylation of the system.

315. NAZIR, B. N. & HANDA, K. L.: Chemical investi
gation of Lochnera rosea, ]. sci. industr. Res.,
18B (1959), 175

Chemical investigation of the roots of Lochnera rosea
procured from Travancore and the roots of the plant
raised locally has shown that the roots contain 1·22
and 1·18 per cent total alkaloids and 0·0195 and
0·029 per cent reserpine respectively.

316. RASTOGI, R. P. & DHAR, M. L.: Chemical exami
nation of Picrorhiza kurrooa Benth.: Part IV 
Identification of kurrin as D-mannitol, ]. sci.
indus/r. Res., 18B (1959), 219

Kurrin, isolated from Picrorhiza kurrooa, has been
identified as n-mannitol by molecular weight deter
mination using the X-ray method, by infrared
spectrum analysis, by comparison of melting points
and by mixed melting point determinations.

F5: (E81) Or~anic Chemical Processes
661.7: 66.094.3

319. TREHAN, B. S., SURI, I. K. & THAMPY, R. T.:
Maleic anhydride by vapour phase oxidation of
benzene using fluid bed catalyst, ]. sci. indus/r.
Res., 18B (1959), 147

Optimum conditions have been determined for the
vapour phase oxidation of benzene to maleic anhydride
by the fluid bed technique using a mixture of vana
dium and molybdenum oxides as the catalyst. Cata
lysts containing equal proportions of vanadium and
molybdenum oxides have been found to give the best
performance. Addition of P20 3 to the catalysts
prolongs their useful life and permits the reduction of
the ratio of air to benzene to the minimum without
appreciably affecting the yields of maleic anhydride.
Catalyst carriers with medium porosity (alundum)
are best suited for use in the fluid bed. Yields of
maleic anhydride varying from 70 to 76 per cent are
obtained at reaction temperatures varying between
440° and 455°C. and with a contact period of 0·35
sec. The ratio of benzene to air (by volume) can be
varied from 162 : 1 to 218 : 1, depending on the com
pcsition of the catalyst, without appreciably affecting
the yield of maleic anhydride.

317. SARKAR, B. & KHANNA, N. M.: Chemical exami
nation of Grewia populifolia Vah!., ]. sci.
indus/r. Res., 18C (1959), 20

Results of chemical investigation of Grewia populi
folia Vah!. have been reported. A pale yellow oil,
~-sitosterol, «-amyrin, ~-amyrin, faradiol, glucose, ara
binose, proline, serine, glutamic acid, phenylalanine,
isoleucine and lysine have been obtained from the
air-dried stems.

F: (E881) Catalysts 66.097.3

330. BOSE, S. K., BASAK, N. G. & LAHIRI, A.: Hydro
genation of Assam coal: Part II - Develop
ment of indigenous catalysts, ]. sci. industr.
Res., 18B (1959), 255

The results of studies on the development of indi
genous catalysts for the hydrogenation of high sul
phur coals have been reported. Haematite, magne
tite and mill-scale yield results comparable with those
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of stannous sulphide and ammonium chloride mixture,
and can, therefore, replace tin salts as catalysts.

Impregnation of coal with ferrous sulphate before
hydrogenation results in increased liquefaction.
Iron pyrites have been found to favour conversion of
coal to oil with increased formation of tar acids and
neutral oil.

331. SATTUR, N. B., RAMALINGAM, K. V., RAo, E. S.,
MASARGUPPI, J. A. & CHIPALKATTI, V. B.:
Improved catalysis of urea-formaldehyde pre
condensates for textile applications, Indian
Text. J., 69 (1959), 502

Two new catalysts (Stabaca-l0l and Stabaca-l02)
for use in urea-formaldehyde treatment baths de
veloped are particularly suited to Indian conditions.
They confer improved stability to the urea-formalde
hyde treatment baths, and produce less loss in tensile
and tear strength, compared to ammonium salt cata
lyst, at approximately equivalent crease-recoveries.

F: (E881-3053) X-ray Analysis 66.097.3: 544.64

332. BANERJEE, B. K., BASAK, N. G. & LARIRI, A.:
Studies on a synthetic iron oxide hydrate for
desulphuriz..tion of industrial gases, J. sci.
indl~str. Res., 18B (1959),70

Crystal phase composition of a hydrated iron oxide
catalyst developed for use in the desulphurization of
industrial gases has been presented. The width and
the diffuseness of the lines in the X-ray diffraction
pattern due to the hydrated iron oxide suggest its
colloidal state, a prerequisite for pronounced catalytic
activity.

The superiority of the prepared catalyst over bog
iron has also been shown.

333. BANERJEE, B. K., BAsu, A. N., SARA, J. &.
LARIRI, A.: X-ray study of vanadium oxide
catalyst, J. sci. industr. Res., 18B (1959),97

The X-ray method of analysis has been applied to
the investigation of a number of vanadium oxide
catalysts employed in the oxidation of naphthalene
oils to phthalic anhydride.

It has been observed that the method of preparation
of the catalyst has a great influence on the particle
size of the catalyst, the dispersion of the particles
and its catalytic properties. Both the physical and
chemical nature of the catalyst are affected by the
duration for which it is used in the oxidation reaction.
Prolonged use of the catalyst has a remarkable
effect on its structure and the catalyst starts sintering
at temperatures as low as 450°C. Both amorphous
and crystalline phases are observed in the regenerated
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catalyst and the crystalline phase is predominant,
,contrary to the case of the active catalyst.

F140 Carbon & Graphite 661.666

F140: (C) Physi&al Properties 661.666: 53

334. ]OGLEKAR, G. D. & GOPALASWAMY, T. R:
Smearing property of graphite, J. sci. industr.
Res., 18B (1959), 127

A method for the quantitative assessment of the
smear,ng property of graphite powders has been
described. The smearing property is estimated from
the reflectance of a white filter paper after it has been
used as a lining in a hollow cylinder in which the
graphite powder is made to rotate, a roller being
placed in the cylinder to exert pressure on the particles.
The loose particles of graphite sticking to the paper
must be removed before measuring the reflectance.

F140: (C6: 3) Eledrual Properties
661.666: 537.7

335. GOPALASWAMY, T. R, SUBRAMANIAN, N. R &
]OGLEKAR, G. D.: Measurement of the electrical
resistance of sized powders at different bulk
densities: Part II - Graphite powders, J. sci.
industr. Res., 18A (1959), 60

Bulk electrical resistivity and bulk density of graphite
powders from different sources have been determined
with a view to establishing criteria for identifying
the source of the graphite samples and for determining
their suitability for specific industrial purposes.
Measurements carried out with 20 samples have
shown that bulk electrical resistivity and bulk
density of the graphites decrease progressively as the
particle becomes more arid more flaky. Electrical
resistivity increases with increase in the fineness
and the ash content of the powders; surface films on
the graphite particles also increase the resistivity.
Bulk density decreases with increase in the fineness
of the powders and increases with increase in ash
content.

336. ]OGLEKAR, G. D., SEN, D. & GOPALASWAMY,
T. R: Measurement of electrical resistance
of sized powders at different bulk densities:
Part I - Petroleum coke and retort carbon
powders, J. sci. industr. Res., 18A (1959), 21

I The electrical resistances of sized powders of petro
leum coke and retort carbon at different bulk densities
have been measured and the factors which affect such
measurements have been discussed. The resistivity
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of the powders has been found to increase with their
fineness and for a given size and bulk density, the
resistivity of petroleum coke is much lower than
that of retort carbon. The resistivity of the powders
is also an index of their graphitizability; petroleum
coke, which has a lower resistivity than retort carbon,
is more easily graphitizable.

