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LEEDS NORTHRUP 

Rapid, precise e.m.f. measurements with this 

L & N TYPE K-3 UNIVERSAL POTENTIOMETER 

The Type K-3 UNIVERSAL POTENTIOMETER i s  specifically designed t o  meet the require- 
ments of today's research programmes for a precise, manually balanced potentiometer 
measuring d.c. potential differences and e.m.fs. They include: rapid readings with 
minimum interpolation error; measurements unaffected by thermals; and operation 
under difficult ambient conditions without static or  leakage disturbance. 

This Type K-3 has many applications in: 

Standardizing Laboratories fo r  calibration of dynamometer-type standard meters, 
d.c. ammeters, volt-meters and similar measuring instruments. 

Physics and Engineering Laboratories for measurements o f  potential differences. 

Physical Chemistry Laboratories for measurements of pH, oxidation / reduction and 
contact potentials. 

Research and Industrial Laboratories for measurements of temperature, pH and 
other potential measurements. 

In  All Laboratories for the precise measurement of  temperature when used with 
thermocouples. 

For further particulars please write to the 

SOLE DISTRIBUTORS ( LABORATORY INSTRUMENTS ) 

THE SCIENTIFIC INSTRUMENT Co. Ltd. 
ALLAHABAD, BOMBAY, CALCUTTA, MADRAS, NEW DELHl 
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PROVE.D

cheapest & simplest

of all

HEATING mediums
AVAILABLE IN VARIOUS CAPACITIES

for

LABORATORY, SCIENTIFIC TESTING,

ASSAY & TEACHING WORK

also·

MAKERS OF

SUPERIOR

LABORATORY

FITIINGS &

EQUIPMENT

viz.

• GAS BURNERS

• GAS .. WATER TAPS

• CLAMPS & STANDS

• OVENS. BATHS. HOT
PLATES, SHAKERS. STILLS.
THERMOSTATS

• ATOMIC ENERGY EQUIPMENT, viz.
Lead Castles. Isotope Containers,
Remote Control Tongs. Geiger
Counter Stands

• FROTH FLOTATION CELLS

• BALL MILLS, THICKENERS

• PUMPS & BLOWERS

• STAINLESS STEEL EQUIPMENT

for

INDUSTRIAL PROCESS

HEATING In FACTORIES

& HOSPITALS

for

KITCHENS In

HOMES,

HOTELS &

DORMITORIES

APPLY TO MANUFACTURERS

GANSONS
POST BOX 5576, BOMBAY 14

PRIVATE
LIMITED
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DISTRI8UTORS ALL OVER THE COUNTRY
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FOR 
RAPID & ACCURATE 
CHEMICAL ANALYSIS 

use 

TINSLEY 
P O L A R O G R A P H  

with derivative circuit 

Here are some advantages: 
* MICRO ANALYSIS 

* HIGH SENSITIVITY 

k QUALITATIVE & QUANTITATIVE ESTIMATION 

* SIMULTANEOUS ESTIMATION OF SEVERAL CONSTITUENTS 
ON ONE POLAROGRAM 

* ADAPTABILITY 

* ANALYSIS OF METALS-ORGANIC & INORGANIC SUBSTANCES 

* REPEATED ANALYSIS ON THE SAME SAMPLE 

* SIMPLIFIED OPERATION FOR USE BY SEMI-SKILLED STAFF 

* ROUTINE ANALYSIS WITH SPEED & ACCURACY 

* 
For further particulars, please contact 

Sole Agents in India : 

PIONEER EQUIPMENT CO. PRIVATE LTD. 
( Formerly PIONEER INDUSTRIES ) 

1 MANGOE LANE 139 MEDOWS STREET 193 MOUNT ROAD 
CALCUTTA 1 P.O. BOX 1909, BOMBAY 1 MADRAS 2 
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Advertise in IS1 B U L L E T I N !  
The IS1 BULLETIN i s  the only Standards Journal in India and, there- 
fore, an excellent medium for advertising goods of quality. I t s  pages 
are at your service. Use them t o  advertise your goods and services. 

-- - - - - - - 

SCHEDULE OF ADVERTISEMENT RATES 

Innrtlona Full Page Half Par* Quarter P a ~ a  
254x170 mm l7Ox124 mm 124x02 mm 

or or  
154x02 mm 170 x 60 mm 

Rs Rs Rs 

Fourth cover page {: 
180 105 60 
900 525 300 

Third cover page and page facing i b 160 90 50 
second cover page 800 450 250 

{: 140 80 45 
Other pages 700 400 225 

- - - - - - -- - - -- - 

For further particulars please write to : 

INDIAN STANDARDS l NSTlTUTlON 
19 UNIVERSITY ROAD, DELHl 8 

Accurate Wire  Screen is required to solve your 
Screening, Grading or Filtering operation. 

a 
DIRECT IMPORTERS OF WOVEN WIRE MESH 

AND PERFORATED METALS 

STANDARD METAL CO. 
Proprietors : 

B. C. GUlN & CO. (PRIVATE) Ltd. 
101 NETAJI SUBHAS ROAD, CALCUTTA I 

Phone : 22-5270 Gram: " PERFOSHEET" 



Coronary Thrombosis 
A recent development in the treatment of coronary 

thrombosis and deep venous thrombosis has been 

the introduction of 

B I N D A N  

In oral anticoagulant therapy 

BINDAN provides * more rapid onset of action 
* easy management 
* uniformity in action 

Manufactured by 

BENGAL IMMUNITY 
COMPANY LIMITED 

CALCUTTA 13 
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SCIENTIFIC RESEARCH & DEVELOPMENT 

IMPORTED SCIENTIFIC GLASSWARE & APPARATUS 
( Pyrex - E-mil - Westglas - Jena - Czechoslovakia ) 

CHEMICAL & PRECISION THERMOMETERS (Germany) 

H A N D  & ELECTRIC CENTRIFUGES (Germany) 

MUSEUM JARS & PETRI DISHES ( Czechoslovakia ) 

WHATMAN FILTER PAPERS & SPECIALITIES ( England ) 

Stocks available for immediate delivery 

LEADING IMPORTERS & STOCKISTS 

B. PATEL & COMPANY 
27/29 POPATWADI, KALBADEVI ROAD 

POST BOX No. 2040, BOMBAY 2 

Phone : 38489 Grrmr : GLASALSORT 

Bengal Chemical & Pharmaceutical Works M. 
-,The Largest Chemical Works in India- 

Manufacturers Of Pharmaceutical Drugs, Indigenous Medicines, Perfumery, Toilet 
and Medicinal Soaps, Surgical Dressings, Sera and Vaccines, 
Disinfectants, Tar Products, Road Dressing Materials, etc. 

Ether, Chloroform, Mineral Acids, Ammonia, Alum, Ferro-Alum, 
Aluminium Sulphate, Sulphate of Magneeium, Ferri Sulph., 
Potassium Permanganate, Caffeine and various other Pharma- 
ceutical and Research Chemicals. 

Surgical Sterilizers, Distilled Water Stills, Operation Tables, 
Instrument Cabinets and other Hospital Accessories. 

Chemical Balance, Scientific Apparatus for Laboratories and 
Schools and Colleges, Gas and Water Cocks for Laboratory use, 
Gas Plants, Laboratory Furniture and Fittings. 

Fire Extinguishers, Printing Inks, etc. 

Oflc6 6 GANESH CHUNDER AVENUE, CALCUTTA 13 

Factories C A L C U T T A  B O M B A Y  K A N P U R  
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I TEMPO Laboratory Eqf~iprnent I 

'TEMPO'  H O T  .PLATE 
(with three heat controls) 

{ 1 0 " ~  16" ( I kW. ) Available in two sizes 2q ( k W  

Construction - Double-walled mild steel construc- 
tion 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 sbace ) - 14" x 14" x 14". 

Heating - Electrically operated on 230 V., 50 
cycle, A.C. 

Maximum temperature - 250°C. 

Tem+erature control - By  means of a bimetallic 
thermostat. Variation not more than f 1°C. 

HOT A I K  OVEN 

Manufactured by : 

T E M P O  
INDUSTRIAL CORPORATION (PRIVATE) Ltd. 

1ST FLOOR, DEVKARAN MANSION, PRINCESS STREET 
BOMBAY 2 

I I 

SPITICII I 
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TEDDINGTON CHEMICAL FACTORY PRIVATE LTD. 
(Biological & Pharmaceutlcal Laboratories) 

S U R ~ N  ROAD, ANDHERI, BOMBAY. 
Sole Dlrtributorr: 

W. T S U R ~ N  CO. PRIVATE LTD., r. 0. bx zn, &mar 1. 
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Range 

40°C. to 

180°C. 

Operations 

from 

220 V. AC/DC 

Other products 

B.O.D. INCUBATORS, WARBURG'S APPARATUS, AUTO- 

CLAVES, STERILIZERS, EMBEDDING APPARATUS, CONS- 

TANT TEMPERATURE BATHS, WATER DISTILLING STILLS, 

WIDE RANGE DRYING CHAMBERS, BACTERIOLOGICAL 

INCUBATORS, COOL INCUBATORS, BATHS, SHAKERS - 
BOTTLE, FLASK, & SIEVE, ETC. ETC. 

Please ask for literatures 

UDA Y SC/ENTIFIC INVUSTRI€S 
5 BHABANATH SEN STREET, CALCUTTA 4 

Phone : 5CllSl Grams : UDAYINDUST 

1 
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SHORT BEAM 
ANALYTICAL BALANCE 

MODEL M 51 

A useful balance for research and industrial 
institutions because of its accuracy, com- 
bined with consistency. I t s  period of 
oscillations being small, i t  is found useful 
where rapid weighments are necessary. ~ 

I t s  $fine features are 
I 

Built from selected materials such as: ~ 
Beam - Cut from rolled brass sheet 
Edges & Planes - Best quality agate 

4 Stand - Gunmetal 
Base - Black glass 

w Case - Burma teak and glass 

I t  is a development of last thirty years 
of experience 

Every such balance carries our guarantee 

* 
Full  fiarticulars sent on afifilication 

SAPLE'S SCALES MFG. CO. 
( PRIVATE) LTD. 

Prospect House, 29 Raghunath Dadajee Street 
BOMBAY 1 

P A S C A L L  
TRIPLE ROLL MILLS 

The new method of rol l control is 

simple, effective and a real time-saver 

for refining of products 

The latest feature of Pascall Triple Roll 

Mills i s  the new and simplified method 

of control - the sliding centre roll. 

Only two  controls are used in place o f  

the usual four, and clearances between 

the rolls are automatically aligned and 

set simply by adjusting the two front 

controls. 

GIDVANI & CO. 
P.O. B O X  No. 1778, BOMBAY I 
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' \N I L D ' HEERBRUGC ( Switzerland ) 

The manufacturers of 

Highest Class Precision Optical 

and Mechanical Instruments 

iot 
WORKSHOPS 

LABORATORIES & 

SURVEY 
WlLD THEODOLITE 13 

Microscopes for colleges and research 

* Microscopes for angle and thread 
measuring 

* Testing instruments for plane surfaces 

* Drawing instruments of stainless steel 

* Levels, theodolites and aerial cameras 

* Distance measuring instruments, etc. 

Equipped with modern, High Precision Swiss 
Machines, Tools, Gauges and Collimators and with 
an expert Swiss trained Engineer, our Service Division 
undertakes repairs to WlLD Levels, Theodolites, etc. 

WlLD LEVEL N2 

SOLE AGENTS : 

RAJ-DER-KAR & COB 
COMMISSARIAT BUILDING, HORNBY ROAD 

FORT, BOMBAY 
Telephone : 262304 Telegram : " TECHLAB " 
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B O R O S I L  
LABORATORY GLASSWARE 

such as 

FLASKS. BEAKERS. CONDENSERS. MEASURING 

FLASKS. MEASURING CYLINDERS, PIPETTES 6 

ANY SPECIAL 'APPARATUS MADE TO DESIGN 

and 

PENICILLIN VIALS VACCINE BULBS-WHITE 6 

AMBER 

a 

ALL OTHER APPARATUS & EQUIPMENT 

MANUFACTURED T O  CLIENT'S DESIGN 

INDUSTRIAL & ENGINEERING 
APPARATUS CO. PRIVATE Ltd. 

CHOTANI  ESTATES. PROCTOR ROAD 
GRANT ROAD, BOMBAY 7 

A R V I N D  
for 

@ 
QUALITY ' FABRICS 

Sanforized-preshrun k 
SHIRTINGS . POPLINS . C O A T I N G S  

and 
Multi-coloured prints 

VOILES CAMBRICS . POPLINS 

THE ARVIND MILLS LTD. 
N A R O D A  ROAD, A H M E D A B A D  2 

t 

precision instrumentation 
problems 

consult us for expert advice 

WE REPRESENT 

H. TINSLEY & CO. LTD., U.K. 
' manufacturers of precision bridgas, potantio- 

meters, strain gaugas, ~aivmomaters. etc. 

SOUTH-WESTERN INDUSTRIAL 
ELECTRONICS, TEXAS. U.S.A. 

geophysical and salsrnlc instrumants 

SHIMADZU SEISAKUSHO. JAPAN 

testing machines. prmcision scientific and 
laboratory equipmant, optical instrumants, 

electron microscopes, X-rays 

NIPPON ELECTRIC CO. LTD., 
TOKYO. JAPAN 

precision telecommuniution aquipmant. 
microwave and radar equipment, broad- 

cast and transmitting equipmant 

MAGNAFLUX CORPN., CHICAGO. U.S.A. 

non-dastructive tasting equipment. 
ultrasonic testing mats 

ENDEVCO CORPN., U.S.A. 

precision jet testing equipment. 
accaleromatera 

NORMA, VIENNA. AUSTRIA 

precision electrical and electronic maasuring 
and testing equipment 

CARL DRENCK, COPENHAGEN, 
DENMARK 

industrial X-ray equlpmant, specially for air- 
craft, machinery and structural Inspaction 

ITALOMATEX. MILAN, ITALY 

taxtile machinary and aquipmant 

W. J. ALCOCK & CO. 
PRIVATE LID. 

7 H A S T I N G S  STREET, C A L C U T T A  I 

Phone: 23:3019 Grams: DECIBEL 
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0 .  b... 

UP 

to 

the 

mark 
. b . . . . 

The procedure shown here is a familiar one to every 
pharmacist. But, imporiant as accurate measurement 
is in the making-up of a prescription, it must be 
backed up by chemicals that are fully " up to the 
mark " for pharmaceutical purposes. 
A reliable measure of this quality in chemicals is the 
name and reputation of their manufacturers. In 
specifying M&B, pharmacists recognize a brand that 
has long stood as a mark of the highest standards in 
fine chemicals. 
You can specify M&B Pharmaceutical Chemicals for 
a wide field of dispensing requirements. 

PHA ZW .58 



THE BRITISH DRUG HOUSES LTD. 
LONDON 

From June I s t  1957 
ADVISE THE INTRODUCTION OF 

THE 

FOR THE SUPPLY OF 

ALL 

BDH 
LABORATORY CHEMICALS 

and 

ANALAR REAGENTS 

THE BRITISH DRUG HOUSES LTD. 
LONDON 

BRITISH DRUG HOUSES (INDIA) PRIVATE LIMITEI). 
IMPERIAL CHEMICAL HOUSE GRAHAM ROAD P.O. BOX 1341 BOMBAY I 

BRANCHES CALCUTTA MADRAS DELHl 



For standard of quality 
always insist on 

OSTER'S PRODUCTS 
hIINERAL ACIDS, Tcch., B.I'., C.P., A.R. 

LTQ. AMhION. 1;01<T, all gratles 

ACCIJMULATOR ACIIjS, S.G. 1810 
DISTILLED WATER,  Si.~gle, Double 

LABORATOliY CHEI\IIICALS, ETC. 

DISINFECTING FLUIDS,  'Dingi brand' 

Manufactured by 

OSTER CHEMICAL & 
PHARMACEUTICAL 

WORICS PRIVATE LTD. 
Reg. Oficc 

78B Manicktola Street, Calcutta 6 
Works 

Bagmari Road, Calcutta 
Estd.: 1022 Gram: JABAKHARA 

C.S.I.R.'s Latest Publication 

HIGH-CALCIUM 
LIMESTONES OF INDIA 

Their Chemical and Physical 
Properties and Uses in 

Chemical Industry 

by 
DR. H. C. BIJAWAT 

and 
DR. S. L .  SASTRY 

117 pages 29 i1;ustrations 

Price Rs. 5.00 

Available from 
THE SALES & DISTRIBUTION 

OFFICER 
PUBLICATIONS DIRECTORATE 

COUNCIL OF SCIENTIFIC & 
INDUSTRIAL RESEARCH 

OLD MILL ROAD, NEW DELHI 2 

From 

A MICRO 

to 
A PHYSICAL BALANCE 

you may depend on 

0 B A L A N C E S  
for their 

SENSITIVITY, CONSTANCY & 

DURABILITY 

Manufactured by 

Ker0y Factory / Z i u n ~ , /  Limited 
Service Station & O5cr 

335 NADESHWAR, VARANASI GANTT. 32 LATAFAT HUSSAIN LANE. CALCUTTA 10 
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for 
GENERAL LABORATORY & HOSPITAL EQUIPMENT 

' PRECIPEX ' Stills are offered as SINGLE, DOUBLE and TRIPLE DISTILLATION 
UNITS for PYROGEN-FREE Water with automatic o r  manual control 

' PRECIPEX ' Incubators and Ovens, Water Bath offered t o  suit your 
specific requirements 

' GASAFE ' Petrol Gas Plants from 100 cu. ft. t o  1000 cu. ft. offer automatic 
gas pressure regulation 

' DEKEL ' Electric Heaters offer replacements practically for all makes 

ENQUIRE AT 

748 M U G B H A T  @ @ @ BOMBAY 4 

Direct Importers 
for 

* LABORATORY CHEMICALS 

* PHARMACEUTICAL 
CHEMICALS 

* FINE CHEMICALS 

* VITAMINS 

* STAINS, etc. 

Please refer to :  

B. BABULAL & Co. 
71 PRINCESS STREET 

POST BOX No. 2409, BOMBAY 2 

Gram : PETROLIUM Phone : 28465 

FOUR-TUBE ddhh RHEOSTATS 
2000 WATTS 

OPERATION BY HANDWHEEL 

SUITABLE FOR 
THE LABORATORY & INDUSTRY 

T H E  S T A N D A R D  S C I E N T I F I C  
I N S T R U M E N T S  CO. 

115 BRODIES ROAD, MADRAS 28 
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Through afilter paper's pores No.2 - 

The entire range of Whatman 
Filter Papers is discussed in 
the booklet 'Buyers' Guide.' 
Copies of this booklet, and of 
that containing the first series 
of monographs on Chromato- 
graphy, can be obtained from 
the address below. 

It would be of assistance if 
you would quote the reference 
FS2 when replying to this adver- 
tisement. 

cannot end more accurately than filtration begins. 
By presenting an unchanging face to the solvents 
and reagents used, Whatman cotton cellulose 
Filter Papers reduce the risk of error. 
All Whatman papers are manufactured from 

the purest form of cellulose-that derived from 
best quality, bleached cotton fibres. Unlike papers 
made from cellulose of different origin, they 
contain an absolute minimum of organic con- 
taminants. Organic estimations can thus be based 
onwhatman papers with purity guaranteed from 
the start. 

Whatman paper is also freer from metallic 
salts than many Analytical Grade reagents. It 
therefore ensures that a chemically clean precipi- 
tate will always be obtained when work is done 
on inorganic substances. 

