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ORIGINAL SARTORIUS SELECTA
Fast . . . Reliable . . . Accurate

The modern analytical balance is the end
product of a development which spans thousands
of years. And yet, the basic principle of the
symmetrical beam balance, which was already
known in ancient Egypt, is still the unsurpassed
foundation of such ultra-mcdern weighing tools
as the Sartorius SELECTA speed balance.

A SELECTA is indispensable to the modern
laboratory, be it for research or control opera
tions. The ever-increasing workload necessitates
the use of balances which offer

Speed - Accuracy - Reliability
and last but not least

Convenience of operation

There are on the market today a number of
analytical balances employing mechanical appli
cation of weights and also projection reading.
None of these offers all the advantages incor
porated in the SELECTA and none permits
operation of all controls with as little effort
as does the SELECTA.

It can be stated without exaggeration that
under normal operating conditions, especially in
routine weighings of a number of samples, no
more than 15 to 20 seconds are required for one
weighing, using the SELECTA RAPID with highly
effective air damping. The magnetically damped
SELECTA ULTRA-RAPID is even faster but not
quite as sensitive. With the SELECTA SEMI
MICRO speed is naturally a secondary considera
tion as compared to sensitivity and accuracy.

Capacity
Sensitivity and reading accuracy
Projection scale

SELECTA ULTRA.RAPID
magnetically damped,

extremely fast

200 g.
I mg.
0... 1000 mg.

SELECTA RAPID
air damped, very
short oscillation

period

200 g.
0.1 mg.
0... 100 mg.

SELECTA SEMI·MICRO
air damped, combining

high accuracy with
speed

100 g.
0.01 g.
0... 10 mg.

Thousands of Selecta Balances are proving their value to users in Science and Industry
the world over

SOLE DISTRIBUTORS

THE SCIENTIFIC INSTRUMENT Co.
ALLAHABAD, BOMBAY, CALCUTTA, MADRAS, NEW DELHI

Ltd.
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Bausch & Lomb specialities for the

CRIME DETECTION LABORATORY

B & L BULLET COMPARISON MICROSCOPE has been designed in co-operation
with modern bureaus of identificatio~, for examination and comparison of bullets,
fingerprints and tool marks.

B & L PHOTOMICROGRAPHIC CAMERA MODEL L is for permanently recording
the microscope images.

Together they form a cpmplete comparison photomicrographic laboratory - a single
unit, compact and sturdy.

Made by

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

Sole Agenls

MARTIN & HARRIS (PRIVATE) Ltd.
(SCIE:\'TIFIC DEP.-\RTMENT)

SAVOY CHAMBERS, WALLACE STREET, BOMBAY 1
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NOWI MAKE
SOIL pH MEASUREMENTS

IN THE FIELD

~th versatile battery·operated

Beckman / Poci.tet pH Meter

Available from
ready stock

* PYREX REAGENT BOTTLES

* GERMAN GLASSWARE

* PORCELAINWARE

Ex:
Mis Beckman Instruments -Inc.

U.S.A.

Handy size and light weight (only 2 lb.)
-plus single combination electrode
make it possible for you to take a
pH reading with one hand and record

data with the other.

*
Other Instruments:

OU Spectrophotometer, B Spectrophoto.
meter, OK Recording UV-Near Infrared

Spectrophotometer. etc.

*
For further particulars write to:

TOSHNIWAL BROTHERS
PRIVATE LIMITED

198 Jamshedji Tata Road

BOMBAY I

Branches:
AlMER. CALCUTTA. DELHI. MADRAS

P~l f\ f\ tJI f\
"r f\U s"r
114 PRINCESS STREET

BOMBAY 2

* NICKELWARE

* QUICKFIT STANDARD JOINTS
& GLASSWARE

Please contact:

*
LABORATORY
GLASSWARE

RITA SCIENTIFIC Co.
52·58 NEW HANUMAN LANE

BOMBAY 2

Phone: 22358 Telegram: •TRIAL'

FOREIGN & INDIAN MAKE

*

A6

Your Orders and Enquiries - Please Grams: • ANTIGEN'
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Produced by

• Possesses both neurotropic and musculotropic antispasmodic action.

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

for oral administration

*

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

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

CHARACTERISTICS

NEW, ·POTENT ANTISPASMODIC

Available in the form of tablets which have been processed in such a way that
the individual ingredients (the antispasmodic compound and the antacid) have
been kept separate to maintain increased stability and efficacy.
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~ PYRAPEN ~

! A combinatinn nf a new anti'pa,modic (a pipecidinometbyl-pycamlone compound) I
~ and a new antacid (magnesium aluminium silicate). ~

\ PYR.\PEN is the newest and least toxic member of the group of anti-
\\ spasmodics and clinical reports are most encouraging.
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~ BENGAL IMMUNITY CO. LTD. ~
~ 153 DHARAMTALA STREET ~
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THE

TRADE MARK

FOR YOUR

GUARANTEE

LABORATORY EQUIPMENT

Students' Microscop.es - 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 ond particulars enquire from your regular suppliers or
SELLING AGENTS:

d. T. d A G T I A N I
National House, 6 Tulloch Road, Apollo Bunder

BOMBAY 1

SPIIT(1

AS

VACUUM DRIER
OVERALL HEIGHT 3 FEET

FREDERICK HERBERT
POST BOX No. 6055, BOMBAY 5

SP/fH/1

r················· ..··································· ':
: :
i !I Equip your !

laboratory
with

LABORATORY & PHARMACEUTICAL

CHEMICALS, ANALYTICAL &

LABORATORY REAGENTS,

! . AMINO ACIDS, STAINS, ;

l DRUGS, VITAMINS, !
~ ii ETC. I
~ i
: :
i Ii Directly Imported by i

1_._:2:_::.::;I~~~::__:::::J
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rei: 40014 Gram: ·CRUCIBLE.'

PLATINUM
LABORATORY APPARATUS

PIONEER MANUFACTURERS IN INDIA

• WIRES • CRUCIBLES • DISHES

• FOILS • TIPPED TONGS • J. LAW·

RENCE SMITH TYPE CRUCIBLES

• SPOONS • SPATUI,.AE • WIRE

GAUGE • TRIANGLES
TRADE MARK

ILLUSTRATED CATALOGUE ON REQUEST

ALL ITEMS

AVAILABLE FROM READY STOCKS

Reshaping of damaged platinum apparatus
undertaken at Rs. 3 per gram.

Replacement of damaged platinum appa
ratus at Rs. 4 per gram.

Any article in platinum manufac.tured and
5upplied as per specification.

All items manufactured from

•Special Platinum' guaranteed

99'9% and over
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PHOTOSTAT SERVICE

INDIAN INSTITUTE OF SCIENCE LIBRARY

can supply PHOTOCOPIES of articles, graphs, charts, illustrations, blueprints,
etc., from the scientific and technical publications available in the library to

scientists, and scientific institutions.

Enlarged or reduced copies can also be supplied wherever possible.

SIZE
UP TO

II" x 6"
17"x II"
23" X 17"

(PACKING AND POSTAGE EXTRA)

RATE
PER PAGE. PER COPY

Re.0.50
0.75
1.25

For further particulars contact:

L18RARIAN, INDIAN INSTITUTE OF SCIENCE

BANGALORE 3, INDIA

CURRENT SCIENCE Do you possess copies of the following?

IS: 786-1956 CONVERSION FACTORS ANO CO"VERSION
TABLES Rs 5'~

IS : 1105-1957 METHOD FOR PRECISE CON"ERSION OF
INCH AND l\fETRIC DIMENSIONS TO ENSURE INTER

CHANGEABILITY Rs 3·l!l.'
lSI HANDBOOK FOR STRUCTURAL ENGINEERS - 1.

STRUCTURAL STEEL SECTIONS Rs 12'~

This lSI Handbook is intended to replace similar
handbooks in FPS units being used in this country.
This handbook is a must for all engineers and arel;i
tects and will facilitate designing, detailing and
fabrication of structures lIsing Indian Standard
Metric Structural Steel Sections. This handbook,
which runs into about 200 pages. contains 36 tables.

(Estd. 1932)

HEBBAL P.O., BANGALORE 6

The Premier Science Monthly of India devoted to
the publication of latest advances in pure and

applied sciences

Conducted by the

CURRENT SCIENCE ASSOCIATION
with the editorial co-operation of

eminent scientists in India

ANNUAL SUBSCRIPTION

India: Rs. 12 Foreign: Rs. 16; £ 1-4-0; $ 4.00

ADVERTISEMENT RATES

IS : 1020-1957 CONVERSION
USE

IS: 787-1957 GUIDE FOR
VALUES FROM ONE
ANOTHER

TABLES FOR ORDINARY

Re o·~

INTER-CONVERSION OF

SYSTEM OF UNITS TO
Rs 3·l!l.'

Further particulars from

THE MANAGER

CURRENT SCIENCE ASSOCIATION

HEBBAL P.O., BANGALORE 6

Full page
Half page
Quarter page

INDIA
(per in5ertion)

Rs. 75
45
28

FOREIGN
(per insertion)

Rs. 100
60
40

Available from:

INDIAN STANDARDS IN~TITUTION

H eadq"ay/eys

Manak Bhayan, 9 Mathura Road. New Delhi
Phone: 45915-9 Grams: 'Manaksanstha'

Branch Offices:
40-40A Cow8sjl Patel Street, Fort, Bombay 1

P-ll Mission Row Extension, Calcutta 1
2/21 First Line Beach, Madras 1
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S A u T E R
The world's largest

BALANCE FACTORY
Founded 1856

ANALYTICAL, MICRO, ASSAY, TORSION-TYPE AND

PRECISION BALANCES

WEIGHTS OF EVERY DESCRIPTION

Sole Agents:

GORDHANDAS DESAI PRIVATE LIM.lTED
PHEROZSHAH MEHTA ROAD, BOMBAY I

P-7 MISSION ROW EXTENSION
CALCUTTA I
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Branches:

4/28 ASAF ALI ROAD
NEW DELHI

22 LINGHI CHETTY STREET
MADRAS I

SP/GO/53

All



ROTOFIX II

255 x 320 mm. Weight: 21 lb.

CENTRIFUGES IN MODERN DESIGN
(MADE IN GERMANY)

• Modern streamlined appearance • Robust and weI/

proved universal motor for a.c./d.c., fitted with sup

pressor • Resilient mounting, no vibrations • Balancing
unnecessary • 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 15 ml. each - Angle head
6 x 15 ml. each - Angle head

A Small Centrifuge with the Big Performance
OTHER MODELS ALSO AVAILABLE

IMPOR.TER.S:

THE SUMMIT SURGICALS
Phone: 33699

FUR~ISHERS OF LABORATORY APPARATUS, SURGICAL & HOSPITAL REQUISITES

27/29 POPATWADI, KALBADEVI ROAD, BOMBAY 2
Gram: . SURGESUMIT'

SCIENCE AND CULTURE
REVISED ADVERTISEMENT TARIFF'

(From August 1958)

ORDINARY PAGE

No. of Insertions

Twelve
Six
One

Full Page
Rs.

720
375
75

Half Page
Rs.

380
200

'!O

Quarter Page
Rs.

210
110
22

A12

SPECIAL POSITIONS

Full Page Half Page Full Page Half Page
Rs. Rs. Rs. Rs.

Cover (Front) 180 Page facing Contents 90
Cover (Back) 170 Page facing Text Matter 90 SO
Cover (Front Inside) 130 70 Page facing Inside Front Cover 90 50
Cover (Back Inside) 130 70 Page facing Inside Back Cover 90 50
Page facing Editorial lOa Page facing Advertisers' Index 90 SO

Ten per cent discount will be allowable on twelve consecutive insertions in special position

'The revision will be without prejudice to existing contracts and will cake effect after the expiry of the
contracted period.

For particulars write to

ASSISTANT SECRETARY, INDIAN SCIENCE NEWS ASSOCIATION
92 UPPER CIRCULAR ROAD, CALCUTTA 9
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The New

handy and

easy-to-carry

MICROSCOPE
MODEL Mil

suitable for

field work

Available as

* Monocular
or

* Binocular

* POLARISING

* PROJECTION

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

Extra Attachments for:

* DARK GROUND * PHASE CONTRAST

* PHOTOMICROGRAPHY, ETC. ETC.

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

Sadhana Rayon House, Dr. D. Naoroji Road

BOMBAY

RAJ-DER-KAR & CO.

Telephone: 26-2304
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Telegram: TECH LAB

OUR SU8-AGENTS :

VULCAN TRADING CO. PRIVATE LTD.
38C Mount Road, Madras 6

Branch Office:

44/6 Regal Building

Connaught Place

NEW DELHI I
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SIEVES
8-inch diam. • Up to 250 mesh

&

for

SOIL

CEMENT

CONCRETE

Testing Equipment

Write to:

5PU~ BODV SCIENTIFIC EQUIPMENT WORKS
11m TILAK MARG. DELHI 6

Tel_cram: CHEMBIO Telephone: 27029

SlO'

rowu
UN~

Pbone: 61761

Branch: .AHMEDABAD

A vailable from

READY STOCK

Write for further particulars to:

DHUN MANSION, VINCENT ROAD

DADAR, BOMBAY 14

ENGLISH WARING BLENDER

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

invaluable for Chemical and
Biological Laboratories

LABORATORY FURNISHERS
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•

ZEISS
LARGE

TOOL MAKERS'

MICROSCOPE •
•

FOR LINEAL & ANGULAR MEASUREMENTS & COMPARISONS

OF PROFILES BY THE SILHOUETTE OR

SECTIONAL METHODS

VEB CARL ZEISS dENA

Sole Agents

GORDHANDAS DESAI PRIVATE LIMITED
PHEROZSHAH MEHTA ROAD, BOMBAY I

Branches:
P·7 MISSION ROW EXTENSION 4/2B ASAF ALI ROAD

CALCUTTA NEW DELHI

).UR.- AUGUST 1959

~

\H)')~lJfl nilJ. If

22 LINGHI CHETTY STREET

MADRAS I
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We offer

PHYSIOLOGICAL,
PATHOLOGICAL,

BIOLOGICAL &
PHARMACEUTICAL

LABORATORY
REQUIREMENTS

such as:

AUTOCLAVES, INCUBATORS,
DISTILLATION PLANTS,

OVENS, VACUUM STILLS,
FILTERS, BATHS & ALL

SORTS OF GAS, WATER &
VACUUM TAPS, ANIMAL CAGES

& BOTTLE FILLING UNITS

M. RAMCHANDRA & SONS
Estd. 1920

'RAM 0001' 12B KELEWADI

GIRGAUM. BOMBAY 4

* FINE CHEMICALS

71 PRINCESS STREET
POST BOX No. :2409, BOMBAY 1

PhODe : 28465

Please refer to:

Gram: PETROLIUM

..~ .
t iiDirect Im:a:rters II:

• LABORATORY CHEMICALS !
* PHARMACEUTICAL +

f
I ·~:;~~:~ de I
I:
+

I

BOROSIL

CHOTANI ESTATES, PROCTOR ROAD

GRANT ROAD, BOMBAY 7

•

LABORATORY GLASSWARE

INDUSTRIAL & ENGINEERING
APPARATUS CO. PRIVATE Ltd.

such as

FLASKS, BEAKERS, CONDENSERS, MEA·

SURING FLASKS, MEASURING CYLINDERS,

PIPETIES & ANY SPECIAL APPARATUS

MADE TO DESIGN

and
PENICILLIN VIALS, VACCINE BULBS

WHITE & AMBER

ALL OTHER APPARATUS " EQUIPMENT

MANUFACTURED TO CLIENT'S DESIGN

.... ............................
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ASSOCIATED SUPPLY AGENCY
4B NOYAN SAHA LANE

CALCUTTA 3

Direct Importers & Principal Agents

for

B.D.H. (INDIA) PRIVATE LTD.
BOMBAY

of

LABORATORY CHEMICALS

STAINS, INDICATORS

AMINO ACIDS

etc. etc.

Contact:

N. SUNDERLAL & CO.
89 PRINCESS STREET, BOMBAY 2

Gram: MAYBLOOM

REAGENT BOTTLES
Conical shoulder, wide
neck, standard ground
joint socket and flat
stoppers, octagonal.
pressed with- semi-

hollow body

~ENA

Phone: 55-5032

Phone:
28844

P.O. Box
2276

Gram:
• EMETINE'

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 250°C. Electric models

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

with indicating lamp, switch, cord and plug.

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
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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 A-flPARATUS MADE TO SPECIFICATIONS

SCIENTIFIC APPARATUS MANUFACTURING Co.
255/3·C MANGALDAS ROAD, BOMBAY 2

A18

STOCKISTS OF

Physical, Chemical & Geographical Instruments
MANUFACTURED BY

POPULAR TRADERS, HILL ROAD, AMBALA CANTT.

SP/SAM/l

~

LABORATORY
GLASS

APPARATUS
•

Sote Selling Agents

GHARPURE & CO.
P·36 ROYAL EXCHANGE PLACE EXTN.

CALCUTTA I

Gram: MEENAMO • Phone: 22·2061
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TEMPO Laboratory Equipment

The Incubator Cabinet is double walled
with two 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 6QoC. 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.

INCUBATOR.
BACTERIOLOGICAL

, Workin~ 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.

Manufactured by:

HOT AIR OVEN

TEMPO
INDUSTRIAL CORPORATION (PRIVATE) Ltd.

SONARI ROAD,PARANJPE'B' SCHEME

BOMBAY 24
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We manufacture
IONONE 100 PER CENT, IONONE ALPHA &

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

ACETATE, GUM STYRAX

and other

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

other toilet articles

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

BOMBAY 2
Branch:

Opposite City Post Office
BANGALORE CITY

PLANTS

Gram:
• SACHEWORKS •
BOMBAY-DADAR

CHEAP a SIMPLE

source for GAS

for all type of

HEATING
AVAILABLE IN VARIOUS CAPACITIES

Also Manufacture

BURNERS FOR INDUSTRY, LABORATORY, KITCHEN

LABORATORY FITTINGS, OVENS, BATHS, STILLS, ETC.

ATOMIC ENERGY EQUIPMENT, REMOTE CONTROL TONGS,

ORE DRESSING EQUIPMENT, ETC. ETC.

Stainless Steel Plant and Equipment Fabricators

GANSONS PRIVATE LTD., P.O.B.5576, BOMBAY 14
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FOR
FACTORY

WORKSHOP
AND

LABORATORY
COMPOUND HEATERS

FURNACES

GAS FLOW HEATERS

GLUE HEATERS

HOT PLATES

HUMIDITY CABINETS

IMMERSION UNITS

KETTLES FOR WAXES

PLASTIC DIP POTS

SALT BATHS

SOLDER POTS

TINNING BATHS

TROPICAL CHAMBERS

VACUUM IMPREGNATING PLANT

WAX POTS

SPECIALLY DESIGNED
EQUIPMENT

Humidity test cabinet, of intermediate capacity, from

the' B-W' range. Performance characteristics include:

relative humidity from 40 to 99 per cent plus; tempera

ture control to OSe. or better; dry heat to 100°C.;

wet heat to lO°e.; refrigeration to O°e.; auto-controlled

rapid cyclic temperature variation, under damp heat

conditions, adjustable for frequency and amplitude.

LONDON & BLETCHLEY, ENGLAND

Sales Agents in Indio:

ASSOCIATED INSTRUMENT MANUFACTURERS
(INDIA) PRIVATE LTD.

INDIA HOUSE
FORT STREET
P.O. BOX 119

BOMBAY

J.S.\.R.- AUGUST 1959

8-5 GILLANDER HOUSE
P.O. BOX 2136

CALCUTTA

SUNLIGHT INSURANCE
BUILDING

26.27 ASAF ALI ROAD
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:

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

Estd. 1944

ASHA SCIENTIFIC COMPANY
Lotlikar Mansion, 503 Girgaum Road

BOMBAY 2

T.lecram.: 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

A22

Call: 252762 Gram: 'ANALYTICAL'
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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

• ALL INDIAN MATERIALS &

CONSTRUCTION

• DRY MODEL: SINGLE STAGE,

FOR ROUTINE VACUUM WORK

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

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

INDEX TO ADVERTISERS

A2B

AB

A30

AU

AS, 36

AlB

... A24,25

Al6

A28

Al7

A6

A27

A22

AlB

AU

A2

A20

AB

Al2

AID

AS

A17
AI,

AS3

... AIS, 29

AD

A6

LTD.,

INTERNATIONAL CHEMICAL INDUSTRIES, CALCUTTA

J. T. JAGTIANI, BOMBAY •••

KEROY (PRIVATE) LTD., CALCUTTA •••

LABORATORY FURNISHERS, BOMBAY •••

MARTIN & HARRIS (PRIVATE) LTD., BOMBAY

MEGKSA INDUSTRIES PRIVATE LTD., CALCUTTA •••

MOTWASE PRIVATE LTD., BOMBAY •••

M. RAJoiCHANDRA & SONS, BOMBAY ••.

!\1VSORE INDUSTRIAL & TESTING LABORATORV
BASGALORE .•.

N. SUNDERLAL & Co., BOMBAY

PIIARMA TRUST, BO~BAY

PIONEER EQUIPMENT CO. PRIVATE LTD., 1l0),fBAY

RAJ-DER-KAR & Co., BOMBAY

RAVINDRA & Co. (PLATINUM), BOMBAY

RITA SCIENT1FIC CO., BOMBAY

SCIENTIA INDUSTRIES (INDIA) PRIVATR LTD., HowRAH

SCIENTIFIC ApPARATUS MANUFACTURING Co., BOMBAY

SCIENTIFIC EQUIPMENT WORKS, DELHI

SCIENTIF1C INSTRUMENT CO. LTD., ALLAIIABAD ...

S. H. KELKAR & Co. (PRIVATE.) LTD., B~)(8AY

S. MATHURADAS & CO., BOMBAY

SUMMIT SURGICALS, BOliBAY

TEMPO I~DUSTRIAL C<:,RPORATION (PRIVATE) LTD., BO:lllBAY

TOSHSIWAL BROS. PRIVATE LTD., BoxBAY

UNIQUE TRADING CORPORATION', BO)18AY

VEB CARL ZEISS, ]ENA •..

VOLTAS LTD., BOMBAY

ASHA SCIENTIFIC Co., flmlBAY A22

ASSOCIATED bSTflUMENT MANUFACTURERFo (h:OlA) PRIVATE
LTD.• CALCUTTA A2l

ASSOCIATED SUI'PI.Y AGENCY, CALCUTTA A17

n. BABULAL & Co.• BOMBAY A16

BASIC & SVSTJlETIC CHEMICALS PRIVATE LTD., CALCUTTA A23

BENGAL hUWNITY Co. LTD., CALCUTTA A7

BLUE STAR ENGINEERING Co. (BOMBAY) PRIVATE LTD.,
BO!lfBAY A31

BO!olBAY SciENTIFIC GLASS WORKS, BOMBAY .'\28

BRITISH DRUG HOUSES (lSDIA) PRIVATE LTD., BOMBAY A32

CENTRA'. Scn:NTIFIC SUI'PLII::S Co. LTD., TAMOARAM A3~

CRAFTSMAN ELECTRONIC CORPORATION' PRIVATE LTD., DOMBAY :\35

CUR REST SCIESCE ASSOCIATION, BASGALOKE AIU

EMISSION RADIO & "AKIEYIES, CAI.CUTTA A32

FREDERICK HERBERT, DOMBAY A~

GASSONS PRIVATE LTD., BOMBAY A~O

GHARPURE & Co., CALCUTTA A18

GORDHANroAS DESAI PRI\'ATE LTD., BOMBAV All

H. REEVE ANGEL & Co. LTD., Lo~ol'DOS A26

[)I PACT, USESCO, PARIS A34-

ISDIAS ISSTITUTE OF Scn:SCE, BANGALORI~ AIO

ISDIAS Se,ENeI-: NEWS ASSOCIATION, CAI.CUTTA Al2

ISDIAS STASDARI>S ISSTlTUTION, NEW DELIII .•• A 10

lSDS.-\LES COKPORATlON, BOMBAY A22

ISDUSTRIAL & ENGISEERISG Apl'ARATUS Co. PRIVATE LTD.,
BOMBAY .-\16

INSTRUMENT RESEARcn LABORATORY LTD., CALCUTTA A3lJ
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A24

*

AC. DC and DC Milliammeters

AC-DC Kva and Varmeters

Ammeters Speed

Voltmeters Pressure

Watt'meters Vacuum

Frequency Operation (20 pen)

Power Factor Contact-Making
Instruments

With the I.rge't selection of ch"t drives:

Hand-wound Spring Selsyn. Phantom

Motor-wound Spring External Motor

Synchronous Motor Attachments

The ESTERLINE - ANCUS Company, Inc.

INDIANAPOLIS. U.S.A.

Oilfribllfor,:

MOTWANE PRIVATE LIMITED
Incorpor.uing:

EASTERN ELECTRIC a ENGINEERING COMPANY PRIVATE LIMITED
ood

CHICAGO TEUPHONE a RADIO COMPANY PRIVATE LIMITED
1909 FIfTY YEARS SERVICE 19S9

Electrical. Mechanical &: Electronic Encineers and Contractors
117 Mahatma Gll'ldhi Road, Pon 80. No. IJ 12, Bombay·l. Phon.: 252)J7 () lints)' Grams: '(I-II,HON(' aU oMeu

6r(lnc:htl C't: CalrulIl. lucknow, New Otllli. Madrn Bal'l,.lorl: Ind Stcundtubad

SISTA·S.EE.SO
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Current Topics

EXPANSION OF DEFENCE RESEARCH

WITH A VIEW TO COVERING NEW FIELDS AND ALSO

raising the present level and scope of defence research,
a chain of laboratories is being set up in the country
under the Defence Science Organization. One of
t~em, at Jodhpur, was declared open by the Defence
Minister in May last; this laboratory is equipped to
carry out investigations in respect of weapons and
equipment under conditions of dry heat, assessment
of conditions in arid zones, desert physiology and
effect of environment on service personnel. Another
laboratory will be set up at Mussoorie to undertake
research on food and other problems relating to the
health and effiCiency of personnel operating in high
altitudes and cold climates. A Gas Turbine Research
Centre, recently established at Kanpur in collabora
tion with the Council of Scientific & Industrial
Research, will undertake studies on fuel efficiency
and performance of gas turbines under tropical
conditions. The existing laboratories will be ex
panded and equipped for research in aeronautics,
electronics, metallurgy, etc. It is also proposed to
expand the Defence Science Laboratory in Delhi
into something like a Defence Science Institute to
train personnel for defence research.