F191 METALLURGY 669

F191: (1/2) Ore Processing 669.051

337. BANERJEE, S. K. & NARAYANAN, P. I. A.:
Processing of magnetite ores with particular
reference to Salem magnetite, NML tech. j.,
1 (2) (1959), 23

The results of studies on the beneficiation of low
grade Salem magnetite, assaying 36·5 per cent Fe and
44·2 per cent SiOI and containing principal1y mag
netite, quartz, hematite and goethite, have been
presented. Using the same feed size of -48 mesh,
tabling and magnetic separation yield the same
grade of concentrate assaying 62·5 per cent Fe with
a recovery of about 87·0 per cent. The results of
sintering studies on the magnetic concentrate have
also been presented.

FI91 : (E21-895) (081) Corrosion Protection:
Testing 669: 620.197

338. RAJAGOPALAN, K. S. & ANNAMALAI, P. L.:
Chromate treatment of zinc and other metals:
Part I - Accelerated testing of chromate coat
ings, j. sci. industr. Res., 18A (1959), 171

The protection afforded by chromate coatings to zinc
under different atmospheric conditions has been
studied and a new method of testing chromate c~at

ings has been proposed. Studies on temperature and
humidity conditions under which the chromate coat
ing formed by Cronak process gives protection show
that in the presence of salt spray the temperature
at which the test is carried out is an important
variable in determining the efficiency of protection of
chromate coating.

F191-193 Alloys 669.018

F191-193 (C2: 8) Structure 669.018: 539

339. BANERJEE, T.: Structure of electrolytic al1oys,
NML tech. j., 1 (2) (1959), 15

Electrolytic deposition of al10ys at constant current
density and constant cathode p~tential has indicated

that the composition of the deposited al10ys ·remains
unaffected during the period of electrolysis carried
out at c.p. Atomic structure of electrolytic al1oys,
such as, Cu-Zn, Ag-Cd, deposited at constant c.p.,
has been compared with that of their thermal counter
parts and the mechanism of phase transformation
in these al10ys has been explained on the basis of
the discharge of ions in an amorphous unordered
condition and in a state of high energy.

FI91-193: (081) Testing 669.018: 66.017

340. VED I'RAKASH & ENTWISTLE, K. M.: The effect
of specimen size on the quench-ageing of an
aluminium-3·8 per cent copper al1oy, j. Inst.
Met., 87 (1959), 262

Massive specimens of a high-purity aluminium-3'8
per cent copper al10y show a much lower hardening
rate during the first stage of quench-ageing than
thin specimens. Experiments lead to the conclu
sion that the low hardening rate is due to the failure
to retain vacancies in the large specimens.

F3 Salt Technology 664.4

341. BHAVNAGARY, H. M. & GADRE, G. T.: Potas
sium sulphate from sea bittern, Res. & Ind., 4
(1959), 84

A process for the recovery of potassium, as sulphate,
from sea bittern has been reported. Sea bittern is
subjected to solar concentration and the mixed salt
separating in the density range 36-8° Be. is col1ected.
A saturated solution of the mixed salt on cooling from
110°C. yields schoenite, the double sulphate of mag
nesium and potassium, from which potassium sulphate
is obtained by treatment with potassium chloride or
lime, fol1owed by crystal1ization. Pilot plant scale
trials have indicated the feasibility of obtaining
potassium sulphate of 98 per cent purity.

342. SESHADRI, K. & BucH, (Late) S. D.: Exploita
tion of Sambhar Lake bitterns, J. sci. industr.
Res., 18A (1959), 132 ,

A process for recovering sodium sulphate, sodium
chloride and sodium carbonate from liquid and solid
bitterns and sub-standard salt, worked out on the
basis of phase rule studies, has been described. It
consists of the fol1owing steps: (1) elimination of
algae from the liquid bittern or aqueous extracts of
solid bitterns by chlorine treatment; (2) adjustment
of the composition of the solution and chil1ing it to
O°C.; (3) separation of NaISO,.IOHIO by centrifuging;
(4) dehydration and purification of sodium sulphate
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by solar heat; (5) recovery of sodium chloride by
solar evaporation of desulphated liquor until the
liquid reaches 10 per cent sodium carbonate strength;
and (6) carbonation of the desalted liquor for the
recovery of sodium carbonate as bicarbonate.

Improvements in recoveries are effected by simple
recycling of the residual liquors. The overall re
coveries are: sodium sulphate, 90 per cent (technical
grades of I.S.S.); sodium chloride (99 per cent
purity), 55 per cent; and sodium carbonate (98 per
cent purity), 73 per cent.

343. SESHADRI, K. & BueH, (Late) S. D.: Exploita
tion of Sambhar pan crust, J. sci. it!dustr. Res.,
18A (1959). 224

Three methods based on solubility data have been
worked out for the recovery of sodium sulphate from
the Sambhar Lake pan crust. Ninety per cent of
sodium sulphate present in the crust is recovered as
technical grade quality sodium sulphate by the
chilling process, 65-73 per cent by precipitation by
the addition of solid sodium chloride at 50°C. to the
solution prepared from the crust and 75-80 per cent
from the upgraded crust obtained by digesting it
with water.

F4414 Refractory Materials 666.76

344. MINHAS, G. S. & BHASKAR RAO, H. V.: Evalua
tion of quartzite for the manufacture of silica
bricks, NML tech. J.. 1 (2) (1959). 32

Chemical, physical and inversion characteristics of
quartzites from different sources have been studied
to evaluate their suitability for the conventional as
well as superduty type of silica refractories. Results
of small-scale trials carried out on quartzite samples
with addition of lime and iron oxide and physical
properties of the specimens after firing to 1450°C..
have been presented and the suitability of indigenous
quartzites has been assessed.

345. NOMAN KHAN. M. & BALABHEEM RAO: Indi-
genous sources of ball clays, Res. & Ind., 4

~ (1959), 127
Four samples of Kerala ball clays from Pedappak
kara, Cherumuthuseri, Cherukulam and Changana
cherri have been studied for the following properties:
plasticity, shrinkage, strength, particle size, colour
and porosity. The first three of the above properties
compare well with those of a sample of English Dorset
ball clay. The fired colour of Pedappakkara clay is
whiter than that of the English ball clay. Differen
tial thermal analyses of the four clays have shown
that these essentially belong to the kaolinite group.
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Pedappakkara and Cherumuthuseri ball clays can be
used satisfactorily in the production of porcelain.

F53 Food Teehnology 664

346. ANANTHARAMAN, K., SUBRAMANIAN, N., BHATIA,
D. S. & SUBRAHMANYAN. V.: Nutritional
studies on isolated groundnut protein, Indian
Oilseeds J., 3 (1959), 100

Nutritional studies on isolated groundnut protein as
well as the parent cake material have shown that the
protein has higher digestibility coefficient, but lower
biological value. Supplementation of the protein or
the cake with methionine or casein does not increase
its biological value to that of casein indicating that
the protein is deficient both in methionine and lysine.