H. REEVE ANGEL & CO LTD 9 BRIDEWELL PLACE LONDON . EC4 

also a t  52 Duane Street New York 7 

sore distributors o j  WHATMAN P HLTE W BAPE WS 
(Manufacturers W. & R. Balston Ltd.) 
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Prolongs life of refractories up to six times 
Preserves new or old brickwork 
Glazed surface reflects heat 
Prevents cracking and spalling 
Affords protection up  to 3600F 
Increases boiler and furnace availability 

BRICKSEAL 
I S  IN A CLASS BY ITSELF 
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The International Geophysical Year : 
1957-58 - W o r l d  P r o g r a m m e  

Secretary. Indian National Committce for the  IGY, National Physical 
Lzboratory, New Ilelhi 

T HE Internatio~al Geophysical Year, 
which began on 1 July 1957, and will 
last till 31 December 1958, was con- 

ceived a t  an informal gathering of geo- 
physicists in U.S.A. during April 1950, when 
the American physicist Dr. L. V. Berkner 
suggested a repetition of the polar years. 
The proposal was placed before the session of 
the Mixed Commission on the Ionosphere 
(CMI) at  Brussels in 1950, which recommend- 
ed that the Third International Polar Year 
should be organizecl in 1957158. The re- 
commendation of the CMI was approved 
successively by the International Corlncil of 
Radio Union (UIZSI) and the International 
Astronomical Union (IAU) in 1950 ; by the 
International Union of (ieodesy antl Ceo- 
pl~ysics (IUCG) antl the World Meteoro- 
logical Organization (WMO) in 1951; by 
the International (;eograpl~ical Union (IGU) 
in 1952; by the International Union of 
Pure and Applied Physics (IUPAP) in 1953; 
and by the International Union of Riological 
Sciences (IURS) in 1954. In 1952, ICSU 
appointetl a special committee of the Inter- 
national (;eophysical Year (CSAGI) to plan 
the programme of this enterprise. The 
CSAGI's first task was to invite the national 
bodies afhliatcd to ICSU to form national IGY 
committees. I t  held its first formal meeting 
a t  Brussels in July 1953 when 21 national 
comrnittecs (which inclucIec1 India) presented 
reports and proposals for the IGY. Since 
then considerable planning has been made 
regarding the international programme in 
which 64 countries have now joined. 

Purposes of the IGY 
The essential aim of the IGY is to have a 

fuller understanding of the earth from its 
interior to the fringe of its atmosphere. 

The programmes of the IGY were selected 
to solve specific planetary problems of the 
earth. To achieve such solutions, it was 
decided to supplement the existing facilities 
of the world by additional observations suit- 
ably distributed in space acd time. 

Problems requiring special attention were 
selected according to the following criteria: 

(a) Problems requiring concurrent synoptic 
observations a t  many points involving co- 
operative observations by many stations; 
(b) problems whose solution will be aided by 
the availability of synoptic or other concen- 
trated work in many branches of geophysics 
during the IGY; (c) observations of all major 
geophysical phenomena in relatively inacces- 
sible regions of the earth that can be occu- 
pied during the IGY because of the extra- 
ordinary effect during that interval, to aug- 
ment basic knowledge of the earth and the 
solar and other influences acting upon it; and 
(d) epochal observations of slowly varying 
terrestrial phenomena, to establish basic in- 
formation for subsequent comparison during 
later epochs. 

The twelve distinct fields in which the 
programme has been divided by the CSAGI 
can be broadly classified as follows: 

(i) The interior and surface of the earth, 
involving fields of geomagnetism, latitudes 
and longitudes, glaciology, oceanography, 
seismology and gravimetry ; 
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(ii) the atmosphere of the earth from the 
ground to the exosphere, involving fields such 
as meteorology, aurora and airglow and iono- 
sphere; and 

(iii) extraterrestrial sources that affect the 
earth and its atmosphere (e.g. solar radiation, 
cosmic rays). 

Station distribution 

I t  was realized that an adequate descrip- 
tion of the earth and its atmosphere could 
only be achieved if the observation stations 
are carefully distributed. As in the First 
and Second Polar Years, special emphasis has 
been laid on the Arctic and Antarctic regions. 
There will be 159 stations in the Arctic and 
40 stations in the Antarctic. There is also 
emphasis on the equatorial belt since in that 
area observational coverage has been insuffi- 
cient in the past. Special meridians have 
been selected along which station distribution 
will be particularly numerous. These are 
the meridians 70"-80°W. (from the North 
Pole through Canada, along the eastern U.S. 
coast, the west coast of Latin America to the 
South Pole), 10°E. (Scandinavia, middle 
Europe, Africa, and part of the Atlantic 
Ocean), and 140°E. (through Alaska and the 
Pacific Ocean). 

Many of the geophysical phenomena, such 
as geomagnetism, aurora and airglow, iono- 
sphere and cosmic rays, depend on the geo- 
magnetic co-ordinates of the station. The 
earth has, therefore, been divided into a 
number of zones. as follows: 

No of 
stations 

1 .  Arctic Region +=. 60°N. 169 
2. Northern Subauroral +>45"N.<60°N. 323 

Belt 
3. Noithern Minauroral +>20°N.<4S0N. 322 

Belt 
4. Equatorial Belt +<*20" 224 
5. Solithern Minauroral d>20"S.<4S0S. 109 

Belt 
6. Southern Subauroral +>45"S.<6OoS. 35 

Be1 :. 
7. Antarctic Region +;.6OoS. 40 

The total number of stations is more 
than 1000. In addition, there are 2000 
or more permanent meteorological stations 
spread over the entire globe. Station distri- 
bution in the different disciplines is: Geo- 
magnetism, 278; aurora, 225; airglow, 50; 
ionosphere, 294; solar activity: (a) optical 
observations, 88; (b) solar noise observation, 

49; cosmic rays, 129; latitudes and longi- 
tudes, 75; glaciology, 84; oceanography, 250; 
rockets, 43 ; seismology, 335; and gravimetry, 
184. 

World Days and alerts 

While it is important that stations should 
be as widely distributed as possible, it is 
equally important that observations should 
be simultaneous and sufficiently frequent on 
special days. During the IGY the observa- 
tions will be intensified on the following 
special days: (1) Regular World Days 
(RWD), (2) World Meteorological Intervals 
(WMI) and (3) Sudden World Intervals (SWI). 

The first two have been selected in advance. 
The RWD's have been chosen so that each 
month two of them would fall a t  new moon, 
and the others a t  times of unusual meteor 
showers or near one of the lunar quarter 
phases. These will also include the day of 
each solar eclipse and also adjacent days for 
control observations. 

The WMI's are series of ten consecutive 
days a t  the solstices and the equinoxes. 
Special programmes in meteorology will be 
undertaken during this period. 

The SWI's, however, cannot be determined 
in advance. They are to be selected on the 
basis of certain unusual phenomena, such as 
enhanced solar activity, magnetic storms, 
etc., which will occur. SWI will be preceded 
by an ' alert ' to warn observers of the 
likelihood of the unusual outbreak of mag- 
netic, auroral and ionospheric disturbances, 
as judged from observations on solar activity. 
The messages will be distributed throughout 
the world through these agencies and the 
WMO telecommunication networks. The 
time stations such as WWV, WWVH, JJY, 
etc., are also co-operating in this distribution. 
Distribution of the messages inside the 
coiintry is the responsibility of the parti- 
cipating country. Since the success of the 
SWI's depends to a large extent on recep- 
tion of these messages in time by all the 
IGY stations, the Warning Service was ini- 
tiated and tested to satisfaction as early as 
January 1957. 

Interior and surface of the earth 

A major portion of the IGY programme 
concerns the study of the physical structure 
of the earth, covering subjects such as geo- 
magnetism, latitudes and longitudes, oceano- 
graphy, seismology and gravity. 
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Geomagnetism - The main objective of the 
IGY programme on geomagnetism is to study 
magnetic storms, magnetic pulsations and the 
daily magnetic variations. 

The overhead electric current systems in 
high latitudes, especially along the auroral 
zones and across the enclosed polar caps, are 
rather complrx and variable. This makes it 
difficult to plot the overhead currents unless 
magnetic data are available from many sta- 
tions in these regions. During the IGY a 
close network will be achieved by operating 
auxiliary stations, whose purpose is to deter- 
mine the space gradients of the magnetic 
field at  the existing stations. Such measure- 
ments will be made a t  high latitudes and also 
near the magnetic equator. The latter would 
be valuable in the investigation of the 
' electrojet '. These measurements would be 
supplemented by rocket exploration of the 
eartll's magnetic field. While the rocket 
method has the drawback of the brevity of 
the record, it is of great value in the study of 
the S,-current system and will be used in 
recording the field changes along'the auroral 
electrojet. 

The rapid pulsations of the earth's field, 
which sometimes affect only a limited region 
of the earth and are a t  other times simul- 
taneous and worldwide, will be especially 
studied during the IGY. 

The regular daily variations of the geo- 
magnetic field, caused by the sun and the 
moon, is well understood, but our knowledge 
of the associated electric current systems in 
the ionosphere needs to be improved. 

Latitudes and longitudes -The basic ob- 
jectives of this programme are: (i) improve- 
ment of the determination of terrestrial time; 
(ii) more precise determination of irregu- 
larities of the earth's rotation; and (iii) an 
improvement of the star catalogue. 

A network of about 40 stations [including 
21 permanent observatories associated with 
the Bureau International de 1'Heure (BIH)] 
will attempt to determine very precisely 
the astronomical co-ordinates of the obser- 
vatories and their variations. The BIH will 
continue its normal service of giving the 
definitive time, in terms of Universal Time 
(U.T.), from the collective results of the 
various time services. 

There will be a new lunar observation 
programme with equipment consisting of 
dual-rate cameras which hold the moon fixed 
relative to the stars during a simultaneous 

time exposure by means of a central dark 
filter which can be tilted. Twenty stations 
will participate in this lunar campaign, and 
it is expected that, with this campaign, the 
uncertainties in the distance between conti- 
nents will be reduced to about 90 ft. The 
new technique adds greatly to the precision 
with which changes in the speed of rotation 
of the earth can be measurctl, and will shed 
new light on the inner constitution of the 
earth. 

Glaciolo~y-Glaciological bases established 
in about 45 places will study the extent of 
glaciers and snow cover on earth, and of their 
effects upon the general weather pattern. 
Glacier studies indicate that if the present 
cycle of warming continues for 25 to 50 
years, most of the ice of the Arctic Ocean will 
melt making it navigable and increasing the 
sea level appreciably. The importance of 
glaciology may be realized from the fact that 
the estimated volume of the ice of the earth 
is 21,740,000 cu. km. equivalent to a sheet of 
water 54 m, thick. Considerable emphasis 
will be placed on the study of glaciers of the 
polar regions, particularly of the Antarctic. 
In the Antarctic observations are planned on 
all geophysical aspects of the ice sheet and 
shelf ice and the various practical aspects 
which determine the relative efficiency of 
operations on its glacial terrain. On selected 
glaciers in many parts of the world, particular 
note would be made of ablation, accumula- 
tion, movement, change of mass, and radia- 
tion effect. In addition, where detailed work 
cannot be carried out, reconnaissance ohser- 
vations of glacier variations would be made 
on as many glaciers as possible. 

OceaLnogra$l~y - The oceans, which form 
two-thirds of the earth's surface, play a 
critical part in the life on the earth. During 
the IGY an intensive study of the oceans has 
been planned. The principal aims are to 
improve the present understanding of the 
short and long period changes in sea level 
and of the general circulation of water in the 
oceans. Sea-level recorders will continue to 
measure storms and seismic surges, tides 
and seasonal changes of sea level. The chief 
value of these measurements will be more 
effective knowledge of normal and abnormal 
changes which affect iiarbours and shipping 
and cause floods and other damage. Many 
of the tidal observations are being made in 
islands near the middle of ocean basins and 
are now also planned a t  new places round 
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the margins. Studies of oceanic circulation 
include temperature measurements, water 
sampling and current measurements a t  all 
depths along critical ocean traverses. Spe- 
cial attention is being paid to the water and 
energy exchanges across tlie equator and be- 
tween the temperate and Arctic regions. 

Seismology - Advantage would be taken 
during the IGY of the occupation of stations 
in the Antarctic to study the geological struc- 
ture and the seismicity of the Antarctic con- 
tinent: seismicity along the whole length of 
Victoria Land on tlie west coast of the Russ 
Sea has been observed. Seismological sta- 
tions, already existing, will continue their 
observations, and artificial earth tremors 
would be producetl by dynamite charges. 
There are also projects on long phase waves 
and long period seismic waves. 

Atmosphere 

Altl~ougl~ meteorology is n~ostly con- 
cerned wit11 the lower few kilometers of tlle 
atmosphere, scientists have found in recent 
years subjects of considerable interest in its 
higher regions. During the IGY, the atmo- 
sphere will be studied from the ground to 
the exosphere by conventional and modern 
methods and subjects of study will be meteo- 
rology, aurora and airglow and ionosphere. 

Meteorology - More than a thousand ob- 
serving stations located in the low country, 
on the mountains, along the coasts, on 
weather ships and on whalers, are taking 
meteorological observations on the ground 
and in upper air up to heights of 25-30 km. 
The main objective in this field is to obtain a 
fuller understanding of the large-scale physi- 
cal, dynamic and thermodynamic processes 
of general circulation. 

In meteorology, as in other geophysical 
disciplines, our knowledge of the equatorial 
phenomena is much less extensive than that 
of arctic phenomena. Tropical meteorology 
is important in many ways, influencing, 
as it does, the flow patterns in the tropo- 
sphere and in the stratosphere the sub- 
tropical jet-stream and anticyclones in 
relation to atmosphcric ozone, and effecting 
exchange of dynamic and energy properties 
across the equator and across subtropical 
latitudes. For the IGY the tropical network 
has been improved between the parallels 
30°N. and S. 

Synoptic and dynamic meteorology - The 
synoptic network, which has been divided 

into a number of convenient zonal sections, 
has programmes of both surface and upper- 
air observations. 

Surface observations include synoptic ob- 
servations daily a t  00.00, 06.00, 12.00 and 
18.00 G.M.T. and precipitation observations 
twice daily every twelve hours. In order to 
determine the thermal influence of the earth's 
surface on meteorological phenomena, mea- 
surements are being made of the soil tem- 
peratures a t  various depths, of the tempera- 
ture of tlie snow surface and of the water 
surface. Accurate estimations of the cloudi- 
ness will be made a t  a large number of 
stations for general planetary analysis of 
radiation data. Daily measurements will be 
continued of the evaporation in free water 
surfaces. 

Upper-air soundings comprise of two radio 
soundings (pressure, temperature and humi- 
dity) and four radio-wind observations daily. 
I t  has been recommended that the soundings 
should be made to attain occasionally the 
10 mb. level, especially in tropical latitudes. 
These observations will help in the traffic of 
long-range jet aircrafts which in near future 
will be flying at  altitudes close to the 50 mb. 
level, and will help to solve the question 
whether or not solar influences, acting 
through the ozone layer, affect the develop- 
ment of the weather situation in the adjoin- 
ing layers. 

Physical meteorology - The programme on 
physical meteorology includes the study of 
radiation balance, atmospheric ozone, atmo- 
spheric electricity, radio meteorology, nuclear 
radiation in the atmosphere and chemical 
composition of the air and precipitation. 

Radiation measurements include conti- 
nuous recording of the total incoming radia- 
tion from the sun and the sky and where 
possible, from the sky alone, both on a hori- 
zontal surface; measurement of the radiation 
balance and its various short and long- 
wave components or of the effective radiation 
for all wavelengths of a black surface; mea- 
surement of the effective long-wave outgoing 
radiation; measurement of the direct solar 
radiation, both for selected spectral regions 
and for the whole spectrum; measurement 
of the ultraviolet radiation of sun and sky; 
and recording of sunshine duration. 

The ozonosphere (shown in Fig. 1) is 
believed to transmit solar influences to 
the lower levels. During the IGY vertical 
distribution of ozone will be studied by a 
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The chemical composition of air and preci- 
pitation will also be carefully studied. A 
wide network of stations, especially on the 
ocean and coastal regions, will measure CO, 
content of the air and of the oceans. The 
chemical composition of precipitation and the 
acidity (pH) and conductivity of precipita- 
tion will be studied. Such studies are useful 
for synoptic meteorology and agriculture as 
well as for the physics of clouds and hydro- 
meteors, and for geochemistry in general. 

Aurora and airglow - The auroral pro- 
gramme, as in the last two polar years, is very 
extensive and covers more than 200 stations. 
The aurora, generally visible in polar lati- 
tudes at altitudes between 60 and 1000 km., 
is caused by atomic particles which origi- 
nate from the active centres of the sun. The 
airglow is a faint luminosity of the upper at- 
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mosphere, emitted all over the world. Parti- 
FIG. I -ATMOSPHERE OF THE EARTH cular emphasis has been given to the study of 

' Aurora Australis ' with thirty-three stations 
in the Antarctic alone. The main objective 

network of about 70 stations, particularly to of the auroral Programme is to study the 
the east and west of subtropical anticyclones m o r ~ h o l o g ~  of the aurora. While naturally 
between latitudes 15" and 40°N., and on the programme will be mostly concentrated 
both sides of the subtropical jet-stream. in the polar region, the importance of ob- 

In the field of atmospheric electricity, serving tropical auroras has been e m ~ h a -  
studies will be continued on the relations sized. Due to their extreme rarity they are 
between the electric, thermic and dynamic of outstanding scientific interest. A large 
phenomena of the atmosphere. In addition, number of tropical and subtropical stations 
the distribution of thunderstorms over the (including nine in India) is watching for 
surface of the earth, a knowledge of which these auroras. In  the mroral study in the 
will be obtained by radio-meteorological polar regions, the most modern tools like 
techniques, will provide information on the the recently developed all-sky ci-imera will 
control of the electric balance of the be employed besides the established radio 
atmosphere and on the maintenance of the methods- 
earth's charge. The airglow programme includes observa- 

In recent years it has been possible to locate tions of the day, twilight and night airglow. 
and track thunderstorm sources from dis- A network of 50 stations distributed the 
tances of a thousand kilometer and more, by world over will study the geographical and 
a three-station network, possessing radio- seasonal variation of its intensity. The air- 
direction finders and receiving atmospherics glow stations are distributed along the 
emitted by the thunderstorm source. This following special chains: Europe-Africa 
method, known as the sferics method, is being chain (approximately 10"E.j ; India-Kashmir 
widely adopted during the .IGY. Such mea- chain ; Far East chain (approximately 140°E.) ; 
surements are being supplemented by obser- and American chain (approximately 8O0W.). 
vations by radar and meteorological recon- Rockets will give a new dimension to air- 
naissance aircrafts. Meteorological factors glow research, since day and twilight airglow 
in the path of microwaves propagation can only be recorded by them. Artificial 
through the troposphere will be actively sodium airglow will be produced by sane 
examined, since the influence of such factors rockets by injection into the atmosphere of a 
on this propagation appears to be appreciable. small quantity of sodium. 

Another interesting programme is the use Ionosphere - The ionosphere programme 
of radioactive elements as tracers for the for the IGY consists mainly of: vertical 
study of atmospheric and oceanic movements. incidence soundings at 176 stations, absorp- 
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tion measurements a t  64 stations, measure- 
ments of ionospheric wind at 46 stations, and 
special observations including radar and 
visual meteor study, sferics, whistlers, radio 
auroral studies, ionospheric tides and scatter 
observations over a wide network. A special 
feature of the vertical incidence observations 
is the increased density in the Arctic, the 
Antarctic and the Equatorial belt. To im- 
prove interpretation of records, particularly 
in the high and low latitude stations, new 
scaling procedures and new forms of presenta- 
tion of data (such as f-plots) have been intro- 
duced. In most stations the frequency of 
soundings is four times an hour, to be in- 
creased during World Days and SWI's. For 
problems involving special measurements, 
' key stations ' have been nominated. 

To study ionospheric absorption, pulses 
will be sent up from ground-based trans- 
mitters (terrestrial method) and radio waves 
from galaxy will be received (extraterrestrial 
method). The latter method will also be 
used for the study of auroral absorption and 
of solar flares. The primary objectives in 
both methods are to examine the solar con- 
trol of normal absorption, to study the mor- 
phology of winter anomaly and to relate the 
observations with other geophysical pheno- 
mena. 

In the high atmosphere drifts have been 
discovered having horizontal velocities of the 
order of 80 m/s. in the E region and 100 m/s. 
in the F region, the F region value sometimes 
increasing to as much as 300 m/s. during 
times of magnetic storms. The physical 
significance of such drifts is still uncertain. 
While such motions may have been caused 
by a movement of the surrounding neutral 
air set in motion by normal meteorological 
processes, the possibility that the apparent 
motion may have been produced by a wave 
motion in the distribution of electrons re- 
mains. During the IGY this and other 
associated topics will be examined by four 
different methods. 

Scatterexperiments, which are particularly 
valuable for inaccessible locations, will be 
undertaken by a network of 42 stations, of 
which eleven are in the Arctic region. Both 
forward and back scatter experiments will be 
undertaken. 

There will also be observations on atmo- 
spheric and terrestrial radio noise. The IGY 
programme will include: measurements of 
noise a t  high, medium and low latitudes; 

study of solar flares by enhancement of 
atmospherics, particularly a t  27 kc/s.; loca- 
tion of storm centres by the sferic technique; 
and observations of whistling atmospherics. 