These developments will be widely welcomed.
The emphasis in defence research so far has been on
inspection and modification of equipJ:Ilent to improve
operational efficiency under combat conditions. Ex
pansion was obviously called for. but the pace and
direction of expansion have necessarily to be deter
mined by the availability of manpower, research faci
lities and finance. There is an evident appreciation
of all these factors in planning the programmes of
development.

During the past few years, a number of research
laboratories have been established in India and
shortage of personnel with the qualifications, skills
and outlook necessary for creative research is being
felt everywhere. The emphasis on the training of
personnel for defence research is a wise step, but
an enterprise of this type will have to be given
sufficient time to become productive, and there is

the obvious difficulty because of the diverse fields of
research and devehpment involved. For immediate
needs, therefore, facilities available in university
laboratories and research institutions may have to

. be utilized. There is ample scope for • contract'
research in the defence field and collaboration be
tween civilian and military research is not only
desirable, but also necessary. The Defence Science
Conferences have in the past surveyed the fields for
collaborative research and shown that the scope is
indeed large.

The expansion programmes under consideration
imply that adequate funds would become available
for research and development. It is understood
that the present allotment fOf'the Defence Science
Organization is less than one quarter of one per cent of
the defence budget. Defence research and develop
ment have a claim for priority. There is apparently
need for greatly increasing the. budget allocation.
In U.K., the amount earmarked for this purpose is
of the order of 10 per cent, and allocations in other
countries would not be very different. While the
percentage figures are not sacrosanct they are indi
cative of the importance attached to science in the
defence field. .Development of research results, to
which attention must necessarily be given, implies
expenditure which far exceeds that on research and
the forward course of defence science will be assisted
,by appraising fully the research, development, testing
and evaluation programmlts, and matching the
requirements by adequate finances.

TIMBER RESOURCES & UTILIZATION

TIMBER SHORTAGE IS A SERIOUS PROBLEM ALL OVER

the world - a problem accentuated by excessive
forest exploitation during the last World War
and has formed the subject of discussions at Inter
national Conferences convened by the U.N. Food &
Agriculture Organization in 1947, 1949 and 1954.
The timber resources of India are accepted to be
slender, but the demand for timber has been pro
gressively increasing with the rising population and
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planned industrial development. The Planning Com
mission has included timber among the five impor
tant raw materials requiring development for the
formulation of plans for augmenting resources and
rationalizing utilization has acquired high priority.
The Symposium organized by the National Buildings
Organization in May last to discuss problems on
Timber and Allied Products in their varied aspects is
of more than ordinary interest.

The area under forests in India forms only 21·6
per cent of the total land area, and this is low in com
parison with the world average of 29·1 per cent.
The present trend has been to bring more land under
cultivation and afforestation is not likely to contri
bute materially to the expansion of the forest area.
The per capita consumption of timber in India,
which is 1·4 cu. ft, is exceedingly low and the world
average is nearly twenty times this quantity (24,6
cu. it). Timber consumption is known to increase
with industrialization and industrialized countries
are also great consumers of wood. A timber famine
apparently exists in India and a major national
effort is called for to remedy the situation.

It is clear from the papers presented and the dis
cussions held at the symposium that while the scope
for any substantial enhancement of timber production
is limited, that for rationalizing timber use is large
indeed. The conservative attitude of users to rely
on a few well-known timber species for their require
ments has greatly aggravated the shortage of timber.
Only a few out of the fifty or more species known
to yield durable or moderately durable woods are
exploited for structural purposes. The timbers from
about ninety secondary species can be rendered strong
enough for structural use by preservative treatment,
and the utilization of these and also of bamboos and
other plant materials available from the forests for
particular purposes demands urgent consideration.
The development of wood-based industries, like ply
wood and fibre board industries, provides a means
for utilizing inferior woods, scantlings and chips
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which are at present wasted or burnt as fuel. For
instance, in plywood manufacture, only the veneers
from the more valuable wood species are used on the
outside and peeled sections from poorer classes can

.form the inner sheets.
Losses during extraction, transportation, logging

and storage of timbers are known to be heavy. Log
ging and conversion losses are estimated at 40 per
cent. Insect pests are responsible for heavy losses of
stored timber; they also cause serious damage to
standing trees and felled timber in forests. In
addition, a large part of the wood extracted from the
forests, estimated at 66 per cent, is burnt as fuel.

Many useful suggestions have been made at various
conferences to relieve timber shortage. The preser
vation and nurturing of forest wealth is a primary
responsibility of the present generation in the inter
ests of posterity and forests should be tended atso
for reasons other than timber alone. Rational
exploitation of forests without jeopardizing their
productivity is, therefore, essential. The economic
yield of tropical forests is small in comparison with
the yield of temperate forests, and mechanization of
forest operation is considered useful where the size
and quantity.of timber to be extracted within definite
seasonal periods are beyond human capacity. Wood
based industries for utilizing inferior woods and
waste wood should be established and damage due
to insect pests should be minimized. The use of wood
as fuel should be deprecated and alternative fuels for
domestic use should be provided in rural areas. These
suggestions and recommendations are by no means
new or novel, but their reiteration is justified until
they become part of the constructive thinking and
action of individuals and organized groups: Techno
logy has provided the means for optimizing wood
use and preventing waste, but the availability of

. knowledge alone is not enough. In achieving full
co-ordination of resources with utilization pro
grammes lies the solution of the timber scarcity
problem.



The Indian Programme for the International
Geophysical Year: Part II - Survey of

India's Contribution

S. K. S. MUDALIAR

Geodetic & Research Branch, Survey of India, Dehra Dill)

T HE Survey of India has been participating in
the International Geophysical Year (Ir.y)
programme in regard to five subjects: tatitudes

and Longitudes, Gravimetry, Geomagnetism, Oceano
graphy and Glaciology. The studies in these subjects
have been carried out by the Geodetic and Research
Branch of the Survey of India in addition to its
normal activities. Also, Survey of India personnel
surveyed Bara Shigri Glacier in Lahul during 1956
as a preliminary to this programme.

Latitudes and longitudes

The Astronomical Observatory at Dehra Dun is tak
ing part in the latitudes and longitudes programme.
This observatory also participated in the Inter
national Longitudes Projects of 1926 and 1933, and
the present programme is thus the third operation of
World Longitndes; in addition, simultaneous obser
vations for latitudes have also been made. The
duration of the observations cover a period of about
430 days which constitute the Chandler period.
The object of this project is the precise determination
of the astronomical co-ordinates of the participating
observatories and the study of the variations of these
co-ordinates. The results of these investigations will
lead to a more precise knowledge of the instantaneous
co-ordinates of the various observatories, by which
the determination of time can be improved, a more
precise determination of the irregularities of the
earth's motion can be made and also the existing star
catalogues can be improved.

Latitudes - For the determination of latitudes
various methods are available; of these, Talcott's
method with the zenith telescope and the equal
altitudes method with the astrolabe are commonly
in use. The former method is the one which has been
used by the IntHoational Latitude Service for the
past 58 years and is also what is being used for the
present project in the Dehra Dun Observatory. If
,\ be the latitude of the place, /)N and eN be the decli
nation and the zenith distance (corrected for refrac
tion) respectively of the star transiting north of the
zenith and /)s and (s the declination and corrected

zenith distance of another star transiting south of the
zenith,then

. The first term is computed from the star places
given in the catalogue, while the second term is so
adjusted by the proper selection of the pair of stars
that it is measurable in terms of the instrument's
micromet~r ~CJ'ew only. The instrument is adjusted
for level and setting of line of collimation in the
meridian. The various instrumental constants are
then determined.

For latitude observations this observatory posses
ses a zenith telescope and a Wild 1'4. Eight pairs of
staTs make one group, and two groups are observed
each night, one before midnight and the other after
midnight. Each group is observed for about two and
a half hours and the programme includes six groups
for the whole year. After about two months of
observations the morning group becomes the evening
group, and the old evening group is then dropped
out and a new group is observed in the morning.
The programme of pairs of stars is very carefully
selected. After applying various corrections due
to the axis tilt of the zenith telescope, dislevelment
of the instrument, collimation of different wires and
curvature of the star's path, etc., the instantaneous
latitude of the place is computed. This value cannot
be employed for plotting since it contains accidental
errors of observations and declination errors of the
catalogue. Therefore, after one year of observations
the results of all the groups are reduced to a mean
group and the mean value of the latitudes for about a
fortnight is then plotted and from the graph a periodic
latitude variation of the observatory is easily ob
tained. This is due to the earth's oscillation about
its axis of rotation. The motion of the mean pole is
represented by means of two co-ordinates X and Y
on the surface of the earth, one along the Greenwich
meridian and the other perpendicular to it. These
values arc supplied by the International Latitude
Service (ILS) to correct the observed universal time
UTO to UT 2 system.
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The 1894-96 \'alue is the one that ha,; hitherto been
accepted, as the above values show no progressive
change.

In order to impro\'e the quality of time deter
mination, Danjon's impersonal astrolabe and Belin's
printing chronograph have been acquired and will
be put into use as soon as the arrangements are
completed.

Catalogue of stars - The catalogue of fundamental
stars used in the reduction of astronomical obser
vations is the FK3 (with its supplement).

Gravimetry

The IGY acti\'ities of the Survey of India concern
ing gravimetry consist of two parts, viz. obsen'ations
for the study of earth tides and those' for the deter
mination of the gravimetric deflections of the plumb
line. Under the first part, half of the programme
has been completed during the last winter and the
remaining half has been planned for execution during
the current season. Under the second part, the work
is being taken up during the current field season.

Earth t£de observations - The' earth tide' is defined
as the deformation or the' yielding' of the solid mass

RieBer clocks. Chronographs, giving graphic records
of the beats of the clock, records of star observations
and reception of wireless signals, have been used.
The errors of the local clock, e, are computed for each
group of observations and are corrected for polar
variations (~,\) and for seasonal irregularity in the
earth's rotation (~Ts) from the data supplied by the
Bureau International Horaire (BIH), Paris. Clock
corrections are plotted on a graph and a smooth
curve is drawn, from which corrections to times of
reception of the various signals are obtained. The
reputed times of emission of the signals are correct
ed for 'definiti\'e' corrections given by Bulletins
Horaire.• The most probable values of the radio
propagation times over the relevant paths are also
s'upplied by BIH and from these the instantaneous
values of longitudes of the observatory are computed.
Extracts of results of time observations ha\'e been
sent to BIH, Paris, periodically.

Apart from other investigations, it will be possible
to establish from the present programme a really
reliable value for the longitude of Dehra Dun, which
could be compared with a similar good value at some
distant date and from which valuable data could be
obtained for studies of continental drift. The values
of longitude obtained on previous occasions are:

sec.

11·77
11·75
11·78

12
12
12

min.

5
5
5

Itr

1894-96
1926
1933

where (1., is the right asce!1sion of the star and T the
recorded time of transit corrected for level error and
diurnal aberration, I> is the declination of the star
and ,\ is the latitude of the place of observation.
Stars for this purpose are divided into two groups,
the northern group and the southern group. The
precision with which a is determined in this way is
adequate for the purpose of time determination.

Rhythmic time signals, which consist of 61 dots
in 60 mean time seconds, emitted by the principal
wireless stations in U.K., U.S.S.R., Germany, France,
Argentina, Brazil, China, Japan and Australia, arc
being received by the coincidence method. The clocks
in use are pendulum sidereal clocks - Shortt and

Longitudes - The difference in astronomical longi
tude between two places is given by L1-L2=(LST1)

(LST2), where L1, L2 are east longitudes and LST1 and
LST2 are the local sidereal times at the two places at
anyone instant. Astronomical observations of the
local time are thus needed at each place, and also the
determination of a common simultaneous instant.
The common instant is determined by wireless time
signals, and the observation of local time is made by
different types of instruments, such as transit instru
ments, zenithal photographic telescopes, or impersonal
astrolabes. From time observations and the recorded
local time of reception of a signal, the lorgitude is
given by L=(LST of reception)-(reputed GST of
emission) - (published correction) -(correction for
speed of wireless signals). Also, the LST of recep
tion=(local clock time of reception)-(e), where e is
the LST error of the local clock, positive if fast, and
negative if slow.

For time observations, this observatory possesses a
shutter transit and two other transits' fitted with
impersonal micrometers, one driven by motor and the
other (a 'Nild 1'4) by hand. These transits are
instruments designed to record the clock times at
which stars cross the local meridian. Subject to
small corrections, the LST error of the clock is given
by e=(clock time of transit)-(right ascension of
stars). The instruments are adjusted for transit axis
tilt, collimation and deviation from the meridian
setting. Two series of observations are made, one
before midnight and the other after midnight, on two
different instruments each night. Each series consists
of about 14 stars including two azimuth stars. The
recorded times of transit of stars are duly corrected
for transit axis tilt, deviation of the line of colli
mation from meridian and diurnal aberration of stars.
The azimuthal error of the line of collimation of the
telescope is obtained from the formula
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of the earth due to the tide-generating forces caused
by the moon and the sun. Due to these forces a
point on the surface of the earth continually increases
and decreases in distance by a few feet from the.
centre of the earth, thereby causing a corresponding
change in the value of gravity at that point. The
variation of gravity due to this movement is studied
by means of a sensitive gravimeter. The results
provide valuable data for the investigation of the
elasticity, as well as the constitution and structure
of the earth; also they enable the precise reduction
of gravimetric observations which form the basis for
geophysical explorations. For the above studies, a
.series of eight stations spread over India and suitably
located in relation to geological and geodetic con~i~

derations and at varying distances from the sea wrre
selected. Of these eight stations, observations at the
first four were executed during the last field season.
The observations at each station consisted of half
hourly visual readings of a gravimeter both during
day and night for a period of 31 consecutive days.
Two sensitive gravimeters, viz. a geodetic Worden
and a North American precision gravimeter, with a
reading accuracy of a hundredth of a milligal, were
used for the purpose. Simultaneous observations of
temperature and pressure were also made and record
ed. The sites for these observations were generally
spacious rooms which were so selected as to be away
from the traffic disturbances and free, as far as pos
sible, from large variations in temperature. The half
hourly readings in respect of each instrument, duly
corrected for the drift of the instrument used, pro
vided two separate series of hourly values which
could be subjected to harmonic analysis for the
various tidal components. Analysis was accordingly
carried out separately for each series for the primary
tidal constituents (M2, S2' N2, K1 and 0 1), The other
tidal con'itituents were ignored, their effect being
negligible. The mean of the results of the two series
for each instrument was taken for the respective
constituents. The results so far analysed reveal
that the elasticity factor averages to about 1,4, which
is in fair conformity with the value obtained by
several other agencies.

Gravimetric deflections - The observations under
this project are aimed at obtaining the deflections of
the vertical by the gravimetric method, so that the
results could be compared with the corresponding
values derived by the astro-geodetic observations
and lIsed finally in determining the true orientation
of the world spheroid (the figure of the earth) for
geodesy and mapping. For this purpose, gravity
observations are required to be carriedout at suitably
spaced stations around the geodetic origin of India,
viz. Kalianpur H.S. in Central India and a few other

geodetic stations in the neighbourhood. A minimum
of 500 stations within a radius of 100 km. around
each station would be required, the density of the
gravity net gradually decreasing with the distance
from the centre.

Geomagnetism

The Survey of India's magnetic survey work,
embracing the whole of India including Burma and
Ceylon, comprised mostly a general survey and
secondly a detailed survey of several magnetically
disturbed areas. The aim of the general survey had
been to determine the three magnetic elements, viz.
horizontal force, dip and declinaticn, at "arious sta
tions, called field stations, uniformly distributed at
distanc€s of abont 30 to 40 miles apart over the whole
of India, Burma and Ceylon and to obtain from them
the true isomagnetic lines. Abnormal values of ele
ments at several sites in the general survey indicated
localities influenced by the presence of magnetic
materials. In addition, observations were also taken
from time to time at several well-chosen and evenly
distributed repeat stations in order to determine,
as satisfactorily as possible, the annual changes in
the magnetic elements for reducing the results of
the magnetic surveys to a common epoch.

During the IGY, magnetic survey work activities
of the Survey of India were intensified, and during
the field season 1957-58, two detachments were
sent out for field ·observations. Absolute magnetic
observations for the dip, horizontal force and decli
nation were taken at 52 old repeat stations spread
over the various States in India. Six new repeat
stations were also established, five being on the geo
magnetic equator on the east and west coasts of India
and one at Cape' Comorin. Observations were carried
out twice a day (morning and evening) at each
station. For the determination of true azimuth at
these stations, observations were taken with refer
ence to the sun or Polaris. Besides observations on
horizontal force, declination and vertical force ano
malies were taken at 270 field stations spread over
the various States in India using such instruments
as the dip circle, quartz horizontal force and kew
pattern magnetometers, Wild T2 and vertical force
variometers. These instruments were calibrated at
Alibag Observatory against their respective standard
instruments by simultaneous observations. Some
of these were again checked against the standards at
Kodaikanal Observatory.

Further magnetic field work on the above lines will
be carried out during the field season 1958-59. In
the meantime the compilation and preparation of the
field data for further analysis have been taken up.
The Survey of India is also sched~lled, during the
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IGY, to start magnetic observations for continuous
recording of H, D and Z at Dehra Dun. As soon as
the magnetic obsen'atory at Sabawallah, about 21
miles from Dehra Dun. is built, this work will be
started.

Oceanography

The Geodetic Branch is carrying out certain
oceanographic observations and is also compiling
and forwarding oceanographic data to ""orld Data
Centres during the IGY.

Survey of India tide gauges are functioning at
Aden, Mundra, Kandla. Veraval, Bombay (Apollo
Bandar). Ratnagiri, Mangalore, Madras, Visakhapat
nam, Calcutta (Garden Reach) and Port Blair. Tide
gauges owned by the ports are operating at Cochin,
Saugor, Diamond Harbour and Rangoon. From these
tidal records, hourly readings of tides are read off
and monthly sea levels are computed. Systematic
tidal observations for 31 days round the clock have
been taken on tide poles at Pamban, Tuticorin, Tri
vandrum, Alleppy and Negapatam.

Surface water temperature and salinity obser
vations are taken by the port authorities at a fixed
time every day at Kandla, Mangalore, Cochin, Man
dapam, Madras and Visakhapatnam (Palm Beach).
Other meteorological observations, viz. direction and
speed of wind, surface air temperature and pressure
at a fixed hour every day, are also being taken by
either the port authorities or the India Meteorological
Department at Aden, Mandvi, Kandla. Veraval,
Bombay (Colaba), Ratnagiri, Mangalore, Cochin,
Madras, Visakhapatnam, Calcutta, Hooghly Point,
Saugor and Port Blair.

The Survey of India has carried out short-period
systematic tidal stream observations at over 30
sites in the Gulf of Cambay. The observations are

being analysed. These are required for the prepara~

tion of an Atlas of Indian Waters depicting tidal
streams at all conditions of the tide.

Data relating to observations on bathymetry, deep
sea temperatures and salinity, etc., obtained from sea
cruises at 34 sites by the OceanographyDepartment
of the Andhra University, have also been collected.

Studies are being undertaken on steric rise in sea
level, correlations between sea level and pressure
distributions, as also between sea level and vertical
gradients of salinity and regarding secular changes
in the sea level and land, etc. Empirical relations
have been established for the effects of variable
freshets on the tides in the Hoogh!y river.

Glaciology

The Survey of India assisted the Geological Survey
of India in the survey of Bara Shigri Glacier in Lahul
in 1956. The glaciers of Lahul had been visited by
the officers of the Geological Survey of India in
September 1906 when observations were made on the
Sonapani (,\ 32°25', L 77°23') and on the Bara
Shigri (,\ 32°16', L 77°37'). The survey maps of
the glacier were then made by the magnetic compass
method, corrected by ground photographs. These
sketch surveys showed the position of the ice-caves
with respect to neighbouring peaks and adjoining
topography. Some marks were also left near the
glacier snouts to enable the secular movements to be
measured in course of time. However, none of the
marks left by the past expedition could be identified
in 1956. Therefore, rigorous plane-table surveys
were made of 27 square miles on 1 in. to 1 mile scale
and 1·2 sq. miles on 1: 10,000 scale. These maps
show the snouts and surrounding topography, and
have provided material which can throw light on the
question whether or not these glaciers are retreating.

International Symposium on Macromolecules

THE INTERNATIONAL SYM:POSIUM 01\ MACROMOLE

cules, sponsored by the International Union of Pure
and Applied Chemistry, will be held during 12-16
October 1959 at Wiesbaden, Germany. There will
be two groups of lectures, one plenary and the other
main, com'ened simultaneously on each day. The
main subjects to be dealt with are grouped under
the following heads: (1) Physics of Macromolecular
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Substances; (2) Macromolecular Substances in Solu
tion; (3) Elementary Processes and Kinetics of Poly
reactions; (4). Chemistry of Organic and Inorganic
Macromolecular Substances; and (5) Macromole
cular Natural Substances and Models. All enquiries
regarding the symposium should be addressed to:
Dr W. Mauss, Wiesbaden-Riebrich, Rheingaustrasse
25 (Kalle & Co. Ag.), Germany.



A New Instrument for the Electrolytic Pre-treatment of
Metals for Metallographic Examination

FRANZ RUMMELE

Laboratory for Haw Material & Surface Problems, VEB Carl Zeiss, Jena

Mall1Iscript recdved 27 October 1958

A new type of electrolytic polishing instrument for application in the elec
trolytic pre-treatment of metals for metallographic examination is described,
and its working and performance illustrated with brass and tin specimens.
Worked in combination with a direct illumination microscope, the instrument
permits continuous observation of the specimen during polishing and etching
treatments.

I N addition to mechanical polishing, electrolytic
polishing is being applied to an increasing
extent as a method of preparation in metal

microscopy. Such an application of electrolytic
polishing was described for the first time by Jaquet
in 1932 for copper, and at the same time, attention
was drawn to the possibility of a subsequent etching
of the structure in one and the same working process.
A number of subsequent publications on the subject
have shown that this method is applicable to all
metals of technical interest and to a great number of
alloys.

Advantages of electrolytic polishing

Within the framework of its applications, electro
lytic polishing has a number of advantages over the
mechanical polishing of metal specimens. Thus,
a metal section can be polished in a considerably
shorter period than would be possible by mecha
nical polishing. With electrolytic polishing, unlike
mechanical polishing, the structure of the metal does
not become smeared with a shattered surface layer.
Structure etching can be carried out on electro
lytically polished specimens in the same working
process as polishing and in a shorter time, as it
is not necessary to remove the shattered surface
layer prior to polishing.

These advantages stem from the fundamentally
different levelling mechanism· in electrolyt}c polishing.
It is based on the principle that the surface of the
metal section is dissolved by the action of an electric
current in an electrolyte. This dissolution has to be
effected, of course, in a certain manner. Usually,
the speed of dissolution on dissolving a substance is
greater on the surfaces of elevations than of depres-

sions. On the other hand, various materials dissolve
at different speeds under otherwise identical condi
tions. The same applies to the various crystal faces
of a substance. In case of polycrystalline metal
specimens all the various speeds of dissolution are
superimposed with the result that the dissolving
process does not result in any definite levelling nor
any etched metal surfaces which would be suitable for
microscopic investigations. When dissolving a metal
in an electrolytic circuit it is, however, possible to
render ineffective the various dissolving speeds con
ditioned by the structure or the profile of the surface
by using a suitable electrolyte and selecting the
appropriate electrical conditions. In this manner
it is possible to produce either a polished surface or
in case of an already polished surface - an etched
surface which can be used for microscopic investi
gations. Although the polishing and etching effects
can be produced within a wide range of electrical
conditiQns, the quality of the polished or etched sur
face depends, nevertheless, to a great extent on the
applied terminal voltage and current density. The
electrical conditions required for a particular quality
of surface are in their turn determined by a number
of factors. Such factors are, amongst others, the
type and condition of the specimen to be treated
and the composition of the electrolyte. Other
factors are the resistances in the complete circuit,
as well as the size, shape and position of the
electrodes. Also, the movement of the electrolyte
exercises a decisive effect in this respect. At times
the influence of the various factors can only be
comprehend~d with difficulty or not at all so that
the prevailing conditions can hardly be made
reproducible.
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Special features of
electrolytic polishing instruments

Even with simple instruments it is possible, after
a thorough study of electrolytic polishing and etching,
to obtain useful polished or etched metal specimens.
Some instruments have, therefore, been developed
with a view to keeping a number of the decisive
facto~ constant by means of suitable control equip
ment, for instance, the size of the surface to be
treated and of the cathode, as well as the shape and
position of the electrodes. Certain measures have
also been adopted with regard to the movement of
the electrolyte. In this way, experienced laboratory
assistants can usually prepare specimens which are
suitable for routine investigation of the metal strur
ture when the following conditions are defined: the
electrical data for the instrument, the period of pro
cessing for the given specimen, the amount of preli
minary grinding carried out and the electrolyte.

Recently, VEB Carl Zeiss, ]ena, have developed
an instrument combined with a direct illumination
microscope in such a way that the surface of the
specimen can be continuously observed, and even
photographed, in the course of the treatment of
the metal specimen. The advantages of such a
design are obvious. By means of this instrument,
the specimen can be judged by the metallographer
in a single working process while polishing and
etching is carried out, without having to subject
the specimen to an intermediate treatment for the
purpose of microscopic investigation. In the majo~

rity of series of investigations in material testing this
may mean a great saving in time which should not be
underestimated. By microscopic observation during
the treatment of the specimen it is immediately
possible to appreciate the influence of the given
electrical data, the processing period, speed of flow
of the electrolyte, etc., on the surface condition. Thus
it is possible, to proceed with the treatment ·of the
specimen and to interrupt it the moment the surface
has attained the requisite finish. This is of impor
tance, especially as the treatmen t instructions for the
iristruments hitherto known have not, and could not,
always take into consideration all the factors affecting
the quality of the surface. As all the instructions re
present, therefore, only approximate values, it is left
to chance to produce an optimum quality of surface
even when all the instructions are strictly adhered
to. If an optimum surface quality is aimed at, it
would, with the working methods so far applied, be
required to subject the specimen to several treatments
until the required surface consistency is ascertained
after inserting the microscopic specimen again and
again. These specimens which have to be inserted
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time and again become very time-consuming whe'n
the treatment conditions have to be ascertained onl~·

by a test series, because they arc not yet detennined
for the instrument in question and for the metal
specimen to be investigated. If metal specimens are
greatly damaged by the treatment of the specimen
prior to polishing and if changes ha\·e occurred on
the surface areas, it will be possible, quickly and
certainly, by means of microscopic observation
in the course of the treatment of tl1e specimen to

. determine when the structure consistency does not
change any longer, thus making it possible to obsen·e
the actual structure of the metal specimen.