347. ANANTHARAMAN, K., SUBRAMANIAN, N.• BHATIA.
D. S. & SUBRAHMANYAN, V.: Processing of
groundnut cake for edible protein, Indian
Oilseeds J., 3 (1959), 85

A method has been staI)dardized for the preparation
of edible quality proteins from expeller' cakes of
groundnut containing 8-10 per cent fat. The removal
of fat from protein solution is effected by centrifugal
force. Bench-scale trials using 10 kg. of cake per
batch have yielded a protein having moisture 4·1.
fat 1·0. ash 0·53 and nitrogen (on moisture, ash and
fat-free basis) 15·36 per cent. The protein has a
solubility of about 80·5 per cent in water at pH 7·5.
The yield of protein based on the weight of the cake
is 34 per cent.

348. NARAYANAN, K. M., KAPUR, N. S. & BHATIA,
D. S.: Effect of baking on the stability of B
vitamins in biscuits enriched with proteins and
vitamins, Food Sci., 8 (1959), 79

The effect of baking on the stability of B-vitamins in
, nutro • biscuits has been studied. There is no loss
of B-vitamins during dough making. During baking,
riboflavin and nicotinic acid are stable. The loss of
thiamine depends upon the pH and the level of forti
fication of the biscuit. The higher the pH and/or
level of fortification, the greater is the percentage
loss of thiamine.

349. PRUTHI, J. S.: Physico-chemical changes in
lemon concentrate during commercial-scale
vacuum concentration, Food Sci., 8 (1959). 39

Changes in refractometric solids (OBrix), viscosity,
spectral reflectance (colour), pH, acidity, °Brix/acid
ratio and true ascorbic acid during commercial-scale
vacuum concentration of lemon juice in forced cir
culation, single-pass falling-film evaporator have been
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discussed. With increasing concentration, the °Brix,
acidity, viscosity and ascorbic acid of the juice
gradually decrease; the °Brix/acid ratio does not
change but the pH faJls slightly. Up to four-fold
concentration of the juice. viscosity increases slightly,
but after five-fold concentration the rise in viscosity
is rapid. The losses in ascorbic acid during concen
tration up to seven-fold are within 5 per cent. The
use of mid-season lemons at optimum maturity for
juice extraction and vacuum concentration of the
flash-pasteurized juice up to five-fold concentration
have been suggested.

350. SAMUEL, D. M. & SRINIVASAN, M.: Removal of
saponins and bitter taste in the juice of agave
stem by treatment with carbon, j. sci. indus!r.
Res., 18B (1959), 264

It has been observed that carbon can remove saponins
and the bitter principle from the agave juice, before
or after hydrolysis. The observation is significant
from the point of view of production of fructose
syrup.

351. SASTRY, M. V. & SIDDAPPA, G. S.: Changes in
ascorbic aCid and tannin contents during the
preparation of amla (Phyllan!hus emblica) pre
serve, Food Sci., 8 (1959), 12

Prolonged brine treatment of amlas has been
found to have a highly destructive effect on the
ascorbic acid content, the destruction being as much
as 93 per cent. In the case of amla preserve made
by the conventional method, using fruit not subjected
to brining, the retention of ascorbic acid is com
paratively low (15,9-39,9 per cent). The absolute
values for ascorbic acid content are, however, high
on account of the very high ascorbic acid content
of the fresh fruit. The retention of tannin in the
final preserve is high (45·5-57·8 per cent).

Of the three methods of making preserves, viz.
conventional, vacuum and incubation, the last one
has the most destructive effect on ascorbic acid and
tannin contents, their retention being only 25·7 and
42·2 respectively. The retention in the vacuum
method is 81·7 and 77·8 per cent respectively.

352. SIDDAPPA, G. S. & BHATIA, B. S.: Effect of
variety, preliminary treatment and method of
preparation on the quality of some Indian
preserves - Physico-chemical studies, Food Sci.,
8 (1959), 47

Results of physico-chemical studies on the effect of
variety, preliminary treatment and method of pre
paration on the quality of apple, carrot and pe!ha
(ash gourd, Benincasa cerifera Savi) preserves have
been discussed.

F(J94) Sugar Technology 664.1

F(J94) (C4: 55)e Concentrators 664.1.05: 621-8

353. KHANNA, MOHAN LAL, GARDNER, A. L., DAVEY,
T. N. & SURI, S. P.: Plane-glass mirror solar
energy concentrators for concenttating sugar
cane and palm juices, J. sci. indus!r. Res., 18A
(1959), 212

The design, construction and working details of a
plane-glass mirror (9 in. square) solar energy con
centrator have been described. The results of experi
ments on the evaporation of water and cane juice,
using reflectors with overall dimensions of 3 X 3 ft
and 6 X 3 ft, have been presented. The advantages
of this type of collector over the conventional con
centrators, such as low cost, simplicity of cons
truction, ease of handling and portability, have
been pointed out and the probable economy in
the sugarcane and palm gur manufacturing indus
tries, by the use of this type of reflector, has been
assessed.

F551 Coal Technology 662.66

354. AHUJA, L. D., KINI, K. A. & LAHIRI, A.:
Effect of reduced ring structures on the coking
power of coals, J. sci. indus!r. Res., 18B (1959),
216

Investigations on the effect of reduced ring structures
on the coking power of coals have confirmed that
addition of compounds containing such structures
improves the coking quality of coals. The efficiency
of pitch in improving the caking index of coal has
also been studied.

355. BANDOPADHYAY, J., SARKAR, S. & DAS GUPTA,
N. N.: A method for evaluating the plastic
properties of highly swelling coals, J. sci. indus!T.
Res., 18B (1959), 116

The plastic properties of highly swelling coals, deter
mined experimentaJly by the present methods, are
not accurate due to excessive frothing of the coals
which leads to large increase in the volume of the
test sample during testing. A new method, which
enables the determination of the plastic properties
of such coals accurately, has been reported. The
procedure consists in (1) mixing the coal sample,
stepwise, with increasing proportion of inert (elec
trode carbon), (2) testing the mixture in a Gieseler
plastometer, (3) plotting the percentage inert against
log maximum fluidity, and (4) extrapolating the
straight line plot obtained at higher inert content to
zero inert content to arrive at the correct maximum
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fluidity and resolidification of mixtures, correspond
ing to the minimum inert content when an inflexion,
noted in the plot, represents the correct characteristic
values of the coal sample.

356. BHOWMIK, J. N., MUKHERJEE, P. N. & LAHIRI, A.:
Studies..on oxidation of coal at lower tempera
tures, Fuel, Lond., 38 (1959), 211

The mechanism of oxidation of coal in air at 200°C.
has been discussed. From an estimation of the
oxygen-containing functional groups in oxidized
coal as well as hydrolysed samples, it has been
shown that there is a stoichiometric relation between
-COOH and phenolic -OH groups that are formed
on hydrolysis. The increase in these acid groups
is accompanied by a decline in the =CO groups.
The probable mechanisms of the reaction have been
discussed.

357. DAs, S. B. & DAS GUPTA, N. N.: Studies on
hygroscopic characteristics of cokes, ]. Min.
Met. Fuels, 7 (5) (1959), 1

The capacity moisture in cokes prepared from dif
ferent coals carbonized at different temperatures has
been determined. The values are maximum for
cokes in the temperature range of 600-7OO°C. irres
pective of the rank of the parent coals. The capacity
moisture of cokes at 500°C. has a linear relationship
with the rank of coals. A nearly linear relationship
also exists between the capacity moisture of cokes
and their strength.