Exosphere - While estimates differ as to 
the region where exosphere begins, it seems 
possible, from extrapolation of recent rocket 
results, that this region is not much beyond 
500 km. Methods used for studying this 
region are of recent origin; these include 
(a) the method of whistling atmospherics, 
and (b) the method of radioastronomy (e.g. 
ionospheric absorption of cosmic radio noise; 
refraction of radio noise from discrete 
sources). To these will be added during the 
IGY the artificial satellites. 

Both whistlers and radioastronomy me- 
thods have indicated larger concentration of 
electron density in the exosphere than was 
believed possible. I t  seems that even at a 
height of 12,000 km., electron density is as 
large as 50/ml. During the IGY a wide 
network of stations will intensify observa- 
tions on the outer ionosphere using both 
these methods. The radioastronomical pro- 
gramme will mostly involve measurement of 
ionospheric absorption using cosmic radio 
noise but will also include the new technique 
developed a t  Manchester based on the 
long period fading of radio echoes reflected 
from the moon. 

The whistlers will be studied by a network 
of 27 stations in the northern hemisphere and 
16 stations in the southern hemisphere. 
Several of these are at the extremeties of 
magnetic lines of force and are intended to 
examine whether or not these atmospherics 
are propagated along the terrestrial magnetic 
lines of force. 

The most effective method will, however, 
be provided by the artificial satellites, pro- 
posed to be launched by the U.S.A. and the 
U.S.S.R. 

Extraterrestrial sources influencing the earth 

Sun - A network of 88 solar and 49 radio 
observatories will watch the sun during the 
IGY -when the activity of the sun will 
reach an unusually large peak, with conse- 
quent increase in the number of flares and 
active sunspot groups. In fact, the begin- 
ning of the IGY coincided with an intense 
magnetic storm and a very large solar flare. 

The solar programme is twofold. The 
first part concerns observations of distur- 
bances in the sun, such as chromospheric 
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eruptions, calcium plagues, and in the radio 
frequency region, of solar bursts accompany- 
ing flares, for helping the issue of alerts. 
The second part concerns observations which 
will be examined or analysed a t  a later date. 
Some of the observations serve, of course, 
both the purposes. 

observations on sunspots on a inter- 
national basis, which have been going on for 
a long time, will be continued with a greater 
density of stations. Fine structures of the 
spots will be studied for the first time. A 
special recording of the characteristic cal- 
cium plague structures will be undertaken. 
Stations already studying solar magnetic 
fields will intensify their work in this field. 
Flare patrols are being kept with Lyot 
filters, spectrohelioscopes, spectroheliographs 
and spectrographs, and by radio methods 
involving the observations of sudden enhance- 
ment of atmospherics and cosmic noise ab- 
sorption. The Meudon Observatory will con- 
tinue (and intensify) publication of syiloptic 
maps of the sun with form and develop- 
ment of filaments, extension and intensity of 
faculae. Photometric measurements of flare 
and plague indices, still largely unexplored, 
will be undertaken. Surges, which sometimes 
accompany solar flares and sometimes occur 
in the absence of flares, and the active region 
prominences such as active loops, down- 
flowing streamers, sprays, eruptives, etc., 
which often appear above sunspot groups, 
will be studied. Daily maps will be pre- 
pared of the fine structure of the chromo- 
sphere as it appears in the wider surroundings 
of centres of activity. Coronal isophotes will 
be ~ r e ~ a r e d .  . A 

There is, in addition, an extensive network 
for the observation of solar radio noise over a 
wide range of frequencies up to 10,000 Mc/s. 
In this programme both large telescopes and 
interferometers will be used. At some of the 
stations (Australia, U.S.A., Japan) sweep 
frequency observations of the sun will be 
undertaken. 

Cosmic rays-The total number of stations 
participating in the cosmic ray programme is 
129, most of which are now operating. Two 
types of instruments will be used: Counter 
telescopes which register the high energy 
particles of the cosmic rays and ionization 
chambers which identify particles of lower 
energy. Ralloons will be launched to record 
cos~nic ray intensity a t  higher altitudes; and 
several high altitude stations have been estab- 

lished. A sequence of stations extending 
from above 60°N. magnetic latitude to 
beyond 60"s. is studying tlie latitude effect 
of cosmic ray intensity. For problems in- 
volving symmetry between the northern 
and the southern hemispheres, three special 
longitude bands have been selected. For 
the detection of particles associated with 
solar flares and for the study of 24 hr. varia- 
tions a wide distribution of stations in longi- 
tude has been established a t  many latitudes. 
The remarkable discovery made recently by 
the French scientists which showed that 
cosmic ray intensity varies with sidereal 
time will receive special scrutiny during the 
IGY. 

Metbrs - The meteor programme comes 
under the purview of the first five disciplines 
of the IGY, namely World Days, Meteorology, 
Geomagnetism, Aurora and Airglow, and 
Ionosphere. 

I t  has already been mentioned that on the 
IGY calendar certain World Days have been 
adjusted to concide with the major meteor 
showers and with days of unusual meteoric 
activity. Observations in many fields of 
geophysical discipline will be intensified on 
these days. 

Meteors, it is believed, play a prominent 
rolein certain ionospheric phenomena. Tliere 
is considerable evidence that the night time 
E region is maintained by meteoric ioniza- 
tion and that certain intense meteor showers 
contribute appreciably to the general ioniza- 
tion of the E layer. I t  is also believed that, 
a t  least on occasions, the irregular clouds of 
ionization that maintain long distance VHF 
propagation are of meteoric origin. .The 
Jodrell Bank experimental station in Great 
Britain has been a pioneer in this field. 
During the IGY this station will continue 
to obtain a systematic record of meteoric 
phenomena and, in particular, to determine 
(a) wind speeds a t  E-region heights from 
measurement of the shift of the ionized 
meteor trail by a doppler method, and 
(b) scale heights and densities in the 100 km. 
region of the atmosphere. While Jodrell 
Rank has the most extensive programme for 
the study of meteors, other countries, in- 
cluding the U.S.A., Canada and Australia, are 
also contributing to this programme. 

Rockets and satellites 

Rockets - Since World War 11, rockets, 
such as the V,, Viking, Aerobee and Deacons, 
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have. been shot up into the high atmosphere, 
some even reaching to heights of 400 km. 
The results of these launchings have given a 
new dimension to the study of the upper 
atmosphere. More than 100 rockets have 
gone up in the past and a substantial part of 
our present knowledge of the stratosphereand 
io~osphere is based on these explorations. 

All rocket observations made in the past 
will be repeated during the IGY, and on a 
much larger scale, and in more countries. 
Some 200 rockets will be sent up. On 
4 July, an Aerobee was sent up from Fort 
Churchill, U.S.A., to mark the inauguration 
of this programme. The U.S.A. will send 
up 36 Aerobees and about 100 rockoons 
(rockets borne by balloons to altitudes of 
several kilometers before ascending under 
their own power). France will launch 12 
Veroniques from the Sahara Desert. The 
U.K. will launch several Skylarks. There 
will also be rocket launchings by Japan. 
These rockets will measure the atmosplieric 
pressure, temperature and composition to E 
region heights and above. Some will be 
especially launched at the time of solar flares 
to study the L, radiation during a flare. 
Magnetometers carried by rockets will study 
the location and distribution of the S,- 
current system. Sodium particles will be 
injected into the atmosphere to produce 
artificial airglow. 

Satellites - The most exciting programme, 
and the most revolutionary, concerns the 
artificialsatellites. Both U.S.A. and U.S.S.R. 
are expected to launch these satellites. The 
first satellite will probably be launched by 
the end of this year. 

The U.S. satellite, details of which are 
available, will be a sphere, 20 in. in diameter 
and weighing approximately 21.5 Ib. Of this 
weight, about half will be required for the 
structure itself, leaving half for various ins- 
trumentation, including the telemetering 
system. The satellite will be launched from 
the east coast of Florida a t  Cap Canaveral, 
using a three-stage rocket assembly. The 
satellite will revolve about the earth once 
every hour and a half. 

The U.S. satellite will have an orbit shift- 
ing within a band between 40"N. and 40"s. 
This will make the satellite observable from 
many parts of the United States, Central 
and South America, Asia, Africa, Southern 
Europe and possibly some regions in mid- 
northern latitudes. The satellite will be 

observable only during the twilight period 
and for only a few minutes*. 

Acquisition of the satellite - Once placed 
in its orbit the satellite will become a celestial 
body, and as such, the first problem becomes 
its acquisition. Acquisition and subsequent 
tracking of the satellite will be done by both 
optical and radio methods. 

Optical observations will be of two kinds: 
the ' moon watch ' programme, involving 
teams of observers, and the precision optical 
tracking system. In the ' moon watch ' pro- 
gramme, trained teams of observers using 
binoculars, placed on fixed mounts, will give 
an initial acquisition of the satellite. 

Once the satellite has thus been acquired, 
the precision equipment will be rapidly 
brought into play. This equipment consists 
of improved Schmidt cameras and crystal 
clocks. .This system will track the satellite 
with an accuracy of about 2 sec. of arc in a 
direction transverse to the path. However, 
the path must be initially known to a pre- 
cision of 3 degrees before the precision sys- 
tem can be used. 

There is, in addition, a radio tracking 
system at 108 Mc/s., known as ' Minitrack '. 
The estimated precision is about three 
minutes of arc with improvement to a pre- 
cision of 20 seconds of arc for observation at 
small zenith angles. The radio tracking 
system is distributed principally in a north- 
south chain over the Americas. The primary 
network will be supported by a simplified 
system (Mark I1 Minitrack) which would be 
more widely distributed. 

Scientijic uses of the satellites - The scien- 
tific programme planned for the satellites 
involves both ground measurements and 
measurements inside the satellite. 

The number of equipment that can be 
fitted up within the satellites is governed by 
the payload limitations. At present the 
plans call for measurement of temperature, 
pressure, meteoritic influx, solar ultraviolet 
and X-radiation and cosmic rays. The L, 
radiation in the extreme ultraviolet will be 
particularly watched. Primary cosmic rays, 
which are normally masked by the atmo- 
sphere, will be studied. 

*Recent report from the U.S.S.R. committee 
indicates that the Russian satellite will be launched 
from thc U.S.S.R. a t  a small angle to  the meridian, 
and will consequently be observed in its orbit from 
all parts of the earth except the central areas of 
the Arctic and Antarctic. 
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These experiments will be supplemented 
by an elaborate programme from the ground 
in which both optical and radio observations 
will be involved. From the geometry and 
path of the satellite, calculations can be 
made of the air density of the exosphere, 
much of which is still uncertain. Variations 
of the orbit from the predicted one will 
permit revision of our concept on the mass 
distribution of the earth, and will improve 
our knowledge on the shape of the earth. 

Another programme of unusual interest 
would be the comparison of the simultaneous 
position determination by the optical and the 
radio systems. While for the optical system 
there will be little refraction, the radio 
system will suffer appreciable refraction by 
the ionosphere, and a comparison of the 
two values will give information about the 
total electron content of the ionosphere. 

Antarctica 

Unlike the Arctic, which is an ocean of ice, 
the Antarctica is a huge continent of 1 . 3 2 ~  
lo7 sq. miles with an average altitude of 
2000 metres. I t  is the most inaccessible 
part of the world, and the least known. 

The Antarctica programme is one of the 
most outstanding features of the whole 
enterprise, and exceeds that of the entire 
First Polar Year. For it alone, the IGY 
would have been justified. The most modern 
machines are being used for this programme: 
aircrafts, helicopters, huge ice breakers, elec- 
tric snow-ploughs, etc. 

Eleven countries have or will have bases 
in the Antarctica. These are: Argentina, 
Australia, Belgium, Chile, France, Japan, 
New Zealand, Norway, U.S.S.R., U.K. and 
U.S.A. At the South Pole itself two per- 
manent bases will be established, one by the 
Americans, another by the Russians. Ad- 
vance expeditions have been under way for 
some time by some of these countries and 
have already provided important geogra- 
phical advances. All-sky photographs that 

have been obtained of ' Aurora Australis ' 
a t  75"311S., 26'36'W. by the Royal Society 
Advance Party are considered among the 
finest auroral pictures ever taken. 

The Antarctica programme covers most of 
the geophysical disciplines included under 
the IGY. In addition to the basic environ- 
mental studies that will have to be made 
incidental to the occupation and mainte- 
nance of the stations, intensive programmes 
have been and will be undertaken in the fields 
of meteorology, geomagnetism, aurora and 
airglow, ionosphere, glaciology and seismo- 
logy. 

World Data Centres 

A vital principle of the IGY is that all the 
IGY data shall be made universally available. 
For this reason, World Data Centres (WDC) 
have been established in all the disciplines 
and all countries participating in the IGY 
are under obligation to supply their data to 
a t  least one of the centres. The CSAGI 
appointed Vice-Admiral Sir A. Day as 
co-ordinator for helping to arrange the col- 
lection and interchange of IGY data. 

In each field there are a t  least thre? 
WDC's. Each centre will keep a central 
catalogue and index of all the material in its 
charge. Investigators anywhere will be able 
to buy any  data from these centres at no  more 
cost than the cost of co$ying and transmission. 

The World Data Centres consist of: 

Centre A - All disciplines. U.S.A. 
Centre B -All disciplines. U.S.S.R. 
Centre C - There are a number of such 

centres, different for different disciplines, 
and distributed in many countries. 
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A CTIVATION analysis is a new and 
useful analytical tool for the research 
worker. For employing activation 

analysis, a knowledge of the nuclear cha- 
racteristics of the radioactive isotopes of 
elements is a necessary prerequisite. Nuclear 
particles such as neutrons, protons and 
deuterons are used to produce radioactive 
isotopes by activation of the nuclei of the 
sample elements which are then detected and 
measured by their characteristic radiations. 
The method is specific since each induced 
radionuclide has its own particular decay 
constant and type of radiation. In activa- 
tion analysis, external contamination during 
analysis, most commonly experienced in the 
conventional methods of analyses, is negli- 
gible because the contaminants must be 
present before irradiation in order to undergo 
nuclear reaction. Activation analysis can be 
applied for the determination of trace ele- 
ments in various types of materials; solid as 
well as liquid samples can be used for analysis. 
A few milligrams of material are sufficient for 
precise work. 

Analysis by radioactivation was introduced 
by Hevesey and Levy1 in 1936 when they 
used neutrons from a 300 mc. radon-beryllium 
source to activate certain rare-earth ele- 
ments. I t  was not until the advent of 
nuclear reactors that sources of sufficiently 
high neutron flux became available to give 
high sensitivity to this method. 

The general equation governing activation 
by irradiation is: 

W =  Activity x Atomic weight 
6.02 x loz8 x f x aAt x (1 -e-O.e93Tltt) 

. . . (1) 

where W is the weight of the element (g.), f, 
flux of the bombarding particles (neutronslsq. 
cm./sec.), *At, atomic activation cross-section 
(sq. cm./target atom), i.e. isotopic cross-sec- 
tion for the reaction x percentage abundance 
of the isotope, T, duration of bombardment, 
and t&, half-life of the radio-isotope produced 
in same unit as T. Activity represents dis- 
integrations per second. 

From equation (1) it is clear that (i) the 
activity for a given amount of material is 
directly proportional to the neutron flux, and 
(ii) the weight of the material that gives a 
specified activity is inversely proportional to 
the flux. Hence the higher the neutron flux, 
the greater the sensitivity for detection of a 
given isotope. 

In actual practice the results are usually 
compared with standards in order to elimi- 
nate corrections for neutron flux, counting 
geometry, efficiency, etc. A sampleof known 
weight (standard) and the unknown sample 
are irradiated and counted under identical 
conditions and from the relation 
Weight of element in unknown - 
Weight of element in standard - 

Activity in unknown . . . (2) Activity in standard 

the concentration of the element in unknown 
sample is calculated. 

Apparatzts - Equipment necessary for acti- 
vation analysis are: (i) a neutron activation 
source, and (ii) a radioactivity detection 
eq~~ipment. 

The following activation sources are com- 
monly used : 

Ra-Be, 25 mg. 
Sb-Be, 1 curie 
Van de Graaf 
Cyclotron 
Oak Ridge reactor X-10 
Oak Ridge reactor LITR 
Brookhaven reactor BNL 
Idaho reactor MTR 

The cyclotron or Van de Graaf generator 
is a secondary neutron source. Low level 
neutron sources like radium-beryllium and 
antimony-beryllium can be used for analysis 
whenever lower sensitivities can serve the 
purpose. 

Cost - The reactors, cyclotrons and neu- 
tron generators are generally costly for ana- 
lytical purposes. A 25-milligram radium- 
beryllium source costs about Rs. 3000 giving 
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a constant neutron flus. A 1-curie anti- 
mony-beryllium source costs about Rs. 200 
with an additional irradiation cost of about 
Rs. 150 per month. Since antimony-124 
decays with a half-life of 60 days, the source 
needs reactivation from time to time. A 
polonium-beryllium source can also be used 
as a low level neutron source. Thermal acti- 
vation with low level neutron sources like 
antimony-beryllium and radium-beryllium 
has a major advantage over activation with 
larger sources like the accelerator or the re- 
actor, namely that only isotopes with a high 
activation cross-section and short half-life 
are detected after short irradiation. More- 
over, the various neutron-induced activities 
in an accelerator or reactor are eliminated. 

The detection equipment includes: (i) Q-gas 
counter, (ii) 4x-counter, (iii) scintillation well 
counter, and (iv) scintillation spectrometer. 

Sensitivity - Elements with 11igh cross- 
section, e.g. europium, dysprosium, sama- 
rium, holmium, lutecium and rhodium, give 
extremely high sensitivities by activation 
with a strong neutron source2. Thus with 
the Oak Ridge LITR reactor, europium and 
dysprosium provide sensitivities of 10-I". or 
even less. Compared to this spectrographic 
analysis gives a sensitivity value of g. 
for europium and lo-' g, for dysprosium. 
Samarium, holmium and lutecium, after acti- 
vation in the LITR reactor, give sensitivities 
of the order of 10-lo g. Thus, in some cases 
analysis by radioactivation surpasses other 
methods like arc and spark spectroscopy, 
flame spectrometry, colorimetry and ampero- 
metry. I t  is possible to detect traces of the 
above rare-earth elements after .activation 
even with low level neutron sources. This 
high sensitivity inherent in activation ana- 
lysis of certain elements is an outstanding 
merit of the method. 

Detection of impurities - Several methods 
have been developed for detecting impurities 
by activation analysis. Using scintillation 
spectrometry, impurities present in silicon, 
meant for use in transistors, can be determin- 
ed3. Neutron activation analysis has been 
applied to potassium mineral dating - the 
argon40 content of potassium minerals is 
measured by activation to radioactive argon- 
414 Microgram and sub-microgram quantities 
of uranium have been determined in synthetic 
samples, ores, soils and sea water5. Szekeley6 
developed a method for the analysis of traces 
of copper in germanium. James and Rich- 

ards' analysed arsenic in silicon, Foster and 
Gaitmans determined phosphorus in alumi- 
nium and alumina, while JenkinsD analyjed 
small quantities of thorium using activation 
analysis. A rapid methodlo has been develop- 
ed for the analysis of milligram quantities of 
fluorine and microgram quantities of other 
halogens. In this method the neutron source 
is the nuclear reaction Be (d, n) B using 
deuterons accelerated a t  2 m.e.v. by a Van de 
Graaf accelerator. Procedures have been 
worked out for determining trace impurities 
in liquid metal coolantsll. Other schemes 
comprise the determination of trace elements 
in sea water, reactor cooling material and 
biological material2. In all these cases high 
level neutron sources were employed either 
from a reactor or from an accelerator. 

A polonium-beryllium source was used as 
a low level neutron source by Mayr et a1.12 for 
the detection of boron in tissues. Meinke 
andAnderson13used a 25 mg. radium-beryllium 
neutron source (low level neutron source) for 
the estimation of rhodium, silver or indium 
in the presence of several other elements and 
for the estimation of several rare-earths for 
which spectrophotometric determinations are 
difficult. Meinke and De14 explored the possi- 
bilities of using an antimony-beryllium neu- 
tron source for activation analysis by means 
of scintillation well counter in conjunction 
with scintillation spectrometry for the mea- 
surement of radiations. 

In general, the activities of the samples are 
measured, compared with standards under 
identical conditions, and their decay followed 
down to background to identify the elements 
being counted. In a mixture of two ele- 
ments, the decay curves are resolved into the 
two half-life components and the activity of 
each component compared with the respective 
standard. In the case of gamma-emitting 
isotopes a scintillation spectrometer is used 
to obtain the characteristic spectra as well as 
quantitative measurements. A spectrogam- 
meometer automatically records the spectra 
and also the activity due to a certain radio- 
isotope. 