Design and working of
electrolytic polishing instruments

With the methods hitherto available many time
wasting microscopic tests had to be inters{:ersed in
such instances. The design of the electrolytic polish
ing instrument produced by VEB Carl Zeiss, ]ena,
and described in the paper is illustrated in Figs. I
and 2.

The metal specimen is pressed from below against
the non-conducting diaphragm with a circular aper
ture (6 mm. diam.). The specimen is obsen·ed from
above through the electrolyte. The objective is pro
jected by a cover serving at the same time as cathode,
the lower opening of which is closed by a plane
parallel glass plate. The shape of the cathode in
conjunction with the correspondingly shaped dia
phragm ensures that a laminary flow of the electro
lyte is produced over the metal specimen, as is
required for any good polishing effect. This shaping
also results in the treated specimen assuming, under
the influence of the existing electric field, a condition
which is as unifonn as possible all over. The spare
electrolyte is in a container at the back of the instm
ment. By means of a pump the electrolyte is made

FIG. 1 - ELECTROLYTIC POLISHING INSTRUMEST
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7
FIG. 2 - ELECTROLYTIC POLISHING INSTRUME"T - DIAGRAM
MATIC [(1) Direct illumination microscope; (2) lens system;
(3) cathode; (4) window of cathode; (5) metal specimen;'
(6) specimen mounting; (7) container with electrolyte; and

(8) pump with motor]

to circulate with an adjustable speed of flow through
the electrolytic cell. Observation of the metal sur
face can be carried out up to a magnification of 200
in a bright field and also by polarized light. This
microscope, being the standard direct illumination
microscope' Epignost', can at any time be used
together with a stand for other microscopic azimuthal
observations. Microphotographs of the metal sur
face can be made during observation by connecting
the attachment camera' Miflex '.

A separate power pack (220 V. a.c.) supplies the
instrument with current. This unit permits the regu
lation of direct current in the electrolyte cell conti
nuously within the ranges 0-15 and 0-60 V. The
transformer, rectifier and a device for smoothing the
rectified current of the instrument are provided for
up to 1 amp. which would make it possible to work
with anodic current densities up to approx. 400 amp.!
sq. dm. The electrical data at any given moment
can be read on a voltmeter set for the ranges
0-15 and 0-60 V., and on an ammeter with the
ranges 0-0·1, 0-0·5 and 0-1 amp. The power pack
also suppLies the pump motor with the required d.c.
The voltage applied to the motor can be adjusted as
required from 0 to 24 V. It can be read on a volt
meter. The current density-voltage graph for the

in!ltrument is shown in Fig. 3. A number of other
devices permit a safe and easy manipulation of the
instrument. Thus the mounting for the specimens
is designed in such a manner that any shape up to
100 mm. in diameter and 30 mm. high can be fixed.
With smaller diameters of, say, 20 mm., specimens
up to 100 mm. long can be attached. Regarding the
shape of the specimen, it is only required to have at
least one circular plane area of approx. 8 mm. diam.
The head of the mounting is provided with springs
which permit the removal of the specimen without
loosening the setscrews, or if another part of the
surface of the specimen is to be treated, to shift it
accordingly. By closing the space occupied by the
specimen with a two-winged door it is made impos
sible to touch the live anode, as the circuit is inter
rupted when the door is opened. The cathode, which
is accessible, is earthed. In addition, a switch is pro
vided at the foot of the instrument for the immediate
interruption of the circuit of the electrolytic cell. A
push-button switch in easy reach of the former switch
makes it possible to switch on the current for a short
time which may be very handy for obtaining a certain
degree of etching at any set voltage at the terminals.
Close to this switch is positioned the switch for the
circuit of the pump motor. A tap in the cover plate
of the instrument enables the draining speed of the
electrolyte from the electrolytic cell to be adjusted.
When placing the microscope in a high position the
cathode can be removed for cleaning by loosening
a setscrew above which the electrolytic circuit is
closed. A stop prevents the window of the cathode
from being destroyed by the microscope lens system.
The door leading to the electrolyte container can
only be opened when the pump has been tilted away
from the electrolyte container by means of a lever.
To obviate the danger of the plastic pump running
dry, the electric circuit for the pump motor can only
be closed when the pump is tilted into the electrolyte.
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FIG. 3 - CURRENT DENSITY/VOLTAGE GRAPH - DIAGRAM

MATIC [AB, etching range; CD, polishing range]
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In all other respects the electrolytic polishing instru
ment in its largely corrosion-proof design meets the
rigorous demands made of it.

Examples

The working of the instrument is illustrated by
the following two examples. The photomicrographs,
shown in Figs. 4 and 5, were taken during treatment,
and always at the same spot on the specimen.

The first example shows the electrolytic polishing
and etching of a brass specimen. The specimen has
been rough-ground with abrasive paper of grain size
360. The initial state of the surface of the specimen
is shown in Fig. 4A. After setting the speed of flow
for the electrolyte, the terminal voltage is gradually
increased. This results in a change of the surface of
the specimen in the sequence illustrated in Fig. 4(A-D).
The surface with its grinding grooves is gradually
and quite evenly coated with a brown layer of in
creasing density. Finally, the layer becomes more
transparent, breaking suddenly open and floating off
in larger or smaller pieces. Underneath this layer
a bright surface becomes visible which, however, still

. has some grinding grooves. With a further "oltage

increase the smoothing process commences, until
after a short time the surface is polished. When the
voltage is increased still further, gas bubbles form
which cause the destruction of the polished surfacp.
An increase in voltage upto this stage must be a,·oided.
Should it occur, the voltage is reduced until no more
gas is generated and the polishing action hecom~

once again effecti\'<'. When the "oltage is rt'c!uced
still further, grain boundaries become apparent. A
further slight reduction of the voltagl' results in a
grain surface etching which soon leads to the' entire
surface being covered with the brown layer. By
increasing the voltage this layer is again removed,
as described above. Underneath the floakd-off
coating the profiling of the structure prodnced is
clearly visible, this being removed only some time
later hy the effect of polishing.

To prevent an over-etched surface subsequent to
polishing, the "oltage is greatly reduced and theu
gradually increased until the exact c!l'gree of etching
required is obtained. Also with a higher voltage
the required degree of etching can be attain(·d when,
after switching of[ the electrolytic circuit, the push
button switch is depressed until till' incrl'asingly

liJG. 4 - SURF.\CE OF :\ BRASS SP":CI!\lE~ AT IJ{FFEHEXT STAGES OF POLISHI:\G A:'if) ETt:IIISG (x 400) LA, H, C and I) :'Ife

photomicrog-raphs of the specimen taken at successive st.'l~cs of polishing- and ctchin~ treatmentsj

350



RUMMELE: NEW l:'-iSTIW:lJE>:T FOR EI.ECTROLYTIC PRE-TRE.·\nIE~TOF :llETALS

FIG. 5 - SUJ<FAC,.. OF ,\ TIN SPECIM,..N AT I)IFFEJ<E~T STAGES OF POLISHING ANO ETCHINg (X 400) [.-\,. B. C and D arc photo
microg"raphs of the specimen taken at successive stA.'1.g('s of polishing and etching- treatments1

strong etching corresponds to the requirpd surface
condition.

The second pxample shows the electrolytic polish
ing and etching of a tin specimen, the surface areas
of which were transformed by a preceding grinding
process. The initial state of the surface of the
specimen can be seen in Fig. 5(A). In this instance
.. Iso, after gradually increasing the iermin:1.1 voltagp,
a dark top layer is formed covering the entire speci
men. At somewhat higher voltages this top layer
dissolves in pieces, revealing a hright surface still
crossed by grinding grooves. At a higher voltage
tlrese groo\'es are rounded off and soon a polished metal
surface is obtained. The structure of the metal
surface layer becomes discernible within a second by
reducing the voltage. It is the structure of a des
troyed, recrystallized surfaCf' layer, as can easily
be recognized by increasing the voltage and pene
trating further into the metal ,pecimen by electrolytic
polishing, meanwhile rendering the structure visible
by reducing the voltage for a short time. In this
way the specimens shown in Fig. 5(B-D) were fonned
in turn. The individual photographs ,how how the

shattered, recrystallized surface layer is removed to
an increasing extent, until at last the coarse crystal
line stmcture is revealed corresponding to the actual
structure of the cast tin. From now on, further
treatment no longer alters the structure of the metal.

The above examples show that in the field of elec
trolytic polishing and etching, the metallographer can
carry out systematic work with the electrolytic
polishing instrument described in this paper. The
instrument affords every possibility of attaining an
optimum surface by means of the electrolytes list
ed in the technical literature for the respective
metals while permitting microscopic observation in the
course of the treatment. Tire simultaneous micro
scopic observation reveals, within a short period, the
true structure of the specimen under investigation,
as it is not necessary, as when working blind, to
continually intersperse a microscopic inspection.
Further, the continuous observation of the metal
surface in the course of the electrolytic processes
enables the metallographer to investigate structures
dynamically; for the scientist it opens up new pros
pects for the study of the various surface processes.
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Precipitation Characteristics Based on Raindrop Size
Measurements at Delhi & Khandala

during South-west Monsoon

BH. V. RAMANA MURTY & S. C. GUPTA

Rain & Cloud Physics Research Unit, National Physical Laboratory, New Delhi

Mamlscr£pt rece£t'ed 23 December 1958

A detailed analysis of drop size data relating to monsoon rain in India, based
on observations at Delhi, a station situated well inland in the north, and Khan
dala, a high level station near the west coast and lying in the direct path
of monsoon, has been made employing the filter paper technique for the
measurement of drop size. A comparison has also been made of observed
distributions at Khandala, where orography plays a part in the incidence of
rainfall, with the drop size spectra obtained by Blanchard for orographic rain
in Hawaii.

A comparison of actual size distribution curves corresponding to various
intensities of rainfall at Delhi and Khandala with those given by the empirical
relationship of Marshall and Palmer brings out clearly certain distinguishing
features, the most important of these being the near horizontality, or even a
tendency to slope upwards, of the distribution curve over a certain intermediate
range of drop sizes. Some tentative explanations for this as well as peak and
trough characteristics noticed in some of the curves have been suggested.

Based on drop size distribution, an attempt is made to correlate certain
important parameters, such as rain water content in air and median volume
diameter of drops with intensity of rainfall. While neither of these parameters
is uniquely related to the rainfall intensity, a fairly close and useful relationship
connecting all the three elements - rain water content, median volume dia
meter and intensity of rainfall- can be obtained. Relationships of a general
nature have also been obtained between radar reflectivity and intensity of rainfall
both for Delhi and Khandala. The applicability of these relationships, as in the
case of similar relationships found by other investigators, is dependent upon
the actual drop size distribution in a given case not differing materially from
the mean.

ACERTAIN degree. of inhomogeneity of cloud
particle sizes is an essential criterion for initia
tion of rain in clouds. The factors which bring

about this favourable initial condition and the details
of the steps in which the growth process operates at
various stages of precipitation development are as
yet not understood fully. Due largely to difficulties
of techniques and the cost involved in direct aircraft
measurements in clouds, such basic data relating to
various cloud elements, needed for evolving a satis
factory theory of the mechanism of rain formation,
have so far been quite inadequate. This deficiency
of available data has been sought to be met, so far as
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is possible, by collecting systematic information about
raindrop size distributions at various phases of rain
fall in different situations.

In recent years a fair amount of study has been made
by investigators at various centres, the more important
among the measurements made being due to Laws and
Parsons1, Best2, Bowen and Davidson3, Blanchard4,

and Mason and Ramanadham5• Except for some of
the determinations made by Blanchard in orographic
rain in Hawaii Island~, the bulk of the data collected
relates to precipitation in temperate latitudes and
to situations in which intensity of rainfall is mostly
limited to below 20 mm.jhr. Available data relating
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to comparatively hea~y showers in the tropics, where
rain-initiating mechanisms are also considered to be
substantially different from those in the temperate
regions, are, however, scanty. A systematic chrono
logical study of size distribution of drops in various
rainfall situations in different areas and seasons in
tropical countries, such as India, is, therefore, of
value in the understanding of rain processes in these
areas.

Centimetric radar in recent years has proved to be
a valuable tool for probing into the structural details
of cloud and precipitation cells, though much work
has yet to be done to develop this technique, on a
quantitative basis. Intensity of radar echo by pre
cipitation elements being proportional to the sixth
power of their sizes, a critical study of drop size dis
tribution in rain of different types and intensity is one
of the most important requirements for a satisfactory
relationship being established between radar reflecti
vity and character of rainfall.

Keeping the above in view, attention has been paid
to the car~ful determination of raindrop sizes in dif
ferent types of rainfall situations in India during
various seasons. The present paper summarizes the
data relating to monsoon rain at Delhi in northern
India, and also at Khandala on the Western Ghats.
Measurements at the latter station, besides providing
data representing conditions in rainfall influenced by
orography, are of interest, inasmuch as the observa
tions being recorded inside the cloud or slightly below
cloud base, uncertainties in the size distribution
picture, as may be caused by not easily ascertainable
modifications in drop sizes by collision and coales
cence between drops of different size groups and also
loss by evaporation during fall from cloud base to
ground, are eliminated.

Character of monsoon rainfall and drop size
measurements

Delhi (lat. 28°35'N, long. 77°12'E; height above
sea level, 714- ft), situated in north-west India about
120 miles to the south of the Western Himalayan
range, lies on the border zone between the rich rain
washed Gangetic plains of north India and the semi
arid tracts of Rajasthan, where the monsoon usually
extends feebly and intermittently and often in a
shallow layer limited to no more than 2 km. above
ground. The inter-tropical convergence zone between
the tropical continental air from western and central
Asia and the equatorial maritime air dominating over
the greater part of the Indian subcontinent during
the south-west monsoon season runs very close to
Delhi, and the relative position of the station with
reference to this zone on individual days determines
the nature of the air mass over the area and the

weather which occurs there. Even in situations of
normal monsoon activity, the overlying air mass at
3 km. and above over the region is often dry conti
nental air from west to north-west in which the lapse
rate of temperature is rather high. The resulting
thermodynamical structure of the atmosphere is thus
conducive to development of latent instability and,
under favourable synoptic situations helping conver
gence in the lower maritime air mass, the douds
formed and the associated weather are predominantly
of the convective type. Rainfall at Delhi during the
three principal monsoon months, July to September,
totals 485 mm., the mean number of rainy days being
22·6. Rain is frequently in the nature of instability
showers occurring in short spells, and, except on a f~w

occasions when proximity of an eastern depression
originating from the head Bay of Bengal causes pre
cipitation of a more continuous character, the bulk of
the rain occurring on a day is usually restricted to an
hour to two, particularly towards the afternoon or
evening. In many cases, rain is accompanied with a
thunderstorm which at times is quite severe, espe
cially during the first onset of monsoon over the
area. Rain-giving clouds are mainly large cumulus
or cumulonimbus, the clouds at other times being
chiefly stratocumulus or small cumulus. Moderate
to heavy showers of a sustained nature are asso
ciated frequently with cumulonimbus clouds whose
tops extend well into the sub-freezing layers,
but light rain or temporary showers seem to occur
at times from purely 'warm' clouds also. Height
of cloud base during rain is generally about 3000 ft
or more above ground, though in a few instances of
heavy, continuous rain, fractonimbus clouds may
descend to as Iowa height as 1000 ft. High tem
perature and consequent low relative humidity, espe
cially during afternoons, in the layer intervening
between cloud base and ground provide factors
causing depletion or shrinkage by evaporation of
small-sized droplets before reaching the ground.

Due to very different geographical situation and
orography of the place, the general character of
monsoon rains at Khandala (lat. 18°15'N; long.
73°42'E; height above sea level, 1900 ft) differs mate
rially from that at Delhi. Situated about 40 miles
east south-east of Bombay, Khandala on the Western
Ghats lies in an area of abundant rainfall occurring
almost daily during the greater part of the monsoon
season. As Khandala lies on the windward side of a
continuous chain of hills rising rather abruptly to a
height of 2000 ft or more over a distance of a few
miles from the coast and running in a line almost
normal to the direct path of the Arabian Sea
monsoon current, orography plays an important role
in causing cloud development, and possibly also
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in initiating rain processes at the station and its
neighbourhood. Total rainfall of the season at
Khandala is of the order of 4500 mm., and it rains
almost e\'ery day during the period, from early June
to end of August. Despite rather high daily average.
rainfall, intensity of precipitation is rarely very high
except in certain special meteorological situations.
In contrast with the conditions at Delhi, there is no
marked diurnal variation in rainfall at· Khandala,
the frequency of rainfall being nearly uniform at all
hours of the day. Clouds, as seen from ground, are
mostly of a stratiform nature, drifting steadily east
wards from the Arabian Sea. Height of cloud base,
about 2000 ft above sea level, is usually only a 100
ox: 200 ft above station but may often touch the
ground or even descend to further lower levels. Ob
servations made from aircraft show that in many of
the rain situations, low cloud tops are well below
freezing level, without any significant medium or
high clouds above, suggesting that precipitation in
such cases is entirely of the 'warm' type. There
are, however, occasions when, above the general layer
of stratiform type clouds, cumulus towers develop
at various points, the tops of which may reach the
O°C. isotherm or be even higher.

Measurement of drop size

At both the places, the technique used for the
measurement of raindrop sizes was the same, namely
the well-known method of exposing standard What
man filter paper No.1 treated with a powdered mix
ture of sodium carbonate and phenolphthalein.
Raindrop falling on the filter paper leaves a perma
nent and nearly circular impression, the diameter of
which is dependent on the size of the drop. To avoid
difficulties of general pigmentation of the filter paper
under conditions of high humidity - this presented
a problem during Khandala measurements - neces
sary precautions were taken to keep the filter papers
dry both before and after treatment with the powdered
mixture. The filter paper disc was held between
two bakelite rings and exposed to rain for periods
of one second or more depending upon the rate of
rainfall. In our measurements, filter paper discs of
diameter 12·5 cm. were used: and drop sizes were
determined with reference to a previously prepared
calibration curve (Fig. I) covering a size range of
0·2 mm. to over 5·0 mm. diameter. For production
of droplets of very small sizes in the range of 0·2 to
1·5 mm. diameter, the method adopted was the
vibrating reed technique used by Dimmock6 . Drops
of very large sizes of diameter 3 mm. and more were
produced by allowing water to run through glass tubes
of different diameters held slantingly at different
angles.
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Basic data collected and derived parameters
based on drop size characteristics

Over one thousand samples of drop size distri
bution in rain were collected at Delhi and Khandala
during the monsoon season of 1956. Of these, fully
analysed data relating to about five hundred samples
have been used for the present study. To save space,
data for only 229 samples have been ,included
in this paper. Tables 1 and 2 (given at the end
of the paper), giving the drop size data' for Delhi
and Khandala respectively, include also associated
information relating to observations made, such
as date, time, period of exposure of filter paper in
yarious rainfall situations. Drop sizes are grouped
at intervals of 0·2 mm. diameter and their mean
sizes are indicated in Tables 1 and 2. Absence of
any figure less than 0·5 mm. mean diameter does not
mean that no drops smaller than 0·4 mm. were asso
ciated with any of the rain situations studied. The
reason why such droplets ha\'e not been taken into
account is' that splashing of drops, especially during
rain accompanied with gusty winds, often prevented
accurate determination of the number of genuine
raindrops of such sizes. Also, owing to uncertainties
caused by factors such as the presence of a few rela
tively large granules in the dusting powder and their
getting pigmented to some extent under prevailing
high humidity, it was rather difficult to say, unequi
vocally, if coloured impressions of minute sizes were
due to some of these extraneous factors or represented
genlllne ram droplets. In any case, omission of small
droplets of sizes less than 0·4 mm. diameter, in the
present study, does not make any material difference
either in the basic nature of the size distribution
curves, or in the values of some of the precipitation
parameters deriver! from observed drop size data.
Drop size figures iucluded in the tables refer to an
inner sampling area of 10 em. diameter on a filter
paper of diameter of 12·5 em., drops in the outer ring
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having been excluded from thc study to eliminate
possible sources of error or uncertainties due to edge
cffect.

Derived parameters based on drop size
characteristics

Columns 2, 3 and 4 in Tables 1 and 2 give com
puted valucs of some of the important precipitation
elements, namely R (intensity of rainfall), W (rain
water content per cubic metre of air), and Do (median
volume diameter of drops) relating to various samples.
A comparison of mean rainfall intensity, calculated
on the basis of drop sizes in some of the samples taken
during periods of moderate to heavy rain, with that
given by a self-recording rain gauge has, in general,
shown a fair agreement, indicating that the size
determinations made are reasonably correct. For
measurements relating to Khandala, this comparison
was further facilitated by the use of an intensity
rain gauge (giving the intensity of rain during each
minute interval), which was installed temporarily at
the observation site witb the kind co-operation of the
India Meteorological Depar~ment. In some of the
rainfall situations, during which a large number of
samples were taken in the course of a few minutes, the
computed mean intensity and that given by the in
tensity gauge agreed mostly within about ±10 per
cent.

The study of drop size distribution in space in a
rainfall situation entails computation of Nn{}.D
(number of drops per cubic metre of air with diameters
lying between D and D + (}.D), by taking into
account the terminal fall speed of drops of various
mean sizes. To facilitate getting these values from
the basic figures of drop sizes included in Tables 1 and
2, Nn{}.D values corresponding to a single raindrop
of a given size falling over a sampling area of (n.52)

sq. cm. in one second 'have been added at the end of
each table. Values of terminal velocities as given
by Gunn and Kinzer? have been used for these cal
culations.

An important aspect of the study oJ drop size dis
tribution in rain is the attempt to establish a plausible
relationship between the observed distribution fea
tures, or some of the de~ived parameters based there
on, and the different rates of precipitation. While such
investigations by various workers have led to certain
useful generalized relations 'connecting intensity of
rainfall and drop size distribution, it is quite a common
experience to find that fundamental differences in the
character of drop size distributions often occur in
rainfall of the same intensity, not only in different
rainfall situations but also at different phases of one
and the same oWL~ion of rainfall. .As illustrations,
we,may refer to samples 1, 10 and 16 of series II in

Table 1, for Delhi, and to samples 8 and 2 of series VI
and XII respectively in Table 2, for Khandala, show
ing quite a marked difference in drop size distributions
associated with rainfall of very nearly the same inten
sity, namely c. 30 mm.Jhr. That the size distribu
tions for a. particular intensity occurring at different
phases of one and the same rainfall situation can
differ materially at times will be apparent from even
a general examination of some of the data included
in the tables. It is of interest to compare the size
distributions as in samples 1 and 14 of series IV under
Delhi in Table 1. For the same intensity of rainfall
at 26 mm.Jhr, while sample No.1 shows a very narrow
spectrum limited only to three size groups in the
range 2·1 to 2·5 mm., sample No. 14 is associated
with quite a wide spectrum ranging from 0·5 to 2·5
mm. diameter. Similarly, samples 5 and 11 of the
same series corresponding to a rainfall intensity of
5 mm.Jhr show a marked difference in their drop size
distribution characteristics. For a satisfactory com
parative study of size distribution of drops in rain of
different types and intensities, it is thus important
that due consideration is given to the stage of preci
pitation to which the samples relate, anci.that such a
study is based chiefly on samples taken during some
intermediate or relatively steady phase of rainfall.
This has been kept in view in relation to studies and
discussions in this paper.

A careful study of drop size distribution at the very
start of a precipitation process and of its progressive
changes with time helps to throw some useful light
on the distinguishing characteristics of rain in differ
ent inst~nces. From general observations it is seen
that, while in continuous type rain, associated often
with front or discontinuity, the drop size spectrum is
limited at first to small size groups and then widens
gradually to include drops of larger and larger sizes,
a shower from an overhead convective cloud often
starts with a relatively narrow spectrum containing
drops of some intermediate sizes, later broadening
both ways to include larger as well as smaller drops;
Series IV in Table 2 is an example of the former kind,
while series IV in Table 1 illustrates features of the
latter type.

Size distrib'ution of raindrops

Distribution, in space, of drop sizes associated
with rainfall of different intensities may be studied
readily with reference to curves obtained by plotting
log N n{}.D against D. As already pointed out, data
provided by an individual sample may not always be
truly representative of the rainfall situation in a given
case. Hence, for a generalized study of this kind, it
was considered necessary to plot such curves based
on the averages of a number of samples showing more
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or less the same rainfall rate and belonging to some
intermediate or steady stage of precipitation. For
purposes of such grouping, limits have been chosen
suitably, so that the intensity range may not be
unduly large relative to the mean rate considered.
Thus, for mean intensities of rainfall of 2,5, 10, 25
and SO mm./hr, the limits are 2-3, 8·5-11·5, 22·5-27·5
and 45-55 mm./hr respectively.

Comparison of size distributions in Delhi and Khan
data - Fig. 2 gives ND6.D-D curves, plotted on
semi-logarithmic scale separately for Delhi and
Khandala, for mean rainfall rates of 10, 25 and SO
mm./hr. A common feature of the curves for both
the stations is a much smaller slope or relative hori
zontality over certain intermediate drop size range
compared to that over portions of curves at the two
ends, as against the same uniform slope through
out according to the exponential relationship of
Marshall and Palmer8. A critical examination of
the details of the curves for the two stations, how
ever, reveals certain distinguishing features which,
though not very marked in all cases, appear never
theless to be consistent. One important feature
noticed is that, while for a given intensity of rainfall

Khandala has a smaller number of drops of very
small sizes and also of drops above a certain
size, the number of medium-si~ed drops are appre
ciably more in rain at this station than at Delhi.
This difference in the number of drops belonging to
the intermediate size range is more prominently shown
by curves corresponding to a rainfall intensity of
25 mm.jhr.