358. IYENGAR, M. S. & LAHIRI, A.: Heat of wetting of
coals, BrennslChemie, 18 (1959), 45

The interrelation between the briquettability, oxi
dizability, coking behaviour, inflammability, hydra
ting and sulphonating power as well as petrographic
constituents of normal and abnormal coals on the one
hand and the heats of wetting in polar liquids on the.
other has been studied. The heat of wetting is a
measure of the extent of reactive oxygen groups
present in the coal.

359. MAZUMDAR, B. K., CHAKRABARTTY, S. K. &
LAHIRI, A.: Aromaticity of coal- An appraisal,
FI4el, Lond., 38 (1959), 115

A new method for the determination of aromaticity
of coal has been suggested. After oxidizing coal in
air in which the non-aromatic part of the coal can
be selectively oxidized at low temperatures (below
200°C.), the unaffected aromatic skeleton or the aro
matic carbon and hence the aromaticity of the coal
can be determined. Dehydrogenation study with
pitch has shown that this is not completely aromatic
in nature.
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360. MAZUMDAR, B. K., CHAKRABARTTY, S. K. &
LAHlRI, A.: Dehydrogenation of coal and tar
formation, Fuel, Lond., 38 (1959), 112

Based on a study of dehydrogenation of coal by
sulphur, a direct relationship between the alicyclic
part of coal structure and tar formation has been
derived. Alicyclicities have been found to be nearly
equal and proportional to the yields of tar for all
ranks of coal. Dehydrogenation leads to inhibition
of tar formation by modification of the coal structure.

361. NANDI, S. P., KINI, K. A. & LAHIRI, A.: Reacti
vity of low temperature cokes and chars,
BrenllstChemie, 18 (1959), 85

Active oxygen groups, surface area and heat of
wetting in methanol of samples of a low and a high
rank coal, carbonized at different temperatures in
vacuum, have been determined. The active groups
exhibit a maximum in the region 4OO-500°C. for
both the coals, the increase being more pronounced
for the high rank coal than for the low rank coal.
Surface area is a maximum at about 800°C. for the
high rank coal and at 600°C. for the low rank coal.
The heat of wetting has been found to be the resul
tant of contributions from the surface area and the
active groups. In the region of low temperature coke
formation (500-600°C.), where the surface area starts
increasing, the concentration of active groups is high.

362. RAO, H. S., KAISER, F. & LAHIRI, A.: Actiye
hydrogens in coal, Fuel, Lond., 38 (1959), 254

Active hydrogen in coal has been determined by the
deuterium exchange method and the results of studies
on a sample of coal from the Raniganj field employing
this method have been presented.

363. SINHA, A. K., SARKAR, G. G. & LAHIRI, A.:
Beneficiation of coal slurries of difficult cleaning
and high ash middlings for metallurgical use,
I Min. Met. Fuels, 7 (3) (1959), 1

The possibilities of upgrading high ash coal fines
produced on crushing lower seam coals and washery
middlings have been investigated. Flotation tests

. have shown that better results are obtained by using
combined reagents (e.g. kerosene, cresylic acid and
methyl amyl alcohol) in optimum proportions. Studies
on the effect of conditioning prior to flotation have
shown that the efficiency decreases with increasing
conditioning time.

F58 Dyes 667.62

364. SIVASANKARAN, K., SARDESAI, K. S. & SUK
THANKAR, S. V.: Cellulose acetate dyes: Part I -



ABSTRACTS

Synthesis of aminoanthraquinonyl acrylates and
pyridinoanthraquinones, j. sci. indus/To Res.,
18B (1959), 164

A series of aminoanthraquinones has been condensed
with diethyl ethoxymethylenemalonate and the re
sulting acrylates have been cyclized to the respective
pyridinoanthraquinones. Both the acrylates and the
pyridinoanthraquinones have been tested as cellulose
acetate dyes. The dyeing and fastness properties of
the dyes synthesized have been explained on theore
tical considerations. The acrylate of l-aminoanthra
quinone and the cyclized compound, 4'-hydroxy-3'
carbethoxy- I(N) : 2 -pyridinoanthraquinone, possess
good dyeing and fastness properties. The fastness
to sublimation and gas fading of all the dyes is
satisfactory. The improvement in the gas fad
ing fastness property of the dyes has been achieved
by lowering the basicity of the amino group while
the improvement in light fastness property has
been brought about by curbing the electron mobi
lity in the compound by locking up the basic
nitrogen.

F5895 Paints 667.6

365. MENON, M. C. & AGGARWAL, J. S.: Anticorrosive
paints for ship bottoms, Pain/india, 9 (1959). 77

Thirteen varnish media for anticorrosive paints have
been prepared from mostly indigenous raw materials.
Results of pigmentation studies with 33 pigment
compositions using 12 different pigments and their
mixtures have been presented. The characteristics
of the compositions have been evaluated according to
1.S. specifications, and their water permeability has
been determined by radioactive tracer technique.
The stability of the compositions during storage has
been investigated.

F594 Insecticides 615.777

366. KULKARNI, S. B., GHARPUREY, M. K. & BISWAS,
A. B.: Water dispe.rsible DDT formulations: An .
analysis of the problem, j. sci. indus/To Res.,
18A (1959), 178

An analysis of the relative merits of the various types
of DDT (dichloro diphenyl trichloroethane) formula
tions used for insect control has been made on the
basis of physico-chemical considerations. The de
sirable properties of a formulation have been dis
cussed on the basis of the following factors: (I) sus
pensibility, (2) covering power, (3) lethal dose in
minimum time, (4) residual toxicity and (5) techno
logical aspects. It is concluded that some type of

paste formulation incorporating a non-volatile lipoid
dissolving oil and containing thin needle-shaped
DDT particles may prove to be the best.

F596 Spices & Condiments 664.5

F596 (J67) Pepper & Chillies 664.51

367. ANANDASWAMY, B., MURTHY, H. B. N. &
IYENGAR, N. V. R: Prepackaging studies on
fresh produce: Capsicum grossum Sendt. &
Capsicum acumina/um Fingh., j. sci. indus/To
Res., 18A (1959), 274

Prepackaging studies of Capsicum gTossum Sendt.
(sweet pepper) and Capsicum acumina/um Fingh.
(green chillies) in bags made of different packaging
films such as (1) polyethylene, (2) plain transparent
cellulose, and (3) moisture-proof heat-sealable trans
parent cellulose (M.S.T.), with and without aeration
vents, have been carried out at different temperatures
and relative humidities. These studies have indi
cated that the shelf life of sweet pepper can be nearly
doubled by prepackaging it in 150 gauge polyethylene
film with adequate respiration vents and also in M.S.T.
bags at (i) lOO°F. and 90 per cent RH., (ii) 76-80°F.
and 65-75 per cent RH., and (iii) 47-50°F. and 80-90
per cent RH. The beneficial effect of prepackaging
green chillies is seen only when they are packed in
polyethylene bags at (i) 76-80°F. and 65-75 per cent
RH., and (ii) at low temperature in all the three
types of bags. The ascorbic acid content of both
sweet pepper and green chillies is not affected by
prepackaging.