For precise work, care has to be taken 
against errors in activity measurement, 
incomplete chemical separation, radioactivity 
contamination in carrier, errors in activa- 
tion due to competing transmutation, flux 
inhomogeneities and self-absorption. 

The major application of activation ana- 
lysis is in solving specific and difficult 
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analytical problems. The analysis of minute 
amounts of hafnium in zirconium, detection 
of sub-microgram amounts of arsenic and 
estimation of certain rare-earths are some 
typical examples. 
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Indian Standards  Convention 

THE INDIAN STANDARDS INSTITUTION WILL lysis, modernization of farming practices, 
hold the third Indian Standards Conven- storage and conservation of agricultural and 
tion in Madras from 22 to 29 December food products, agricultural products as 
1957. The subjects to be discussed are: raw materials for industry, and food qua- 
testing and certification for quality, im- lity. The technical papers meant for the 
plementation of Indian standards, problems Convention should reach the Organizing 
of changeover to metric system, modern Secretary of the Convention by 15 Septem- 
physico-chcmical methods of test and ana- ber 1957. 



R E V I E W S  

SYNTHETIC POLYPEPTIDES : PREPARATION, 
STRUCTURE AND PROPERTIES by C. H. Bam- 
ford, A. Elliott & W. E. Hanby (Academic 
Press Inc., New York), 1956. Pp. xiii + 445 

The subject of synthetic polypeptides is one 
of current interest and has been intensively 
studied during the post-war years. The 
book under review has been written by 
three authors belonging to the well-known 
British research laboratory of Courtaulds Ltd. 
and hence it is a welcome entrant into the 
literature of chemistry. The interest in these 
polypeptides is twofold: (i) They are closely 
related to natural proteins, many of which 
are extremely important and play a vital 
part in physiology and industry, and (ii) the 
polypeptides constitute a class of high poly- 
mers with unique characteristics and having 
definite relationship between properties and 
molecular structure. The methods of study 
are multi-sided involving chemical as well 
as physical methods of different types. As 
a result of concerted attack using a number 
of techniques, useful information has been 
obtained. 

The book contains twelve chapters and 
starts with a small introduction (Chapter I) 
in which the nature of the monomers and the 
scope of the book are discussed. The syn- 
thesis of polypeptides is described in detail 
in Chapter 11. I t  not only contains a good 
account of the development of modern 
methods but also gives the experimental 
details of the methods of preparation of 
monomers and subsequent polymerization. 
It includes a discussion of the quantitative 
determination of N-carboxy-cr-amino acid 
anhydrides and a table consolidating the 
data on the preparation of these anhydrides. 
The mechanism of polypeptide synthesis 
from N-carboxy-a-amino acid anhydrides 
(NCAs) is discussed under several headings 
in Chapter 111. The interesting subject of 
chain configurations is presented in Chapter 
IV dealing in detail with different types of 
helical structures. The following five chap- 
ters describe the methods of infrared spec- 
troscopy and X-ray diffraction, and their 
application to the study of the molecular 
structure of the polypeptides. Each of these 
techniques is introduced at a fairly ordinary 

level and then developed. The discussion 
will be helpful for even those who have not 
specialized in these techniques. 

Chapter X gives a full account of the 
properties of synthetic polypeptides under a 
large number of heads such as molecular 
weights by chemical and physical methods, 
a-p transformations, effect of groups, solu- 
bility, dyeing properties, optical rotation and 
molecular orientation. The biological pro- 
perties of synthetic polypeptides have not 
been much investigated and what is known 
in this respect is contained in a small chapter 
(XI) of five pages. The last chapter deals 
with fibrous proteins and their relation to 
synthetic polypeptides. The composition 
and structure of silks are discussed first, 
followed by an account of the keratins of 
wool and hair. 

The printing, paper and get-up fully main- 
tain the standard of the publishers. The 
volume is sure to be welcomed as a clear and 
handy account of a growing subject of great 
importance. 

T. R. SESHADRI 

REPORTS ON THE PROGRESS OF APPLIED 
CHEMISTRY, Vo1. XL (Society of Chemical 
Industry, London), 1954. Pp. 1000 

Researchers in applied chemistry look forward 
to the Reports on the Progress of Applied 
Chemistry, which, though not so extensive 
as many other annual reports on certain 
individual subjects, do give excellent sum- 
maries of the recent scientific, technical, 
patent and trade literature on a large number 
of subjects. The present volume contains 
the usual eight sections, the subject matter, 
including the references, covering up 815 
pages. There are in addition 79 pages of 
name index, and 106 pages of subject index. 
Under the revised policy, which has been in 
operation for the last few years, some of the 
subjects are dealt with only once in 2-3 
years. 

The first section deals with inorganic 
chemistry. In addition to the usual chapters 
on acids, alkalies and salts, glass, ceramics 
and refractories, road and building materials, 
there is a chapter on industrial gases. The 
permanent gases, oxygen, nitrogen, hydrogen 
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and the rare gases and some of the hydrocar- 
bons, viz. acetylene, methane, propane and 
butane, are dealt with, but not the oxides of 
carbon or synthesis gas. The usual chapter 
on physical metallurgy has been omitted in 
the section on metals. A new chapter on 
cosmetic and toilet preparations is included 
in the section of organic chemistry, instead of 
the usual chapter on explosives. There are 
special chapters on the reactivity of cellulose 
and industrial uses of isotopes, but both 
adhesives and enzymes have been omitted. 

I t  is not possible for a single reviewer to 
make critical comments on each and every 
chapter of these reports; the overall impres- 
sion that one forms on going through the 
different sections is that though on the whole 
the reports admirably serve the useful pur- 
pose for which they are meant, there is scope 
for considerable improvement in some sec- 
tions, an example of this being the section on 
Chemical Engineering. Similarly the regular 
reader of the Reviews of Current Literature 
relating to the paint, colour, varnish and 
allied industries, published by the Research 
Association of British Paint, Colour and 
Varnish Manufacturers, Paint Research Sta- 
tion, Teddington, will find the chapter on 
resins, drying oils, etc., poor. The basis of 
including the chapter on rubber under the 
section of biological products is also ques- 
tionable, when greater part of the informa- 
tion is about synthetic rubbers. In fact, 
just as the Society of Chemical Industry has 
a separate Plastics and Polymer Group, so 
also a separate section devoted to polymers 
- adhesives, fibres, plastics, rubber and 
organic coatings - will be very appropriate. 

Half a dozen printing mistakes have been 
given in the errata on page 1000, to which the 
following two may be added: page 92, lines 
3-4, " for t can. . ."(?); page 530, reference 
192 (see also p. 849), " Joslin " should read 
" Joshi ". 

The printing and layout are of the usual 
high standard. The Reports should find a 
prominent place in all scientific and technical 
libraries as reference manuals. 

N.R.K. 

THEORY OF MACHINES THROUGH WORKED 
EXAMPLES by G. H. Ryder (Cleaver-Hume 
Press Ltd., London), Second Edition, 1956. 
Pp. viiif255. Price 20s. 

The aim of this book is to provide adequate 
practice to students in working out problems 

of Theory of Machines. This has been 
achieved through solution of a large number 
of problems on the basis of summary of prin- 
ciples, formulae and methods of solution 
included in each chapter. There are some 
280 practical problems out of which 170 have 
been worked out in detail. The remaining 
problems, accompanying answers and hints 
on solution, are intended for practice. The 
graphical method of solving problems has 
been frequently used in many chapters. In  
some examples both graphical and analytical 
solutions have been provided to familiarize 
the students with both methods. 

The first 6 chapters deal comprehensively 
with the analysis of motion in linkages, gears 
and cams. The problems involving clutches, 
bearings, belts, brakes and inertia forces 
have been presented in the next 4 chapters. 
Chapter .12 covers the important applications 
of balancing, such as balancing of rotors, in- 
line engines, locomotives and radial engines. 
The scope of this chapter could have been 
profitably enlarged by including a few more 
practical problems on balancing of loco- 
motives and Vee engines. The chapter on 
gyroscopes is short but informative. The 
last three chapters deal with vibration of 
systems with one and two degrees of freedom. 
The author has tried to include many impor- 
tant aspects of vibration in these short 
chapters. However, i t  would have been 
easier for the student to master the principles 
of vibration if the subject were dealt with in 
more detail. There is no definite limit to 
the scope of many of the chapters and some 
problems which cannot be classified have 
been grouped in the chapter on general 
dynamic problems. 

In general the problems presented in the 
book cover the requirements of students 
entering for university degree examinations 
and examinations of professional institutions. 
The author's endeavour to write a book of 
this nature will be highly appreciated by 
students and teachers alike. 

S. P. SEN 

PUBLICATIONS RECEIVED 
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NON-FERROUS METAL INDUSTRY IN INDIA. Edited 
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Synthesis of penicillin V 

THE ABILITY OF ALIPHATIC CAR- 

bodiimides to form amide boncls 
in aqueous solution tlirectly from 
the amine and carboxyl compo- 
nents under very mild conditions 
has been macle use of by J. C. 
Sheehan and K. R. Henery-Logan 
of the Massachusetts Institute of 
Technology for the first rational 
synthesis of penicillin V (phenoxy- 
methylpenicillin) in good yield. 

D-Penicillamine was condensed 
with t-butyl phthalimidomalonal- 
dehydate to  give t-butyl D-a-4- 
carboxy-5, 5-dimethyl-a-phthal- 
imido-2-thiazolidineacetate, which 
on hpdrazinolysis followed by 
acidification with hydrochloric 
acid gave t-butyl D-a-4-carboxy- 
5, 5-dimethyl-a-amino-2-thiazoli- 
dine acetate hydrochloride. The 
latter was reacted with phenoxy- 
acetyl chloride and triethylamine 
to yield a-t-butyl D-a-phenoxy- 
methylpenicilloate. Cleavage of 
the t-butyl ester with dry hydrogen 
chloride, followed by crystalliza- 
tion from acetone-water contain- 
ing an equivalent of pyridine, led 
to 75 per cent of D-a-phenoxy- 
methylpenicilloic acid hydrate. 
The latter, on treatment with 
N, N'-rlicyclohexylcarbodiimide in 
dioxane-water (20 min. a t  2S°C.) 
cyclized as the monopotassium 
salt in 10-12 per cent yield. By 
partition between methyl isobutyl 
ketone and phosphate buffer of 
p H  5.5 (two funnels) the totally 
synthetic crystalline potassium 
salt of penicillin V was isolatecl. 
The entire reaction sequence 
starting with penicillamine was 
conducted a t  or below room tem- 
perature I J .  Amer. ckcm. Soc., 79 
(1957), 12621. 

Energy of a-particles 
from U234, U2aa and Th232 

THE =-PARTICLE ENERGIES OF 
U2S4, Uesa and The32 have been 
measured with a grid ionization 
chamber. The electronic equip- 
ment was designed to provide low 
noise, high resolution and good 
long-term stability. Raz2a, Em222, 
Poala, Po214 and Poa0 were used 
as energy standards. An investi- 
gation was macle of the correc- 
tions to the measurements due to 

variation in pulse rise-time, source 
thickness and imperfect shielding 
of the collector by the grid. The 
experimentally observed resolu- 
tion was satisfactorily accounted 
for by the combination of these 
factors and the noise and ioniza- 
tion straggling. 

a-Particle pulse heights were 
measured in terms of the output 
of a precision pulse generator and 
the corrected pulse heights related 
to  the energies of the standard 
sources by a two-parameter least 
squares calculation; the standard 
deviation was less than 5 keV. 
On extrapolating to  zero ioniza- 
tion the line so obtained .inter- 
cepted the energy axis a t  83 keV. 
The a-particle energies deduced 
using this line were: UP3*, 4.7684~ 
0.003 ; Uea8, 4.195&0.005 ; The3', 
4.00710.005 Mev. [Canad. J. 
Phys.,  35 (1957). 2581. 

Zirconium as a 
reactor material 

ZIRCONIUM, ON ACCOUNT OF ITS 
low cross-section for neutron cap- 
ture, its resistance to heat, radia- 
tion, oxidation, corrosion and 
good mechanical performance, is 
replacing aluminium as the core 
material in reactors. Zirconium 
alloys free from hafnium can be 
employed in reactors in which low 
thermal-neutron capture cross- 
section is required. Zirconium can 
be continuously used for thousands 
of hours in contact with water a t  
400°C, without appreciable corro- 
sion ancl temperatures up to 450' 
should be attainable. I t  resists the 
action of air up to 480°C, and of 
some molten metals up to 600°C. 
There is, however, a little loss of 
strength a t  elevated temperatures. 
The addition of 0.5-5 per cent of 
tin to  zirconium reduces sensiti- 
vity to corrosion and decreases the 
deleterious effects of impurities. 
Smaller additions of tin, molyb- 
denum, niobium, titanium or 
aluminium increase performance 
a t  high temperatures [Atomics, 8 
(1957), 1211. 

Radiological units 
and measurements 

THE INTERNATIONAL COMMISSION 
on Radiological Units and Mea- 

surements (JCRU),in co-operation 
with the staff of the National 
Bureau of Standards (NBS), has 
recently (April !957) issued the 
' Handbook 62 detailing the 
latest recommended radiological 
units and measurements super- 
seding an earlier publication. 
The report was prepared to explain 
the units and measurements 
agreed upon a t  the Commission's 
meeting a t  Geneva in April 1956. 
In  addition to  the new recom- 
mendations on radiological mea- 
surements, an extensive descrip- 
tion of the physical background 
and the factors which concern the 
problems of the measurement of 
absorbed dose of all kinds of 
radiation are contained in the 
report. The handbook also in- 
cludes reports of two subcom- 
mittees of ICRU, viz. Subcom- 
mittee on X-ray Standards and 
Subcommittee on Standards of 
Radioactivity. A number of 
tables and charts useful in the 
above measurements, some appen- 
dices like Treatment summary 
form, Survey of primary X-ray 
standards, Radioactivity stan- 
dards available from U.S.A. and 
U.K., etc., and an extensive 
bibliography are given a t  the end. 

Mode and origin of 
radio scintillations 

THE SCINTILLATION OF A RADIO 
star is believed to  he caused by 
irregularities in the density of 
ionization a t  a height of c. 400 km. 
These irregularities move with a 
windlike motion past the obser- 
ver's line of sight. The natiire 
and origin of this ionization have 
been studied a t  the Department 
of Physics, Queen's University, 
Ontario. 

At Ottawa, during 1954, the 
radio signal from the strong 
source in Cassiopeia was recorded 
continuously a t  a frequency of 
50 Mcls. An analysis of the records 
revealed that the sun is not pri- 
marily responsible for the observed 
variation in scintillations; instead 
the interstellar particles captured 
by the sun's gravitational field can 
explain the scintillation measure- 
ments. The sun moving through a 
cloud of particles deflects them, 
forming, with the help of many 
inter-particle collisions, a relative- 
ly dense accumulation of particles 
behind itself. From this so-called 
collision region, particles fall to- 
wards the sun. 

If such particles striking the 
earth's atmosphere contribute to  
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the ionization responsible for 
scintillations, the solar hour of the 
day of maximum occurrence of 
scintillations corresponds to  a 
most nearly perpendicular inci- 
dence of the infalling particles. It 
is possible, therefore, to proceed 
from solar hour of maximum 
scintillation, through a correction 
for the earth's orbital velocity, to 
direction of the component of the 
velocity of infalling particles in 
the earth's equatorial plane. Their 
speed has been calculated (making 
use of the earth's known orbital 
velccity) to be 3.3 x lo4 m.!s., and 
the collision region 200 million 
miles from the sun. 

In the observations made there 
were three periods during the year 
when the scintillation record 
reached a maximum near 1200 hr., 
suggesting the arriva! of particles 
from the sun. On two of these 
occasions (February and October- 
November) particle speeds of 
ahout 2 x 106 m.!s. were calculated 
and these two periods coincided 
with the two broad maxima which 
were displayed by the planetary 
K index during 1954. On the 
third occasion (August-September) 
the speed of the particles was very 
much higher, which may be related 
to the fact that the only solar 
flares of 1954 occurred during that 
period. There was no other evi- 
dence in the scintillation measure- 
ments of effects directly attribu- 
table to sun. 

The kind of particles involved 
must depend on the kind of inter- 
stellar matter available. On that 
basis, only hydrogen atoms and 
interstellar dust need be consi- 
dered. Two arguments strongly 
favour hydrogen. Firstly, meteor 
studies suggest that dust particles 
produce ionization only a t  alti- 
tudes lower than 400 km.; and 
further, they show no correlation 
between meteor activity and radio 
star scintillations. Secondly, the 
sun's radiation pressure would 
remove small dust particles from 
its vicinity while allowing hydro- 
gen atoms to  fall inward. 

Combining information about 
solar timesof maximum occurrence 
of scintillations with the observed 
annual variation, the celestial ra- 
diant of the infalling hydrogen is 
estimated to lie within the limits: 
right ascension 16 hr. 40 min. 
t o  17 hr. and declination -20' 
to -40". In  addition, the compo- 
nents of the velocity of the par- 
ticles with respect to the galactic 
plane has been estimated to  be: 
tangential, 28 x lo4 m./s. (the par- 

ticles are judged to be overtaking 
the sun from behind), radially 
outward 2 x lo4 m./s., and trans- 
verse 0.2 x lO4m./s. [Nature, Lond., 
179 (1957), 6081. 

Atmosphere of mars 

AN ACCOUNT OF THE OBSERVA- 
tions made to date on the atmo- 
sphere of Mars is givcn in an 
article in Trans. N. Y. Acad. Sci., 
19 (1957), 352. 

Like the earth, Mars rotates on 
its axis with a period of 24 hr. 37 
min. and 22.6 sec. and its equator 
is  inclined with respect to the 
plane of its orbit around the sun 
by 25'12', which js close to the 
terrestrial valueof 23'27'. Similar 
Coriolis and seasonal effects on 
Mars are, therefore, expccted as on 
the earth. Mars's period of revo- 
lution about the sun is 1.88 of 
earths' year; thus the seasons will 
be nearly twice as long. The 
radius of the planet is 0.53 of the 
earth and the acceleration of gra- 
vity is only 380cm./sec./sec. Thus, 
the adiabatic lapse rate (in a 
nitrogen atmosphere) is only 
3.7"C. Itm.-I (cf. terrestrial value 
of 94°C. km.-1). 

Visual and photographic obser- 
vations indicate a complex system 
of dark marlcings and areas against 
a reddish orange background on 
the planetary surface. Some of 
these markings show seasonal 
variation; during winter they are 
small and not very dark and as 
summer approaches they grow in 
size and darken. This behaviour 
has long been interpreted as signi- 
fying the existence of plant life 
on Mars. In  addition, there are 
distinct white polar caps that wax 
and wane with the seasons. 

Spectroscopic studies on com- 
position of thc atmosphere of Mars 
have established the presence of 
carbon dioxide, nitrogen, argon 
and water vapour. The content of 
carbon dioxide is estimated to be 
c. 13 times its mass per unit area 
in the earth's atmosphere. Water 
vapour must be present because 
the polar ice caps are composed of 
frozen water. As the surface frost 
points are near -9OoC., i t  is 
presumed that the atmosphere is 
far more arid than a t  any place 
on the surface of the earth. Oxy- 
gen is absent in the atmosphere of 
Mars which is considerably thinner 
than that of the earth (c. 125-50 
g. cm.-, of air, cf. c. 1000 g. cm.-,on 
the earth). The estimates of argon 
and carbon dioxide account for 
only 10 per cent of the mass, the 

rest being probably composed 
mostly of nitrogen. 

Iladiometric studies to calculate 
the surface temperature of the 
sunlit parts of the Mars indicate 
that the surface temperature may 
rise to  30°C. or more near the 
thermal equator, but a strong 
latitudinal temperature gradient 
exists, especially in the winter 
hemisphere. Near the equator the 
temperature rises well above O°C. 
about 1 hr. after the local noon. 
The minimum temperatures a t  
night cannot be observed for 
purely geometric reasons, but 
observations close to  the morning 
limb indicate equatorial tempera- 
ture near -40°C. ; i t  may even fall 
t o  -80" or -90°C. 

The atmosphere of Mars exhi- 
bits a variety of clouds of various 
types. The clouds occur com- 
monly ncar the limbs of the 
planet. These visible clouds oc- 
cur also near the centre of the 
disk, but far less frequently than 
near the edges. They may be 
either dust or convective H,O 
clouds. The other type of cloud. 
known as ' blue haze ', composed 
of very smallparticles, is normally 
present in Mars. This scatters 
blue light more effectively than 
yellow or red light, hence the 
name. The polarization of the 
scattered blue light suggests that 
the mean particle radius is in the 
vicinity of 0.2 [L. The terminal 
velocity of spheres on Mars with a 
radius of 0.2 y is so slow that any 
sizable cloud would require a 
very long time to dissipate. How- 
ever, clearing can occur in a 
few days. Calculations indicate 
that  a CO, ice cloud would be far 
too opaque, but that an H,O ice 
cloud could have proper opticaland 
geometric thicknesses provided the 
surface frost point is near -90°C. 
Thus, the haze appears to be 
compo~cd of tiny ice crystals. 