In comparing the relative features of size distri
bution curves for Delhi and Khandala, it is of interest
to refer to the findings of Blanchard'! of some of the
distinguishing characteristics of drop size distribution
in orographic and non-orographic rain in Hawaii.
From an examination of curves 7 and 9 in Fig. 12 of
his paper (reproduced in the inset in Fig. 2), repre
senting conditions in these two types of rain of nearly
the same intensity (about 20 mm.jhr), it is seen that
the differences between Khandala and Delhi are,
broadly speaking, similar to those between orographic
and non-orographic rain in Hawaii, Examining more
closely the two curves of Blanchard referred to
above, and comparing these with 25 mm.jhr curves
for Khandala and Delhi it is, however, seen that,
whereas the diameter range with higher N v6.D
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values for orographic than for non-orographic rain
in Hawaii lies between 0·3 and 1·7 mm., the corres
ponding range for Khandala and Delhi is 1·1 to
2·4 mm. Further, comparing the ratios of Nd1D
values corresponding to drop diameter at which
separation between the two curves is maximum, we
find that this is about 7 at a diameter of 1·0 mm.
in case of Hawaii, and is about 5 at a diameter
of 1·5 mm. in the case of Khandala and Delhi
curves. While some of the similarities as above in
the comparative features of rain of the two types
and in the two areas mentioned are of interest,
we may not be justified in stretching the compa
rison too far and in concluding that all Khandala
rain in the monsoon season is purely orographic in
character. .

In Fig. 3 are presented histograms showing the
number of drops of different sizes falling over an area
of 100 sq. cm. during a time interval of 1 min.,
corresponding to rainfall intensities 10, 25 and 50
mm.Jhr at Delhi and Khandala. Besides giving a
relative picture of the size distribution of drops reach
ing a certain level at a given time, these diagrams
help to bring out somewhat more clearly the charac
teristic differences in drop size distribution for the
same rate of rainfall at the two stations. While
the curves for Delhi show, in general, a progressive

decrease in the number of drops with increase of size,
there is, in the case of Khandala, a noticeable tendency
for the number of drops to' increase with diameter
over a certain range of drop size. This is more
strikingly brought out by the curve for 25 mm".Jhr for
Khandala, which shows a well-defined peak with
maximum number of drops at diameter 1·5 mm.
This aspect, and also the feature of near horizontality
of curves showing spatial distribution of raindrop
sizes at Khandala and Delhi, are discussed further
below.

N v6.D-D curves for DelM and Khandala comb,ined
In Fig. 4 are given the mean distribution curves (log
N v6.D-D) for intensity ranges 2-3, 4-6, 8·5-11·5,
22·5-27·5, 45-55, 65-80 and 110-140 mm.Jhr, based
on samples obtained both at Delhi and Khandala,
and also Marshall-Palmer curves for the correspond
ing mean intensities. The main objects of the study
of these curves are, firstly, to compare the drop size
distributions in monsoon rain generally in India with
those suggested by the exponential relationship of
Marshall and Palmer and, secondly, to examine
how the features of the curves change with in
creasing intensity of rainfall. Drop size samples
of both Delhi and Khandala have been grouped
together in preparing these curves. The following
are among the more important features which are

357



J. SCI. INDUSTR. RES., VOL. 18A, AUGUST 1959

brought out by the curves for the various intensity
ranges:

'(i) For very low intensity, namely-Z·S mm./hr, the
curve is in general agreement with that given by
the Marshall-Palmer relationship.

(ii) As the rainfall rate increases, definite departure
from this simple exponential relationship is noticed.
The curve obtained, instead of being a straight line,
consists actually of three distinct parts stowing dif
ferent rates of change of log ND6.D with D.

(iii) With increasing intensity, the intermediate
section of the curve showing near constancy of N D6.D
values tends to extend over a wider range of diameter.

(iv) The number of drops belonging to small size
groups is, in general, less than that given by the
empirical relationship of Marshall and Palmer, while
the drops in the intermediate size range are more
~n number. When we consider the distribution
at the large size end, it is seen that, for intensities
of SO mm./hr and less, ND6.D values are lower than
those suggested by tile above empirical relation,
while the opposite is the trend for intensities greater
than SO mm./IlT.

In a rainfall situation in which Bergeron mechanism
predominates, if the size distribution of water droplets
originating from melting snow flakes is taken to be
exponential, the resulting distribution, in space, of

finally formed raindrops will also be broadly the same.
In studying this, Mason and Ramanadham9 have
considered modifying influences of factors, such as
accretion of raindroplets with cloud particles, coales
cence of raindrops of various sizes, and e"aporation
loss during fall below cloud base, and ha\"e come to
the conclusion that, while these may cause a small
shift of the spectrum towards larger size and also
explain depletion of drops of very small sizes, the
general character of drop size distribution will remain
exponential. Thus, in rain formed by ice mechanism,
one common feature of drop size spectrum will be the
progressive decrease in the number of drops with
increasing size. On the other hand, in the case of
pure warm rain determined by growth of giant cloud
droplets colliding and coalescing with a\"erage cloud
particles, the trend will be just the opposite. This
is because, while the number of giant cloud droplets
believed to form largely on hygroscopic nuclei de
creases as the size increases - this is an observed fact,
and is also to be expected from obser\"ations by
Woodcock1o and Twomeyll of conceiltration of sea
salt nuclei decreasing exponentially with size - one
finds,-following Bowen's12 model of raindrop growth
in warm cloud, that a raindrop formed on a cloud
droplet of relatively large size is smaller than the one
grown on a droplet which is smaller initially. From
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these considerations one also sees that the diameter
of the smallest raindrop in a given situation will b('
determined by the size of the largest amongst giant
cloud droplets present at or near cloud base and by
the intensity of vertical currents in lower layers of
the cloud. At the other end of the spectrum, the
limit to the maximum size of a raindrop will be set
by the intensity of updraft and depth of cloud. In
considering the features as above, we have not taken
into account the possible effects of coalescence growth
by discrete accretion process, as postulated by
Telford13, nor the particular sea-salt nuclei hypothesis
of Woodcock and Blanchardu , suggesting one-to-one
correspondence between number and size of salt
nuclei and of raindrops.

If a situation is considered in which rain from a
cloud is governed partly by ice process and partly
by collision-coalescence mechanism, the resulting
drop size spectrum may show the combined size dis
tribution characteristics of both the processes, one
important feature of which will be near horizontality
of the distribution curve over a certain intermediate
size range. This is illustrated in Fig. 5, in which
curve AA gives the exponential Marshall-Palmer
distribution corresponding to rain intensity of 36
mm.jhr by cold process alone, and curve BB repre
sents a hypothetical drop size distribution in rain of
the same intensity by warm process, assuming a pro
bable exponential distribution of giant hygroscopic
nuclei and a certain constant value for updraft and
liquid water in cloud. If, in a particular situation,
there is rain at 72 mm./hr contributed equally by the

, cold' and ' warm' rain mechanisms, the combined
effect on size distribution may be expected to be as
indicated by curve Cc. The actual distribution in
anyone case will, however, depend naturally upon
relative contribution to rain by the two mechanisms.
Besides, we have also to give consideration to factors,
such as breaking of raindrops, variations in time and
space of updraft in cloud, which will obviously
have considerable effects on the resulting size distri
bution. at various epochs of rainfall.

Judging from the nature of curves relating to
monsoon rain at Delhi and Khandala and their broad
similarity of features with those shown in curve CC,
it appears that moderate to heavy rain in India in
this season is governed frequently by both the pre
cipitation mechanisms discussed above. This view
is supported by our recent radar observations of
monsoon clouds in Delhi.

Observed irregularities in drop sl:;;e distribution curve:
Peaks alld troughs - In the previous discussion of
raindrop size, consideration has heen given mainly
to distribution curves, based on averages of a number
of samples belonging to the same intensity group.
This process of grouping, by causing to smooth out
the peculiarities of distribution in individual instances,
may not always give an exact picture of the size dis
tribution characteristics associated with rainfall on a
particular occasion. One such feature is the fairly
frequent occurrence of peaks and troughs on the dis
tribution curve, showing otherwise broadly regular
distribution of raindrops with size. While these
peaks and troughs are usually more prominent on
curves for individual samples -- one reason for this
may be inadequacy of sampling area or time - such
features are also shown on many of the mean curves
obtained by grouping of samples. This is illustrated
in Fig. 6, in which curve 1 shows distribution as in an
individual sample of rain at 50 mm./hr, while curve
2 represents averages of four consecutive samples

100~_""""_""""_"-_""""_..L..._..L..._..L..._..L...--1
o 23.
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FIG. 6 -- PEAK AND TROUGH CHARACTERISTICS SHOWN BY THE
DROP SIZE DlSTRIBUTIO~CURVES [X - X, sample 9, series VI,
Table 2: /':,.-8, mean of samples 18-21, series IV, Table 2;

and 0--0. mean curve for Khandala data]
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taken during a phase of nearly steady rain at the
same rate in the same shower situation. Curve 3
gives the mean of 21 samples of rainfall in the inten
sity range 45-55 mm.fhr. Features shown on the
mean curves, and also those on curves obtained by
Mason and Ramanadham5, based on their analysis
of data collected for a period of a few minutes, using
a continuous drop size recorder, appear to suggest
that these are genuine and inherent in the actual
distribution of raindrops in a given situation. It is
interesting to see in the recent theoretical study by
Roy and Srivastava15 of drop sizes in rain from
, warm' convective cloud under certain prescribed
conditions of updraft and distribution of giant cloud
droplets, that the overall distribution curve also shows
well-marked ups and downs suggestive of peaks and
troughs.

It is not easy to find a simple and satisfactory
explanation for the features discussed above, unless
it is assumed that similar irregularities exist in size
distribution of original precipitation elements - pro
ducts of melting snow flakes in case of . cold' rain,
or of giant cloud particles in . warm' rain situations.
Besides irregularities of concentration of original
precipitation elements, there may be one other im
portant factor to account for a distinctly larger
number of drops of a certain size compared with drops
of sizes next below or above; this is the marked dis
continuity in updraft rate, with maximum occurring
at a certain level at a given time. A level such as
this, by acting as a sort of barrier to falling rain
droplets below a certain size, wiII cause a maximum
concentration of raindrops belonging to a particular
size group. This factor would be more important in
relation to raindrop growth by 'warm' process.
Effect of wind shear below cloud base may also be a
factor introducing irregularities in size distribution
observed in certain cases.

Rain water content in air and
intensity of rainfall

From available drop size data, an estimate can be
made of the rain water content (W) in the column of
air through which rain is falling, and see how this is
related to rainfall intensity (R). As W is dependent
upon and is derived from basic data of drop sizes, it
may be expected to serve, in a general way, as a con
venient single-term representation of the drop size
distribution characteristics associated with rain of a
given intensity in various situations. Thus, for the
same rate of rainfall in two instances, a lower value
of W denotes, in general, a size spectrum covering a
relatively wide range of drop diameters, while a
higher value of W means a relatively narrow spectrum
with more numerous drops of smaller sizes. It is
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seen that, notwithstanding appreciable differences
in the details of drop size distribution, W values for
the same rate of rainfall are often substantially the
same, suggesting some kind of a broad relationship
between these two parameters of rainfall. To find
what this general relationship is for monsoon rainfall
at Delhi and Khandala, values of Wand R for a
number of rainfall situations have been plotted in
Fig. 7, separately for the two stations, and mean
curves drawn through the points obtained. In
preparing the diagram, Wand R values of all the
analysed samples, irrespective of the precipitation
phase at which these were obtained, have been taken
into consideration. While the gcneral features of
curves for the two stations appear to be broadly
similar, a closer examination shows that W values
for Khandala for the same rate of rainfall are some
what higher than those for Delhi, the differences
being about 30, 20, 6 and 1 per ccnt for rainfall inten
sities of 0·5, 2, 10 and 20 mm.fhr respcctively. The
higher W valucs of Khamlala are explained by the
relatively narrow drop size spectrum for this station,
compared to that for Delhi. The effect of this, how
ever, is partly compensated by the comparatively
large number of drops in the medium size range, as
has been discussed already under the section on
'Size distribution of raindrops '.

The mean W-R curves for Khandala and Delhi
may be represented approximately by the following
empirical relations:

W = 76Ru'8411 (Khandala)
W = 62Ro'895 (Delhi)

The corresponding relations suggested by Blanchard
for orographic and nou-orographic rain in Hawaii
are W = lsORo'7 and W =61Ro'89 respectively. It
is seen that there is a fairly close agreement between
the equations representing monsoon rain at Delhi and
non-orographic rain at Hawaii. However, the W-R
relation for Khandala is materially different from
that representing orographic rain in Hawaii. This,
as well as the general features of size distribution
curves for Khandala (Fig. 2), show that, though oro
graphy no doubt plays a part in triggering the pro
cesses of cloud and rain development over the area;
monsoon rain at the station in general, and heavy
showers in particular, cannot be treated as purely
orographic in character. Convergence of a general
nature determined by prevailing synoptic situations
and convective instability of the monsoon air mass
apparently are important factors which influence
rainfall over this area also.

From Fig. 7 it is observed that individual plots of
W values for the same rate of rainfall do not show any
large scatter, and that most of these lie fairly close
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FIG. 7 - RAIN WATER CO~TENT VERSUS INTENSITY OF RAINlrALL FOR A NUMBER OF RAINFALL SITUATIO~S AT DELHI AND
KHANOALA

to the mean curve drawn. Marked departures are,
however, noticed in a few instances, and are attri
butable to extreme peculiarities of drop size distri
bution, such as those found to be associated at times
with samples taken during transient type of rain, or
at the very start or end of a convective shower process.
One important aspect of drop size distribution in
fluencing the value of W for a given rainfall intensity
is the central tendency of the distribution, which may
be representable in a general way by the median
volume diameter of drops discussed in the next section.

Median volume diameter

Median volume diameter (Do), defined as that value
of drop diameter above and below which the cumu
lative value, for a given distribution of drop sizes, of
liquid water content is the same. is considered to be
yet another useful single-term parameter representing
size spectrum of raindrops. Values of Do corres
ponding to a large number of samples taken in various
rainfall situations at both Delhi and Khandala have
been plotted against corresponding rainfall intensity

(R) separately for the two stations (Fig. 8). For
comparison, Do-R curves based on data used by Laws
and Parsonsl , Bestl', Andersonl ? and Blanchard' for
a similar study have also been included in the diagram.
A general examination of the points plotted shows
considerable scatter of Do values for the same rate
of rainfall, particularly when this is low, and it is
difficult to derive any plausible relationship or draw a
smooth curve representing average distribution of
Do and R. Comparing the general features of distri
bution at Delhi and Khandala, it can be seen that
these are broadly similar, except that the scatter of
Do values for low intensity rainfall at Delhi is some
what greater than at Khandala. The plotted points
for both the stations lie generally below the curves
suggested by other workers referred to above, except
for the one relating to orographic rain in Hawaii
given by Blanchard, in which case Do values have
been found to be considerably lower than in rains
studied elsewhere.

In Fig. 9 have been plotted the various ob
served values of Do' corresponding to certain specified
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of occurrence of plotted points. Curve MM passes through
tnerlian frequency values of Do corresponding to different
rainfall intensities. Curves A1\ and B.B givc upper and

lowcr limits respcctively of Do]

intensities of rainfall, indicating also thc number of
cases in which the particular value of Do occurred.
Curves AA and BB have been drawn through points
of maximum and minimum values of Do respectively,
while the curve MM passes through points giving Do
values corresponding to their median frequency.

.The diagram shows more clcarly the considcrable
degree of scatter of Do valucs for the same intensity of
rainfall, and alSo that it tends to decrease when the
intensity exceeds a certain value. The values of
Do. as given by the median frequency curve MM, are
lower than those given by the curves of Anderson, Laws
and Parsons, Best and Blanchard (for non-orographic
rain), the difference tending to increase with increasing
intensity of rainfall. This lower value of Do in rainfalL
situations in India may largely be accounted for by the
prepomlerance of drops belonging to medium size
groups, compared to what one would expect from the
exponential distribution suggested mainlyon the basis
of drop size measurements in temperate latitudes.

The study of both Wand Do in relation to rainfall
intensity has shown that neither of these parameters
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represents uniquely the drop size distribution in rain in
different situations and, as such, the rate of rainfall.
Consideration to both these factors - one giving a
general idea of the spread of the size distribution curve,
and the other its central tendency-has to be given in
order that we may establish a satisfactmy relation
ship connecting these three precipitation elements.
In Fig. 10 have been drawn W-R curves correspond
ing to various values of Do' the curve in each case
extending over the intensity range in which the
particular Do value has been found to occur. It is
seen that, for the same value of Do' Wand Rare
uniquely related, and that the curves corresponding
to different Do values show an identical trend, which
can be represented hy a single rehltionship

R=~WDo'G
67 0

It will be seen that little or no smoothing is
necessary for drawing the curves and that the in
dividual plots follow the curves quite closely. The
applicability of the above relationship has also been
examined with reference to drop size data of rain in
Hawaii as obtained by Blanchard. Comparing the
calculated values of Do on the basis of the above
equation with those computed directly from drop size
data and included in Blanchard's tables, it is seen that
these are in agreement generally within ±15 per cent.

Radar reflectivity and intensity of rainfall

For portraying quantitatively, with the help of a
microwave radar, the characteristic features of rain-

fall associated with a rain-stonn at a distance, the
most important aspect of study to be made is how
the echo intensity or radar reflectivity factor (Z) is
related to the intensity of rain 'generally, and also
how, for the same rate of rainfall, this factor varies
in different situations depending upon the actual
distribution of raindrop sizes.

IfPo is the power transmitted by the radar antenna,
A c the effective antenna aperture for extended .tar
gets, 11 the pulse length, T the range, and ~u the
sum of back scatter cross-sections of the scattering
particles in a unit volume, the value of p,., the ave
rage power received back from the precipitation
elements, would, in the absence of any attenuation,
be given by

P =PohAc~u
,. 81tT2

The quantity ~u in the above equation is proportional
to what is known as radar reflectivity factor which, in
the case of precipitation elements composed of spheri
cal droplets, is taken to be equal to f.NIPD.D8.
Since both rainfall intensity and radar echo power
are thus dependent upon drop size distribution,
an' exact determination of the rate of precipitation
from observed radar echo intensity would be possible
if, for a given rainfall intensity, distribution of drop
sizes was the same or nearly so in all cases. Obser
vations based on individual samples on different
occasions and at various phases of rainfall, however,
show that actual distribution of drop sizes often
differs materially, and this introduces a certain degree
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of uncertainty in the estimate of rainfall on the basis
of radar echo intensity alone. Owing to the sixth
power characteristic of drop diameters involved in
the expression for Z, even a relatively small variation
in the distribution features, particularly at the large
size end, may make a considerable difference in the
value of Z, although the intensity of rainfall (R)
may not be affected appreciably. It is thus seen that
an empirical relation, however carefully derived,
connecting Z and R may not satisfy the actual condi
tion in all instances and may often be wrong by as
much as ±30 per cent or more. Indeed, Twomey'sl8
observations in Australia showing marked variations
in drop size distributions for the same rate of rainfall
showed that this error factor can be as high as 4 in
some cases.

Nevertheless, as has been attempted by various
other workers, the data collected have been examined
to see if some approximate relationship can be found
between radar reflectivity and intensity of monsoon
rain at Delhi and Khandala. For this purpose values
of Z, equal to "£ND6.D.D6, relating to quite a large
number of samples have been calculated, and plotted
against corresponding values of R, separately for the

two stations (Fig. 11). It is seen that while the mean_
curves DD and KK give, on the average, a fairly good
representation of the variation of Z with R, there are
instances in which intensity values as given by the
curves differ substantially from those obtained directly
from drop size measurements.

A relationship connecting Z and R may be deduced,
using the equation

where Do and W have their usual meaning and G(n)
is a constant which may differ slightly from one
region of rainfall to another, and also from one
type of precipitation to another. Plotting the values
of D~W against calculated values of Z, the mean
value of G(n) has been computed for Delhi and
Khandala and is found to be 1·4 in both cases, the
standard deviations being 25 and 29 per cent respec
tively for Delhi and Khandala. With this value of
G(n). and making use of the relation R =l7WD~'6

suggested in the previous section and also substitut
ing for W in terms of R from the relations given in the
section on ' Rain water content in air and intensity of
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rainfall " we obtain the following empirical relations
between Z and R for Khandala and Delhi:

Z = l09R"64 for Khandala
Z = 242R)'42 for Delhi

Plotting curves corresponding to the above equa
tions in Fig. 11, it is seen that the one relating to
Khandala agrees almost entirely with the mean curve
for that station, while in the case of Delhi the two
curves show some differences, particularly in the
range of medium to low intensity rainfall. The
general agreement between the plotted curves and
those given by the above equations provides further
confirmation of the dependability of the suggested
relationship, connecting Do, Rand W.

Conclusion

Despite differences III geographical situation and
topography of Delhi and Khandala, drop size distri
butions in monsoon showers at Delhi are found to be
broadly similar to those observed in orographically
influenced rain of a more continuous type at Khandala
during the same season. A few distinguishing fea
tures are, however, noticed, but, compared with the
differences found by Blanchard between orographic
and non-orographic rain in Hawaii, these are not
quite so marked. It appears that, although oro
graphy plays a part in helping steady develop
ment of clouds and more or less continuous rain in
Khandala area, precipitation at the station cannot
be treated as typically orographic in character.

The most important feature brought out by spatial
distribution of drops in monsoon rain at Delhi and
Khandala is the observed tendency towards horizon
tality of the distribution curves over certain inter
mediate range of drop diameters. Combined effect
of the two mechanisms of rain formation, namely
ice crystal process and also pure coalescence growth
of drops as in • warm' rain, is suggested as a possible
explanation for the features observed.

Although mean distribution curves obtained by
averaging a large number of samples of the same
intensity group show fairly smooth variation of the
number of drops with size, curves relating to indivi
dual samples or based on average of a few taken
successively during a certain steady stage of precipi
tation reveal well-marked irregularities in the nature
of peaks and troughs. Besides possible irregularities
in the distribution of original precipitation elements,
discontinuities in rate of updraft within the cloud may
be a factor causing occurrence of peaks and troughs
on the distribution curves.

On the whole, the two elements, liquid water con
tent (W) and rainfall intensity (R), are fairly well
correlated. W-R relationship found for monsoon

rain at Delhi is seen to be in good agreement with
that obtained by Blanchard for non-orographic rain
in Hawaii. However, similar relationship obtained
for Khandala is very different from that for Hawaiian
orographic rain. '

Median volume diameter (Do) values for the same
intensity of rainfall show a much greater scatter than
in the case of W. The Do values for monsoon rain in
India are found to be generally lower than those
found by investigators in other areas. Relative
preponderance of drops belonging to the medium
size group, as against smooth decrease exponentially
of number of drops with size as in temperate latitude
rain, apparently accounts for somewhat lower values
of Do in tropical rain.

While neither W nor Do individually is related
uniquely with the intensity of rainfall (R), it is seen
that a relationship connecting all the three elements
and given by the equation, R = 17WD~'6, gives a
satisfactory representation of the actual condition in
most cases.

It is difficult to obtain a satisfactory generalized
relation connecting radar reflectivity (Z) and in
tensity of rainfall (R). However, based on drop
size distributions of a large number of samples, an
approximate relationship has been worked out for
monsoon rain at Delhi and Khandala.
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Criteria for Design of Windmills for Low to Moderate
Wind Velocities

M. S. EKBOTE-, R. VARADARAJANt & c. G. GUPTE

Wind Power Project, Council of Scientific & Industrial Research, New Delhi

Manuscript received 17 December 1958

The criteria for the design of windmills for low to moderate wind velocities
have been examined and two designs of windmills for pumping water are des
cribed. The elementary theories of windmills - the momentum theory and
the blade element theory - general requirements and optimum values of design
variables are discussed. Different designs of rotors for blades have been studied
and the theoretical values of torque and power developed have been determined.
From an analysis of the performance characteristics, the specifications for two
types of windmills, which would be most suitable for conditions in India, have
been drawn up.

THE art of making windmills is an ancient one
and for a long time it has been based on
empirical methods transmitted from genera

tion to generation of millwrights. This state of affairs
continued till about the twenties of the present cen
tury when the spread of aviation and the study of
problems of aircraft propulsion gave a clearer in
sight into the principles of design of windmill rotors.
Pioneer investigations in the field were made by
A. Betz of the Aerodynamic Institute, Gottingen,
and the scientific theory of windmills began to take
shape in the late twenties.

Although the design of high speed propellers meant
for absorbing large horsepowers would require exact
theoretical analysis, the same would not apply to the
design of small low speed windmill rotors which are
expected at the most to absorb up to 5 h.p. More
over, considering the nature of the installation and
the fact ,that the primary use of such windmills is for
pumping water using piston type pumps, it is suffi
cientlyaccurate touse elementary theories for practical
design purposes. It will be appreciated that most of
the conventional multibladed type windmill rotors
are aerodynamically inefficient and there has been
no need to apply advanced aerofoil theories in their
design. While in the case of conventional multi
bladed rotors not much attention need be paid to the
shape of the blades, the application of basic aerofoil
principles in the design of two or four-bladed rotors

-Present address: Indian Airlines Corporation, New Delhi.
tPresent address: Aeronautical Development Establish

ment, Ministry of Defence, Bangalore.
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having aerofoil shapes would be of considerable
significance.

The object of the present paper is to determine the
optimum design conditions for windmill rotors pri
marily intended for moderate to low wind velocities.
Usually, windmills of foreign make give optimum
performance only at wind velocities of the order of
15 m.p.h. In India, the wind velocities are only of
the order of 6 to 10 m.p.h. on the average. Hence,
in the present case, the elementary theory has been
used and estimates of performance made for a rotor
of 14 it diam. assuming specific values for design
wind velocity, design Lp.m. and number of blades.
Although the aim has been to determine the mutual
influence of the design variables, the ultimate object
is the choice of an opti~um size of windmill which
will be the most suitable for the wind conditions
prevailing in India.