F94 Fats & Oils 665.3

368. RAJAGOPAL, N. S. & ACHAYA, K. T.: Fat
tropicalization phenomenon in sunflower seed
oil, j. sci. indus/To Res., 18C (1959), 117

Results of studies on the fat tropicalization pheno
menon (relative saturation of fats obtained from ani
mals and vegetables raised in: the tropics over those
derived from the same species in cooler climates) in
sunflower seed oil have been presented. The low
acid value of the oils from the seeds of crops raised in
Hyderabad, kept in glass stoppered bottles for 1 to 3
years, shows that sunflower seeds store well without
deterioration of oil. Figures for the individual
component fatty acids in relation to the iod. val. of
the mixed fatty acids for Indian, African, Australian
and English samples indicate that, both in gross iod.
val. and in fatty acid composition, the tropicalization
occurs to a varying degree.
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F(J91) Adhesives 668.3

369. GHOSH, A. G.: Gelation time studies of some
resorcinol adhesives, J. sci. industr. Res., 18A
(1959), 58

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

F(M6) Glass Technolo~y 666.1

370. ATMA RAM, BHATYE, S. V. & SHARMA, K. D.:
Influence of TiOz on the viscosity and surface
tension of soda-lime-silica glasses, Bull. cent.
Glass Ceram. Res. Inst., 6 (1) (1959), 3

Studies on the influence of TiOz on the viscosity and
surface tension of soda-lime-silica glasses have shown
that in an ordinary soda-lime-silica glass, substitution
of SiOI by TiOz or substitution by TiOz on an overall
basis lowers the high temperature viscosity of glass
progressively, the effect being greater in glasses where
SiOz is substituted by TiOz. With the addition of
TiOz, the extent of decrease in viscosity generally
diminishes below 1050° and ultimately, at a tem
perature near 800°, becomes negligible and a reversal
of the effect sets in after which the viscosity increases.
This increases the 'setting rate' of glass with in
creasing TiOz content. Substitution of SiOz by TiOz
lowers the surface tension of glass, but the effect is
very little. The temperature coefficient for titania
containing glasses is negative and their behaviour is
similar to that of the base glass.

371. KUMAR, S.: Glasses in the systems containing.
lead oxide, boric oxide, alumina and phosphorus
pentoxide, Bull. cent. Glass Ceram. Res. Inst.,
6 (1) (1959), 12

The systems BzOa-Pz0 5, BzOa-AIP04, PbO-BzOa-Pz0 5

and PbO-BzOa-AIP04 have been studied. Glasses are
obtained only in the last two systems. Measurement
of liquidus and deformation temperature has shown
that these two temperatures for lead borophosphate
glasses are higher than those for lead borate or lead
phosphate glasses.

Glasses containing PbO and BzOs generally show
increase in the coefficient of thermal expansion and
power factor with increasing lead content while
electrical resistivity and to some extent chemical
durability decrease. For lead phosphate glasses,
however, the effects of increasing lead content on
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power factor, electrical resistivity and chemical
durability are reversed. On replacing BIOs by PI0 5
in lead borophosphate glass, the power factor and the
coefficient of thermal expansion increase, while the
spectrophotometric absorption edge due to the amber
colour of iron progressively shifts towards the shorter
wavelength. On replacing BIOs by AIP04 in lead
boroaluminophosphate glasses, the power factor,
thermal expansion, the deformation temperature,
chemical durability and electrical resistivity increase.
The lead phosphate glass 1·0 PbO, 1·0 PZ0 5 shows
excellent chemical durability, low deformation tem
perature and very little visible absorption due to iron
compared to the other glasses.

F(M7) Textile Technolo~y 677

372. TANEJA, K., RAMALINGAM, K. V., SATTUR,
N. B., MASARGUPPI, J. A., RAO, E. S. & CHIPAL
KATT!, V. B.: Srifirset compounds in textile
finishing, 16th All-India Textile Conference
Souvenir (Textile Association of India, Banga
lore), 1959, 1

Five Srifirset compounds for various textile finishes
and two stable bath catalysts, Stabaca-l0l and
Stabaca-l02, for use in the urea-formaldehyde resin
treatment bath have been developed. The uses, ad
vantages and applications of the compounds have
been discussed and results of large-scale mill finishing
trials have been presented.

F(M97) Leather Technology 675

373. MADHAVAKRISHNA, W. & BOSE, S. M.: Studies
on enzymic unhairing and degreasing for pro
duction of leather, Bull. cent. Leath. Res. Inst.,
5 (1959), 351

Comparative chemical, physical and microscopical
assessments of the quality of the leathers produced
by the traditional liming process and by the two
enzymic unhairing processes utilizing a protease and
an amylase have been made. The optimum condi
tions for the hydrolysis of skin lipids by castor
seed lipase have been studied with respect to the
effects of pH, period of digestion, temperature and
enzyme concentration and degreasing experiments

'with lipase on sheep skins before and after enzymic
unhairing.

374. RANGANATHAN, S., BOSE, S. M. & NAYUDAMMA,
Y.: Studies on the formation of Mannich link
ages involving phenolic compounds with refer
ence to the interaction of collagen with certain



ABSTRACTS

tanning agents, Bull. cent. Leath. Res. Inst.,
5 (1959), 447

Resorcinol has been shown to be capable of forming
tris Mannich bases. Evidence for the hypothesis
that Mannich linkages are formed on retannage of
vegetable tanned leather with formaldehyde has been
presented.

. G BIOLOGY 57

G91 Bacteriology 576.8

375. BHASKARAN, K.: Observations on the nature of
genetic recombination in Vibrio cholerae, Indian
]. med. Res., 47 (1959), 253

The occurrence of genetic recombination between
V. cholerae strains has been found to be dependent
on the lysogenic state (phage 129) of either of the two
mating strains. The lysogenic cultures give rise to
plaques on sensitive strains, but the filtrates are free
of phage particles. The genotype of the recombi
nants isolated from certain crosses between V. cho
lerae corresponds generally to one of the parents in
the cross. Certain unstable recombina'lt prototroph
colonies, which appear to be segregating diploids,
have been identified.

K ZOOLOGY 59

K615 Cestoda 595.121

376. SINGAL, DHARAM PARKASH: Two new Anoplo
cephalid Cestodes belonging to the genus
Oochoristica Liihe, 1898 from Varanus monitor
(Linnaeus, 1758), ]. sci. industr. Res., 18C
(1959), 99

Two new Anoplocephalid Cestodes belonging to the
genus Oochoristica Liihe, 1898 from Varamts monitor
(Linnaeus, 1758) have been reported. The two
species, O. longivittata n.sp. and O. musculocirrosa
n.sp., are clearly distinguishable from other species
under the genus Oochoristica Liihe, 1898 and present
certain distinctive characters with respect to dis
position and number of testes, size of eggs and
onchospheres, shape of ovary and vitelline gland, to
justify the creation of new species.

K81 Crustacea 595.3

377. SRINIVASAN, T. K.: On a new species of wood
boring isopod, Exosphaeroma madrasensis from
Madras,]. Timb. Dr. Pres. Ass. India, 5 (1959). 20

A new species of the wood boring crustacean
Exosphaeroma madrasensis has been described. The

diagnostic features are: two tubercles at the base of
the terminal abdominal segment, abdomen posteriorly
ending in a trilobed structure with the middle lobe
broader, 'W' shaped, on either side of which there
is a small tooth, with the outer ramus of the
uropoda ovatolanceolate having an acute apex, both
rami of equal length extending a little beyond the
telson.