Thc gcneral circulation of Mars 
is simpler and steadier than that 
of earth as thcrc are no oceans 
on arid Mars and the interplay of 
continents and oceans apparent 
in our atmosphere is absent. A 
study on drifts of the clouds on 
Mars gives evidence of subtropical 
high pressure cells, middle latitude 
westerlies, and sharp cyclonic 
shears that may be due to frontal 
systems. 

Semiconducting 
oxide catalysts 

THE ACTIVITY OF A SEMICONDUCT- 
ing catalyst is influenced by its 
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electronic state. In  an attempt to 
investigate the form of the rela- 
tion between the two values the 
electrical conductivitie; of several 
semiconducting oxide catalysts 
werc studied during tlic course 
of catalytic deliydrogenntion of 
ethanol using n-scniiconductors 
(%no, Fe,O,,) and p-semiconduc- 
tors (Cr,O,, hTgO, NiO) and their 
niixtures. 

An appreciable change in the 
conductivity of the catalyst was 
noted after the vapours of the 
water-alcohol mixture had hecn 
introduced into the apparatus. 
The change of the logarithm of the 
conductivity I A log a ( was of 
the order of several units. The 
conductivity of the catalysts con- 
sisting of tlie n-conducting oxides 
(Zn0, Fe,O,) c.r their mixtures 
mcreased during 5-10 min. up to a 
constant level (catalyst %no,  tem- 
perature 400°C.). When tlie cur- 
rent of flowing vapour was re- 
placed by air, the conductivity 
dropped to its initial value. With 
the p-conducting catalysts NiO, 
Cr,O, (up to 450°C.) or with 
MgO-Cr,O, mixtures, the con- 
ductivity decreased to a constant 
value (catalyst Cr,O,,tcmperature 
350°C.). 

~he ' conduc t i \ . i t~  of chromium 
oxide above 450°C. a t  first de- 
creased and then increased with 
time to a value higher than the 
initial. Such a behaviour can I)c 
exp1;tincd 1)p assuming the transi- 
tion of p-type conductivity of 
Cr,O, to n-type due to the shifting 
of the Fermi level after tlic ex- 
posure of the catalyst to reacting 
vapours. 

In the case of mixtures of n- and 
p-tvpe conducting oxides, both 
tvpes of log a changes werc found, 
depending on which of the two 
oxides was predominant in the 
composition. 

The influence of t,emperature 
on the change of log a (value 
of I A log a I in tlic coursc of the 
catalytic reaction on the surfac: 
of the ZnO+l;e,O, catalyst, as 
well as the influence of tcmpera- 
ture on the catalytic reaction 
yield r (after tlic conductivity 
reached its constant value) are 
taken as a measure of the reaction. 
The parallelism of both values 
suggests a close relation 1,etacen 
the r and I A log o / values. 

The factor A in the equa- 
tion r = A  I A log a I + B express- 
ing the linear relationship of r and 
I ,A log a I was in all cases posi- 
tlve except in the case of Cr,O,. 
or Cr,O,-rich MgO-Cr,O, and 

ZnO-Cr,O, catalysts, and some 
inactive industrial catalysts which 
gave negative A values. 

The linear relationship of r and 
( A log o I is independent of tem- 
perature, since the catalytic re- 
action yield, as well as the num- 
ber of electrons which were trans- 
ferred to or taken out of the 
cat;\lyst, ;\re functions only of 
the numl~cr of molecules chemi- 
sorl)ed by the catalyst [Nntzrg,e, 
Lond.. 179 (1957), 6681. 

Electron image recording 
by xerography 

THE ELECTROPHOTOGRAPHIC PRO- 
cess of xerography for recording 
optical images depends on photo- 
conductivity produced in a film 
of a black vitreous form of sele- 
nium by the incident radiation. 
Induced conductivity in a thin 
film of amorphous selenium ob- 
served during electron bombard- 
ment has suggested the possible 
application of xerography to  the 
recording of electron images simi- 
lar t o  those produced in electron 
microscopes and electron diflrac- 
tion cameras. 

In the process the vitreous 
selenium plate is charged before 
loading into the apparatus and is 
required to  retain the charge for 
c. 10 min. while evacuation is 
taking place. The plate is then 
exposed to the pattern in the 
normal manner, and after removal 
from the camera, developed with 
a powder cloud. The plate which 
was initially negatively charged 
gets discharged due to  the elec- 
trons contributing to  the diffrac- 
tion maxima and later the back- 
ground is developed with a posi- 
tively charged powder clond. The 
diffraction maxima are thus cha- 
racterized by the absence of pow- 
der in the resulting image. 

Experiments using 50 kV. elec- 
trons have shown that the parti- 
cular selenium plates employed 
require an exposure similar to 
plates with Ilford N. 50 photo- 
graphic emulsions. A diffraction 
pattern just visible on the fluo- 
rescent screen requires an  ex- 
posure time of c. 5 scc. From the 
measurement of the ring dia- 
meters of a gold transmission 
pattern, there is no evidence of 
electron refraction in the electric 
field associated with the initial 
charge on the surface of the plate. 
The dhkl values calculated from 
the measured ring diameters on a 
xerograph are in agreement with 
those calculated from a conven- 

tional photograph to better than 
f 0.05 per cent. 

The main advantages offered by 
xerography in recording electron 
images are: (1) The vitreous sele- 
nium plates are free from out- 
gassing effects a t  room tempera- 
ture. (2) Xerographic plates of 
the type developed for radio- 
graphy can be used for recording 
electron images produced in elec- 
tron optical instruments using 
beam accelerating voltages be- 
tween 45 and 55 kV. (the range 
investigated so far). (3) . Such 
plates require an  exposure slmilar 
t o  that used with the high-con- 
trast photographic emulsions com- 
monly employed in electron mi- 
croscopy and electron diffraction. 
(4) The use of suitable liquid 
developing techniques makes pos- 
sible image resolution beyond the 
limits attainable with conven- 
tional photographic materials, 
without sacrificing the plate sensi- 
tivity. (5) The high image con- 
trast and w ~ d e  latitude of expo- 
sure with xero-radiography could 
be advantageous in the recording 
of electron microscope images, 
which frequently exhibit low 
relative contrast [Nature, Lond., 
179 (1957). 7731. 

Properties of neptunium 
PROPERTIES OF NEPTUNIUM PRE- 
pared by a bomb reduction pro- 
cess have been studied. Metal- 
lographic examination of the pre- 
pared sample indicated that in- 
clusions were present to the 
extent of about 3 per cent by 
volume and a t  least two types 
were recognized. The larger in- 
clusions had segregated to  a 
narrow band a t  one surface while 
the remainder, in the main body 
of the material, appeared to out- 
line a dendritic structure. Poro- 
sity was mainly confined to a 
single cavity, probably produced 
by contraction during solidifica- 
tion, and was estimated a t  less 
than 0.1 per cent of the specimen 
as a whole. The difference between 
the observed density (20.2 g./ml. 
a t  20°C.) and the theoretical 
(20.45 g./ml.) is probably due to  
the presence of impurities in the 
sample. Reasonably good grain 
contrast was obtained under 
examination in polarized light 
after the specimen, in the mecha- 
nically polished condition, had 
been allowed to  oxidize for some 
hours in air. There appears to  be 
a close relationship between these 
grains and the original dendritic 
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structure. The grains, which had 
a mean diameter of about 0.3 mm., 
were irregular in size and shape 
and to  a little extent similar t o  
those in cast uranium. Deforma- 
tion twins observed near hard- 
ness impressions were long, thin 
and parallel-sided, and were fre- 
quently restricted to  a single 
system in a given grain. 

From Meyer hardness analysis 
the Meyer index is found to be 
2-19 and the ultimate ball number 
458. Diamond pyramid inden- 
tations with loads greater than 
10 kg. gave a Vickers hardness 
figure of 355. The metal thus 
appears to be considerably harder 
than uranium in a similar condi- 
tion. The ultimate tensile strength 
of neptunium is of the order of 
80-90 tonslsq. in. [Nature, Lond. ,  
179 (1957), 9101. 

New nuclear particles 

IN AN ATTEMPT TO EXPLAIN 
nuclear forces and the compli- 
cated characteristics of the hitber- 
t o  known particles, Dr. Edward 
Teller of California University has 
predicted two new nuclear par- 
ticles yet unnamed and undis- 
covered. The particles, only 
theoretical conceptions based on 
indirect evidences, may be close to  
the simplest form of radiation 
having so short lives that  their 
detection may not be possible by  
existing methods. They would be 
neutral in charge and have only 
the properties of energy and mo- 
mentum. They would not have 
the usual particle properties of 
charge and spin. The masses of 
the particles are undetermined, 
but they probably would be 
somewhat heavier than pi me- 
sons and lighter than K mesons 
[Sci. Newslett., Idrash., 71 (1957), 
1951. 

Atomic structure of 
actinide series 

RECENT STUDIES OF THE EMISSION 
spectra of actinium a t  the National 
Bureau of Standards, U.S.A., have 
helped in elucidating the atomic 
structure of elements in the acti- 
nide series. The results confirm 
that f-type electrons are charac- 
teristic of this series. 

The spectrograms of actinium 
supplied by Argonne were mea- 
sured and interpreted for this 
purpose. It was found that a 
spectrogram of Ac 11, like La 11, is 
more complex than either Sc I1  or 
Y 11, the homologues in Periods 

IV and V; to  explain the extra 
lines i t  is concluded that, in ex- 
cited states, electrons of type f 
as well as type 9 are present, 
though less tightly bound. These 
results show that  actinium intro- 
duces in the seventh period, an- 
other group of 14 'rare earths' in 
which the f-type electrons arc in- 
corporated into the outer struc- 
ture of the heavier elements. 

f-Type electrons appear only in 
highly excited states of Th I, 
and the unexcited thorium atoms 
have two d and two s electrons, 
whereas f electrons are found 
in the normal confieuration of " 
proto actinium atoms [Chem. 
Engng. News, 35 (1957), 321. 

Determination of 
hydrogen in mines 

- - - - - ~ - -  ~~ 

mination of hydrogen in the mine 
air has been rleveloped by the 
National Coal Board, England. 

In  the apparatus, separation of 
hydrogen from the other compo- 
nents in a given sample is effected 
by means of a column of active 
carbon, 7 it. long, contained in an  
annealed copper tube of -&in. bore. 
An identical column through 
which only reference gas is passed 
serves t o  compensate for slight 
changes of inlet pressure. A 
twin-cell platinum-wire katharo- 
meter and its associated bridge 
circuit are used as the detecting 
device, each cell receiving gas 
from one of the columns. 

Oxygen-free nitrogen is nor- 
mally used as the carrier and 
reference gas. If a particularly 
high sensitivity is required, argon 
is preferable on account of its 
lower thermal conductivity. The 
pressure drop across the columns 
is maintained a t  14 cm. of mer- 
cury, equivalent to a flow rate of 
about 50 ml./min. through each 
column. A 10 ml. sample is 
taken for each analysis, hydrogen 
being eluted from the separating 
column after 40 sec. For gases 
which are eluted from the column 
very rapidly, i t  is permissible to  
assume that the peak height is 
proportional t o  the amount of 
the component present, over a 
wide range of concentrations; 
thus the recorder can be calibra- 
ted directly in terms of hydro- 
gen. Determinations can be 
carried out with an accuracy 
better than -f0.005 per cent of 
hydrogen. Hydrogen present in 
0.005 per cent concentration can 
be detected. 

The instrument can also be 
used for the determination of 
methane. The sensitivity of the 
instrument to methane is lower 
than with hydrogen due to lower 
thermal conductivity of methane 
[Naluve, Lond. ,  179 (1957), 9111. 

Hydraulic pressure cleaning 

A COMPACT IIIGH-PRESSURE HY- 
draulic clcaning unit with some 
unique features is being cons- 
tructed by Joseph Evans & Sons 
(Wolverhampton) Ltd. Originally 
designed for use in paper mills 
the unit is now used in many 
other industries such as oil re- 
fineries, chemical works, dairy 
plant and locomotive cleaning. 

At the centre of the installation 
is a 14 in. by 4 in. stroke totally 
enclosed horizontal treble ram 
pump, capable of delivering 16.5 
gal./min. against a pressure of 
up to  1000 Ib.lsq. in. For jet 
cleaning a gun is supplied which 
has a venturi aperture and en- 
trains air, delivering high-pres- 
sure water and air from the nozzle. 
The air intake can be connected 
to  a dry sand supply so that  a 
wet sand blasting effect is pro- 
duced, which is particularly ad- 
vantageous when carrying out 
difficult operations such as the 
cleaning of heat exchanger tubes 
in oil refineries or the removal of 
paint. Similarly detergents can 
also be inducted into the water 
supply. An adjustable spray 
nozzle can be fitted to  the gun 
and the high-pressure jet can be 
easily changed to a fine spray. 

Pipe cleaning can be carried 
out by this unit. By means of 
self-propelled pipe-cleaning nozzles 
the hose is automatically driven 
either forwards or backwards 
along the pipes by the force of the 
water. Bends in pipelines can be 
successfully negotiated. 

A unique fcature of the unit is 
an unloading valve which auto- 
matically bypasses full pump 
output back to suction when the 
nozzles are closed and also handles 
any excess capacity over and 
above that required a t  the deli- 
very pressure. The complete unit 
is mobile, being mounted on a 
fabricated steel frame trolley 
with rubber tyred wheels and 
axles [Chem. Age, 77 (1957), 6111. 

Porosity detection 
in plated coatings 

A NON-DESTRUCTIVE PROCEDURE 
for ascertaining both the size and 
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position of pores in electrodepo- 
sited surface has been developed 
a t  the National Bureau of Stand- 
ards, U.S.A. The method involves 
photographing an electroplatecl 
specimen exposed to radiation. 
In determining the location and 
size of pores, the specimen, a flat 
sheet of plated metal a few thou- 
sandths of an inch thick, is placed 
on a photographic film with the 
coating against the film emulsion. 
The assembly is heltl in a card- 
board cassette, and the basis- 
metal side of the specimen is ex- 
posetl to X-rays or radiation from 
a radioactive material. To insure 
good contrast, the X-radiation 
used must be soft. This require- 
ment of low-energy X-rays limits 
the thickness of the basis material. 
Radioactive iron, nickel or cobalt 
held against the platecl specimen 
in a cassette are also adequate 
sources of radiation. 

After a suitable exposure time 
the film is removed and developetl. 
Satisfactory radiographs result 
from a 3 or 4 min. exposure to an 
X-ray machine, and from a 24 hr. 
exposure to 1 PC. of radioactivity. 
Wherever a pore exists in the 
coating, a black spot appears on 
the developetl film. A fine-grain 
industrial X-ray film gives the 
most readable radiograph. 

The radiographic method cle- 
tects pits, voids and inclusions 
in the coating of the order of 0.001 
in. in diameter. Discontinuities 
in the basis metal may also be 
determined by radiographing the 
metal before plating [Tech. News 
Bull., U .S .  Bur. Stnnd., 41 (1957), 
441. 

Stains on silverwares 

SILVERWARES OFTEN DEVELOP 
stains which are not easily re- 
moved by normal cleaning me- 
thods. These stains vary in 
colour from almost black to a pale 
straw. This phenomenon has been 
attributed to faulty electroplating 
and the use of detergents for wash- 
ing up. Recent investigations 
undertaken to pinpoint the cause 
of this stain formation show that 
detergents containing halides, 
which would give insoluble silver 
halides, are responsible for the 
stain formation. From practical 
point of view stains may be 
formed by salt or detergent par- 
ticles falling through washing-up 
water on to the silver. The 
essential requirement for stain 
production is a local concentra- 
tion of the halide a t  the silver 

surface; this promotes the forma- 
tion of half-cells of different 
potential from that existing else- 
where on the surface of the article. 
Electrochemical action then pro- 
ceeds and a stain is formed. 

When a piece of silver sheet is 
immersed in a solution containing 
a high concentration of sodium 
chloride, a complex of sodium 
silver chloride is formed and a 
stream of electrons starts flowing 
through the silver from the area 
adjacent to the strong solution to 
thatadjacent to the weak solution. 
The first area serves as anode to 
the cell and the second as cathode. 
The loss of electrons from the 
anode permits the passage into 
solution of more silver ions which 
may then react as follows: 

thus producing the visible stain. 
This electrochemical reaction pro- 
ceeds faster in solutions having a 
higher conductivity and also in 
solutions containing ions readily 
reduced a t  the cathode. Most 
chlorides, bromides and iodides 
react similarly in the formation 
of stains. Fluorides, however, 
do not cause stain on account 
of the very high solubility of 
sodium fluoride. 

I t  is, hence, inferred that if a 
reagent forms a relatively insolu- 
ble compound of silver which is 
soluble in excess of the reagent 
to give a complex, a local concen- 
tration of that reagent will cause 
anodic corrosion and staining a t  
the metal surface. The mechanism 
of this anodic stain formation also 
applies to copper in the presence 
of cyanides, chlorides and iodides, 
to lead in the presence of iodides 
and to cadmium and zinc in the 
presence of cyanides. 

To prevent the formation of 
stains during washing up it  is 
necessary to preclude the possi- 
bility of local halide concentra- 
tions a t  the metal surface. If 
solid detergents must be used. 
these should be dissolved com- 
pletely before immersing the sil- 
ver. 

Although no quick and easy 
method of stain removal has been 
found, i t  is possible to effect 
removal of stain by immersing the 
article in a hot strong salt solu- 
tion. Chemical solution of the 
stain then proceeds, but electro- 
chemical action also sets in. At 
the metal surface in the area of 
the stain a relatively high con- 
centration of the NaAgCI, com- 
plex is formed resulting in a lower 

sodiumchloride concentration and, 
therefore, a higher silver ion con- 
centration compared with the rest 
of the surface. Consequently, this 
area becomes cathodic and depo- 
sition of silver occurs, while in the 
surrounding anodic areas silver 
passes into solution. The stain 
becomes lighter in colour and is 
then more easily polished to 
match the surroundings [Nature, 
Lond., 179 (1957), 5571. 

Tumour  inhibitory 
compounds 

THE TUMOUR INHIBITORY ACTION 
of 6-azauracil and the profound 
biological effects obtained when 
fluorine is substituted for hydro- 
gen have led to the synthesis of a 
number of hitherto unknown 5- 
fluoropyrimidines and their 2-thio 
derivatives. 5-Fluorouracil (I, Ro 
2-9757) and 5-fluoro-orotic acid 
(11, Ro 2-9945) exert considerable 
antitumour activity against trans- 
planted tumours in rats and mice, 
whereas 5-fluorocytosine (111, Ro 
2-9915) and various 2-thio deri- 
vatives are inactive. 

Comp~unds I and I1 also exhibit 
bacteriostatic effect in vitvo against 
Gram-negativebacteria. 5-Fluoro- 
uracil exhibits more than 5000 
times the activity of 5-bromo- 
uracil, 5 times the activity of 5- 
fluorocytosine, and 25 times the 
activity of 5-fluoro-orotic acid. 
These compounds act as antimeta- 
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bolites either by entering into the 
pathways of metabolism of organ- 
isms which might result in non- 
functional nucleic acid, or by 
blocking the incorporation of 
various normal precursors into 
nucleic acid pyrimidines or co- 
enzymes. These compounds show 
promise for treating human can- 
cer [Nature, Lond., 179 (1957). 
6631. 