Elementary theory of windmills

The aerodynamics of airscrews has been explained
by several theories. The momentum theory and the
blade element theory are dealt with in text-booksl

and only a passing reference is made to these theories
here. The energy in the wind at any instant is pro
portional to the product of the mass of air moving
through any cross-section and the square of its velo
city. To capture this energy or a part of it (since
it is not practicable to extract the whole) a mechanical
device such as a rotor is placed in the path of the wind.
The mass of air undergoes a loss of speed in passing
through the rotor from a value V, which it possessed
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PLANE OF'
ROTATION

v

'~.~J
f---2TTrn ~

FIG. 3 - FORCES ON THE BLADE ELEMENT

f4- b~. .

in which the rotor is considered as consisting of a
number of blades of aerofoil shapes.

In the most elementary case, the air flow is treated
as two-dimensional, neglecting interfe~ence effects
between the blades, tip correction and radial flow due
to slipstream expansion.

Consider an element dr (Fig. 2) located at a distance
r from the centre of rotation. If the r.p.m. of the
blade is n, its rotational velocity 21tTn, when com
bined with wind velocity V, will subject the blade to
a resultant velocity VR at an angle of incidence at

(Fig. 3).

The lift acting on the element is given by

At = !CIPV~dA=!CIPV~bdr ...••. (5)

The profile drag acting on the element is given
by

where CI is the lift coefficient of the blade section;
Cd, the drag coefficient of the blade section; P, the
air density; VR. the resultant wind velocity; and
b, the blade width.

FIG. 2 - POSITION OF ELEMENT dr WITH RESPECT TO CENTRE
OF ROTATION OF THE BLADE

.• (3)

FIG. t - VARIATION OF WIND VELOCITY BEFORE AND AFTER

WIND WHEEL

AV=AoVo=av •........... (1)

In order to conform to the relationship vjV = 1,
which corresponds to the maximum power output,
the three sectional areas A, Ao and a will be in the
ratio of 1: 1·5: 3 (Fig. 1).

From the foregoing the maximum energy that can
be extracted by the windmill can be calculated.

The mass of air passing through the wind wheel
per sec.

= jPAoV ..........•... (2)

where p is the density of air.

Loss of kinetic energy per unit mass during
passage through the wind wheel

f .-----n-=f1 rv- A Vo A o Q y:....-

J_-~_l__L

before encountering the rotor to a value v after its
passage to leeward. Betz2 has shown, with certain
simplifying assumptions, that the speed of the wind
at the rotor wheel is the arithmetical mean of
the two speeds V and v and that the maximum
extraction is obtained when v/V = 1, Le. when the
residual speed is one-third of the initial speed of
wind. It is also assumed that the changes in the
pressure of the wind in passing through the wind
wheel are 'negligible. It follows from the equation of
continuity that

Hence power absorbed by the wind wheel

=lPAoVx~V2=2',PAoV3 .... (4)

This energy is H of the total energy of the wind,
namely !PAoV3 passing through the swept area Ao
with the speed V at the entrance side.'

The momentum theory of windmills, as outlined
above, is based on the consideration of a mean axial
velocity in the slipstream and determines the drag
and torque of a windmill from the rate of decrease of
momentum of the wind. The theory determines
an upper limit to the power produced but it gives
no indication of the configuration of the windmill
rotor to achieve this result. This is made possible
by applying what is called the blade element theory
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FIG. 4 - CHARACTERISTICS OF AEROFOIL WP-Xl SECTION

Desi~n wind velocity

The wind velocities in India are rather low com
pared to those obtaining in other countries like
U.S.A., Australia and northern Europe. It is,
therefore, desirable that the windmill should have a
reasonable output even at a 6 m.p.h. wind (nearly
10ft/sec.). If the windmill rotor is designed to
give optimum performance at a wind velocity of,
say, 10 m.p.h., it would meet most of the require
ments.

Selection of blade section

The main considerations for the choice of the blade
shape to be used for windmill rotor are: (I) ease of
fabrication, (2) adequate thickness/chord ratio, to
give a reasonable spar depth, (3) minimum c.p. move
ment with angle of incidence to avoid undesirable
torsional effects and (4) gradual stall characteristics.
This assists in giving better performance over a wide
range of wind velocities and r.p.m.

An aerofoil section which more or less satisfies the
above considerations has been chosen and is desig
nated as WP-XP. The characteristics of this section,
such as centre of pressure location (C.P.), CL and CD
as functions of the angle of incidence (ex), are given
in Fig. 4.

Although the optimum blade is one that has
constant incidence, two other types, namely one with
constant blade setting and another with constant
incidence at the root and tip, with blade settings
varying linearly in between, have been considered
in the design study; the latter types will be easier
to construct.

Type A: Linear pitch variation - The angle of
incidence at both the root of the blade (2,5 ft radius)
and tip (7 ft radius) is assumed to be 0°, 4°, 6° and 8°
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The above expression gives the torque load for the
radial element under consideration. By choosing a
suitable number of radial elements and determining
the torque developed by these elements, the total
torque of the blade can be found out by plotting
values of dQ/dr against radius. The points obtained
are joined by a smooth curve. The total area under
the curve for the radial elements ~nder considera
tion will give the total torque per blade. Once the
total torque Q per blade is determined, the b.h.p.
developed by the windmill can be obtained by the
formula

dQ =!(C1 sin 6-Cd cos 6)PV~br .... (7)
dr

where Q is the total torque per blade; N, the num
of blades in the rotor; and w, the angular velocity
of the rotor.

The components of !:J.l and !:J.d perpendicular to the
plane of the windmill rotor act as air resistance loads
on the rotor and the tower and are important for the
design of the tower.

General requirements and
optimum values of desl~n variables

The simple blade element theory has been used
in the present analysis. The type of the windmill
chosen for any locality in India would depend
on the prevailing wind conditions. It is necessary
to standardize a minimum number of types as
otherwise their production will become expen
sive. The main objectives aimed at in any design
should be simplicity and cheapness in order that
it could be used by the average Indian farmer
and also easily repaired by the village carpenter
or smith.

A reasonable diameter for windmills will have to be
chosen. Since the wind velocities in India are not
high, too small a diameter will not be effective.
On the other hand, too large a diameter would
increase the capital cost. In the present study a
diameter of 14 ft for the rotor has been tentatively
chosen. To keep the cost of the windmill low, it is
also necessary to limit the number of blades. The
chord length for the section should, however, be
made sufficien tly large to ensure that sufficient
starting torque is available even at low wind velo
cities.

P=QNw ' (8)

The lift and drag components til and tid can be
resolved into components in the plane of the windmill
rotor blade (Fig. 3). The resultant torque due to
the element. is given by
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TABLE 1- CHARACTERISTICS OF 14 FT DIAM.
EXPERIMENTAL ROTORS

PARTICULARS TYPE A TYPE B TYPEC
PT-3 PT-4 PT-5

Wihdmill dia- 14 14 14
meter, ft

Design wind 15 15
velocity, ft/sec.

Design r.p.m. 60 60
No. of blades 4 4 4
Aerofoil section WP-Xl WP-Xl WP-Xl
Root chord dis- 2'5 z.s 2·5

tance from
axis, ft

Blade angle Linear, giv- Constant set- Variable to
variation iog same inci- ting of blade g'ive4°cons-

dence at angle tant inci-
root and tip dence under
under design design con-
conditions ditions

Spar dimensions
(in.) at
Hub joint
Root rib (width)
Tip rib (width)

Spar location in
% chord

2!x4!
It
!

35

2! X 41
It
!

30

2!x41
It
f

35

speed ratio wRfV when the blade setting angle is high.
In fact, the maxima of the curves progressively shift
in the same direction as the speed ratio. Hence a
slow speed windmill should have high blade setting
angle. However, in order to get a high value of the
torque for the whole rotor we have to increase the
number of blades. The low design speed of the rotor
also dictates the necessity for a direct action type and
since the starting torque for a direct action type has
to be high, a multibladed design which increases
the solidity of the rotor is obviously the proper
choice.

When the speed ratio is high, a propeller type
rotor is the best choice and the aerodynamics of such
a design has to be worked out carefully. But such
rotors have the disadvantage of low starting torque.
They will be unsuitable for low wind velocity regions.
To overcome the effects of lower starting torque to
some extent, a reduction gear has to be employed.
The reduction gear should be adjusted to the speed of

0.10.----------------,

FIG. 5 - VARIATION OF TORQUE COEFFICIENT WITH SPEED
RATIO AT DIFFERENT BLADE SETTINGS
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respectively. The blade settings at tip and root are 0.08

determi~edby assuming a design r.p.m. of 60 and a
design wind velocity of 15 ft/sec. The blade setting
of the intermediate sections of the blade is made
to vary linearly.

Type B: Constant blade setting - A constant span
wise value of the blade setting angle (~) is assumed.
The performances at blade settings of 10°, 15°, 20°,
25° and 30° at wind velocities of 10, 15 and 25 ft/sec.
have been estimated respectively.

Type C: Constant incidence - Constant spanwise
values of the angle of incidence of 0°, 4°, 6° and 8° are
assumed. Blade setting (~) at each station is ob
tained assuming a design wind velocity of 15 ft/sec.
and a'design r.p.m. of 60. The rotor blades will have
continuous varying blade settings along the radius.

A summary of the basic characteristics of the three
types is given in Table 1.

Results and discussion

The variations of the torque and power coefficients
with the speed ratio Q = wR/V are shown in Figs. 5
and 6 respectively4. The blade setting at station
r = 5 ft is also indicated for each type in the figure.

It may be noted in Fig. 6 that for lower values
of wR/V, say, less than 2,5, there appears to be no
significant advantage, from the standpoint of power
output, in strictly adhering to an aerodynamic design.
It would save considerable cost in using blades which
work mainly on the reaction principle.

As regards starting torque it will be noted that
the greatest advantage is obtained for low values of
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needed in India for pumping water, using recipro
cating type cylinder pumps - one for low wind and
the other for moderate wind regions. As a result of
these studies and also the results of actual tests
carried out with prototype windmills, the following
design features for the two types are considered
optimum:

Design A (for moderate winds of 8 to 16 m.p.h.) 
Diam., 18 it; type of blade, aerofoil section WP-X1
in view of high r.p.m.; number of blades, 4; solidity,
0·255; design r.p.m., 120; geared head mechanism;
and gear ratio, 3: 1.

Design B (for low winds of 5 to 10 m.p.h.) -Diam.,
18 ft; type of blade, simple vane type; aerofoil shape,
WP-X2; solidity, 0·53; and direct action head mecha
nism.

The detailed characteristics of these two designs
will be described in later publications.

A significant result of these studies is that for all
practical purposes, it is sufficient to keep the same
incidence for the root and tip in the blade design and
vary the blade setting linearly from root to tip.
This would facilitate mass production as jigging and
tooling will not be difficult.
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FIG. 6 - VARIATION OF POWER COEFFICIENT WITH SPEED
RATIO AT DIFFERENT BLADE SETTINGS

reciprocating type pump and also to the design of
the rotor.

Conclusion

An analysis of the above curves has led to the
conclusion that two basic types of windmills are
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The effect of vitamin A fortification (700 I.U.joz.) of vanaspati (edible hydro
genated vegetable oil) on its Baudouin test reading, on storage at different
temperatures, has been studied in detail. The results show that there is no
difference in the characteristics of vitaminized and unvitaminized samples of
vanaspati on storage in so far as the Baudouin test reading is concerned. Also,
vitamin A does not influence the Baudouin test reading of vanaspati. The
temperatures at whicb the samples of vanaspati are maintained, viz. 15°C., room
temperature (25-40°C.) and 40°C., do not affect the Baudouin test reading. The
above results are contrary to the earlier findings that added vitamin A is res
ponsible for the failure of vanaspati to answer the Baudouin test satisfactorily.

I N accordance with the provisions of the Vege
table Oil Products Control Order 19471, vanas
pati (edible hydrogenated vegetable oil) is re

quired to contain a minimum of 700 LU. of synthetic
vitamin A per ounce and sufficient sesame oil, subject
to a minimum of 5 per cent, as may be required for the
product to give a Baudouin test reading of at least
2·0 red units in a 1 em. cell on the Lovibond scale
under the prescribed conditions. Prior to May 1955,
the level of fortification of vanaspati with vitamin A
was 300 LU. per ounce, but since that date, the level
of 700 I.U. per ounce has been in force.

Working with vanaspati samples fortified at the
original level 300 I.U. of vitamin A per ounce,
Mathur et al. 2 reported that when the samples were
stored at 40°C. the Baudouin test reading of the
samples rapidly fell off and within nine months, none
of the samples responded to the test any more, while
in a few cases this occurred even within three months.

*Presen't address: Regional Research Laboratory, Hydera
bad.

On the other hand, the Baudouin test reading of
vanaspati, which wa, not fortified with vitamin,
was found to remain unchanged throughout the
experimental storage period. These authors were,
therefore, led to believe that the added vitamin A
was responsible for the vitaminized samples of
vanaspati not answering the Baudouin test and
concluded that vitamin A and sesamolin cannot
exist together.

Fortification of vanaspati with vitamin A is being
carried on in the country for over a decade now,
initially on a voluntary basis by the industry, and since
1953 it has been made compulsory by the Govern
ment of India. In the process, a large number of
samples of vitaminized vanaspati have been examined
for conformity to specifications including Baudouin
test reading after varying periods of storage, both by
the factories as well as by the Directorate of Sugar
and Vanaspati of the Ministry of Food and Agri
culture, New Delhi. The findings of Mathur et al.2
are contrary to the accumulated experience in this
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regard not only of the Directorate but also of the
industry as a whole.

Considering the implications of these findings on
the tenability of the relevant provisions of the
V.O.P. Control Order 1947, it was thought desirable
to' repeat the experiments of Mathur et ai. in a
systematic manner and under carefully controlled
conditions, the test samples being stored both at
40°C. (as was done by Mathur ct al.). as well as at
room temperature (R.T.) which would more closely
approximate the norm3.1 conditions of storage of
vanaspati containers. The work was initially carried
out in the laboratories of the Directorate of Sugar
and Vanaspati, the samples being stored at room
temperature alone. Subsequently the Central Food
Technological Research Institute, Mysore, and the
National Chemical Laboratory, Poona, were request
ed to take up parallel investigations independently,
storing the samples both at room temperature as well
as at 40°C. Investigations at a storage temperature
of 15°C. were also carried out. Meanwhile, Me£srs
Hindustan Lever Ltd, Bombay, also initiated similar
experiments on their own. As the work carried out
at all the four laboratories was essentially of an
identical nature, it was considered appropriate to
collate the results obtained at the different places and
present them in the form of a joint report.

Materials and methods

The experimental samples of vanaspati used in all
the laboratories conformed to the specifications for
vanaspati prescribed under the V.O.P. Control Order
1947, viz. melting point, 33-7°; free fatty acids (as
oleic), 0·25 per cent (max.); moisture, 0·25 per cent
(max.); butyrorefractometer value, 48 (min.); un
saponifiable matter, 1·25 per cent (max.); vitamin A
(in the vitaminized samples), 700 1.U./oz. (initial
level); and sesame oil, 5 per cent by weight (min.).
The samvles were uncoloured and unflavoured
(except where specifically indicated). In addition,
Messrs Hindustan Lever Ltd carried out one set of
experiments with a higher initial vitamin level of
1000 1.U./oz. In all cases synthetic vitamin A ace
tate (Roche) was employed to fortify the samples.

The procedure for carrying out the Baudouin test
on the vanaspati samples followed in all the labo
ratories was that officially prescribed under the
V.O.P. Control Order 1947. The sample under test
was diluted with refined groundnut oil (I: 4) and 5 ml.
of the mixture shaken vigorously with 5 ml. of con
centrated hydrochloric acid (sp. gr. 1-19/15·5°q and
0·4 ml. of a 2 per cent alcoholic solution of freshly
distilled furfural in a 25 ml. measuring cylinder for
2 min. After standing for 2 min., the contents of the
cylinder were filtered and the red colour of the
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filtrate determined immediately in a Lovibond tin to
meter using a 1 cm. cell. The blank obtained with
the diluent alone was subtracted before the reading
was recorded.

Experiments carried alit at the Central Food Tech
nological Research Institllte, Mysore - Six sets of
vanaspati samples from different batches, fortified
with vitamin A at a level of 700 1.U./oz. and without
fortification, were obtained from Messrs Indian
Vegetable Products Ltd, Bombay. They were sepa
rately distributed into smaller containers and sealed.
One set of samples were stored for ten months at room
temperature and their duplicates at 40°C. Baudouin
test was carried out on individual samples, first at
the end of every month for the first six months
and later at two-month intervals. The initial Bau
douin test reading values for the different sets of
vitaminized samples varied from 3·8 to 4·9 red units
(Lovibond) and the 11nal value after ten months
of storage from 3·7 to 4·9, the variation in the
initial ana final values of the readings being nil to
0·2 units.

Experiments carried alit at the National Chemical
Laboratory, Poona - Two sets of vanaspati samples,
fortified with vitamin A at a level of 700 1.U./oz. and
without fortification, were obtained, one from Messrs
Hindustan Lever Ltd, Bombay, and the other from
Messrs Indian Vegetable Products Ltd, Bombay.
A third set was prepared in the laboratory starting
with vanaspati containing neither vitamin A nor
sesame oil (obtained from Messrs Hindustan Lever
Ltd, Bombay) and adding to it the requisite quan
tity of sesame oil and vitamin A (the latter was
omitted in the case of unfortified sample). Each
of the three sets of samples (six in all) were distri
buted in 1 lb. tins with loose fitting lids. One set
was stored for a period of twelve months at room
temperature (24·5-31°C.), the second at 40°C. and
the third set at 15°C. Baudouin test was carried
out on different samples at the end of every month

. during the first four months and later at two-month
intervals.

Experiments carried alit by Messrs Hindustan Lever
Ltd, Bombay - A set of two samples of vanaspati,
one unvitaminized and the other vitaminized at a
level of 700 1.U./oz., was obtained from a single batch
of vanaspati and each duplicated into another two
samples, one unflavoured and the other flavoured in
accordance with A.S.C. specification (No. 139) for
•Oil Hydrogenated '. The four samples were further
duplicated and one set stored at room temperature
(25-35°q for six months and the other at 40°C.
Another sample of vanaspati, fortified at a higher
level of 1000 1.U./oz., was also prepared and stored
both at room temperature (25-35°C.) as well as at
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40°C. for six months. In either case the Baudouin
test was carried out on each of the samples at two
month intervals.

Experiments carried out at the laboratories of the
Directorate of Sugar and Vanaspati - Ten samples of
vanaspati. fortified with vitamin A at a level of
700 1.U./oz., were drawn from different factories.
Each sample was divided at source into se\'en 4-oz.
portions which were packed in sealed containers.
The samples were stored at room temperature (25
40°C.) over a period of six months. One sample from
each set was examined at monthly intervals for
Baudouin test.

The results obtained in the different laboratories
are summarized in Table I.

Conclusion

The results obtained at everyone of the four labo
ratories clearly show that there is no difference in the
characteristics of vitaminized and unvitaminized
samples of vanaspati on storage in so far as the
Baudouin test reading is concerned. Further, vita
min A does not have any adverse influence on the
Baudouin test reading of vanaspati. This holds
good irrespective of the temperature of storage,

whether the samples are stored at 15°e., room tem
perature or 40°e., and also regardless of whether the
product is stored in ealed tins or in containers with
loosely fitting lids.

Considering that the level of fortification adopted
in the experiments reported by Mathur et al. was
300 LU./oz. of vitamin A, the results of the present
experiments, which were carried out at much higher
levels of fortification (700 and 1000 LU./oz.), are
significant. If the contention of Mathur et al. were
correct, then the response of the amples employed
in the present series of experiments to Baudouin test
should have been poorer in view of the higher con
centration of vitamin A in the samples. The pre
sent investigations, carried out independently at
four separate laboratories, have conclusively estab
lished that, contrary to the findings of Mathur et al.,
vitamin A has no adverse effect on the Baudouin
test reading of vanaspati on storage.
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Dr P. Nilakantan Appointed Director,
National Aeronautical Research Laboratory, Bangalore

DR P. NILAKANTAN

D R P. NILAKANTAN, formerly Director of
Technical Development & Production (Air),
Ministry of Defence, has been appointed

Director, National Aeronautical Research Laboratory,
Bangalore, with effect from 1 June 1959.

Dr Nilakantan was born on 19 April 1910 at N'lger
coil (Kerala). He had a distinguished academic record
at the Banaras Hindu University and obtained the
Ma ter's degree in Physics in 1935, standing first
in the University for which he was awarded the
Chancellor's Gold Medal. Later, he joined the Physics
Department of the Indian Institute of Science, Banga
lore, to\vork with Dr e. V. Raman and was awarded
the D.sc. degree of the Madras University for his
thesis on • Crystal magnetism'. He proceeded to
U.S.A. in 1941 and joined the California Institute of
Technology (1941-43) to specialize in aeronautical
engineering under Dr Theodore von Karman.
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He was awarded the
M.S. degree in Aero
nautical Engineering in
1.942. He served as
Chief of Vibration and
Flutter Analysis at
Hughes Aircraft Co.,
California, during 1943
44. On his return to
India, he joined the
Civil Aviation Depart
ment of the Govern
ment of India and or
ganized the Research
& Development Direc
torate. He was res-
ponsible for setting up the Technical Research
Centre in this Directorate and initiated work on the
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design .and construction of gliders from indigenous
materials.

Since 1948, Dr Nilakantan has been intimately
associated with practically all aircraft design and
developme:lt activities of the Hindustan Aircraft
Ltd, Bangalore. During the past few years, he had
been organizing the Directorate of Technical Devc
lopment & Production (Air), Ministry of Defence,
and completed successfully a number of important
Air Force development and production projects.

As convener of the Wind Power Project, Council
of Scientific & Industrial Research, Dr Nilakantan

has also directed his attention to research on wind
mills, as a result of which windmills suitable for
use under Indian conditions. have been designed
and constructed from indigenous materials.

Dr Nilakantan is the author of a number of research
papers and monographs on magnetism, X-rays, aero
dynamics, flutter and vibration, and aviation. He
is a Fellow of the Indian Academy of Sciences and
the Institute of Physics, London, Associate Fellow
of the Institute of Aeronautical Sciences, U.S.A.,
and Fellow and Founder-Secretary of the Aeronautical
Society of India.

Lady Tata Memorial Trust Awards, 1959-60

THE TRUSTEES OF THE LADY TATA MEMORIAL TRUST

have announced the award of the following scholar
ships for the year 1959-60.

International Scholarships (totalling £ 5065) for
research in the diseases of blood with special
reference to leucaemias have been awarded to:
Dr M. Simonsen, Patologisk-Anatomiske Institute,
Copenhagen, Denmark: Treatment of mouse leucaemia
by irradiation and grafting of normal cells; Dr M.
Bessis, Centre National de Transfusion Sanguine,
Paris, France: Electron microscopic studies on ultra
structure of normal and leucaemic cells; Dr G. Klein,
Karolinska Institute, Stockholm, Sweden: The nature
of development of dru.g resistance by malignant growths;
P. A. Pillai, Centre de Microscopic Electronique,
Lausanne, Switzerland: The electron-cytological effects
of radiations; Dr J. Ponten, Patologiske Institute,
Uppsala, Sweden: Study of the virus-host relationship
in fowlleucaemias; Dr (Miss) B. M. Braganca, Indian
Cancer Research Centre, Bombay: Enzymes involved
in folic acid metabolism in normal tiSS1M and their role
in disease; Dr J. Hastrup, Institute of General Patho
logy, Aarhus, Denmark: Experimental and clinical
studies on the effect of cysteamine and antineoplastic
chemotherapeutic agents on leucaemia; Dr E. Kele
men, Postgraduate School of Medicine, Budapest,
Hungary: Genetic factors in experimental transmission
of murine leucaemia; and Dr A. E. Stuart, Depart-

ment of Pathology, University of Edinburgh, Scot
land: Study of the leucocyte antigens in relation to dis
turbed immunology in acute leucaemia and in malignant
reticulosis.

Indian Scholarships of Rs 250 per month each for
one year for investigations having a bearing on the
alleviation of human suffering from disease have been'
awarded to the following: (Miss) M. H. Gandhi, St
Xavier's College, Bombay: Epidemiological studies
in diphtheria; P. Suryanarayana Murthy, Indian
Institute of Science, Bangalore: Carbohydrate meta
bolism of susceptible and INH-resistant strains of
Mycobacterium tuberculosis H 37Rv ; N. L. Tikotkar,
Department of Chemical Technology, University of
Bombay, Bombay: Synthesis of heterocyclic steroids
and polycyclic compounds; Dr (Miss) M. R. Bakhtiary,
Nowrosjee Wadia Maternity Hospital, Parel, Bombay:
Pathological investigation into the cause of obstetric
deaths in the foetus; (Miss) M. D. Menon, Government
College, Chittur, Cochin (Kerala): Studies of the
inhibition of mitosis by adrenal-cortical steroids on
embryonic cells of vertebrates; Dr R. K. Panja, Institute
of Postgraduate Medical Education and Research,
Calcutta: A n immunological approach to cutaneous
collagen diseases-An experimental study; and G. N.
Parvate, Indian Cancer Research Centre, Bombay:
Effect of f3-rays from yttriumBO on different tissue cells
by using interference microscopy.
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PROCESSED PLANT PROTEIN FOODSTUFFS, edited by
Aaron M. Altschul (Academic Press Inc., New
York; Distributors in India: Asia Publishing House,
Bombay), 1958. Pp. xv + 955. Price $ 26.00

The book consists of two parts: Part I - General
Properties of Plant Proteins and Their Utilization
and Part II - Processed Plant Proteins. Part I has
12 chapters: Proteins; Plant proteins; Processing of
oilseeds; Effect of heat on plant proteins; Effect of
other processing factors on vegetable protein meals;
Evaluation of protein quality; Use of processed plant
proteins in mixed feeds; Use of processed plant pro
teins as human food; Vegetable protein isolates;
Potential uses of isolated oilseed protein in foodstuffs;
Chemical sources of nitrogen as supplements to pro
tein feeds; and Supplementation of plant proteins
with amino acids. Considering the scope of the book,
this part could have been given in a more condensed
form. Part II deals with: Soyabean oil meal; Edible
isolated soyabean protein; Groundnuts (peanuts) and
groundnut meal; Cottonseed meal; Sesame meal;
Sunflower seed oil meal; Rapeseed; Mustard seed;
Poppy seed meal; Linseed meal; Minor oilseed
and tree nut meals; Coconut oil meal; Palm
kernel meal; Alfalfa and other leaf meals; Peas
and beans; Fermentation feedstuffs; Milling feeds;
Microbial proteins; The algae; Inedible oilseed
meals; Plant residues and pomaces; and Amino
acid composition of foodstuffs. There is a cer
tain amount of uniformity in the treatment of
the subject in each of these chapters as represented
by the following sub-heads: Introduction; Produc
tion and trade; Structure. and composition of the
seed; Methods of processing; Composition of the oil
meal, its use for feed; and Future trends in meal
utilization. Occasionally, as with soyabean, a second
chapter has been devoted to giving greater details
regarding the protein isolated from a particular mate
rial. The chapter on Minor oilseeds includes: Intro
duction; Safflower meal; Almonds; Walnut; Babassu;
Hempseed; Pecans; Illipe nut; and References. A
useful table listing the contents of essential amino
acids of proteins of selected products and expressed
uniformly in terms of 16 g. nitrogen is a thoughtful
inclusion in the last chapter. Besides, there is a
chapter on general introduction to start with. The
matter treated under Appendix on ' National Average
Food Supplies' also deserves the status of a chapter
because of much new information provided therein
by means of tables and diagrams. There is a copious
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citation of the literature references at the end of each
chapter.