K (G9555) Marine Biology 59: 57(26)

378. SEBASTIAN, V. 0.: Notes on the occurrence of
Herdmania ennurensis Das, a fouling Ascidian at
Kerala coast of India, ]. Timb. Dr. Pres. Ass.
India, 5 (1959), 19

The occurrence of Herdmania ennurensis in the
brackish water region of Neendakara, Quilon, has
been reported. They are found in the summer
months of December-May when salinity of the
waters is 25-30 per cent and they disappear during
the rainy season when salinity is 7 per cent.

L MEDICINE 61

L: 474 Peptic Ulcer 616-002.4

379. SINGH, G. B. & SHUKLA, R. C.: Effect of gona
dectomy on experimental peptic ulceration,
Indian]. med. Res., 47 (1959), 287

Ovariectomized rats show increased gastric secre
tion and significantly higher peptic activity than
non-ovariectomized rats. Neither gastric secre
tion nor the degree of ulceration is influenced
by orchidectom,y. Gonadectomy alone, without
ligation, has no ulcerogenic effect on the gastric
mucosa.

380. ZAIDI, S. R., BALKRISHNA & SINGH, G. B.:
Experimental peptic ulceration: Part V -Adre
nal function in histamine-induced ulceration,
Indian]. med. Res., 47 (1959), 280

Adrenals play an insignificant role in the production
of ulceration in guinea-pigs. Electroshock produces
congestion and tiny haemorrhages without any
peptic ulceration. Involvement of adrenals is indi
cated by depletion of ascorbic acid with hypertrophy
of the cells of Zona fasciculata. Guinea-pigs, pro
tected against acute histamine-induced ulceration
by oxyphenonium bromide, show marked depletion of
adrenal ascorbic acid and hypertrophy of cortical
cells of Zona fasciculata. Administration of oxy
phenonium bromide to normal fasted animals shows
similar adrenal changes.

63



J. SCI. INDUSTR. RES.. VOL. 18A, OCTOBER 1959

L : 6 Pharmaco~nosy 615.43

381. MADAN, C. 1. & NAYAR, S. L.: Pharmacognostic
study of the leaf and root of Vi/ex negundo Linn.,
I sci. industr. Res., 18C (1959), 10

The macroscopic and microscopic characters of the
leaf and root of Vitex negundo Linn., a commercial
drug used in indigenous medicine in India, have been
described.

382. NAYAR, S. 1. & BISHT, B. S.: The pharmacog
nosy of the bark of Ficus glomerata Roxb.,
I sci. industr. Res., 18C (1959). 15

The macroscopic and microscopic characters of the
bark of Ficus glomerata Roxb. have been described.

L : 63 Pharmacology 615.1

383. BALKRISHNA, CHAKRAVARTI, R. N. & ZAIDI,
S. H.: Effect of IX-tocopherol on serum lipids
and lipoproteins in experimental cholesterol
atherosclerosis, I sci. industr. Res., 18C (1959),
57

Parenteral administration of DL, IX-tocopherol acetate
during the development of experimental athero
sclerosis produced progressive hypercholesterolaemia
and ~-lipoproteinaemia with a marked rise of C/P
ratio and ~-cholesterol. In the untreated animals
fed with cholesterol in olive oil, the peak of hyper
cholesterolaemia was noted at six weeks which 'was
maintained up to twelve weeks. Feeding of olive
oil alone did not give rise to an increase of serum
cholesterol level but produced relative increase of
serum ~-lipoproteins.

384. CHATTERJEE, K. P., SINHA, K. K. & BANERJEE,
S.: Effect of penicillin on blood glucose and
lipide contents of tissues, J. sci. industr. Res., .
18C (1959), 110

The effects of penicillin on blood glucose of normal
rabbits and on lipide contents of normal rats have
been investigated. Prolonged administration of peni
cillin increases blood glucose level and diminishes
glucose tolerance. Glucose tolerance has been found
to return to' normal in seven days, after the with
drawal of penicillin. Total and ester cholesterol of
whole body and only ester cholesterol of intestine
increase and ester cholesterol of brain diminishes in
rats treated with penicillin. Phospholipide content
of kidney of penicillin-treated rats increases.

385. CHOPRA, 1. C. & CHOPRA, C. 1.: In vitro anti
tubercular activity of pristimerin, J. sci. industr.
Res., 18C (1959), 85

Studies on the in vitro anti-tubercular activity of
pristimerin have shown that pristimerin completely
inhibits the growth of H37Rv (human) strain of
Mycobacterium tuberculosis in a concentration of
5·0 !J.g./ml., H52RS (streptomycin-resistant) and
B19-3 (bovine) strains in a concentration of 6·()
!J.g./ml. and B19-1 (avian) strain in a concentration
of 8·0 !J.g.Jml.

386. GUPTA, S. K., MATHUR, 1. S. & MUKERJI, B.:
The therapeutic activity of some sulphides,
quinazolones and pyrimidines in experimental
tuberculosis of guinea-pigs, I sci. industr. Res.,
18C (1959), 1

A series of sulphides, pyrimidines and quinazolones
has been screened against experimental tuberculosis
in guinea-pigs. Only p,p'-diaminodiphenyl sulphide
(D.D. sulphide) has been found comparable to Dap
sone (DDS), isoniazid (INH) and dihydrostrepto
mycin sulphate (DHS). A high correlation between
the spleen weight and pathological scores has been
established.

387. KHOSLA, M. C., KOHLI, J. D. & NITYA ANAND:
Studies in metabolism, absorption, distribution
and the mode of excretion of 4: 4'-diamino
diphenyl sulphide, J. sci. industr. Res., 18C
(1959), 51

Conditions have been standardized for the estimation
of 4: 4'-diaminodiphenyl sulphide in the presence of
biological materials and its metabolism has been
studied. The drug is absorbed gradually over a long
period and is distributed fairly uniformly in all the
tissues, except the brain, and it does not seem to be
able to cross the blood-brain barrier. The main
route of excretion is the kidney. The drug cir
culates in the blood mainly in the form of a polar
conjugate of 4: 4'-diaminodiphenyl sulphide. The
major metabolites in the rabbit and human urine
are 4: 4'-diaminodiphenyl sulphide, the correspond
ing sulphoxide, sulphone and a polar unidentified
compound.

A method has been standardized for the salting out
chromatography of 4: 4'-diaminodiphenyl sulphide,
sulphoxide and suIphone ; the method is particularly
suitable for sulphides, since these give rather high
and unpredictable R f values by conventional paper
partition chromatography.
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in the sub-micron range o
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Properties and performance make tbese pape.. an out.tanding

addition to the Wbatman range. Tbey open up intercsting new

n..,. for filter pape... not least by the economies they .how and

advantage. they po•..,s. over .intered glas. and other fine porosity

filter crucibles. High retentiolls and rapid filtration rates

are an advantage when filtering Vtry jim precipitate. and

..,mi-coUoidal substances. Freedom from blocking ensures speed

when separating gels from solutions. as in tbe filtration .

of vioco.., or resin syrup•.