Determination of 
the GI4-distribution 

in labelled sugars 

A PROCEDURE HAS BEEN DE- 

veloped for determining the acti- 
vity of the individual carbon 
atoms in D-fructose labelled with 
C14. D-Fructose is degraded by 
lead tetra-acetate oxidation and 
the product hydrolysed to glycolic 
acid, formic acid and D-glyceral- 
dehyde. Glycolic acid is oxidized 
to  formaldehyde (carbon-1) and 
carbon dioxide (carbon-2)' and 
formic acid to  carbon dioxide 
(carbon-3). D-Glyceraldehyde is 
degraded to  carbon dioxide (car- 
bons-4 and -5, combined) and for- 
maldehyde (carbon-6) ; after re- 
duction of a second portion of the 
D-glyceraldehyde to  glycerol, the 
degradation products obtained are 
carbondioxide (carbon-5) and form- 
aldehyde (carbons-4 and -6, 
combined). The activity of car- 
bon-1, -2, -3, -5 or -6 is thus 
determined directly and of car- 
bon-4 by difference in two ways. 
The procedure should also be 
applicable to C'4-labelled L-sor- 
bose. Lead tetra-acetate oxida- 
tion of sedoheptulose followed by 
hydrolysis yields glycolic acid, 
formic acid and D-erythrose. 
These three fragments are de- 
graded in turn to afford a method 
for partial determination of the 
C14-distribution in samples of 
sedoheptulose. The process is 
applicable for quantities as 
little as 1 millimole of the sugar 
[Canad. J. Biochem. G Physiol., 
35 (1957), 71. 

Estimation of cellulose 

SCHRAMM AND HESTRIN'S MICRO- 
method used hitherto for the esti- 
mation of bacterial cellulose is 
rather tedious and the neutraliza- 
tion step is critical. A micro- 
method developed a t  the National 
Research Laboratories, Ottawa 
[Nature, Lond., 179 (1957), 5791, 
halves the time taken for ana- 
lysis by eliminating acetolysis, 
hydrolysis and neutralization. 

Samples of bacterial cellulose 
are prepared by treatment with 4 
per cent (w/v) sodium hydroxide 
to remove cells, washed and centri- 
fuged. Talc is added to weight the 
cellulose fibres in the centrifuge 
tubes. Each dried sample is sus- 
pended in a definite volume of 
water in a large test tube to bring 
the concentration of cellulose 
within the correct range of 0-150 
pg./ml. Three times this volumc 
of 96 per cent (wlv) sulphuric acid 
is added dropwise, the tube 
heated for exactly 6.5 min. in a 
boiling water bath and cooled 
under running water. The pink 
solution is centrifuged to remove 
any suspended talc, and its optical 
density is measured a t  520 m y  in a 
' Coleman Junior ' spectrophoto- 
meter. The standard curve uses 
glucose as reference substance. 

The method also works well for 
filter paper and possibly also for 
other suitably purified forms of 
cellulose. 

Estimation of blood protein 

A QUICK AND SIMPLE WAY TO 
determine the kind and quantity 
of proteins in human blood has 
been developed by the Detroit 
Institute for Cancer Research and 
the Henry Ford Hospital, Detroit. 
The technique has been used to 
measure the quantities of niue 
distinct proteins and to detect the 
presence of many others. I t  may 
well act as an important new diag- 
nostic tool for many diseases. 

Each specific human plasma 
protein is injected into chickens 
for producing antibodies against 
it. The antibody-loaded serum 
is extracted ten days later and 
used to  test small samples of 
human plasma. The chicken anti- 
serum precipitates out of the 
sample the same protein against 
which the chicken developed the 
antibodies. By measuring the 
amount of precipitation, the quan- 
t i ty of the protein present in the 
sample can be determined. 

The new technique is faster and 
more sensitive than the standard 
electrophoretic method, in which 
plasma proteins are identified by 
the s ~ e e d  with which thev travel ---. -A 

acrossSelectrified paper r.~Ei. News 
Let., Wash., 71 (1957), 1841. 

Assay of vitamin B,, 

A METHOD FOR MICRORIOLOGICAL 
assay of vitamin B,, in presence 
of growth factors such as methio- 
nine and its derivatives has been 

developed a t  the Bengal Immunity 
Research Institute, Calcutta. 

Deacidite F.F. (a highly basic 
resin based upon cross-linked 
polystyrene containing quater- 
nary ammonium groups) was used 
in the hydroxide form to adsorb 
the acidic methionine or acetyl 
methionine, folic acid, etc., leaving 
the cyanocobalamin in the per- 
colate which was then assayed 
microbiologically using Escheri- 
chin coli mutant 301. 

The adsorbed methionine or 
acetyl methi mine could be eluted 
with dilute sodium hydroxide 
solution and estimated, the re- 
covery being 98-99 per cent. With 
standard solution of vitamin B1, 
also, the recovery was found to  be 
99 per cent. 

The results show that this 
method of separating vitamin B,, 
from methionine o; methionine: 
like bodies is quite satisfactory 
and that the amount of vitamin 
B,, in the resin percolate can be 
easily estimated microbiological- 
ly. In  all the above experiments 
microbiological assay and spectro- 
photometric estimation indicated 
similar results [Indian J. Pharm., 
19 (1957), 961. 

Antibiotics for plant diseases 

USES OF ANTIBIOTICS AGAINST 
plant diseases have been recently 
discussed in a symposium held 
by the Association of Applied 
Biologists, U.K. The antibiotics 
streptomycin produced by Strepto- 
myces spp. and griseofulvin pro- 
duced by Penicillium spp. have 
been used against plant diseases. 
These antibiotics are absorbed 
from culture solutions by roots of 
uninfected plants, and the amount 
of griseofulvin taken up is related 
to  the amount of water transpired 
and the concentration in the 
solution. Within the plants their 
fates vary from species to species. 

Griseofulvin affects the develop- 
ment of a wide range of fungal and 
allied diseases caused by Plasmi- 
diophora brassicae, Fusavium spp., 
Erysiphe spp. and Botvytis spp. 

Griseofulvin added to  mixtures 
of unsterilized soil and sand in- 
oculated with resting spores of P.  
bvassicae decreases the number of 
root-hair infections on cabbages, 
the percentage of plants clubbed 
and size of the clubbed roots. I t  
is most effective against low con- 
centrations of inoculum. When 
the retarding effect of the anti- 
biotic has disappeared, bigger 
clubs associated with greater 
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weight of foliage are produced 
than on the untreated plants. 
Griseofulvin given to  the soil 
three weeks after inoculation acts 
against P. brassicae. Spraying of 
roots with water suspension of a 
formulation of griseofulvin con- 
trolled chrysanthemum powdery 
mildew, a leaf disease caused by 
Oidium chrysanthemi, the inci- 
dence of Botrytis cinerea on 
lettuce and B .  tulipae on tulips. 

The effect of streptomycin on 
bacterial canker of cherry caused 
by Pseudomonas mors-prunorum 
varies withthestageof thehostsde- 
velopment a t  application. Spray- 
ing trees with streptomycin hydro- 
chloride (220 p.p.m.) during the 
spring blossom period has a large 
immediate effect of reducing the 
severity of the necrotic leaf-spot- 
ting phase of the disease, but has 
little persistent effect on the sup- 
ply of inoculum available for infec- 
tion of branches in the autumn, 
as measured by the numbers of 
bacteria present on the leaf sur- 
faces. Autumn sprays of strepto- 
mycin reduce the amount of leaf- 
surface inoculum, but less effec- 
tively than ' low ' strength Bor- 
deaux mixtures. The seed-borne 
organism causing silvering disease 
of beat, Covyttebncteriurn betae, 
was as effectively controlled by 
soaking seeds in streptomycin 
solutions a t  200 p.p.m. for 24 hr. 
as by dusting them with mercury 
fungicides. 

I t  was concluded that  the anti- 
biotics were capable of reducing 
the severity of a range of plant 
diseases as effectively as the 
chemicals in general use. How- 
ever, if used indiscriminately in 
high doses, they were harmful 
both to  the ~ l a n t s  and to  the con- 
suming human [Nature, Lond.,178 
(1957), 13301. 

International Congress 
of Entomology 

THE TENTH TRIENNIAL SESSION OF 

the International Congress of 
Entomology was held a t  Montreal 
from 17 to 25 August, 1956. The 
Congress, after the inauguration, 
divided itself into different sec- 
tions, namely systematics; mor- 
phology and anatomy; physio- 
logy and toxicology; behaviour 
including social insects; ecology; 
geographical distribution; gene- 
tics, cytology and biomctrics; 
palaeontology ; arachnida and 
other land arthropods; agricultoral 
entomology; forest entomology; 
medical and veterinary entomo- 

logy; stored products entomology: 
biological control and agricultore. 
Some of the important subjects 
cliscussecl a t  the technical sections 
were: Systematic studies in rela- 
tion to evolution and phylogeny; 
Mechanism of insect nutrition and 
feeding; lJhysiological responses 
of insects to insecticides and of 
resistance to DDT; Mechanism of 
virus transmission by insects with 
special reference to its entomo- 
log~cal aspects; Eradication of in- 
sects and pests by gamma radia- 
tion and various aspects of 
breeding, genetics, cytogenetics; 
Geographical distribution, etc. In 
all, over five hundred papers were 
presen tecl. 

Dr. Chester Bradley (U.S.A.) 
gave an account of the ' Evolu- 
tion of Hymenoptera ' tracing 
their origin from a common stem 
with the llolometabolous orders 
Lepidoptera and Trichoptcra, in 
the Jurassic period. He pointed 
out that the larval food habits 
and provision made for the larvae 
by the adults have been significant 
features of their evolution. He 
described in detail how the evo- 
lutionary process would have 
taken place. Prof. M. S. Ghilarov 
(U.S.S.R.), referring to the signi- 
ficance of soil in the origin and 
evolution of insects, observed that 
the establishing of environmental 
conditions in which the given 
direction of evolution was feasible 
was of great value in solving the 
problems of animal phylogeny. 

Mr. J. I). Bletchly (England), 
describing some laboratory in- 
vestigations on the eradication of 
wood-boring insects by gamma 
radiation, observed that larvae 
could live up to 5 weeks even 
after treatment a t  150,000 y, and 
i t  seemed that very high dosages 
would be needed to  produce 
larval mortality. Adults could, 
however, be sterilized and deve- 
lopment of larvae inhibited a t  
much lower dosages. 

Dr. A. P. Kapur (India) read 
a paper on the ' High altitude in- 
sects of the Himalayas ' giving an 
account of the insects collected 
from the Kulu, Lahaul and Spiti 
valleys including a large number 
of them from above the snowline. 
He supported the phenom-non of 
the migration of moths and also 
described certain hitherto un- 
recorded structural characters in 
the Noctuid moths Cteipolia acro- 
phila that  were collected alive 
from above the snowline. 

Dr. M. L. Roonwal (India) com- 
municated a paper on ' Recent 

advances in forest entomology in  
India '. 

The next session of the Congress 
is scheduled to be held in Austria. 

High purity metals 

SEVERAL PURIFICATION TECH- 
niques have been developed a t  
the General Electric Company 
Laboratories, U.K., for a num- 
ber of metals ranging from copper 
and aluminium to  molybdenum 
and tantalum. 

The zone-refining process, which 
has been used successfully for 
semiconductors, is also of con- 
siderable value for the purifica- 
tion of metals. To apply the zone- 
refining process to metals of high 
melting point an apparatus has 
been developed for passing a 
molten zone along a vertical 
metal bar which is supported only 
a t  the ends, the zone being held in 
position by surface tension forces. 
The molten zone is produced by 
a water-cooled copper coil con- 
nected to  a high frequency gene- 
rator, and the metal rod is moved 
slowly through the coil. The ad- 
vantages of this ' floating zone ' 
technique are that the molten 
metal does not come into contact 
with any crucible material and 
that metals with very high melt- 
ing points can be zone-refined. 

Another purification technique 
applicable to high melting metals 
consists of volatilizing the im- 
purities in an  electric arc under 
reduced pressure of argon or in a 
vacuum. This technique is carried 
out in a specially developed arc 
furnace in which a vacuum of 

mm. Hg can be maintained. 
The furnace chamber is of glass 
and includes a gettering system so 
that, when an argon atmosphere 
is used, the gas can be conti- 
nuously purified. 

The removal of impurities by  
volatilization can also be carried 
out on metals in the solid state. 
An apparatus has been designed 
for trezting bars 8 in. long and up 
to  + in. square in a vacuum of 
mm. Hg. Bars of such metals as 
tungsten or tantalum can be main- 
tained a t  a temperature just be- 
low their melting point, using 
direct resistance heating. A sensi- 
tive guide to  the residual oxygen 
content of tantalum is its hard- 
ness, and the apparatus deve- 
loped has enabled tantalum to  
be DreDared with a lower hard- 
nes; value than previously report- 
ed [G.E.C. J., 24 (1957). 741. 
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Announcements 

m A Symposium on Standardiza- 
tion of Plastics - The American 
group for ISO/TC 61 Plastics is 
planning a Symposinm on Stan- 
dardization and Testing of Plas- 
tics to be held in Philadelphia on 
30 and 31 October 1958. A panel 
discussion of 5 or 6 participants 
on the standardization body and 
its modus operandi of the parti- 
cipant's country will form the 
subject matter of one of the four 
sessions to  be held. The other 
three sessions are proposed to dis- 
cuss (i) methods for molecular cha- 
racterization of plastics, (ii) pro- 
perties of plastics in molten state 
(rheology), and (iii) methods of 
test for engineering properties of 
plastics. 

Lady Tata Scholarships - The 
Trustees of the Lady Tata Memo- 
rial Trust have announced the 
award of the following scholar- 
ships for the year 1957-58. 

International scholarships (to- 
talling £4990) for research in 
diseases of the blood with special 
reference to Leucaemias are made 
to Dr. J. F. Kieler (Denmark). 
Dr. G. Marinone (Italy), Dr. M. 
Simensen (Denmark), Dr. B. G. 
Thorell (Sweden), Dr. A. J. Ther- 
kelson (Denmark), Dr. M. Selig- 
mann (France), Dr. G. Klein 
(Sweden), Dr. G. V. Seaman 
(England), and Dr. M. Bessis 
(France). 

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  Mr. U.W. Kenkare (Bombay), 
Dr. (Miss) Satwant Kaur Sokhi 
(Madras), Dr. (Mrs.) Avalokita 
Bhadramukh Desai (Bombay), 
Dr. Goodwin Benjamin Newton 
(Lucknow), Dr. Bimalendu Das 
(Patna), and Dr. (Miss) Habib 
Bano (Lucknow). 

Scholarships to Foreign Stw- 
dents - The Government of India 
have announced the award of 140 
scholarships of Rs. 200 per month 
to non-Indian students and stu- 
dents of Indian origin perma- 
nently domiciled in 50 foreign 
countries for higher studies during 
1958-59. The scholarships will be 
awarded for studies in Arts and 
Humanities, Science, Agriculture, 
Medicine, Technology, Education, 
Law, Commerce, Forestry, Vete- 
rinary Science, Engineering, etc. 
Preference will be given for post- 

graduate studies. Applications 
should be addressed to  the Indian 
Embassies in respective countries. 

Award of Doctorate Degrees - 
Sri Ishverlal Narottamadas So- 
lanky and Sri Krishnaji Gopal 
Divekar have been awarded the 
Ph.D. degree by the Poona Uni- 
versity for their theses Embryo- 
logical studies on family Chenopo- 
diaceae and Spectrophotometvic 
studies of ferric-phenol complexes 
respectively. Sri Shanmuga- 
nathan has been awarded the 
Ph.D. degree in Chemistry by the 
Annamalai University for his 
thesis A physico-chemical study of 
sztlphur-oxygen bond alzd conjuga- 
tion i n  sulphones. 

INSTRUMENTS AND APPLIANCES 

A self-contained instrument which 
indicates and controls temperature 
to a close accuracy over a wide 
range in accordance with pre- 
determined time programme is 
being constructed by Ether Ltd., 
Birmingham. 

Known as the Transitrol Pro- 
gramme Temperature Controller, 
Type 994, i t  can also control any 
process where the signal can be 
converted into direct current or 
voltage. I t  is used mainly for con- 
trolling the heating and cooling 
cycle of a furnace-load and its 
operation is such that the load is 
automatically heated a t  a pre- 
determined rate, held a t  the soak- 
ing temperature for a given time, 
and then cooled as required. 

The instrument combines an  
indicating temperature-control 
unit with a timeltemperature pro- 
gramme unit. Both units are 
housed together in a robust 
welded-steel case, fully sealed 
against dust and moisture, and is 
suitable for wall or panel mount- 
ing. The indicating unit is situated 
above the programme unit to 
enable the operator to maintain a 
visual check on the indicator while 
the programme is being set. 
Electrical connections to control 
relay, thermocouple and mains 
supply are evenly distributed 
inside the case. 

The unit operates on a transis- 
tor, thus eliminating the need for 
thermionic valves, magnetic am- 
plifiers and oscillator circuits. I t  
incorporates a conventional galva- 
nometer, used as the measuring 
system, and an indicating-pointer 
which operates a simple photo- 

electric systcm and controls the 
heating medium [Chem. Age, 77 
(1957), 2511. 

A recording ratemeter designed to 
indicate and record the regular or 
random rate of pulses arriving a t  
the input and furnish signals, for 
giving warning or process control, 
is being protlucecl by Labgear 
(Cambridge) Ltd., Cambridge. 

Four ranges of count-rate, up to  
a maximum of 600,00O/min. to an  
accuracy of better than 1 per cent, 
are claimed. This degree of accu- 
racy is obtained by the use of a 
tliode-pump type of circuit em- 
bodying automatic compensation 
for counts lost in a random dis- 
tribution of pulse input, as com- 
pared with regularly spaced pulses. 

The instrument is designed to  
operatc from pulses originating 
from all types of detectors and is 
equally applicable to  nuclear and 
industrial installations [Chenz. 
Age, 77 (1957), 2491. 

A high frequency ultrasonic clean- 
ing plant is being produced by 
Kerry's Ltd., London. In the 
plant, the articles to be cleaned are 
loaded into containers which pass 
into a pre-wash tank. They then 
travel to the ultrasonic section 
and stop directly over a multiple 
transducer array of rectangular 
barium titanate plates. The dwell 
period can be varied by a calibrat- 
ed dial between two seconds and 
two minutes. 

The ultrasonic tank is supplied 
with clean filtered solvent a t  400 
gallons per hour. Multiple filters 
are included in the pumping cir- 
cuit and remove particles down to 
one micron. The solvent is cons- 
tantly replaced by redistilled fluid 
so that the finer particles below 
one micron are removed together 
with oil dissolved from the cleaned 
articles. The containers then pass 
to a vapour still where the tem- 
perature of the articles is raised 
and as they emerge through the 
cool zone of the still the solvent 
evaporates and the containers are 
automatically off-loaded from the 
conveyer with the contents clean 
anddry [Chem. Age. 77 (1957),251]. 