As has been stated in the Preface, " The general aim
of this work is to present information needed alike by
growers, producers and users, and to bridge the gaps
between different kinds of knowledge and interest".
Thus, the book has the very ambitious intention of
taking in its sweep readers of varied interests and
calibre. Naturally, any attempt to cater to such an
assortment of tastes can only end up in information
encyclopaedic in nature and in a presentation which
craves excuse for being discursive. And because it is
a collaborative effort with individual preferences and
no limit set on the type or the quantity of information,
there is a considerable amount of overlapping, to
which the editor has drawn attention in the preface,
in extenuation. In spite of this overlapping and
roominess of the book, there is no mention of ' little
known foods' like Quinoa, Chenopodium guinoa, and
seeds of Sesbania grandiflora. A particularly glaring
omission is that of cashewnut, which is a well-known
edible nut.

This is a collaborative volume providing a wide
range of information in 33 chapters by 38 authors.
The book commends itself as satisfying for purposes
of reference on the subject, and so a worth while
effort.

M. SRINIVASAN

CERENKOV RADIATION AND ITs ApPLICATIONS by
J. V. Jelley (Pergamon Press Ltd, London), 1958.
Pp. vii + 304. Price 65s. net

With the growing importance of high energy particle
detection necessitated both in the field of cosmic
rays and high energy machine physics, Cerenkov

" counters are playing a useful role and Dr J. V. jelley's
monograph is timely and should prove useful to the
experimentalist as well as the general reader. The
many aspects of the literature on Cerenkov radia
tion and its applications are scattered over many
periodicals and in different languages. This mono
graph is the only one which attempts to collect all
the relevant information and presents it within the
covers of a single book.

Though the book is primarily intended for the
experimentalist, the theoretical background necess"ary
for an understanding of the subject is presented
briefly. Also the various results of theoretical study
are summarized, enabling the reader to acquaint
himself with the many fields on which the effect
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impinges, viz. nuclear physics, cosmic rays, optics,
high frequency radio-techniques, astrophysics, etc.

The author begins with a historical introduction
about the early experiments of Mallet and Cerenkov
which led to the discovery of the effect. The simple
but powerful experiments of Cerenkov are described
with necessary details. In Chapter 2, the classical
theory of Tamm and Frank is developed and the
modifications introduced by quantum theory are dis
cussed. Chapter 3 contains the later extensions to
theory and also the many interesting features such
as radiation in ferrites, optically active media, plasma,
etc. The effects of finite track length, dispersion,
diffraction, etc" are discussed and the chapter has a
very good summary of the recent Russian theoretical
,,"ork accessible so far only in Russian language.
Chapter 4 lists the later experimental work whose
pace was very much quickened by the development
of the photomultiplier. Chapter 5 contains an ex
tremely useful and critical discussion on the properties
of the photomultiplier in relation to its application in
Cerenkov detectors. A very useful feature of this
chapter is a collection of all the properties of commer
cially available photomultipliers and the list is fairly
exhaustive. In Chapters 6 and 7, the various experi
mental considerations to be taken into account in the
design of Cerenkov counters are discussed. Optical
considerations, which are quite important, are given
necessary emphasis. The optical properties of various
media suitable as Cerenkov radiators are given.
Chapter 8 is a very interesting one where some of
the classic experiments in which Cerenkov counter
has played an important role are described. The
discovery of the anti-proton by Segre, Chamberlain
et at., the cosmic ray albedo estimation by Winckler
d at., the determination of the charge spectrum of
primary cosmic radiation by the Minnesota group
experiments where the Cerenkov counter has played
the most effective role in clinching controversial issues
are described with clarity and precision. In Chapter 9,
the author discusses the role of Cerenkov radiators
in the atmosphere - a field in which Dr Jelley's
personal contribution has been quite significant. Re
cently these ideas have been usefully applied by Rus
sian workers in their study of extensive air showers,
and this should stimulate interest in this parti
cular application of Cerenkov radiation. Chapter 10
describes the feasibility of gas Cerenkov counters
which are bound to play a very important role
in high energy physics. Work in this exceedingly
interesting field is starting just now and the reviewer
is happy to notice the emphasis that Dr Jelley places
on the developmental work in this field. Chapter 11
lists miscellaneous ideas and applications of Cerenkov
effect in various allied fields.

The book is copiously illustrated and contains a
lot of useful experimental data in appendices and
tables. The excellence of the bibliography at the end
of the book cannot be over-praised. Typographical
errors are very few and the book is got up attrac
tively.

The book should prove extremely useful to ex
perimental workers in the field of high energy
physics.

A. S. RAO

COMPOSITE CONSTRUCTION IN STEEL AND CONCRETE
FOR BRIDGES AN'D BUILDINGS by I. M. Viest,
R. S. Fountain & R. C. Singleton (McGraw-Hill
Book Co. Inc., New York, Toronto, London), 1958.
Pp. xv + 176. Price $ 7.50

The book has been divided into six chapters with two
appendices. As the authors state, it is a logical
development of the basic concepts in the composite
design of structures, particularly combinations of
steel sections with R.C.C. slabs, both in bridges and
buildings.

The formulae dealing with the design of composite
structures in steel and concrete have been logically
developed on the well-known straight line theory of
distribution of stresses. Formulae have been also deve
loped for composite construction with rolled steel
sections and cement concrete slabs; rolled steel sec
tions with additional cover plates; plate girders with
concrete flange in simple spans as well as continuous
spans.

The most important aspect which ensures a homo
geneous action between steel section and cement con
crete slab is the shear connector. Formulae for the
design of three types of shear connectors, viz. stud,
channels and spirals, and design formulae for their
strength and their spacing have been developed.
Construction details of shear connectors are des
cribed.

Chapter 4 deals with worked examples of different
types of bridges with rolled beams without shoring;
rolled beams with cover plates but without shoring;
simple-span bridge with welded plate girder without
shoring; simple-span bridge with rolled beam and
cover plates with shoring; three-span continuous
bridge with rolled beams and cover plates without
shoring; and four-span continuous bridge with welded
plate girder without shoring, have been worked out
in detail. These examples are worked out according
to the American Association of State Heavy Official
Standards.

Chapter 5 deals with design aids in the form of
tables and curves for different combinations of steel
sections and slabs and also includes ready reckoner
tables for the design of studs, channels and spirals as
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shear connectors. The addition of curves for differ
ent types of combinations given in pages 135 to 142
are useful for the quick designing of these types of
structures.

Chapter 6 gives a useful list of literature references
from which a student can obtain further information
on composite structures.

Appendix I deals with the application of composite
construction in steel and concrete for buildings. In
the examples cited both in this chapter and in
Chapter 4, account has been taken of the effect of
creep and shrinkage in concrete on the design of such
structures.

Appendix II gives a brief idea of how to get
the ultimate moment of resistance of composite
T beams.

The book is a very useful aid for those engaged in
the design and construction of composite structures
in steel and concrete.

N. R. SESHADRI

PHOTOMICROGRAPHY by R. M. Allen (D. Van Nostrand
Co. Inc., Toronto, New York, London), Second
Edition. 1959. Pp. xiii + 441. Price 67s. 6d.

Photomicrography covers a field of wide applicability,
being extensively utilized in medicine, metallurgy,
crystallography and mineralogy, and in industry.
Photomicrography is, however. both an art and
science. To be able to produce successful photo
micrographs requires considerable practical experience
and at the same time sufficient acquaintance with the
basic principles of microscopy and photography. A
book entitled photomicrography has, therefore, to
deal with principles of microscopy and photography,
apart from special techniques of photomicrography.
The book under review opens with a chapter on
, Fundamental principles of photomicrography', des
cribing the construction and optical system of a com
pound microscope. theoretical concepts of resolution
and methods of illumination which have considerable
bearing on taking good photomicrographs.

The second chapter, covering 50 pages. describes
modern photomicrographic equipment in which there
is a great diversity. The commercial designs, which
have been described, many with photographs, have
been classified into (1) Miniature cameras; (2) Univer
sal vertical cameras; (3) Horizontal-vertical outfits;
(4) Self-contained universal models, and (5) Specialized
photomicrographic outfits. To supplement the com
mercial equipment. hints are given in the chapter on
• Home-made equipment'. The fourth chapter, con
sisting of 105 pages, discusses the many practical
factors on which successful photomicrography depends
such as exposures, use of filters and illumination,
etc.
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The next three chapters cover specialized fields
such as metallography, photography in polarized
light. ultraviolet and infrared lights, motion picture
and colour photomicrography. Then the optical
principles and practice of phase contrast and inter
ference microscopy are discussed. About eleven pages
are devoted to electron microscopy.

Chapter 9 describes, in about 50 pages, the photo
graphic principles and practice. The last chapter
gives a selection of fifty-four photomicrographs
with the exposure data for each, illustrating fields in
which photomicrography is useful.

The first edition of the book came out in 1941;
in the second edition published in September 1958,
which is the volume under review, many of the ad
vances in microscopy and the technique of photo
micrography have been included. The attempt,
however, is only partly successful. A good deal of
commonplace subject matter is allowed to remain.
For example: (i) Chapter 2 is only a collection of a
large number of photographs of commercially avail
able equipment; (ii) when modern techniques have
become so complicated, it is doubtful if a separate
chapter on ' Home-made equipment' is at all neces
sary; (iii) in th~ chapter on 'The technique of
photomicrography' too much attention has been
devoted to less important topics - 13 pages devoted
to filters as compared with 3 pages for polarized light.
2 pages for fluorescence microscopy and 3 pages for
motion picture photography (all in Chapter 5). As a
matter of fact, the subject matter of the book from
page 41 to 221 can be severely curtailed, thus releas
ing space for the more important topics dealt with
briefly in Chapters 5, 6 and 7 (pages 222-312) ; 45 pages
seem too much for describing photographic processes.

The book covers many topics in photomicrography;
the emphasis is, however, uneven. Too much atten
tion has been given to ordinary subjects while recent
advances are inadequately dealt with.

W. M. VAIDYA

NUCLEAR REACTOR EXPERIMENTS by the Staff of the
Argonne National Laboratory, edited by J. Barton
Hoag (D. Van Nostrand Co. Inc., Toronto, New
York, London), 1958. Pp. xv + 480. Price $ 6.75
or SIs.

The book, Nttclear Reactor Experiments, is written by
the members of the staff of Argonne National Labora
tory and serves the purpose it is intended for. Any
member of a nuclear reactor team, whether he be an
engineer, physicist or chemist, and has specialized in
his own subject, must have a knowledge of the whole
reactor field before his services can be utilized effec
tively. With this end in view, the editor has incor
porated a wide diversity of experiments to bring out
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particular ideas or broad concepts of nuclear reactor
physics.

The first two chapters are devoted to the elemen
tary concepts of radioactivity, its detection and mea
surement with simple laboratory experiments. The
next few chapters give the details of the measurement
of physical constan ts and parameters which are
essential for the design of nuclear reactors, starting
progressively from moderator assemblies to critical
ones. The experiments, incorporated in the two
chapters on operating reactors, give a good insight
of the static and kinetic behaviour of the reactor.
Heat transfer loops, which are used for the removal
of heat from a nuclear reactor, are dealt with in the
next chapter. The last few chapters are devoted to
the metallurgical and radiochemical aspects of nuclear
reactors in as much as the fabrication of the fuel
elements, the corrosion and radiation damages, often
encountered in reactors, and separation of plutonium
formed in burnt up fuel, are intimately connected
with them.

The book, besides being helpful to experimental
scientists and engineers, should prove useful to
teaching staff and students connected with nuclear
science and engineering courses conducted by various
atomic energy establishments throughout the world.

M. P. NAVALKAR

ADVANCES IN CHEMICAL PHYSICS, Vol. 1, edited by
I. Prigogine (Interscience Publishers Inc., New
York), 1958. Pp. xi + 414. Price $11.50

Though the scope of chemical physics is none too well
defined, the whole spectrum of activity ranging from
purely physical processes such as transport properties
of matter to purely chemical proces,es such as re
action kinetics treated as a stochastic process, is con
ventionally made to belong to the subject and in
this book one finds articles on eleven such topics
by different authors. The reviewer has never been
able to appreciate the appearance of such volumes,
a mere conglomerate of papers, articles and reviews
by renowned authors, as the existing review journals
are felt adequate for the purpose. Such volumes
merely tax the slender library budget of educational
institutes and tend to leak away valuable articles
which would have otherwise appeared in standard
easily accessible journals. The criticism is more
pertinent as many of the articles contained in this
volume are not reviews but original papers which
should have appeared in standard scientific journals.
The reviewer feels that if the present series were
modelled after the' Annual Review of Biochemistry'
or 'Recent Advances in Physical Chemistry' it
would have served as a more potent stimulus towards
advancement of the science of chemical physics.

The articles are (1) Statistical-Mechanical Theory
of Transport Processes: The Heat of Transport
in Binary Liquid Solutions by Richard J. Bearman,
John G. Kirkwood and Marshall Fixman; (2) Theore
tical and Experimental Aspects of Isotope Effects in
Chemical Kinetics by Jacob Bigeleisen and Max
Wolfsberg; (3) Dielectric Properties of Dilute Poly
mer Solutions by L. de Brouckere and M. Mandel;
(4) Some Physical Aspects of Gaseous Chemical
Kinetics by G. Careri; (5) Transport Processes in
Liquids by Frank C. Collins and Helen Raffel; (6) The
Relation between Structure and Chemical Reactivity
of Aromatic Hydrocarbons with particular reference
to Carcinogenic Properties by R. Daudel; (7) Mole
cular Theory of Surface Tension by A. Harasima;
(8) Recent Developments in Molecular Orbital Tl:eory
by H. C. Longuet-Higgins; (9) Intermolecular Forces

. and Equation of State of Gases by Taro Kihara;
(10) On Statistical Mechanics and Electromagnetic
Properties of Matter by P. Mazur; and (11) The Ap
plication of the Theory of Stochastic Processes to
Chemical Kinetics by Elliott W. Montroll and Kurt
E. Shuler.

The article on isotope effect is a readable summary
of the theoretical position as also its experimental
verification with regard to the differential chemical
kinetic behaviour of isotopes. Though Melander's
important discovery that there is no isotope effect in
electrophilic substitution in benzenoid compound
has been mentioned through a reference to only one
of his papers, the later extension of the work by
other workers in the last few years sometimes even
yielding results at variance with that of Melander
has received no mention. This might mean that the
article was prepared quite a few years ago. In the
fourth article the author has critically re-examined
the kinetics of reaction of the type H +D2=HD +D
as also of atomic recombination reactions and draws
the optimistic conclusion that" we can now use with
more confidence the familiar expressIOns of the rate
process" which to many would have the ring of
robust optimism of a traveller in complete darkness
in a blind alley. The article on structure and carci
nogenic properties hardly merits a place in this
book though it raises high hopes, which have been
repeatedly rudely shocked and smashed in the past
that at least in one field a successful correlation of
physiological effect with molecular data has been
possible. The article on molecular orbital theory,
besides giving briefly the usual LCAO theory, dis
cusses the possibility of its application to spectra of
aromatic compounds with a passing reference to the
free-electron m~lecular orbital theory. The article on
electromagnetic properties of matter is a well-written
introduction to the subject and the last article deals
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with the adjustment of energy distribution in mole
cular assembly which is undergoing chemical change.

One cannot but be struck by even a casual perusal
of the present volume with the tremendous amount
of labour that is being currently spent to devise
models of molecular assemblies, which would simulate
nature to an increasingly higher degree of accuracy
and how baffling have been all such attempts. It is
certainly too much to expect that much of the current
coins would remain in circulation say after fifty
years, but let us at least bury them in familiar
accessible places.

S. R. PALIT

STATISTICAL PHYSICS - Vol. V of the Course of
Theoretical Physics, by L. D. Landau & E. M.
Lifshitz (Pergamon Press Ltd, London), 1958.
Pp. x + 484. Price 80s. net

This is the authorized English edition of the volume
on Statistical Physics which forms a part of the
authors' "Course of Theoretical Physics", which is
proposed to be published in full by the Pergamon
Press in nine volumes. The first edition of this
volume, published in 1938, contained only an exposi
tion of classical statistics. This edition is a complete
ly revised one and includes both classical and quantum
statistics, presented in a unified manner.

The scope of the book may be gauged from the
following list of chapter headings: (i) Basic principles;
(ii) Thermodynamic quantities; (iii) Gibbs distri
bution; (iv) Perfect gas; (v) Fermi and Bose distri
butions; (vi) Condensed bodies; (vii) Real gases;
(viii) Phase equilibrium; (ix) Solutions; (x) Chemical
reactions; (xi) Matter at very high temperatures and
densities; (xii) Fluctuations; (xiii) Symmetry of
macroscopic bodies; (xiv) Second order phase tran
sitions; and (xv) Surfaces. As is to be expected, the
mathematical aspects of the theory are presented
with admirable clarity. However, as is common
with most other books on mathematical physics, no
indications are given in this book as to how far the
theories agree with facts nor even references are given
to help the reader. The choice of topics is in some
parts limited to the authors' special interests and in
some cases, as with the superfluid state, alternative
lines of approach are not presented at all. This,
of course, is true of other tr~atises as well, but it
is mentioned here so that if this book is prescribed
as a text for a postgraduate course on the subject,
the need for supplementing it will have to be kept
in view.

The translation is excellent and reads very well.
The book can be recommended to all students of
mathematical physics.

G.N.R.
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TRANSPORT PROCESS IN STATISTICAL MECHANICS
Proceedings of the International Symposium held
in Brussels during 27-31 August 1956, edited by
1. Prigogine (Interscience Publishers Inc., New
York), 1958. Pp. x + 436. Price $ 10.00

It is generally known that the theory of bulk matter
based on the recognition of its molecular structure
has two aspects: one dealing with equilibrium or time
independent properties which is usually known as
statistical mechanics and the other known as kinetic
theory, which deals with non-equilibrium time
dependent behaviour of matter, in particular the
so-called transport problems. It is the latter that is
the subject of this symposium in which have parti
cipated eminent investigators from many countries.
Nearly 50 papers dealing with the subject matter,
as also related topics, have been contributed. They
have been arranged into fourteen different sets; at
the end of each set is given the discussion pertaining
to it. This helps the examination of each topic from
the point of view of the others engaged in the study.

While in the case of equilibrium processes the basic
theory is known and the difficulties are of a mathe
matical character, it is quite otherwise in the field of
irreversible processes such as the transport problems.
Universally agreed basic concepts are not yet in
evidence; nor have the basic methods of attack
been agreed upon. The field thus provides scope for
what may be termed as useful speculation at present.

Attempts at placing the kinetic theory and the
Boltzmann equation in a general framework, which
includes equilibrium and irreversible processes have
been described. Use is made of the situation that the
distribution function in the kinetic theory which deals
with 'actual' molecules propagates itself in the same
way as the distribution function in the case of the
, fictitious' ensemble of the statistical mechanics.
Concepts pertaining to the phase space, the Liouville
equation, encounter between molecules, deterministic
mechanics to which the molecules are subject, statis
tical assumptions and probability methods have all
to be interwoven, from a unified point of view, to
obtain the general theory in agreement with experi
ment. Evidently many starting points with con
comitant differences on the emphasis of each one of
the aspects to be considered are to be expected and
they are given. Attempts which have a quantum
mechanical background from the outset are given.
The perturbation method is employed and the
Chandrasekhar equation, a generalization of the
Fokker-Planck equation for phase space, has been
obtained using distribution functions coarse grained
in time and the formalism of the phase space transfor
mation functions. Applications to solids, moderately
condensed systems, gases and globular clusters are
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indicated. Attempts have been made to extend the
definitions of temperature and chemical potential
to cover non-equilibrium but steady assemblies. The
concept of ' equilibrium' is sought to be replaced by
the more general one of 'compatibility'. Treatment
of simple problems and application to quantum
statistics are given.

Theoretical prese:J.tations of thermal conduction in
insulating solids, of the transport of energy and matter
in a dense, two-component mixture of hard sphere,
diffusion in gas mixtures, in para-ortho mixtures,
molecular and turbulent diffusion processes; and
diffusion in solids, and considerations pertaining to
the solution of the Boltzmann equation for electrical
discharges, the Boltzmann equation in quantum
statistics, the approach to equilibrium in quantum
statistics, correspondence principle in quantum statis
tics, have been given. The random motion of the
intermolecular forces and other related problems
have come in as well. The viscosity of helium II,
transport of momentum and energy by phonons, and
strong electrolytes are also to be found. Equilibrium
of a system coupled to a thermostat, Onsager's reci
procal relations, principle of minimum entropy pro
duction, principle of least dissipation, cyclic processes
in irreversible thermodynamics, vibrational relaxation
of diatomic molecules, fluctuation phenomena as a
possible bridge for going over to the irreversible
phenomena by working upon the central idea that
there is a close connection between fluctuation and
dissipation phenomena, have all come in for theore
tical treatment and discussion. The statistical theory
of the asymmetric fission of nuclei has also found
a place. The demonstration of the feasibility of the
use of electronic computers to study the effect of
multiple correlation in molecular dynamics is the
subject matter of one of the papers.

Experimental methods and results on the viscosity
and heat conduction in the neighbourhood of the
condensation region, diffusion and thermal diffusion
in gas mixtures, diffusion in a quasi-crystalline liquid,
diffusion of tracers in solids, and the Soret effect have
also been given.

Several other related topics find a place in this
volume of very useful material; it leaves the impres
sion that this fascinating subject has entered a period
of rapid development.

D. S. SUBBA RAMAIYA

BIOCHEMICAL ENGINEERING: UNIT PROCESSES IN

FERMENTATION, edited by R. Steel (Heywood &
Co. Ltd, London), 1958. Pp. 328. Price 50s.

This well-produced book typifies how a group of men
specialized in different branches of ,science and
technology can make a positive contribution to lay

the foundations of a new discipline, 'Biochemical
Engineering'" in which spectacular developments
have taken place during the past decade and a half.
Biochemical engineering, it has been rightly pointed
out in the text, "is not applied biochemistry": it
may perhaps be summed up as consisting of " indus
trial application of biochemical processes in which
the geneticist, the microbiologist, the biochemist
and the chemical engineer are intimately concerned ",
or simply as unit processes in. fermentation.

The volume embodies a collection of an expanded
version of ten postgraduate lectures delivered at the
Manchester College of Science and Technology by a
group of experts actively engaged in the teaching of
or work connected with one or the other aspects
of the subject. A glance at the list of contributors
and the table of contents would suffice to indicate
the scope of the book and the fields of science and
technology on which the subject borders. The
introduction to the book is contributed by Sir Harold
Hartley, F.R.S., who has not only" leaned all his
authority on the side of recognizing" this new sub
ject, but has in his" inimitable and masterly" fashion
set out the" Principles of Biochemical Engineering ".

It is not possible to comment on all the individual
chapters. Taken collectively they represent a good
cross-section of the recent advances made in (i) micro
organisms and their activities, (ii) substrates for
fermentation processes, (iii) aerobic and anaerobic
fermentations, (iv) recovery of fermentation products,
(v) penicillin manufacture, ann (vi) equipment de
sign. Exhaustive information is also provided on
the topic of oxygen supply to fermentation processes
and the ways and means by which sterilization of the
equipment and media may be brought about on a
large scale. Appropriately, the. volume includes a
discussion on the present trends and the scope for the
future developments in the subject. There is evi
dence to suggest that the various contributors have
drawn on their experience gained during the teaching
of, or research in, the subject in order to present their
conclusions in an integrated and coherent form.
The book is also well illustrated with attractive
photographs and figures, and contains a wealth of
information on the topics covered. The contents
will surely find appeal to a wide range of research
workers in both the academic and the production line,
and will be particularly welcomed by students in
those postgraduate institutions wherein requisite
training facilities exist in the subjects of biochemistry,
microbiology, genetics and chemical engineering
and/or chemical technology. The volume indeed
bears promise of the hope expressed in its preface,
viz. "in years to come, these lectures may prove to
have a place in the history of biochemical engineering
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comparable to that occupied by the Davis Lectures
in the chemical engineering" and as' such should
find a place in all libraries catering to those interested
in science and technology.

lV.B.
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NOTES & NEWS

A new ionospheric
phenomenon

THE RESULTS OF A SPECIAL PRO

gramme of radio observations at
Jodrell Bank, England, in October
1958 revealed two rare radio events
which required the postulation of
a new type of ionospheric pheno
menon to interpret the observed
data. The jodrell Bank pro
gramme provided a high degree of
flexibility by using 5 separate
total-power receivers, all on
slightly different frequencies near
80 Mc/s. to monitor continuously
various sectors of the sky. This
arrangement allowed easy discrimi
nation against localized man-made
interference at anyone site and
against distant narrow-band radio
signals.

The aerials of the five receivers
used and numbered as 1, 2, 3, etc.,
are disposed as detailed below: I,
northerly direction at 30° eleva
tion; 2, northerly direction at 30°
elevation but of low sensitivity;
3, continuously following Cassio
peia; 4, zenithal orientation; and 5:
southerly direction at 30° elevation.