Wbatman Glass Fibre Pape.. are used routinely with Buchner

and Hineh funnels and witb coarse porosity filter crucible••

They are highly absorbent. resistant to dilute acids and alkalla

and may be dried or sterilised at temperatures up to 500°C.
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PIONEER EQUIPMENT CO. PRIVATE LTD.
193, Mount Road,

Madras 2.
139, Medows Street,

P. O. Box 1909, Bombay I.

We also Service
the equipment

supplied by us
~~~_"'~""'_\11:11 I I 11:1_~_'"'~PlII_'__"

Fur these urid all your other allied requirements. please consult:
l'..'llllli "I mlllllll ~Iml...nmmmi mil IIImll ~~ l I

Dalhousie Square,
I- Mangoe lane, Calcutta I.
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Safe & Dependable·

INJECTABLES
A wide range of parenteral preparations for meeting the growing requirements of the

medical profession are processed in our laboratories. They are made from standard chemicals
employing double distilled and PYROGEN FREE water. Their containers (ampoules) undergo
rigid neutrality tests before they are selected for use. These injectables are, therefore, guaranteed
to be absolutely safe and dependable.

The following are but a few of our well-known injectables:

• RETICULIN - A potent Extract of Liver
• HEXOPURIN - An Urinary Antiseptic
• CALCITOL - Injectable Calcium Gluconate
• BEVITAMIN -Injectable Vitamin B1
• CEVITAMIN -Injectable Vitamin C
• GLUCOSE SOLN.- Injectable Pure Dextrose

THE MYSORE INDUSTRIAL & TESTING LABORATORY LTD.
MALLESWARAM P.O., BANGALORE 3

Selling Agents:

Messrs Khatau Valabhdas " Co., Bombay Messrs Karnatak " Deccan Allencies, Hubli
Messrs Deccan Drug Agency, Hyderaba~ (On.)

(ANALYTICAL REAGENT)

Melting Point 16·7°C.

Maximum amount of impurities

Non-volatile Matter 0'00 I%

Chloride 0'0002%

Sulphate 0'0004%

Heavy Metal (Pb) 0·0005%

Iron 0·0002%

Empyreuma passes t hr. Bichromate Test

MANUFACTURERS OF

NEUTRAL GLASS
AMPOULES

AcidAcetic

For further particulars, write to :

THE INTERNATIONAL CHEMICAL
INDUSTRIES

BOMBAY SCIENTIFIC
GLASS WORKS

103B UPPER CIRCULAR ROAD

CALCUTTA
ARAB HOUSE, KHETWADI 13TH LANE

BOMBAY 4
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'WILD'

WILD THEODOLITE T3

HEERBRUGG (Switzerland)

The manufacturers of

Highest Class Precision Optical and

Mechanical Instruments

WORKSHOPS

LABORATORIES &

SURVEY

• Microscopes for colleges and research

• Microscopes for angle and thread measuring

• Testing instruments for plane surfaces

• Drawing instruments' of stainless steel

• Levels, theodolites and aerial cameras

• Distance measuring instruments, etc.

WILD LEVEL N2

Equipped with modern, High Precision Swiss Machines, Tools, Gauges and Collimators
and with an expert Swiss trained Engineer, our Service Division undertakes repairs to

WILD Levels, Theodolites, etc.

SOLE AGENTS:

RAJ-DER-KAR & CO.
SADHANA RAYON HOUSE, DR. D. NAOROJI ROAD

BOMBAY
Telephone: 26-2304 Telegram: TECH LAB

Branch Office: 44/6 Regal Building, Connaught Place, New Delhi I
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STUDENTS'

MICROSCOPE

ADVANCED CLASSES

Manuf~tured by:

INSTRUMENT RESEARCH LABORATORY Ltd.
Gram: INRELABTRY

309 BOWBAZAR STREET, CALCUTTA 12
Phone: 22- 5778

From

A MICRO

to
A PHYSICAL BALANCE

you may depend on

~BALANCES
for their

SENSITIVITY, CONSTANCY &

DURABILITY

Manufactured by

Keroy ;3!va/e) Limited
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Service Station & Office

U LATAFAT HUSSAIN LANK
CALCUTTA 10

Phone
:14-3840

FlUiory

33~ NADESHWAR
VARANASI CANTT.
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It's a dozen test instruments in one!
-the Adjustable Span

Recorder

HERE'S a recording potentiometer that is a real jack.of.all.trades (and master
of each one) in any dcvelopment or test laboratory. Just turn the dials, and in
seconds, you can set it up for the exact range and sensitivity you want. You
don't have to do any rewiring or changing of calibrating·circuits.

50-to·I span adjustment. Millivolt span of the recorder is continuously
variable over. as much as a so: I range. Span adjustment is independent of uro
setting.

Variable zero suppression. Coarse and fine adjustment dials let you movo
the electrical zero point up and down scale, to concentrate recording on only
the part of the span in which you're intefCSted. Zero adjustment docs not affect
span setting.

Sensitivity adjustment makes it easy to get the recording characteristics you
want to match the span being used.

Many optional features: you can choose from recording speeds of1,1,2,41.
12 or 24 seconds full scale ... fully automatic, push·button, or solenoid·actuated
remote or locally controlled standardization.

~ Honeywell 1ii4t' w.,~
Contact .

BLUE mSTAR
IWE STAR ENGINEERING CO. (Bombay) PRIVATE LTD.

KASTURI BUILDINGS. J"'MSHEDJI TATA RO"'D. BOMBAY I
AIM at CALCUTTA. DELHI. HADIIAS

PSBS-33/1
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Instruments for Industrial Measurement & Control
based on an experience of many decennaries

lIP) Ex: Messrs DREYER ROSENKRANZ & DROOP A.G., Germany

RECORDER

• Gauges: for all applications and requirements such as laboratory test, and

Inspector's Gauges, Duplex Gauges, Vacuum Gauges, Differential Pressure

Gauges, etc•• Pressure and Temperature Recording Instruments • Pneumatic

Motion Transmitters' Pneumatic Controllers' Diaphragm Motor Valves' Pres·

sure Reducing Valves • Spring·loaded Safety Valves • Dial Thermometers

• Electric Contact Devices and Transmitting Potentiometers for Pressure and

Temperature Measuring Instruments' Level Indicators' Hydraulic Load Cells

• Indicators for Steam Engines, Diesel Engines, Compressors, Locomotives and

Pumps' Testing Equipment for the Calibration of Pressure and Temperature

Measuring Instruments • Special Outfit, e.g. for Checking Temperatures, etc.

CONTACT SOLE AGENTS

TOSH N IWAL BROT'HERS PRIVATE LI M ITED
198 JAMSHEDJI TATA ROAD, BOMBAY I

Branches: Ajmer Calcutta New Delhi Madras

EL.ECTRONIC INSTRUMENTS

A32

• Stabilized Power Supply Units • Scalers • Pulse Generators
• Oscillators, Audio, H.F. & U.H.F. • H.F. Titration Apparatus

• Dielectric Polarization Measurement Apparatus, etc. etc.

EMISSION RADIO & VARIETIES
120 LOWER CIRCULAR ROAD, CALCUTTA 14

Phone: 24·2513
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Research Development Testin~

....,..0 .......1.11
"1".U.'''r,

Tual$

JlU·:~T·"'U.C
"UIIC"Coc."

101 !'AIIK STIIEET, CALCUTTA 16

~::~~I~.';S :.. ~
~~~:;:~~}::T·V ~l
''''~TIOM'''_''C.OM'

"

RAPID LABORATORY
ELUTRIATOR

Special
elutriator for
water· soluble
materials.