A new type of microwave absorp- 
tion cell (of Pyrex glass tubing), 
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free of metals, has been developed associated with the electrical pro: mond pyramid of the hardness 
by the Physics Department, Na- perties and with the ferroelectric tester into the position of the ob- 
tional Research Council, Ottawa. or antiferroelectric nature of the jective, making the indentation, 
In use, the microwave energy is material. For the three solid returning the objective to  its ori- 
fed into one end of the tubing by solutions formed by sodium nio- ginal position and measuring the 
means of a microwave horn and bate with potassium, cadmium size of the indentation. The posi- 
polystyrene lens and is taken and lead niobates the Curie tioning of the indentation can be 
from the tubing a t  the other end temperature does not depend on made with a precision of less than 
by a similar lens and horn. The the size of the replacement atom 5 p. A Vickers 136' pyramid is 
undesirable loss of power in the [G.E.C.J., 24 (1957), 721. used for making the indentation 
absorption cell is negligible and and the hardness is expressed in 
does not affect the spectrometer B~~~~~~~~~ B~~~~~~~~ AND terms of Viclrers hardness num- 
sensibility. In  addition to forming THERMISTOR bers. 
part of the microwave optical Each measurement normally 
system, the lenses serve very con- Two new broadband disc bolo- talres less than one minute to 
veniently as the vacuum windows. meters for coaxial detectors, mo- complete and when the values 
The attenuation a t  8.5 mm. wave- dels N603 and N603-4.5, covering obtained are used in conjunction 
length is 3.4 db. for a 250 cm. the frequency range 500-10,000 with other easily observed pro- 
cell. Since there are no metal sur- m / ~ . ,  and a new broadband disc perties such as colour, anisotrop- 
faces, this type of cell is very thermistor, model N335, covering ism and reflection pleochroism, 
suitable for the investigation of the same frequency range, have most ore samples can be satisfac- 
reactive molecules. I t  can also be been developed by the Narda torily identified [Nature, Lond., 
used in a high temperature micro- Corporation, New York. 179 (1957), 6281. 
wave spectrometer for the inves- The new bolometers, consisting - 

tigation of corrosive substances of two 100-ohm Wollaston wire THICKNESS GAUGE 
with low vapour pressures, or in a bolometer elements mounted on a 
Zeeman modulation spectrometer mica disc, are for attenuation Tile radiation thickness gauge, 
for the study of free radicals measurements and relative power type 170, developed by Isotope 
[Canad. J .  Phys., 35 (1957), 2411. measurements. Square law res- Developments Ltd., Berks, in col- 

ponse error is less than 1 per cent laboration with Davy & United 
for power levels of 0.2 mW. with Engineering Co. Ltd., has been 

FERRO-ELECTRIC CERAM1cS 8.75 ma. bolometers or 0-1 mW. designed specifically for use in the 
A range of ferro-electric ceramics with 4.5 ma. bolometers. Micro- metals industry to provide an 
has been developed by ~ ~ , , ~ ~ ~ l  wave Power levels of 0.01 mW. instrument giving accurate thick- 
~ l ~ ~ t ~ i ~  co. of ~ ~ ~ l ~ ~ d  to  10 mW. can be measured with ness indication with a very fast 
prising solid solutions of sodium 8.75 ma. bolometers and Power response time (0.05 sec.) and 
niobate with either or levels of 0.01 to  3 mW. with 4.5 malting no contact with the mate- 
lead niobate, in which pairs of ma' rial under inspection. The mecha- 
sodium atoms are replaced by a The new thermistor is parti- nical construction of the gauge is 

or lead atom. T-~ pro- cularly suited for measurement of such that i t  withstands the con- 
perties change progressively with pulsed ditions normally encountered on 
composition up to a limit of c. 25 cold metal processing lines. 
per cent replacement. The satu- ORE MINERAL IDENTIFICATION Standard thickness range 
ration polarization is about 18 measurement is 0.005 to  0.025 ill. 
pc./sq. cm. for the cadmium mate- An electric cell photometer has of steel. Special arrangements, 
rial an3 10 pc./sq. cm. for the been used successfully in con- however, extend the range down 
lead material, with coercivities of junction with a micro-indentation to  0.002 in. or up to  0.040 in. 
10 kV./cm. and 15 kV./cm. res- hardness tester for the rapid Variations as small as f per cent 
pectively. identification of ore minerals in of sheet thickness give a clear 

After polarization, both mate- polished sections. The hardness indication on the instrument and 
rials show an electro-mechanical tester is a bench type instrument, may be used to  actuate the reject 
activity comparable with that of manufactured by Hall Telephone mechanism. Two controls are 
barium titanate with the advan- Accessories Ltd. provided to  select the posjtive 
tage of an appreciably higher In  the technique employed both and negative values of off- 
maximum permissible operating the photometer and hardness gauge ' a t  which the reject signal 
temperature. The new materials tester are fitted to  the same stan- is actuated. These controls may 
are, therefore, likely to  be used in dard ore microscope. The reflecti- be graduated in thickness or 
the manufacture of transducers vity of the unknown mineral is weight units or in percentages 
which require a piezoelectric measured relative to  a known [Chem. Age, 77 (1957), 6101. 
material, particularly in applica- standard using tungsten filament 
tions where it  is necessary to  illumination of specified colour E~~~~~~~~~ poTENT1oMETER 
extend the operating temperature temperature. Thb  measurement RECORDERS 
above 100°C., the upper limit for can be made on mineral grains 
barium titanate. down to  about 30 p in diameter Electronic continuous balance po- 

In the niobates, the structural with a precision of l per cent. The tentiometer recorders, developed 
changes which occur a t  Curie hardness of the same unknown by Honey-well-Brown Ltd., Mid- 
temperature are complex; some mineral can be determined imme- dlesex, form standard compo- 
of them are linked with the Curie diately after the reflectivity mea- nents of vapour phase partition 
temperature and are directly surement, by rotating the dia- chromatography equipment. 
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In  vapour phase partition chro- 
matography the components of 
the vaporized sample (in one me- 
thod of detection) affect the elec- 
trical resistance of a hot wire as 
they emerge from a chromato- 
graphic column. The changes in 
electrical voltage thus produced 
are measured by, and are auto- 
matically recorded on, the moving 
chart of a recorder. The changes 
in electrical resistance of the hot 
wire are measured by the instru- 
ment's ' continuous balance ' po- 
tentiometer circuit. The measure- 
ments are recorded as a series of 
peaks on the recorder chart. The 
position of the peaks on the trace 
affords the qualitative evidence 
for analysis. The height or area 
of the peaks provides the quanti- 
tative information required [Chem. 
Age, 77 (1957), 6101. 

An experimental form of magne- 
tron for low-power pulsed opera- 
tion a t  10,000 Mcls. has been pro- 
duced by  General Electric Co., 
U.K. The magnetron has an  
anode system of the ' rising sun ' 
form within a glass envelope. 
Coupling to  the waveguide is by 
direct radiation from the anode 
system through a specially shaped 
waveguide transformer. A pulse 
power of about 1-5 kW. may be 
obtained with a voltage of 2.5 kV. 
and pulses as short as 0.1 ps. may 
be generated without jitter a t  the 
pulse start. 

A more robust higher power 
magnetron for operation a t  10,000 
Mc/s. has also been produced. 
Giving a power of 80 kW. a t  a 
pulse length of 1 ps., i t  is capable 
of operating with a rate of rise in 
voltage of 25 kV./ps. [G.E.C. J., 
24 (1957), 561. 

An experimental silicon power 
transistor, capable of providing 
an output of 5 watts a t  10 mega- 
cycles either as an  oscillator or 
an  amplifier, has been developed 
a t  Bell Telephone Laboratories. 
Unilateral gain is in excess of 
20 db., and a collector efficiency 
of better than 40 per cent has 
been achieved. 

The unit is a p-n-i-p diffused 
emitter and base transistor, in 
which a near-intrinsic or ' neu- 
tral ' layer of silicon separates the 
collector from the other elements. 
Alpha cut-off by the transistor is 

about 100 megacycles per second, 
and some laboratory samples have 
provided as much as one watt 
output as an  oscillator a t  100 
megacycles per second. Input and 
output impedances are of the 
order of 20 and 300 ohms respec- 
tively. 
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Erratum 

I n  thc article cntitlcd " The 
Asscssmznt of Solar Heat Stress 
on the Human Body ", 16C (1957). 
61, authors' names should be 
read in the order N. C. Mehra 
and K. V. Mani. 



P r o g r e s s  R e p o r t s  

INDIAN CENTRAL TOBACCO COMMITTEE 

A BRIEF  ACCOITNT OF THE RESEARCII  ACTIVITIES O F  
the Committee during 1955-56 is given below. 

During the period under review, the Central 
Tobacco Researcl~ Institute, Rajahmundry, evolved 
an improved strain S-27 of cheroot tobacco, which 
gives c. 49 per cent higher yield than the local 
variety. Another improved strain K. 20 of bidi 
tobacco evolved a t  the Institute of Agriculture, 
Anand, gives c. 15 per cent higher vield than the 
controi strain K. 44. 1mprov;d strains of hookah 
tobacco No. 337 and No. 238 have been evolved a t  
Tobacco liesearch Substation, Ferozepur. 

Agronomy - Application of 80 Ib. nitrogen as 
groundnut cake or 1 in. layer of farmyard manure 
gave about 50 per cent more transplants than 
otherwise. Positive linear response to residual 
effect of doses of nitrogen (20 and 40 Il)./acre) in 
plots manured for 3 successive years was signi- 
ficant to the doses in all the three years. 

Pedology nnd chemistry -- The inorganic nitro- 
genous fertilizers, ammonium sulphate, ammonium 
sulphate-nitrate, Chilean nitrate and urea have not 
shown any difference in their effect on the crop. 
Similar is the position with the organic nitrogenous 
manures, viz. blood meal, hornhoof meal and stera 
meal. Nitrogen, in general and hornhoof meal in 
particular, produced slightly heavier leaves. Appli- 
cation of N, P, K either singly or in combinations 
increased the nicotine content of the leaf. A survey 
of flue-cured tobacco soils from the East Godavari 
and Guntur districts showed that  they contained 
0.035-0.05 per cent total nitrogen. Flue-cured 
tobacco samples from Andhra contained less K,O, 
S and C1 and more CaO than those in the American 
tobacco samples. The P,O,, MgO and nicotine 
contents of both tobaccos were oi  the same order. 

Physiology - Germination of seed treated to low 
temperatures (50' or 64°F.) for 5-15 days was 50-200 
per cent higher than that  of untreated seed. The 
number of transplants obtained with treated seeds 
was also higher by c. 50-70 per cent. 

Entomology - D.D.T. spray (50 per cent W.P.) 
a t  a concentration of 2 lb./100 gal. of water sprayed 
a t  the rate of 7 gallons per 100 sq. yd. controlled 
the infestation of cutworms and caterpillars in the 
nursery to  a large extent. In a laboratory experi- 
ment a dosage of 14.8 mg. < Dieldrin (50 per cent 
W.P.) per g. weight of the body of the beetle killed 
88 per cent of beetles in 72 hr. In  the field, the 
mortality increased with increased concentration 
up to 5 lb. per 100 gal. which was the highest con- 
centration tried. Dieldrin and Chlorodane 10 per 
cent dust and 25 per cent W.P. killed comparatively 
large number of beetles. A prophylactic treatment 
either with endrine 1 per cent dust a t  2 Ib. per acre 
or nicotine sulphate 40 per cent spray a t  8-16 oz. 
per acre reduced the incidence of aphids on Lanka 
tobacco to  less than 40 per cent. Aphids on flue- 
cured tobacco were effectively killed by the spray 
of endrine (19.5 per cent) and Basudin (20 per cent) 
a t  10 02. per acre. 

Rreedinf - In  the varietal trial conducted, 
Virginia Gold maintained its superiority over both 
Harrison Special and Chatham under untopped 
conditions. A new variety, Super Gold I, imported 
f ron~  U.S.A., was found to  be as good as Chatham 
and superior to Harrison Special both under topped 
and untopped conditions. Among the synthetic 
cultures, Nos. 11, 18 and 31 of culture 40 and Nos. 
26 and 27 of culture 53 were found to  be superior 
t o  both Harrison Special and Chatham. 

RADIO RESEARCH IN BRITAIN 

SOME OF THE IMPORTANT RESEARCH ACTIVITIES OF 
the Radio Research Board, U.K., for the year 
1955-56 are summarized below. 

Pvopagation of low-frequency ground wa~ies - 
Investigations on the change of phase with distance 
of 127.5 kc/s. ground waves transmitted from 
stations of the Decca Navigator System, over all- 
land and land-sea paths with particular attention 
to the effects of geological boundaries have indicated 
that the measured phase changes were in close 
agreement with those derived theoretically from the 
existing theories of propagation over homogeneous 
ground and boundaries using conductivity data. 

Surface waves - Observations on the field distri- 
butions and the launching efficiencies of radial 
surface waves a t  10,000 CIS. from a single vertical 
dipole radiator, placed a t  different heights above 
the surface, propagated over a flat metal plate 
inductively loaded either by coating i t  with a thin 
layer of dielectric or by corrugating i t  in concentric 
circles revealed good agreement, with theoretical 
work based on an extension of Cullen's analysis for 
a plane surface wave. 

Forecasting of radio transmission conditions - To 
ensure accurate predictions of the transmission con- 
ditions a machine has been developed which displays 
a set of charts drawn for constant Local Mean 
Time (L.M.T.) in such a way that a Universal Time 
(U.T.) for any place can be obtained. The machine 
is also valuable for indicating the occurrence of 
maxima and minima a t  places where there are no 
ionospheric observatories. 

A bulletin of predictions for sunspot maximum 
condition in the F, layer has been prepared for th! 
equinoxes and solstices using the ' standard epoch 
method which considers all available ionospheric 
data as part of a closed cycle of variation extending 
from sunspot minimum to sunspot maximum. 

Characteristics o f .  the ionosphere - Improvement 
has been effected in the customary representation 
of the lower layers D, E and F, by simplified models 
(i.e. neglecting electron movement and the rate of 
change of ionization). Detailed analysis of the 
E-layer data accumulated a t  the Swansea station 
revealed, on diurnal, seasonal and latitude varia- 
tion in the normal critical frequency (fE), for 
stations near the latitude 35' north and south of 
the equator, a striking latitude variation in the 
index M in the equation (fE) = Acosx where 
A and M are constants and x, the zenith angle of 
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the sun. It is suggested that  these anomalies are 
associated with the foci of the current systems due 
to  radiation from the sun which cause the varia- 
tions of the earth's magnetic field on undisturbed 
days, and are on the average located near these 
latitudes. 

From a study of the vakation of the maximum 
e!ectron density in the F, layer during a solar cycle, 
i t  has been shown that the critical frequency f,F, 
is sensitive to  both changes in photon emission 
measured, roughly by a Wolf sunspot number R', 
and to  corpuscular radiation measured by the 
associated magnetic activity C. 

Remarkable similarities were found between the 
perturbations a t  Ibadan for a partial eclipse in a 
year of low solar activity and those on a previous 
occasion a t  Bocayuva, Brazil, whose magnetic lati- 
tude is very similar t o  those of Ibadan during a 
total eclipse in a year of great solar activity. I t  is 
concluded that the perturbations were mainly due 
to  abnormal electron drifts generated during the 
eclipse, these movements being similar a t  the two 
stations, most probably due to  the closely similar 
location as far as the magnetic effects are concerned. 
The form of the eclipse movement is largely deter- 
mined by the angle of dip of the earth's magnetic 
fielrl. 

A provisional monthly mean index (IF,) has been 
constructed for the period 1938-1955. 

Propagation of HF and UHF radio waves- 
Development of a special apparatus comprising a 
high powered (peak power, 150 kW.) pulsed trans- 
mitter in the frequency 5-25 Mc/s. set up  a t  dis- 
tances of a thousand miles or more from the receiving 
site, which operates for short, controlled periods 
(100 psec.) a t  a succession of frequencies and a 
synchronized receiver installed a t  the Slough station 
t o  display the pattern of pulses has been under- 
taken and regular measurements on the azimuthal 
and zenithal angles of arrival and their spread, of 
signals received from Bombay (on 18.42 Mc/s.), 
Japan (14.435 Mcls.) and Australia, have been 
made. 

A receiver having narrow effective band width 
providing a means of measuring field strengths up  
t o  0.03 pV./m. (median level, 0.01 V.) a t  53.25 
Mc/s. has been constructed with which, the signals 
on 53.25 Mcls. from the Kirk 0' Shotts television 
station of the BBC, 530 miles from Slough, have 
been received. 

Field strength measurements of the television 
transmitters in band I (41-68 Mc/s.) have been 
supplemented by a programme of observations in 
bands I11 and IV [174-216 Mcls. and 470-585 Mcls.). 

Field strength observations on metre-waves 
propagated with varying height above ground over 
60-475 km. path lengths have shown that the 
farther the receiving point beyond the horizon, 
the smaller is the gain in signal strength over a 
given height interval. 

Scattering of radio waves at the ground and 
ionosphere - Experimental measurements on the 
skip distances and the maximum usable frequencies, 
using the back-scatter method, and theoretical 
studies on the different aspects of the mechanism 
of back-scatter propagation have been undertaken 
and attempts have been made to  apply the tech- 
nique to improve the efficiency of operation of a 
particular long-range fixed and mobile h.f. com- 
munication services. 

It has been found that  the frequency band from 
about 25 to 60 Mcls. affords a means of regular 
communication, particularly by telegraphy, for 
distances up to  about 2000 km. Telephony on a 
24 hr. basis seems impracticable, however, except 
with extremely high transmitting powers which 
would be uneconomical if attainable a t  all. 
HF and UHF direction Fnding - Work has been 

carried out on the directional errors introduced by 
lateral deviation of the rays in the ionosphere and 
on the reduction of these errors in practice by 
paying attention to  the observational technique of 
direction finding and to improvement in the instru- 
mental design. Analysis of directional measure- 
ments made a t  Slough on a pulsed transmitter 
located a t  Malta shows that the actual deviation of 
a ray may be very small in some circumstances. 

Analysis of directional measurements made on 
pulsed and continuous wave transmitters located 
a t  distances over 2100 km. and using the precision, 
wide-aperture, spaced-loop direction finder showed 
that the actual deviation (0.8" about the overall 
ground mean) of a ray may be very small under 
some conditions. 

To overcome the difficulties arising from the effect 
of re-radiation, theoretical consideration has been 
given to  the idealized problems of a direction find- 
ing system with non-interacting aerials situated on 
a uniform plane earth with no pick-up of horizontally 
polarized radiation. An arrangetnent of aerials in 
a ring was considered and the method of fitting 
constant-phase lines to  such an arrangement by the 
least squares process was applied, incorporating 
amplitude weighting. Such a system was shown to  
be a close approximation to  the German Wullen- 
wever system. 

Semiconductor research - Various aspects of the 
behaviour of germanium in commercial components 
(diodes and transistors) and in rectangular mono- 
crystalline filaments have been studied. Experi- 
mental measurement a t  65°C. of the spectral density 
of the mean square noise current generated in a 
current carrying germanium filament over a wide 
frequency range (0.04 c/s. to 8 Mcls.) showed a 
dependence of the spectral density on frequency of 
the form b-" where ' n ' was equal t o  one a t  the 
lowest frequencies, gradually increasing to about 
1.24 above 100 c/s. to 2.0 above 1 Mcls. This inverse 
square dependence on frequency a t  a few Mcls. 
for this type of noise has not been observed pre- 
viously in either filament, point-contact or junc- 
tion diodes, perhaps being obscured by the apparent 
uniformity of the spectral density in other cases to 
much higher frequencies. 

ndagnetic and dieleclvic materials - Research on 
preparation and properties of ferromagnetic mate- 
rials carried out a t  the Imperial College of Science 
and Technology has resulted in the development of 
a method of general application to ferrite materials 
where 1 mm. crystals are sufficiently large for mea- 
surements to  be made for preparing single crystals 
of ferromagnetic ferrites. The general method 
used was to dissolve the constituent oxide of the 
ferrite in a molten ' f lux' ,  usually anhydrous 
borax, by heating for a few hours a t  1300"-1400°C. 
and then cooling the melt a t  a carefully controlled 
rate (a few degrees per hr.). Alternatively it is 
possible to evaporate the flux a t  a constant tempera- 
ture (1300°-14000C.) until crystals are deposited 
from the solution. 
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The evaporation from a water surface 
covered with a film of cetyl alcohol has been 
shown to be a function of temperature. The 
efficiency of the film is less when it is in 
liquid or gaseous form at higher tempera- 
tures than when it is in a less compressible 
form as at lower temperatures. 

T HE fact that monomolecular films of 
certain organic compounds, spread 
on a clean water surface, have the 

effect of reducing the rate of evaporation of 
water was noticed by Rideal1 and Langmuir2. 
Langmuir showed that cetyl alcohol possesses 
this property to a remarkable degree. Ram- 
das3 suggested in 1927 that if the oceanic 
surfaces were to get covered by mono- 
molecular films as a result of wreckage of oil- 
bearing ships, the actual rainfall might 
be affected because of the diminished eva- 
poration. 

More recently, Mansfield4~Vn Australia 
has carried out experiments in the laboratory 
as well as in the open which show that 
reduction in evaporation of the order of 50 
per cent may be achieved by spreading mono- 
molecular films of cetyl alcohol (hexa-deca- 
nol) on water surfaces. One of these field 
trials has been in progress for some time a t  
the Stephens Creek Reservoir, Broken Hill, 
N.S.W. 

This important application of surface 
physics to the control of evaporation from 
reservoirs and lake's is naturally attracting 
worldwide attention6, and large-scale experi- 
ments with cetyl alcohol and similar subs- 
tances have been planned a t  some of the 
irrigation project sites in India. 

In this connection, it seemed worth while 
to undertake laboratory experiments on the 
effect of temperature on the evaporation- 
inhibiting efficiency of monomolecular films 
of long straight-chain alcohols with high 

melting points. This aspect of the problem 
is important. The question is, how far the 
efficiency observed in the low-temperature 
zones of the earth can be achieved in warmer 
areas, e.g. in the various zones of India ? 
The present note discusses the results of our 
preliminary experiments in the laboratory 
when using cetyl alcohol. 

Experimental procedure 

Pure cetyl alcohol dissolved in normal 
hexane was used. Preliminary tests on clean 
water surfaces dusted with lycopodium indi- 
cated the minimum quantity of the solution 
to be applied to the water surface so as to 
form stable monomolecular films. As soon 
as the solution spreads, the solvent eva- 
porates leaving behind the cetyl alcohol 
film. Any slight excess of cetyl alcohol will, 
as is well known, remain in small lumps float- 
ing on water, but in equilibrium with the 
monomolecular film. The vigorous move- 
ments that camphor or antipyrin particles 
show while floating on a clean water surface 
come to a dead stop when the water surface 
is covered with the monomolecular film of 
cetyl alcohol. 