The outstanding observations
may be summarized as follows:
During the period 3-10 January
1959, about ten instances of iso
lated increases in the noise level
were recorded by some of the
instruments, together with simul
taneous decreases in the others.
Further, another striking isolated
event occurred on 25 March 1959
at about 14.00 U.T. In this case,
receivers 1 and 2 showed strongly
enhanced signal level, the ampli
tude being about 150 and 400
per cent the diurnal galactic change
in receivers 1 and 2 respectively.
The corresponding enhancement
in receiver 3, with its aerial direct
ed at this time towards the north
west, was 50 per cent. Receiver 4
recorded a marked decrease of at
least 50 per cent, while receiver 5
indicated a weak increase of about
25 per cent. At the time of this
event the sun was actually in the
beam of the receiver 5 with its
aerial in the southerly direction
and hence it may be concluded that
the direct solar radio frequency

radiation was negligible. Coincid
ing with the above observations
J odrell Bank magnetometer re
vealed a most significant change
in the horizontal component of
the earth's field of c. 50 gammas in
an interval of 4-5 hr.

This event, with its simultaneous
radio frequency emission and ab
sorption in different sectors, is more
intense than any observed in the
January 1959 series. However, it
has the same essential character
istics. It has been suggested that
this phenomenon is caused by pas
sage through the ionosphere of
streams of charged particles of very
high velocity presumably of solar
origin. In the upper ionosphere
such particles stimulate the gene
ration of radio frequency energy
while at lower levels the result is a
net absorption of the background
signal. The absorption mechanism
is well established, especially in
polar regions, and may be attri
buted to the production of abnor
mally dense ionization in the lower
ionosphere. However, very little is
known of processes which can gene
rate radio frequency noise in our
atmosphere. It is believed that the
impact of charged particles, both
of high velocity and high density,
is consistent with the environ
ment for production of Cerenkov
type radiation. Other processes
are also being considered.

Events of the type described
above seem to be rare. It is sig
nificant that both the first event
of the group in January already
reported, and the isolated event of
25 March, seemed to be the pre
cursors of a period of intense solar
activity with associated terrestrial
events such as magnetic storms and
aurorae. A preliminary investi
gation has failed to reveal any
unusual solar or other terrestrial
effects which may be associated
with this phenomenon [Nature,
Lond., 183 (1959),1178].

Photo~raphin~ of
sin~le atomic particle

PHYSICISTS AT THE UNIVERSITY OF
Michigan have found a way to
photograph the light from the path

of a single atomic particle, a light
so weak that it must be intensified
100,000 times to be picked up by
the most sensitive photographic
film. The tiny flash, lasting only
a millionth of a second, is produced
along the trail left by an atomic
particle speeding through a scintil
lating crystal, an effect similar to
that occurring in an operating tele
vision set. However, in contrast
to a television screen, which has
many millions of electrons striking
it every instant, the present device,
called a luminescent chamber, has
made it possible to photograph the
light from the path of a single
nuclear particle, say, an electron,
proton, meson. The device is ex
pected to play an important role in
high energy nuclear physics studies
ranking in importance with an
earlier development, the bubble
chamber, which led to a number of
advances in the field of nuclear
particle physics.

In the luminescent chamber,
intensification of the tiny flash
of light is achieved by a series
of specially developed electron
, image' tubes (made by the West
inghouse Electric Corporation and
the Radio Corporation of America),
each of which, in turn, intensifies
the light and focusses it with lenses
on the next tube. Both the bubble
chamber and the luminescent
chamber record the paths of atomic
particles; the luminescent chamber,
in addition, can be instructed to
photograph a certain particle path
without recording any other events
occurring in the crystal just before
or after the selected particle, in
time. Certain very rare types of
particles or interactions of great
interest can thus be studied much
more easily and at will. Current
development indicates that a tele
vision camera may ultimately be
substituted for the film and the
flashes may be picked up on video
tape. The luminescent chamber
could be installed in satellites
equipped with remote controlled
advance programming and a tele
vision camera and equipment to
transmit signals to the earth to
obtain pictures of far distant stars
or galaxies [J. Franklin Inst., 267
(1959), 361].

Nuclear thermocouple

DIRECT CONVERSION OF ATOMIC

power to electric power has been
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achieved by scientists at the U.S.
Atomic Energy Commission's Los
Alamos Scientific Laboratory, using
a thermocouple composed of ura
nium and cesium (in gaseous form).
The method eliminates all other
accessories except the nuclear re
actor in the production of power
from fission which may lead to
reduction by one-half the present
cost of power reactors. It also
enables reduction in the dead
weight load o( fuel now needed to
propel a space rocket and hence
allows equipping satellites with a
small but long lasting electricity
source for telemetering data. The
simple device was tested for the
first time on 3 April 1959. The
development was a sequel to a dis
covery made in July 1958 that a
very hot gas could be substituted
for one of the metals in a thermo
couple to largely improve its cur
rent generating efficiency.

The electric power is obtained
from a nuclear reactor containing
a uranium carbide source surround
ed by a plasma of hot, ionized
cesium gas. When the reactor is
on, atomic fission causes such a
release of heat that a current is pro
duced. The current is transmitted
by the cesium gas to a collector
from which it can be extracted. A
piece of uranium about a third of
the size of a cigarette has been
used in this manner to light a
bulb for 12 hr much beyond the
originally expected few minutes
[Sci. Newslelt. Wash., 75 (1957),
248).

Sound waves of 10,000 Mc/s.

THE GENERATION OF SOUND WAVES,
with a frequency of 10,,000 Mc/s.,
i.e. of the highest pitch ever pro
duced, has been reported by scien
tists at the General Electric Re
search Laboratory. This accom
plishment is expected to open the
way for new discoveries in solid
state research by providing a new,
powerful technique for observing
how solid materials react to in
tense shaking-up of the atoms in
solids.

The 10,000 Mc/s. sound waves
are produced by combining tech
niques used in the propagation of
electromagnetic microwaves with
those of conventional ultrasonics.
Microwave pulses are applied to a
quartz crystal in a specially de
signed cavity-resonator. The crys-
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tal is kept at temperatures as low
as 2°K. to facilitate prevention of
the ultrasonic vibrations from de
generating into vibrations associat
ed with the' heat barrier', one of
the biggest obstacles in the path of
achieving higher and higher sound
frequencies.

Sound waves of all frequencies
can be transmitted by solids but
many of these solids reflect away
and resist penetration of the elec
tromagnetic waves in certain region
of the electromagnetic spectrum.
Thus the new high frequency ultra
sonics produced will help fill the
gap in solid state in investigational
techniques. These extremely high
frequency sound waves are expect
ed to be used to investigate pheno
mena such as the energy levels
of atoms and the interactions of
electron spins in a crystal lattice
[j. Franklin Insl., 267 (1959), 362].

Examination of
particulate matter

A SIMPLE AND EFFECTIVE TECH
nique for preparing microscope
slides (incorporating a sample fine
filter membrane for collecting solid
material suspended in a liquid) for
determining the size and nature
of the particles has been used at
the Thornton Research centre of
the' Shell' Research Ltd, England.
The essential feature of the method
is that the membrane is made
transparent to permit the use of
transmitted light without disturb
ing the particle distribution.

A water ejector pump is used to
assist filtration. By keeping this
pump running, the membrane may
be dried in a few minutes. With
the suction still applied, a fixative
is poured down the side of the
filter funnel so as to spread steadily
across the membrane and be drawn
through it. The forces acting on
the particles are such that these
are held against the membrane
and are not disturbed by the ad-

o vancing liquid front. The fixing
process is complete when the fixa
tive has been drawn through the
membrane and the latter is again
dry. With the correct choice of
fixative the membrane retains its
porosity, and is thus capable of
being rendered transparent by satu
ration in Canada balsam diluted
with xylene. It can be mounted
as desired without disturbing the
particles.

A solution of 0'5 per cent (w/w)
, Perspex' in chloroform as the
fixative is found to serve quite
well for the purpose. A mem
brane exhibiting negligible grain
when treated should be chosen
when an automatic particle counter
is used. It should be ensured that
the drying processes are carried
out to completion; otherwise
blotches caused by trapped air or
liquid other than balsam may
resu~t in counting errors [Nature,
LOlld., 183 (1959). 1000).

New low-meltin~ ~lasses

A NEW GROUP OF LOW-MELTING
glass compositions with far-reach
ing implications in the manufacture
of moisture-sensitive devices has
been developed at the Bell Tele
phone Laboratories. Composed of
varying proportions of sulphur or
selenium and the heavy metals
arsenic and thallium, the glasses
become very fluid at temperatures
between 125° and 350°C., a tem
perature range 300-400°C. lower
than any previously known low
melting glass. In this temperature
range they have viscosities approxi
mately equal to tha t of castor oil at
room temperature, a viscosity suit
able for coating devices by a simple
dipping procedure.

The glasses range electrically
from semiconductors to insulators
with a minimum resistivity of 10&
ohm cm. maximum resistivity
(sulphur and selenium ternary
compositions) of over 1014 ohm cm.
Chemically, the glasses show the
same durability characteristics a.s
glasses in general but are attacked
by concentrated alkalies. Several
compositions are stable to air
oxidation up to a temperature of
250°C.

These compositions exhibit pro
perties not normally available in
organic coating materials. They
have extremely low permeability to
both water and helium, and possess
good wetting characteristics with
respect to most metals. Thermal
expansion coefficien ts range from
20 to 50 X lO-orc. Thermal con
ductivities are of the order of
0·0007 cal./sec. (cm. 2) (OC./cm.).
These glasses are also unusual in
that they can be evaporated and
condensed as thin glass films.
The selenium-containing composi
tions bond particularly well to
ceramics and the silicate glasses.



The development of these mate
rials has opened new possibilities
of encapsulating semiconducting
devices, capacitors, resistors and
printed circuit boards. In most
cases with proper choice of com
position, design and processing,
potential difficulties at very low
temperatures due to mix-match in
thermal expansions can be circum
\·ented.

Coating of semiconducting de
\'ices like silicon diodes with these
low-melting glasses endowed these
devices with excellent initial cha
racteristics. In addition, improve
ments have been observed when
such units were heated or operated
[.Vews from Bell Telephone Labora
tories].

Zinc borosilicate glasses

THE GLASS-FORMING REGION OF THE

zinc borosilicate system has been
investigated with a view to have
glass that can resist both high
temperature and thermal shock
and yet maintain good optical
quality. Such glasses are useful
for glazing windows in supersonic
aircraft so that visual and photo
graphic observations can be made
with a minimum of distortion. As
the zinc borosilicate glasses can
be melted at moderate tempera
tures, they lend themselves to the
production of glasses of an
optical quality which is extremely
difficult to obtain with the high
melting commercial heat-resistant
glasses.

Of the 42 different compositions
of zinc borosilicate systems that
were melted, 26 produced homo
geneous glasses, the compositions
of which were within the following
limits in mole per cent: 50-60 per
cent of zinc oxide; 20-50 of boric
oxide; and 0-20 of silica. The sag
points of the zinc borisilicate
glasses ranged from 585° to 665°C.
which is the approximate tempera
ture range of the sag points of most
commercial borosilicate and silicate
glasses. All the clear glasses have
liquidus temperature between 950°
and 1000°C. Glasses containing
less than 55 mole per cent ZnO
are characterized by the presence
of thin films on the top surface
of the specimen. The glasses are
serviceable in contact with water
or neutral solutions [U.s. Nat.
Bllr. Stand. Tech. News Bull., 43
(1959), SO].

NOTES & NEWS

Biological bromination

THE UTERUS OF THE PREGNANT
spiny. dogfish, Squalus acanthias,
has been found to convert phenol
red into a new purplish blue dye,
bromophenol blue. This is the
first example of biological bromina
tion observed in a vertebrate.

Phenol red, shown by paper
chromatography to be free from
any contaminating dyes, is dis
solved in sea water, and 50-100 ml.
portions are introduced into the
uteri of dogfish in the second sum
mer of pregnancy (the spiny dog
fish has a gestation period of almost
two years). After 24-48 hr, most
of the phenol red is converted to
the purplish blue dye. The dog
fish were kept alive in sea water at
14-5°C. The similarity of the blue
dye with bromophenol blue has
been confirmed by a number of
observations. The new dye ob
tained from uterine fluid (PH c. 5-6)
turns yellow on acidification. Fur
ther, the colour change covered a
pH range from 3·5 to 4·5, which is
in agreement with the range report
ed for bromophenol. Chromatogra
phic behaviour in four-solvent sys
tem failed to show any significant
difference between the blue dye and
bromophenol blue. The absorption
spectra of the blue dye and the
bromophenol are identical in the
visible region, from 400 to 600 m(.1
[Science, 129 (1959), 778].

Antibiotic and insecticidal
activity of fire-ant venom

FIRE ANT'S (Solenopsis geminata)
venom has been shown to possess
strong antibiotic activity against
several bacteria and moulds. It
is also found to be a very potent
insecticide. The venom samples
are obtained by milking the ants,
teasing them with a glass capillary
into which poison is ejected.

As an antibiotic the venom has
proved effective against M icro
coccus pyogenes, Streptococcus pyo
genes, Escherichia coli, Lactobacillus
casei and a variety of moulds.
Antibiotic activity of the venom
probably explains why pustules
arising at the site of sting are anti
septic. As an insecticide, the ve
nom is highly toxic to the fruitfly,
housefly, termite, boll weevil and
rice weevil. Even two species of
mite are highly susceptible to it.
It acts much like a tranquillizer,

but exactly how it attacks the
nervous system is unknown so far.

So far the exact chemical nature
of venom is not known, but quite a
lot is known about the material.
The venom is soluble in most
organic solvents, and is insoluble
in water in which it disperses as
fine milk-coloured globules. It is
also non-proteolytic. It has two
phases - an alkaline carrier and
droplets, which are heavier than
the carrier.

It has only aliphatic C-H
chains which show that venom is
non-aromatic. It contains both
methyl and methylene groups, a pos
sible ether linkage, and a carbonyl
group which does not appear to be
an open chain, simple ketone. The
C-H/C=O ratio is much higher
when the sample contains small
amounts of suspended globules.
This indicates that the globular
component contributes most or all
of the carbonyl-containing com
pound [Chern. Engng News, 37 (13)
(1959), 35].

Glycidaldehyde

GLYCIDALDEHYDE, THE SMALLEST
possible molecule having two re
active centres in an aldehydic
group and an epoxide ring, has
been synthesized by an alkaline
epoxidation of acrolein with hydro
gen peroxide at 8-8'5 pH. -

/0",-
CH,=CHCHO+H,O,.....CH,-CH-CHO

(Glycidaldehyde)

Glycidaldehyde is a colourless
liquid boiling at 57-8°/100 mm. It
is stable at room temperature with
only slight loss of epoxide activity
noticeable after several months'
storage. It is miscible with water
and most organic solvents.

When the compound reacts with
water, alcohols, carboxylic acids,
phenols, and other reagents having
active hydrogens, the epoxide ring
opens to form ~-substituted lactal
dehydes. Similarly active methy
lene compounds like ethyl cyano
acetate and malonic ester give
glycidylidene derivatives. Primary
amines form epoxy aldimines by
interaction with the carbonyl group
of glycidaldehyde. Certain com
pounds, like acetylacetone or aceto
acetic ester, where keto group acti
vates methylene group, react with
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glycidaldehyde to form furfuryl
alcohols [Chem. Engng. News, 37
(16) (1959), 49].

Phosphonitrilic fluorides

PHOSPHONITRILIC FLUORIDES, MEM
bers of a new inorganic homo
logous series (PNF2)n, have been
synthesized, separated and char
acterized up to n=17. These com
pounds, which show a novel type
of aromaticity, have been prepared
by fluorination, with potassium
fluorosulphite, of an undistillable
residue obtained from a reaction
between phosphorus pentachloride
and ammonium chloride. The vola
tile phosphonitrilic fluorides are
then separated by vapour phase
chromatography. From the penta
mer upward these cyclic fluorides
are mobile liquids which rather
resemble the fluorocarbons in
some properties. They are rela
tively inert chemically, and have
very low boiling points for their
molecular weights.

. !
........ P:='" F
/ "'-I

. II 11"'p H

1"'- /
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Spectroscopic evidence and mea
surements of entropy of vaporiza
tion are consistent with the cyclic
and flexible nature of these com
pounds. These compounds show a
high degree of thermal and che
mical stability. The P-N bonds
are short, strong and equal in
length. The aromaticity in these
compounds is of different type
than that found in benzene series.
In the benzene series the aromati
city is confined to six-membered
rings but with phosphonitrilics
aromatic rings of almost any size
apparently can be formed. This
difference in aromaticity appears to
be due to the difference in the
aromatic bonds. In benzene, C-C
bonds are formed by overlapping of
the p-orbitals of the carbon atoms
while in phosphonitrilics, P-N
bonds are formed by the overlap
ping of the p-orbitals of nitrogen
atoms with d-orbitals of the phos
phorus atoms. In the case of tetra
phosphonitrilic fluorides (I) the
actual bonds between nitrogen and
phosphorus are neither single nor
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double but are bonds intermediate
between the two, as in the case
of benzene [Chem. Engng News, 37
(16) (1959), 57].

A new type of
hydrophylic polymers

A NEW CLASS OF HYDROPHYLIC
polymers have been prepared by
reacting acrylic or methacrylic
anhydrides with glucamine at -10°
to O°C. in methanol. The resulting
crystalline monomers, I-acrylamino
or the l-oc-methacrylamido, are then
polymerized with benzoyl peroxide
to give the final polymer a long
hydrocarbon chain with sugar
molecules attached to every other
carbon atom. The properties of the
polymers can be changed when the
monomers are copolymerized with
the common vinyl monomers, such
as acrylamide, styrene or methyl
acrylate. The new polymers will
have many of the properties in
herent in the linear polysaccha
rides. But, because of the hydro
carbon backbone, the polymers
will have many other properties
which could make them useful to
industry in many applications.
The possible industrial applica
tions for the new polymers run
from textile sizing compounds to
smoothing agents. The other pos
sible uses are as adhesives, addi
tives for oil well drilling muds,
paper coatings, thickening solu
tions, and as copolymers to modify
the properties of the existing
plastics [Chem. Engng News, 37
(16) (1959), 41].

Stizo1obic acid

Two PREVIOUSLY UNKNOWN AMINO
acids, stizolobic acid and stizolo
binic acid, have been isolat'ed from
the sap exuded from the cut surface
of the epicotyl tips of the etiolated
seedlings of Stizolobium hassjoo.
Stizolobic acid was isolated from
the combined exudates by ion
exchange column chromatography
and obtained as colourless needles
which melted at 231-3°.

Stizolobic acid is a dibasic
acid having a molecular formula
C9He06N. All nitrogen in the mole
cule belongs to the amino group.
The acid undergoes zonolysis giv
ing aspartic, oxalic and formic acids,
showing that the stizolobic acid
contains =CCH2CH(NH2)COOH,
=CCOOH and =CH groups. The

presence of y-pyrone nucleus was
shown by its hydrogenation
in the presence of palladium
carbon catalyst, yielding two
acidic amino acids. The major
product gave yellow 2: 4-dinitro
phenylhydrazone. The analysis of
infrared spectra of stizolobic acid
and its deuterated product gave
further support for the y-pyrone
structure of stizolobic acid. The
formation of glutamic acid by
alkaline degradation of stizolobic
acid indicates that the side chain
-CH2CH(NH2)COOH might be on
C3 or C5 position in y-pyrone ring.
This is further supported by the
formation of formic acid. Simi
larly the second carboxyl group
could occupy only C3 or C5 position
as shown by the formation of
malonic acid on alkaline degrada
tion. On the basis of the ultra
violet absorption spectra and the
electrophoretic studies, stizolobic
acid has the structure ~-(3-carboxy-

I

y-pyrone-5-yl)-alanine (I) [Nature,
Lond., 183 (1959), 1116].

Bismuth pentafluoride

BISMUTH PENTAFLUORIDE (BiFsL
found to be one of the most power
ful fluorinating agents known, has
been synthesized at the Division
of Inorganic Chemistry, Argonne
National Laboratory, U.S.A. The
new synthesis involves the direct
reaction of liquid bismuth at 600°C.
with gaseous fluorine at a pressure
of 1500 mm. of Hg. The reaction
vessel is an alundum crucible
placed inside a nickel cylinder.
The reaction is carried out in an
all-metal vacuum system, and all
external operations are performed
in a dry box to prevent bismuth
pentafluoride from coming in con
tact with moisture. The product,
in the form of white needles, is
purified by vacuum sublimation.

Bismuth pentafluoride reacts
very readily with uranium tetra
fluoride to give uranium hexa
fluoride, and it fluorinates halo
gens to form interhalogen com
pounds. It undergoes slow decom
position at elevated temperatures.
However, it can be stabilized fur
ther by reaction with alkali metal



fluorides. This stabilization is
brought about through the forma
tion of a hexa co-ordinate (BiF6)

anion. Its reaction with alkali
metal fluorides indicates the possi
bility of developing a new series of
fluorinating agents [Ghem. Engng
lYews, 37 (IS) (1959), 44].

A new synthesis of
~-halosulphones

..... VERSATILE ONE-STEP SYNTHESIS
of a new series, of compounds, ~

halosulphones intermediates in the
preparation of unsaturated sul
phones, has been achieved. The
synthesis is based on the new free
rilClical addition reactions between
benzenesulphonyl halides with re
active monomers, such as styrene,
acrylonitrile, acrylates, and vinyl
and alkyl halides. The starting
materials are commercially avail
able.

For the reaction equimolar quan
tities of olefin and sulphonyl halide
in a pressure flask are irradiated for
a few minutes with a non-frosted
light bulb. In many cases, the
~-halosulphones crystallize out
\\'ithin a few minutes in more
than 90 per cent yield, which indi
cates a long chain reaction. In a
typical reaction benzenesulphonyl
bromide plus styrene in the pre
sence of light energy react to form
1-bromo-I-phenyl-2-benzenesulpho
nyl ethane. The reaction is very
exothermic and must be mode
rated with an inert solvent to pre
vent explosion. ~-Halosulphones

are useful as flame retardants and
lube oil additives [Ghem. Engng
Nellis, 37 (16) (1959), 45].

Matrix isolation technique

THE MATRIX ISOLATION TECHNIQUE
has been found to permit leisurely
spectroscopic study of extremely
unstable species, including free
radicals. The technique uses a
suspension of the species to be
studied in a solid matrix, which
must be chemically inert, rigid
with respect to diffusion and trans
parent to the spectral region to be
studied. The matrix materials
used are nitrogen, argon and
xenon. When nitrogen or a rare
gas matrix is used, the sample
is prepared by freezing quickly
a gaseous mixture of a small
amount of the material to be
studied in a very large amount of
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the matrix. The coolants are
liquid hydrogen (20°K.) or liquid
helium WK.).

With the help of matrix isolation
technique a number of new subs
tances have been detected which
have not been reported before.
Thus in the photolysis of nitro
methane in solid argon at 20°K.,
trans-methyl nitrile, CH30NO, was
identified. This shows that the
photolysis did not proceed accor
ding to the reaction CH3N02 +hv
=CH3+N02 . Further study of
several other products of photo
lysis led to the identification of the
hitherto unknown nitroxyl, HNO,
radical and stable N20 4 dimer
[Ghem. Engng News, 37 (16) (1959),
46].

Concentration of
protein extracts

A SIMPLE, AUTOMATIC METHOD,
based on the well-known principle
of dialysis against substances of
high molecular weight, has been
successfully used for the concen
tration of even a few m!. of fluid
containing protein.

Fluid containing protein is
placed in a glass tube or container,
preferably with a small protuber
ance at the bottom end having
approximately the smallest volume
to which the fluid is to be concen
trated. Polyethylene glycol with
a molecular weight of 20,000 is
broken up and an appropriate
quantity of the dry granulated
material is poured into the Visking
dialysis tubing. The proportion of
polyethylene glycol to fluid contain
ing protein should be I :10. The tube
containing polyethylene glycol is
placed in the glass vessel containing
the fluid. Better results are ob
tained when polyethylene glycol is
moistened with a small quantity of
water before it is placed in the
fluid containing protein. The level
to which the tubing is to be pushed
down depends upon the final con
centration required. The process of
concentration ceases when the fluid
containing protein reaches the level
of the bottom of the tubing. With
larger quantities of fluid the tubing
containing polyethylene glycol can
be bent several times, providing a
larger dialysing area and accelera
ting the process. The electrolyte
content of the concentrate will be
the same as in the fluid containing
protein at the start, as there is a

free passage of electrolytes across
the membrane.

The method has the great ad
vantage that the concentrate can
be collected from clean glass and
need not be scraped out from the
inside of a sticky tube. Under
suitable conditions a concentration,
for example, of 10 m!. of urine to
about 0·25 m!. is easily achieved in
3-4 hr. The high efficiency of the
method is also due to the fact that
the hydrophilic agent, namely
polyethylene glycol, does not con
tain water and has, therefore, full
absorptive capacity. No denatura
tion effects were observed [Nature,
Lond., 183 (1959), 1055J.

Vanadium from phosphate
rock by ion exchange

VANADIUM IN 80-90 PER CENT
yield has been recovered for the
first time from phosphate rock
along with uranium by an ion
exchange process. The method
has also shown the existence of a
strongly anionic pervanadyl phos
phate complex previously unknown.
The main requirements of the pro
cess are that vanadium should be in
pentavalent state and there must
be some fluoride present in the acid.

When phosphate rock is treated
with sulphuric acid and sodium
chlorate, most of the vanadium
goes into solution in the penta
valent state. It is then adsorbed
along with uranium on Dowex I,
a quaternary amine type of styrene
divinylbenzene anion-exchange
resin. Uranium is separated by
eluting with a dilute solution of
sodium chloride. After uranium
has been eluted, vanadium is
reduced with sulphur dioxide to
tetravalent state. The tetravalent
vanadium is next adsorbed on a
cation-exchange resin, Dowex 50,
and eluted this time with ammo
nium chloride. The whole process
concentrates the vanadium from
about 1·2 g./litre in the 30 per cent
phosphoric acid to 60-70 g./litre
in the cation-exchange effluent
[Ghem. Engng Nellis, 37 (1959), 49].