Save Time
and Cut

Costs with

ICL
LABORATORY EQUIPMENT

INTERNATI9NAL COMBUSTION (INDIA)
PRIVATE LTD.

-

In development and research depart
ments, where tests concern grinding,
screening, separating or filtering, ICL
laboratory equipment has many uses.
It is also, frequently and profitably
employed in conjunction with pilot
plant for testing large scale processes.
May we send you details?

Uniform
mechanical

action.
• Time switch

control.
• Accommodates up to thirteen

8' diameter sieves.

RO·TAP SIEVE SHAKER-
for accurate and
consistent sieve

testing.

for the grinding
of non·abrasive
materials
in batches
up to 20 Ibs

RAYMOND LABORATORY SEPARATOR
a self·contained air separating
unit for particle size
classification in the dry state.
_ Separating chamber encloses
ull rotating parts.

_ Simple 10 dismantle.
Fan and whizzer combinQ/ions
easily changed to sait product.

_ Motor bea,ings grease·packed.
No oiling required/or separator parts.

RAYMOND LABORATORY MILL-

_ Rotor has eight steel
swing 1II11t1mers and runs at 10,000 r.p.m.

_ Supplied with ft.'e interchangeable '. :
I . d . "!-':.." co .

stet screens to suit pro uct. This elutriator ".S.:." 1.~I.~:~~~~T'
can be used C:l,......I~VI".

___Br_,_"_ze_h_o_us_ing_e_a_s'_'IY_d_is_ltI_a_n_tle_d_fi_or_c_le_a_n_'n_g'_-1for testing any .ii' --I. TV"

line powder
insoluble in 1I~

72~C;;esh~to f

Branch.. It: NEW DELHI" BOMBAY • South Indil A,enll: BINNY "CO. (MADRAS) LTD.
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VHF TRANS - RECEIVER
(MF-8JO SERIES)

The MF·830 Series are extensively used by the Police,
Electricity Boards, Irrigation Projects and other organisations
for medium distance, noise.free two way
communication. The Water-tight casing and shock
mounting provided, make them ideally
suited for installation in locomotives, Vans, Cars etc.
The sets can be supplied for frequencies between
70·90.5 Mcjs and 156 - 174 Mc/s,

LOUDSPEAKER CONTROL BOX
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Specially developed for
the vanaspati industry
by Hoffmann-La Roche,
Basle, Switzerland
VANITIN offers unique
advantages:

* A pure synthetic
product-diluted with
refined, peroxide-free
groundnut oil

* No unpleasant taste
or odour

* Easy to use, and
offers unvarying quality
and uniform stability

* Supplied in different
batch· size containers,
direct from
air-conditioned godowns A

'ROCHE' Synthetic Vitamin A Acetate

EVanitin Vitamin A was first synthesised
by a Roche research team in 1947

Sole Distributors:
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ROCHE PRODUCTS PRIVATE LIMITED, Bombay.

VOLTAS LIMITED
Bombay - Calcutta. - Madras - New Delhi - Bangalore
Cochin - Kanpur - Secunderabad - Ahmedabad
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LABORATORY EQUIPMENT

For all your requirements of laboratory glassware, apparatus, appliances,

instruments, acids, chemicals, stains, filtering aids,

water and gas taps, etc. etc.

please write to:

THE CENTRAL SCIENTIFIC SUPPLIES
COMPANY LIMITED

2 AGARAM ROAD, TAMBARAM

SOUTH INDIA

i
Telegrams: SYPHON Telephone: 89 Extension 123

...... -_ --- .
Branches at

17 STRINGER STREET, MADRAS I

53 NARASIMHARAJA ROAD, BANGALORE 1

+••••••••••••••••••••••••••••••••••••••••••••••••••••••• •• +
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· I ·• Just issued •• •: IMP ACT • Vol. IX (1959), No.3:
• •
• GRAFTING FOR PRODUCTIVITY IN PLANTS AND •
• ANIMALS •: Unesco's quarterly magazine for by Pierre Boiteau :

• those whose interest is the THE DEVELOPMENT OF OPTICS AND ITS IMPACT •
• ON SOCIETY •
• understanding of science and the by Vasco Ronchi •
• •• improvement of social conditions. TEACHING THE HISTORY OF SCIENCE •
• by Rene Taton •

: • ORIGINAL ARTICLES ON SCIENCE SCIENTIFIC PROBLEMS AND THE 1959·60 SEVEN· :
• YEAR PLAN DEVELOPMENT IN THE U.S.S.R. •
• AS A SOCIAL FORCE by N. Sisakyan •

• THE INTERNATIONAL CONFERENCE ON •
• • BOOK REVIEWS SCIENTIFIC INFORMATION •
: by Paul Boquet :
• • BIBLIOGRAPHIES •· _.
: Annual subscription 9/6 sterling ~:
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• •
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CRAFTSMAN
A SYMBOL OF QUALITY & SERVICE

for

LABORATORY & PROCESS CONTROL EQUIPMENT

Offer

*FLUORESCENCE METERS & A COMPLETE RANGE OF
PHOTOELECTRIC COLORIMETERS

* BOMB COLORIMETERS, EQUIPMENT & APPARATUS FOR
OIL INDUSTRIES

* POLAROGRAPHS, FLAME PHOTOMETER & KARL FISCHER

* CONTROLLERS, PYROMETERS & THERMOCOUPLES

*FURNACES, OVENS & INCUBATORS

* LABORATORY UTILITY ITEMS

Address your enquiries to:

CRAFTSMAN ELECTRONIC CORPN. (PRIVATE) LTD.
SETHNA HALL, NESBIT ROAD, BOMBAY 10

Phone: 42346

SP/Cfl/J
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~(Jllenh(Jm~ New Development

Molecular Weights t:l tl~1letU tf.!l:U(
Designed in co-operation with Mr. C. Heitler of Northampton College of

Advanced Technology (London)

• Determinations in 10 minutes
• Accuracy I per cent with 0.2 g. samples

• Rapidly reaches equilibrium «3 minutes)
• Thermistor sensing for response and high

sensitivity

• Borosilicate glass parts

• Additional equipment not required

• Simple to use
• Quickly saves its own cost in time

gained

MANUFACTURED BY

A. GALLENKAMP & CO. LTO.
LONDON, ENGLAND

ACCREDITED AGENTS

MARTIN & HARRIS (PRIV ATE) Ltd.
SAVOY CHAMBERS, WALLACE STREET, BOMBAY I

rrintcd anti publisllCd by SURI B. l\. S.\STRI, Council of Scientific & Industrial Hcscarch, Kcw Delhi,
at the Catholic Press, Hal1l.:ili, India


	Journal of Scientific & Industrial Research 1959 Vol.18A No.10
	Contents
	Index to Advertisers
	Current Topics
	Food Technology for Asia & the Far East: F.A.O. Regional Seminar
	Domestic Fuel Consumption in India
	An Examination of Axiomatization & Information Theory Application in Neurophysiology*
	Chemical Composition of Tobacco Leaves & Its Influence on the Grade Obtained on Flue-curing 
	Lead Plating from the Pyrophosphate Bath
	Reviews
	Notes & News
	Progress Reports
	Index to Contents
	Abstracts