British Institute of
Criminology

A UNIQUE SCIENTIFIC RESEARCH
organization to be known as the
Institute of Criminology, with its
headquarters at Cambridge, will
be established in the near future.
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The recognition of the two facts,
that (1) crime is ubiquitous, and
that (2) fundamental research
which is the only effective approach
to check (and prevent, if possible)
crime, can only be carried Qut by
the combined efforts of experts
representing several facilities such
as psychiatry, psychology and
social science, led to the planning
of the present institute to co-ordi
nate scientific research in criminal
science. The useful work done and
experience gained by the existing
Department of Criminal Science are
expected to serve as a good founda
tion for the building up of the new
institute.

The purposes of the Institute are:
to place research in criminal science
on a level of importance with
research in other spheres of science;
to give impetus to the teaching of
criminology as a graduate and
postgraduate study; and to aid
the interchange of knowledge and
experience between students and
those taking part in the adminis
tration of criminal justice.

The new Institute of Criminology
will be a part of the University of
Cambridge and will enjoy perfect
academic freedom of research and
teaching, though the connection
with the Home Office in London
and with its Research Unit would
be maintained [British Informa
tion Services Release No. BF. 1123,
dated 2 June 1959].

The Chemical Elements

THE REVISED 1959 EDITION OF THE
Chemical Elements chart, published
by the Chemical Elements Co.,
Box 315, South Lancaster, Mass.,
U.S.A., carries detailed and tabu
lated information on all the known
chemical elements grouped as in
the classical periodic table after
Mendeleef. Besides giving the
names of the elements in English,
French, German and Russian, the
tabulated statements record the
derivation of the names of the ele
ments, information regarding their
discovery, the arrangement of the
electrons in the atomic structure
of the elements, their atomic
weights, isotopes-the more abun
dant isotopes being printed in
heavy type - valencies, various
physical properties, nature of
occurrence, methods of prepara
tion, uses, etc. A considerable
amount of additional information
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is given which is normally not to be
found in a chart of this type. It
includes information on transmuta-'
tion of the radioactive elements,
electrochemical series, identifica
tion by flame and borax bead tests,
the extent of distribution in nature,
critical constants of gaseous ele
ments and mechanical properties
of certain metallic elements; even
the alchemistic symbols of some
common chemical elements are
given. A tabulated index of the
elements is added to facilitate
locating each element with respect
to the group and family to which
it belongs.

The chart, which is priced $ 1.00,
should be an excellent teaching
guide.

Annals of Occupational
Hy~iene

THE SOCIETY OF BRITISH OCCUPA
tional Hygiene, in association with
the Pergamon Press Ltd, London,
has commenced publishing an inter
national quarterly, The Annals of
Occupational Hygiene [price £3 lOs.
($ 10.00) per volume for libraries,
government departments and indus
trial establishments and £2 12s. 6d.
($ 7.50) per annum for individuals].
This journal is the first of its kind
specially devoted to the publica
tion of research in occupational
hygiene with special reference to its
scientific and engineering aspects.
The publication is of special interest
and value to workers in the fields
of air pollution, human engineer
ing, health physics, ergonomics,
mining, heating, ventilating and
lighting engineering, and foundry,
chemical and pharmaceutical in
dustries.

Electrochimlca 'Acta

WITH A VIEW TO HAVING A SPECI
fic and suitable medium for the
rapid publicity of original com
munications in electrochemistry,
the International Committee for
Electrochemical Thermodynamics
and Kinetics has started publish
ing Electrochimica Acta [price £ 6
($ 17.00) per volume for libraries,
government departments and in
dustrial establishments and £3 lOs.
($10.00) per annum for individuals],
an international journal, published
bimonthly by the Pergamon Press,
London. In addition, it will include
articles on metallurgy, chemical phy-

sics, electronics, and the chemical
industry.

Reactor Technolo~y

THE PERGAMON PRESS, LONDOr.;,
has commenced, since March 1959,
the publication of a new journal,
Reactor Technology (which forms
Part B of the Journal of Nuclear
Energy). The journal has been
started to provide an international
medium for the publication of
papers on technological subjects,
embracing many scientific disci
plines and describing original work
in the nuclear energy and allied
fields.

Papers for publication in the
journal will generally deal with:
applied mathematics including use
of computers for design purposes;
applied physics including nuclear
and reactor physics; chemical en
gineering, fuel processing and plant
criticality; heat transfer and fluid
flow in reactors and heat cOll\'ersion
equipment; metallurgy and fuel
element design and fabrication;
construction and design of nuclear
reactors and associated equipment
and their utilization, control sys
tems and instrumentation. It will
also include papers reviewing the
progress in specific aspects of
nuclear engineering, when the need
for such a survey in a parti
cular technological field becomes
apparent.

The annual subscription for the
journal is £7 or S20.00 for libraries,
industry and government organiza
tions, and £ 3 10d. or S 10.00 for
private subscribers if certified that
it is for personal use.

Burmah-Shell and
Assam Oil Company
Scholarships, 1959

THE FOLLOWING TEN CANDIDATES
have been selected for the award
of the Burmah-Shell and the Assam
Oil Company Scholarships for re
search and training in U.K. during
the session commencing October
1959.

Burmah-Shell Scholarships-
Sarvashri K. C. Varshney (Petro
leum technology) ; S. P. Puti (Mining
engineering); and S. A. Arunacha-
lam (Fuel technology). ,

Assam Oil Company Scholar
ships - Sarvashri V. B. V. Rajan
(Petroleum technology); T. Guha
(Petroleum technology); P. N. Nayak



(Petrolemn geology al/d geophysics);
R. V. Gopalakrishna (Fuel techno
logy); V. D. Sahgal (Foul/dry prac
tice); M. N. Srinivasan (Fonudry
practice); and P. K. Chakravarty
(Mining engineering).

Announcements

• Dr A. ]{. Ganglily of the Univer
sity of Delhi has been awarded the
1851 Exhibition Scholarship for the
year 1959 by the Royal Commis
sion, London. The scholarship is
for research in organic chemistry
at the Imper1al College of Science
and Technology, London.

• Shri B. Biswas of Calcutta Uni
versity (at present at the Univer
sity of Southern California) has
been awarded the Oliver Gathy
Studentship of the Cambridge Uni
versity. The award, tenable for
one year, is for research in the
application of physical methods
to biological problems.

• Dr. S. N. Bhansali Charitable
Trust Prize, 1958 - The Bombay
Obstetric and Gynaecological So
ciety invites thesis or essay on
• Any Original Work on Human
Sterility' for the award of the
prize for the year 1958. The
value of the pril,e is about Rs 500.
The competition is open to all
registered medical graduates of any
statutory Indian university.

Entries should reach the So
ciety's office by 1 ovember 1959.
Full details and rules govern
ing the award of the prize can
be obtained from the Hono
rary Secretary, Bombay Obstetric
and Gynaecological Society, Puran
dare Griha, Chowpatty Sea Face,
Bombay 7.

• Award of Doctorate Degrees
Shri G. Aruvamudan and Shri
M. V. Jambunathan have been
awarded the Ph.D. degree of the
Mysore University for their theses
entitled Studl:es on phase rule and
Some studies in statistical sampling
and sample surveys respectively.
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Shri V. K. Srinivasan has been
awarded .the Ph.D. degree of the
Poona University for his thesis on
Cytomorphological studies in the
genera Zizyplms and Caesalpinia
and cytological studies in the genera
Carica and Gossypium.

INSTRUMENTS AND
APPLIANCES

New liquid scintillation
counter

TRACERLAB, MASSACHUSETTS,
U.S.A., has developed a new ver
sion of the widely used CE-l liquid
scintillation counter for tritium
and carbon analyses. The new
CE-lB has a top opening deep
freezer, a change introduced to
eliminate the problem of loss of cold
air when the front door is opened
for sample changing. A transis
torized, stable, linear gain of 30
pre-amplifiers has been supplied,
one for each photomultiplier. The
pre-amplifiers increase the total
available gain of the amplifier
system, thus permitting the opera
tion phototube and the stable
linear amplifiers at their optimum
points. The pre-amplifiers also eli
minate any criticality in adjusting
various operating parameters for
the best sample to background
counting ratio.

A servo-regulated precision high
voltage power supply eliminates
any drift in high voltage and per
mits reproducible high voltage
settings. Accuracy of the system
is assured by the use of a standard
cell. The resettability of the set
tings is insured by using precision
resistors and a system of stepping
switches rather than the com
monly used potentiometer. A
scaler and a ventilated rack for all
of the electronic components are
also included in the new model.
The background has been lowered
to 150 counts/min., when set for
tritium counting at 5 per cent
efficiency, and the same system
may also be used for carbon
counting, offering 75 per cent effi
ciency and low background.

A sensitive interferometer

. A SENSITIVE INTERFEROMETER HAS
been developed which can greatly
facilitate the testing of precision
flat surfaces such as aircraft fixtures
machine ways and layout plates,
which must be carefully examined
for irregularities. It not only
allows quick check of surface qua
lity but also provides a means of
production control by locating the
spots where added polishing or
lapping is required.

The instrument examines sur
faces by producing a set of inter
ference fringes, which is, in effect,
a contour map of the test area.
The principal element of the inter
ferometer is a double-image prism
which separates a beam of light into
two components. One component
is reflected from the test surface to
a plane mirror and back. On recom
bination with the other component,
reflected from a plane mirror only,
interference fringes are formed.
The fringes that appear in the inter
ferometer eyepiece represent con
tours of equal elevation. They lie
along straight lines if the surface
under test is perfectly flat, but are
curved if the surface is not flat.
Small irregulari ties which do not
affect overall flatness character
istics produce serrated or ragged
fringes. In the present instrument,
because the light is reflected twice
from the test surface, the sensitivity
is double that of conventional
interferometers [Tech. News Bull.
U.S. Bur. Stand., 43 (1959), 53].

ERRATA

This ] oumal, article entitled
.. New Staining Reagents for the
Detection of Condensed Phos
phates", 18B (1959),249-254: Page
251, L.H. col., line 30, ' 2-5 min. '
should be read as ' 25 min. '.

This Journal, article entitled
.. Studies in the Enzyme Make
up of Vibrio cholerae: Part XIV 
Organic itroreductase ", 18C
(1959), 105-109: Page 107, R.H.
col., line 30, '0,0'-dipyridyl' should
be read as ' oc, oc'-dipyridyl '.
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Progress

PASTEUR INSTITUTE, COONOOR

DURING THE YEAR 1958, THE PASTEUR INSTITUTE
undertook a special study of encephalitis which
occurred in Delhi in 1957 and which occurred in an
epidemic form in Nagpur and Madras in June and
July 1958. Five virus strains have been isolated
from specimens tested so far from cases of encepha
litis in Delhi. Three of them were identified as
polio virus type I and others were labelled as ECHO
viruses, as they were not pathogenic. A detailed
report dealing with epidemiological, serological.
mutation and recombination and laboratory studies
on influenza pandemic of 1957. as it affected India,
was prepared at the request of the World Health
Organization for consideration by its Expert Com
mittee on Respiratory Virus Diseases at its meeting
in August 1958 at Stockholm.

A resume of the work done at the Institute is
given below.

Rabies - Studies designed to test the efficacy of
5 per cent Semple vaccine in the treatment of rabies
in humans show that 8·58 per cent of persons bitten
by proved infective animals developed the disease
in spite of having a complete course of treatment.
The mortality rate is only 3·44 per cent as compared
to 50 per cent death rate among a similar group of
persons who refused treatment. The mortality rate
among the incompletely treated is 15 ·63 per cent.
These results indicate that treatment with 5·0 per
cent Semple vaccine is superior to that with I per
cent Semple vaccine used during the years 1912-24.
Investigations on the post-infection anti·rabies treat
ment of dogs. cattle and other animals have been
carried out on 2575 animals. The mortality rates
among them suggest that post-infection treatment of
these animals is useful. Considerable improvement
in the antigenicity of anti-rabies vaccine has been
obtained by pooling the vaccine before ampouJing.
The promising results obtained in potency tests in
mice as well as in post-infection treatment of guinea
pigs challenged with virulent strains of street virus
has led to the adoption of the pooling method for
the routine manufacture of the vaccine at the
Institute.

Studies on combined serum and vaccine therapy, in
rabies, have been carried out to determine the opti
mum conditions which would give best results and the
extent to which the present dosage schedule of vac
cine can be reduced when combined with serum the
rapy. The results indicate that when the challenge
(NYC strain) is low. administration of serum in
addition to vaccine does not appear to be of advan
tage. Treatment with a small dose of 0·25 ml. of a
1 in 30 serum (PIC) and 14 doses of 0·15 or 0·075 ml.
of vaccine gives very good protection compared with
that obtained with higher doses of serum and/or
vaccine.

Influenza - In order to obtain a correct under
standing of the behaviour of a new strain of influenza
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virus responsible for initiating a pandemic in 1957.
the epidemiology of the disease was considered in
detail in 1958. It has been ohserved that the epi
demic started on 18 May 1957 in Madras and spread
all over India in the course of six weeks. In each
area the pattern has been one of sweeping spread
through the most crowded capital and other cities
followed by relatively slow spread across villages and
other towns. An interesting feature is that the
maximum incidence is in the age group 21-25 in May,
in the 6-10 group in June and in 0-5 group in July.
During every pandemic. unusual signs and symptoms
as those of jaundice. encephalitis. psychosis. haemor
rhagic states and gastro-intestinal disturbances have
been reported in case of clinical influenza. While
it has not been possible to rule out completely the
chances of simultaneous infections with other aetio·
logical virus agents in the cases presenting unusual
clinical features. the results are satisfactory in having
established the diagnosis of influenza in these cases
on the basis of laboratory evidence.

Another unusual characteristic of some of the
Asian strains is the effect of ether in inactivating the
influenza virus. Ether is able to break down the
virus into constituent parts like RNA, body protein
and lipoid coat.

Preliminary studies on mutation and recombina
tion of Indian strains of inflnenza virus have revealed
certain intrinsic difficulties in drawing conclusions
from the experimental results. It has been found
that when PR8 and LEE viruses are inoculated to
gether in the same eggs, the resulting harvest shows
that much of the material reacts with both A and B
antisera. This may probably be due to the ability
of the virus genetic core to accept overlays or coats
of specific virus material from distantly related
agents like NDV.

Testing procedures - The following laboratory
procedures have been standardized: (I) metabolic
inhibition test for the assessment of polio antibody
in sera; (2) plaque formation of polio viruses in mono-

o layer monkey kidney cell cultures; and (3) micro
method for viral complement fixation tests using
antigens prepared from infected tissue culture fluids.

A new method for the preparation of standard
treponemal agglutinating antigens has been evolved.
The method is quicker and gives clearer suspension.
without the heavy loss in treponemes. The process
makes use of a magnetic stirrer for periods varying
from I to 3 hr to distribute the treponemes uniformly
in the supernatant.

INDIAN JUTE MILLS ASSOCIATION
RESEARCH INSTITUTE

THE ANNUAL REPORT OF THE INDIAN JUTE MILLS
Association Research Institute. Calcutta. for the year
ended 31 March 1958, reveals that the Institute con
centrated its efforts towards effecting improvEments
in jute products. Much useful preparatory work
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has been carried out on the development of methods
and instruments designed to assist quality control and
production studies in mills. The Institute carried
out a number of miJl surveys on specific projects such
as batching emulsions, oiling of jute, preparation of
sizes and their application, miJl water supplies, dye
ing of jute yarns and bacterial culture softening
for jute roots. These surveys have provided much
valuable data of practical importance.

A number of instruments have been designed and
constructed by the Physics and Physical Chemistry
Section of the Institute. A sensitive photoelectric
hairiness tester developed enables the detection and
measurement of very smaJl changes in yarn diameters
due to hairs and slubs. The constant tension conti
nuous tester fabricated earlier has been calibrated
for sacking warp yarn. With the calibrated instru
ment it is now possible to test the frequency of occur
rence of weak spots in hessian warp, hessian weft
and sacking warp. The design and construction of
two new instruments for rapid computation of the
number of slubs, one based on an electronic principle
and the other on an electromechanical principle,
are being undertaken.

In the Section of Chemistry and Chemical Process
ing, the investigations under way are directed to
wards developing chemical treatments which will
improve the appearance or modify the properties of
jute fibre. Vapour phase acetylation of jute has
indicated that it is possible to acetylate jute to any
desired degree by the use of theoretical amounts of
the acetylating reagent. Studies on the composition
of lX-ceJlulose obtained by acid hydrolysis of jute
hemicellulose have indicated that a part of acetyl
groups exists in combination with the IX-cellulose
fraction; the isolation of hemicellulose by extraction
with water confirms this finding and also indicates
that a major portion of the acetyl group occurs in
association with hemicellulose. Chromatographic ana
lysis of IX-cellulose has confirmed the observation that
though IX-cellulose is associated with a number of
sugar residues, only xylose and mannose occur in
intimate combination with it. A similar study of
IX-cellulose obtained from fibre at different growth
stages of the jute plant has shown that xylose and
mannose form integral parts of cellulose from the
earliest stage of growth of the plant. This study
has also revealed that both the length and diameter
of the fibre ceJl increase progressively as the growth
of the plant proceeds, while the specific viscosity of
the lignin isolated remains constant throughout the
life of the plant.

Elucidation of the mechanism of deterioration of
jute by fungi has been the main subject of investiga
tion in the Microbiology and Biochemistry Section.
An interesting observation made during studies on
the initiation and progress of fWIgal growth on jute
fibre under varying conditions of attack is that,
quite early during the attack, the lumen of the fibre
is invaded by the fungal hyphae. Fungi which nor
mally failed to grow on pure cellulose, have been
found to grow vigorously and give high yields of
cellulolytic enzymes when simple sugars constituting
jute hemicellulose are supplemented.

Studies on the application of dyestuffs to jute have
made possible the selection of suitable dyestuffs for

dyeing speciality goods such as furnishing fabrics
and carpets; preliminary results have indicated that
Procion dyestuffs, though expensive, give brighter
and faster shades. Other investigations in progress
are, finding new end uses for jute and the appli
cation of resins for modifying or improving the
properties of jute yarn and fabric, and establishment
of optimum conditions for impregnating resin into
jute fabric and production of laminates.

SOUTH AFRICAN COUNCIL FOR SCIENTIFIC &
INDUSTRIAL RESEARCH

THE REPORT OF THE COUNCIL FOR THE YEAR 1957-58
records acute shortage of trained personnel required
by the laboratories under it and particularly of gifted
young scientists to replace the trained research
workers drawn away from the Council's laboratories
by industry and universities.

The successful running of the plant, designed by
the Council, for desalting brackish water, and with a
capacity of two and a half million gallons per day,
has shown the feasibility of water demineralizatioI1 by
electrodialysis on a large scale. Considerable chemi
cal, biological and bacteriological data on the water
resources of the country have been collected which
will enable the best future use to be made of the
country's scarce water resources and to keep a check
on their pollution as industrialization progresses.

Experimental studies on the relationship between
malnutrition and mental development of young
children have indicated that severe protein deficiency
in early childhood can have damaging effects on the
development of the central nervous system.

The results of some of the important investigations
carried out in the various laboratories of the Council
are described below.

Chemical research - Sapogenins isolated from the
saponins of the poisonous plant TribulllS terrestris
have been identified and characterized; information
on the poisonous nature of the plant has been obtained
from a study of the chemical pathology of the disease
in sheep. The polysaccharide isolated from the
seaweed Hypnea speci/era has many features in
common with the polysaccharide carrageenin from
Chondrus crispllS. This polysaccharide has many
applications in the pharmaceutical and confectionary
industries. The structure of xylan in wattle wood
has been elucidated.

Studies on the effect of heavy metal ions, e.g.
barium, and iron, on the electrochemical properties
of permselective membranes, used for electrolytic
demineralization of brackish water, have indicated
that negative phenosulphonate membranes show a
great selective affinity for barium ion in the presence
of sodium. Self-diffusion studies with radioactive
labelling in the case of two binary systems, one
giving nearly ideal mixtures and the other definitely
non-ideal mixtures, have been completed.

Medicinal, biochemical and nutritional research
The technique of isolation of amoebae from liver
abscesses has proved very successful and has provided
a source of uncontaminated amoebae for research
work. An important discovery made during the
year is that there are at least two amoebae having the
identical morphology of Entamoeba histolytica. One
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of these, which has been named Entamoebahartmanni,
is non-pathogenic and must have been, in the past,
responsible for a considerable amount of misdiagnosis.
This observation means a new orientation in the
approach to the disease and may in part explain why
such a large proportion of people who are apparently
carrying E. histolytica show no symptoms at all.

Investigations have been started on the chemical
mechanism of cancer development in the livers of
rats fed with azo dyes. A theory has been put
forward that the binding of azo dyes to proteins may
affect the relative stability of their cis-trans isomers
and that this in turn may influence their carcinogeni
city. The stability of the cis form of various dyes is
being determined, in the presence and absence of
protein, by measuring the phototropic effect to
discover whether this can be related to the carcino
genicity of the dye. Investigations on experimental
cancer show that thyroxin greatly accelerates the
development of experimentally induced cancer of
the liver in animals fed a maize diet. A quick and
sensitive colorimetric method of assay of elaterase,
an enzyme of the Cucurbitaceae, based on the
hydrolysis of o-nitrophenyl-~-D-glucoside has been
developed.

Physics - Recent investigations of the nuclear
many-body problem have shown that the interaction
of a nucleon with its neighbours in a nucleus is velocity
dependent or non-local in both momentum and co
ordinate space. Using the harmonic oscillator poten
tial for the nuclear potential, calculations in the
•effective mass' approximation lead to single particle
energy level schemes, involving a re-ordering of these
energy levels in the region of high angular momen
tum states as a result of non-local interaction. The
calculated values of the binding energies of the
last odd nucleon on this simple nuclear model are in
striking agreement with the experimental values.

An instrument has been developed for irradiating
groundnut seed with gamma radiation from a one
curie cobalt-60 source in order to increase the number
of mutations available for breeding purposes.

A simplified theory of focussing of charged particles
has been developed applying the principles of geo
metrical optics to the magnetic quadrupole lenses.
The simple method allows the handling of quite
complicated lens systems and will find applications
specially in connection with the focussing of the
extracted cyclotron beam.

A mathematical method has been developed to
compare spectrochemical results, by calculating and
comparing the areas of the contour ellipses which
surround the points of scatter diagrams. A chemical
trace element enrichment method using dithiozone,
oxine and cupferron has been developed. The scheme
allows for the division of the trace elements into
two or more groups. A new project representing a
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fundamental approach to the problem of dynamic
weather forecasting, using theories of dynamics of
the atmosphere and aiming at important practical
applications, has been initiated in collaboration with
the South African Weather Bureau.

Engineering - Information concerning the type,
nature and distribution of deformation in cold-worked
alpha- and beta-brass has been obtained by the use of
etch figure technique, as a result of the development
of a new etching reagent. It has been found that
deformation in the two forms of brass occurs by the
successive formation of slip lines and deformation
bonds.

Studies have been undertaken on the design of a
calorimeter shell and supporting structure for the
measurement of the storage of heat in the human
body when exposed to severe environmental condi
tions and engaged on strenuous tasks. For such
investigations, a new type of gradient layer heat
meter has been developed. For the measurement of
skin temperature under high humidity conditions a
radiometer, in which the measuring elements are
kept at a temperature well above the dew point of
the surrounding air, has been constructed. Its
temperature is controllable to any desired value.
Two anemometers have been developed for special
measurements in aerodynamic and ventilation studies.
One of these is a hot-wire anemometer in which the
velocity sensing element is designed to be insensitive
to flow direction over a wide range of angles.

Building and road research - A new pneumatically
operated consolidometer for measuring time, strain
and load ratio of soils has been constructed. The
apparatus is capable of applying much larger pres
sures to soil than can be done with the existing
apparatus, and the application of load is much
uniform than has been possible before. A detailed
study has been undertaken on the decomposition of
series of dolerite dykes of different ages which will
provide comprehensive information on the possible
rapid weathering of road materials when subjected
to widely varying temperatures, pressure and mois
ture conditions under a road surface. Fundamental

. work on the chemistry of lime has led to the finding
that certain impurities in lime lead to a marked
reduction of the rate of slaking which can be a
problem in the production of sound building limes.
Studies on the unsoundness of lime show that the
addition of granular materials and their nature and
grading play an important part in reducing expansion.

Studies on dimensional change behaviour of cement
products show that changes in the relative humidity
of the ambient air cause dimensional changes as
large as those resulting from wetting and drying,
though slower, and that the effect of humidity changes
is disproportionately large at very high and low
humidities.
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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 B[
• 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 Agencies, Hubl;
Messrs Deccan Drug Agency, Hyderabad (On.)

(ANALYTICAL REAGENT)
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Non-volatile Matter 0·00 I%
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NEUTRAL GLASS
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Melting Point 16TC.
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Sulphate 0'0004%

Heavy Metal (Pb) 0'0005%

Iron 0'0002%

Empyreuma passes! hr. Bichromate Test

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 LEVEL N2
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WILD Levels, Theodolites, etc.

SOLE AGENTS :

RAJ-DER-KAR & CO.
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Telephone: 26-2304
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STUDENTS'

MICROSCOPE

ADVANCED CLASSES

Manufa&tured by:

Phone: 22-5778

INSTRUMENT RESEARCH LABORATORY Ltd.
309 BOWBAZAR STREET, CALCUTTA 12

Gram: INRELABTRY
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Phone
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OUTFIT

l<omp"h"'''V< ,<>t outfit fo< ,n,jyti<a' ,h<m~" ,nd~~eachers. In analytical laboratories, schools and
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a vital need.
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possible range of metals and radicals with the most useful reagents
for each.

Reagents and accessories-test tubes, pipettes, capillary tubes,
etc. - are supplied in a convenient wooden cabinet measuring
14 X 9 X 21 in.

Prices on request
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B.D.H. LABORATORY CHEMICALS GROUP. POOLE. ENGLAND

Distributed in India by:
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ELECTRONIC
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• Dielectric Polarization Measurement Apparatus. etc. etc.

EMISSION RADIO & VARIETIES
120 LOWER CIRCULAR ROAD, CALCUTTA 14

Phone: 24-2513
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* No unpleasant taste
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direct from
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We oursell'es have none to spare.

Bilt we do, in fact, make scientists
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set of its kind, reduces by no less than
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the calorific values of fuels and foods.
The trick is to raise the temperature of
the calorimeter jacket exactly in step
with the rising temperature of the bomb.
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