Two identical glass petri dishes, 8.5 cm. 
in diameter, containing similar amounts of 
water up to a depth of 2 cm, were used. The 
free water surfaces were tested for purity and 
one of them was covered with cetyl alcohol 
film while the other was kept pure as the 
control. These dishes were kept in separate 
circular vessels of 20 cm. diameter which 
contained 5 cm. depth of water at  the same 
temperature, the test vessels being suitably 
adjusted on platforms a t  the centre of the 
bigger vessels so as to have all the water 
surfaces a t  the same level. The annular sur- 
faces of the water surrounding the test vessels 
served not only to minimize edge effects, but 
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also to maintain the same temperature of the 
water in both the test vessels so as to mini- 
mize differential evaporative cooling due to 
the presence of the cetyl alcohol film on one 
of them. The test vcssels were exposed to a 
steady horizontal wind of 2 miles per hour 
from a fan for definite time intervals, their 
positions being interchanged a t  half the 
intervals to equalize any slight differences of 
exposure. The loss of weight by evaporation 
was measured by weighing before and after. 
Except during the interval of evaporation, 
the vessels were kept covered with air tight 
lids. 

Results and discussion 

The results have shown that the film- 
covered water surface always givcs a lower 
rate of evaporation than the clean water 
surface at the same temperature. This 
decrease of evaporation is best expressed as a 
percentage of the evaporation from the clean 
water surface. The results obtained at dif- 
ferent temperatures ranging from 20" to 60°C. 
are shown in Fig. 1, where the percentage 
reduction in evaporation is plotted against 
the temperature of the evaporating water. 
There is a conspicuous fall in the reduction 
of evaporation with the rise of water tem- 
perature, from about 60 per cent a t  20°C. to 
about 13 per cent at 60°C. I t  is obvious 
that the resistance offered by a film of 
cetyl alcohol to the movement of water mole- 
cules from the liquid to the vapour phase 
(evaporation) is a function of temperature. 
The efficiency of the film is less when it is in 
liquid or gaseous form at the higher tempera- 
tures than when it is in a less compressible 
form as at lower temperatures. 

Further experiments on structure and 
compressibilities of films in relation to 
evaporation through them and on the tem- 
perature dependence are under way. The 

1 0 1  1 
2 0 4 0  60 

W A T E R  TCMP.?C. 

FIG. 1 -EFFECT O F  MONOMOLECULAR F I L M  O F  
C E T Y L  ALCOIXOL ON T H E  EVAPORATION O F  W A T E R  

use of cetyl alcohol and other spreading 
substances capable of inhibiting evaporation 
is being examined. I t  is realized, however, 
that the conditions in large open reservoirs, 
exposed to wind and sun, are not identical 
with those of laboratory tests, but laboratory 
observations and results are the pointers for 
field tests. 
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The strength of briquettes obtained from 
coals of different ranks has been found to be 
influenced by the degree of comminution, 
briquetting pressure and moisture content. 
The extent to which these variables influence 
the strength depends on the rank of coal. 
Maximum strength is obtained when briquet- 
ting is carried out at a moisture corresponding 
to the air-dried moisture content (at 60 per 
cent relative humidity and 40°C.). The order of 
variation of strength under optimum briquet- 
ting conditions, however, is : medium rank 
< high rank < low rank coals. Strong bri- 
quettes can be obtained from all ranks of coal 
(-72 mesh B.S.S.) on compressing at suitable 
pressures. For coals containing less than 76 
and more than 88 per cent carbon, the mini- 
mum briquetting pressure is 5 tonslsq. in. 
For coals having carbon between 76 and 88 
per cent it is above 12 tons/sq. in. 

A LTHOUGH several theories1-3 have 
been advanced to explain the mechan- 
ism of briquetting of coals and several 

methods developed4-"or evaluating bri- 
quetting performance of coal based on 
elastic and plastic behaviour of briquetted 
compacts and on index of plasticity, co 
systematic work on the performance of coals 
of different rank seems to have been carried 

out so far. For a quantitative evaluation 
of the effects of moisture, pressure, size 
and rank it is often convenient to compare 
the mechanical strength of self-bonded bri- 
quettes for a range of coals prepared 
under identical conditions. In the present 
paper are presented the results of study 
on the briquetting performance of coals of 
different rank. 

Experimental procedure 

The procedure adopted for briquetting 
and testing of coals was the same as des- 
cribed earlier7. The analyses of coals used 
in the present investigations are presented 
in Table 1. Throughout these experiments, 
unless otherwise stated, samples passing 
through -72 mesh B.S.S. were used. 

Results 

The influence of factors like degree of 
comminution, briquetting pressures and mois- 
ture content on the briquette strength for 
coals of different ranks was studied. The 
influence of degree of comminution was 
studied for a low rank and a high rank 
coal. 

TABLE 1 - ANALYSIS OF COAL 

COAI. SAMPI.T: PROXIMATE ANALYSIS (AIR-DRIRD BASIS) 
+----A- 

ULTIMATE ANALYSIS (D.M.M.F. BASIS) - 
3 ,  

Ivlvloist~~re* A511 V.M. F.C. 5, ' S 0 
Ye 70 YO % ID % (by diff.) 

% 
CAJIIIR + l l 7 j D  hladhr~hnn( l  

colliery 
E k r a  Khns  coal (lust 
C A J / 1 2 i  R.O.M. B l ~ u t g o r i a  

coal 
Chanch coal 
CACII52j.56 Argada coal 
C h a ~ u i  K h a s  coal d u s t  
~ s s a r n  coal? (Laitryngew) 
Palana  lignite? 
South  Arcot lignite 

'At R.H. a n d  40°C. 7M.M. = 1.08+0.55S. 
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Degree of commilzutiatt - Using coal of dif- 
ferent sizes the compression strengths were 
determined at different briquetting pressures 
for South Arcot lignite and Ekra Khas coal 
( a high rank coal ) a t  their optimum mois- 
ture contents (Figs. 1 and 2). In general, 
with decrease in particle size there is an 
increase in the briquette strength a t  all 
briquetting pressures. 

0' ' ' 6 0 0 0 '  120001 2400; S 6 0 b O  

PRESSURE, ~b . / rq .  in. 

PRESSURE, lb./sq. in. 

FIG. 2 - INFLUENCE OF DEGREE OF COMMINUTION 
AND PRESSURE ON THE BRIQUETTING OF EKRA KHAS 

COAL 

While in the case of Ekra Khas coal, 
further decrease in the particle size below 
72 mesh B.S.S. does not markedly improve 
the strength, there is an appreciable increase 
in the case of South Arcot lignite which is a 
low rank coal. 

Ilzjuencc of moisture - The influence of 
variation in moisture content on compression 
strength of briquettes prepared at different 

3 3 3 4 0  lb./.( in. ----_ 

------- 4 
17S70 Ib . / sp  in. 

MOISTURE I N  COAL, -1. 
FIG. 3 - INFLUENCE OF MOISTURE AND PRESSURE 

ON THE BRIQUETTING OF MADHUBAND COAL 

I . . . . . . . . . . . . . . . . . . .  J 
0 4 1 1- ZO 

MOISTURE IN C W L ,  '1. 
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M O I S T U R E  IN COAL. ./. 

MOISTURE IN COAL, ./. 

FIG. 7 - INFLUENCE OF MOISTURE AND PRESSURE 
ON THE BRIQUETTING OF CHAPUI KHAS COAL 

0 

MOISTURE IN COAL, 

MOISTURE IN COAL, '1. 

FIG.  8 - INFLUENCE OF MOISTURE AND PRESSURE 
FIG. 6 -INFLUENCE OF MOISTURE AND PRESSURE ON THE BRIQUETTING OF ASSAM (LAITRYNGEW) 

ON THE BRIQUETTING OF ARGADA COAL COAL 
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MOISTURE IN COAL. '1. 

MOISTURE IN COAL. '1. 

pressures is shown in Figs. 3-10. In general, 
briquettes possessing maximum strength are 
obtained at all pressures, except in the case 
of lignites, a t  an optimum moisture content, 
which is characteristic of the coal. This 
characteristic moisture content corresponds 
to the air-dried moisture content of the coal 
(as determined a t  60 per cent relative 
humidity and 40°C.). 

Injluence of briquetting fiessure - Com- 
pression strengths were determined for dif- 
ferent coals after subjecting them to different 
briquetting pressures. The results obtained 
are presented in Figs. 3-10. The compression 
strength for coals of different ranks prepared 
a t  their optimum moisture contents and at 
different briquetting pressures is shown in 
Fig. 11. In general, there is an increase in 
briquette strength with increase in the 
briquetting pressure. 

The influence of pressure on the compres- 
sibility of coals of different rank was also 
studied. Beyond a particular pressure the 
change in volume was negligible (Fig. 12). 
This relationship can be represented as 

where X is the pressure applied, Y is the 
height of the briquette in inches and A ,  B 
and C are constantss. This equation is not 
valid for pressures below 0.394 ton/sq. in. 
I t  gives an upward bias at pressures of 
19 tons/sq. in. and above. 

Discussion 

The results obtained show that the strength 
of the briquettes at room temperature is 
largely influenced by the briquetting pres- 
sure (which in turn depends on the elastic 

7 0  80  9 0 

CARBON, '1. (D.M.M.F. BASIS) 

FIG. 11 -INFLUENCE OF PRESSURE ON THE COM- 
PRESSION STRENGTH OF COAL 
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FIG. 12 -INFLUENCE OF PRESSURE ON THE COMPRESSIBILITY OF COAL 
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constant of the material being briquetted), 
degree of comminution, and moisture con- 
tent. While the degree to which these fac- 
tors influence the strength of the briquette 
depends largely on the rank of coal, the 
influence of moisture is most important. The 
influence of moisture on the strength of the 
briquette is strikingly similar for all coals 
irrespective of rank (Figs. 3-10) and in 
general it is same as in the case of lignite, the 
strength of the briquette being maximum at 
an optimum moisture content which in the 
case of coals corresponds to their air-dried 
moisture content (at 60 per cent relative 
humidity and 40°C.)'. 

When the compression strength of coals 
briquetted at their air-dried moisture content 
and different pressures are plotted against 
their carbon content (Fig. l l ) ,  the plot 
exhibits a minimum a t  about 81-82 per cent 
carbon. Above and below this carbon con- 
tent there is an increase in strength, the 
increase being more in the case of low 
rank coal than high rank coal. This cha- 
racteristic is also reflected in the index of 
plasticity, compressibility and bulk modulus7. 
I t  is interesting to note that the minimum of 
the curve coincides with the disappearance 
of the COOH groups in coal. It was shown 
elsewhere10 that in lignites the briquettes are 

*As shown elsewhere9 and from results from this 
laboratory, the reactive groups present in coal hold 
a certain amount of water in a hydrogen bonded 
state and, strictly speaking, it is this moisture which 
gives the optimum strength to the briquettes. 
This moisture approximately corresponds to the 
air-dried moisture of the coal (at 60 per cent relative 
humidity and 40°C.). 

largely sustained by a hydrogen bonding 
mechanism involving the simultaneous parti- 
cipation of the OH and COOH groups. The 
results of the present investigation indicate 
that this mechanism holds true for coals 
having less than 80-81 per cent carbon. In 
coals containing more than 80 per cent carbon 
other type of cohesive forces in addition t o  
the hydrogen bonding type also come into 
play, the contribution of the former in- 
creasing with increase in carbon content. 
The contribution of the hydrogen bonding 
forces is, however, still considerable (40-50 
per cent) even a t  90 per cent carbon as is 
indicated by water immersion tests (Table 
2). Where the briquettes are sustained 
mainly by hydrogen bonding mechanism as 
in lignite, they completely disintegrate on 
immersion in water due to weakening of the 
bonds by ' solvation effect '. The medium 
rank coals (80-82 per cent carbon) decrease 
in strength by nearly 75 per cent and high 
rank coal (90 per cent carbon) by about 50 
per cent on immersion in water. This con- 

I 
0 . 7 5  1 .00  1 . 5 0  0.10 1 . 0 0  1 .50  0.75 1 . 0 0  1.50 0 .75  1 . 0 0  1 . 5 0 0  0.75 1 .00  1.50 0 . 5 0  1 . 0 0  1.15 IS0 

H E I G H T  OF B R I Q U E T T E ,  in. 

TABLE 2 - INFLUENCE OF IMMERSION IN WATER 
ON THE STRENGTH OF BRIQUETTES 

S O U T H  A R C O T  L l O N l T C  - 

(Bviqudtes were made at 15.8 tonslsq. in. pressure. immersed i n  
water for 28 hr. and then tested for crushing strength) 

P A L A N A  L I G N I T E  

- 

- 

COAL ORIGINAL STRENGTH REDUCTION 
STRENGTH AFTER I N  
b .  . IMMERSION STRENGTH 

I N  WATER % 

O 

FOR 28 HR. 
Ib./sg. in. 

C U A P U I  K H A S  

C O A L  D U S T  

P 

0 

Ekra K h a s  coal dust 2402 1218 49.30 
Bhutgoria coal 1783 883 50.50 
Chanch coal 1635 795 51.17 
Chapui Khas coal d u s t  874 106 87.98 

A R G A D A  C O A L  

0 

B Y U l b O R t A  COAL 

0 

L W R A  KMAS 

C O A L  D U S T  

0 

( I  0 
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clusion is further supported by the difference 
in the behaviour of the low, medium and high 
rank coals on briquetting in a completely dry 
condition (Table 3).  The lignites do not form 
briquettes in a completely dry state even a t  
high briquetting pressures; medium rank 
coals yield only weak briquettes, but the high 
rank coals form strong briquettes, though the 
strength is much less than that of briquettes 
obtained from air-dried samples. 

Conclusion 

The briquetting pressure, degree of com- 
minution and moisture content considerably 
influence the strength of the briquettes, the 
extent of the influence depending on the rank 
of coal. 

In general, the order of strength of the 
briquettes obtained at optimum moisture 
and a t  identical briquetting pressure from 
different rank coals is as follows: medium 
rank < high rank < low rank. 

Briquettes of crushing strength 1000 
lb./sq. in. and above* can be obtained from 
coals of less than 75 per cent and more than 
88 per cent carbon content (-72 mesh B.S.S.) 
by briquetting them at their respective air- 
dried moisture contents at a minimum pres- 
sure of about 5 tons/sq. in. Coals whose 
carbon content lies between 76 and 88 per 
cent have to be briquetted a t  their respective 
air-dried moisture contents a t  pressures of 
the order of 12 tonslsq. in. to give similar 
results. 
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The Curing of Freshly Harvested 
Paddy : Part I - Principles of Curing 
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(Revised manuscript received 29 May 1957) 

(Original manuscriet received 24 March 1956) 

Suitable 'wet heat' treatment of freshly 
harvested paddy or an incipient parboiling of 
the rice just prior to cooking reduces the pasti- 
ness, on cooking, of rice. Such heat treatment 
can be used for curing paddy or rice to enable 
its use immediately after harvest. 

The viscosity of the gruel obtained by cook- 
ing under standard conditions or the content 
of alcohol precipitable solids in the gruel can 
be used for comparing the cooking quality of 
rice samples. 

R ICE from freshly harvested paddy 
cooks to a pasty consistency. I t  has 
also poor swelling capacity during 

cooking and is reported to cause digestive 
disorders. The cooking properties are, how- 
ever, improved after storage for 4-6 months. 
The pastiness on cooking of fresh rice has 
been attributed to its high amylase content1. 
The improved cooking properties on storage 
were explained by Sanjiva Rao2 in terms of 
a colloidal ' sol-gel ' transformation. I t  has 
been shown that changes occur in the physico- 
chemical properties of the amylose fraction 
during storagea. 

Pastiness has been shown to be due to 
disintegration of the fresh rice leading to a 
dispersion of the starch granules in the cook- 
ing water and formation of a viscous sticky 
gruel? If the grain could be so hardened as 
to minimize the loss of rice solids into the 
gruel, pastiness can be eliminated. Addition 
to the cooking water of hardening agents or 

chemicals used for improving the baking 
quality of wheat flour did not prevent pasti- 
ness. Addition of fatty acids to the cooking 
water improved the cooking quality; but it 
imparted bitterness and was, therefore, im- 
practicable. Application of dry heat was 
unsuitable as it caused cracking of the grain. 
Beneficial effects were indicated when paddy 
or rice was ' wet heat ' treated. This me- 
thod was studied in greater detail in order to 
arrive at  optimum conditions of processing. 
The practice of ' hay stacking ' which con- 
sists in heaping the ears and the straw of the 
paddy plant after harvesting for 15-30 days 
before threshing is generally believed to 
cure fresh paddy very quickly. Hay stack- 
ing represents a storage condition of high 
humidity and moderate heat. The steam- 
ing treatment maintains much higher tem- 
peratures and hence the curing period is 
shorter. 

The ' parboiling ' of rice has been generally 
known to harden the rice grain and prevent 
its tendency to become pasty on cooking. 
I t  has long been practised as a method of 
improving the milling and cooking quality 
of rice, especially the soft varieties. But the 
methods adopted result in complete gelati- 
nization of the starch and usually the fully 
parboiled rice has an yellowish colour. If 
prepared by commercial methods as adopted 
in India, it has an associated off-flavour also. 
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These characteristics of fully parboiled rice 
are not desired by the consumers of raw rice. 
The curing treatment should, therefore, bring 

-about only a partial gelatinization of the 
starch so that the treated product resembles 
raw rice in appearance. Such partial gela- 
tinization does not confer any appreciable 
improvement in the milling properties of the 
rice415 but the method could be applied to 
hard varieties which are normally used by 
consumers of raw rice. For commercial ex- 
ploitation, paddy itself can be heat-treated, 
while for home scale operations, a treatment 
of rice would be more convenient. The 
results of experiments carried out in this 
connection are reported in the present 
communication. 

Experimental procedure 

Paddy - Samples were steamed for 15 
min. in a cooker at  various temperatures 
between 100" and 115°C. and then dried in 
the sun. The rice obtained after milling was 
tested for its cooking quality. One sample 
of paddy was soaked for half an hour in water 
and then steamed for 15 min. 

Rice -With rice, it was necessary to 
evolve a simple additional treatment to be 
given just prior to cooking, as heat-treated 
rice was found to crack on standing. The 
most convenient method adopted was to wet 
the rice with one-fifth of its own weight of 
water and heat it in a covered vessel (to 
minimize loss of steam) for 5-10 min. (simu- 
lating conditions of incipient parboiling), 
heat being controlled to prevent charring. 
Thereafter, boiling water was added and the 
cooking continued in the usual way. 

Cooking trials - Samples of rice (50 g.) 
were cooked in 300 ml. water by direct 
heating over fire and the gruel strained by 
decantation and filtering over a wire gauze. 
The cooked rice was rinsed with water to 
remove adhering gruel and the combined 
gruel and rinsings made up to volume. 
When steam cooking was employed for com- 
parison, 50 g. samples soaked in 125 ml. 
water were steamed in a cooker for 45 min., 
the cooked samples being rinsed with water 
and made up to volume as before. 

As a measure of the comparative index of 
pastiness in the cooked rice, the viscosity of 
the gruel, its total solids content and the 
amount of solids precipitable by alcohol 
(70 per cent, v/v) were determined in 
various samples of rice. The conventional 

method of gauging the cooking quality by 
determining the swelling numbers, although 
suitable for old rice, was not found sensitive 
for comparing the cooking quality of freshly 
harvested rice which cooks to a pasty mass. 
The cooked rice holds a lot of gruel. Hence 
t h e  method of using the consistency of the 
gruel as an index of cooking quality has been 
used in these trials. A 50 ml. aliquot of the 
gruel was used for the determination of total 
solids. A similar aliquot was treated with 
alcohol (final concentration 70 per cent 
v/v) and the starch and clextrin precipitate 
filtered, washed, dried and weighed. The 
viscosity of the strained gruel was deter- 
mined in a specially prepared viscometer 
with a wide capillary. 

Results and discussion 

The data on the pastiness of the rice 
samples are presented in Tables 1 and 2. 

I t  is clear from Table 1 that steaming of 
paddy reduces the pastiness of rice. Steam- 
ing a t  110°C. gives a satisfactory opaque 
product that cooks without any pastiness. 
Heating a t  115°C. further strengthens the 
grain, but gives a definite ' parboiled ' 
appearance to the rice. The rice also cooks 
hard unlike raw rice. From the commercial 
point of view, however, mere steaming of 
dry paddy is not likely to be of value in view 
of the high degree of breakage observed 
during milling. Previous soaking of the 
paddy in water for half an hour before 
steaming gives a product satisfactory in both 
milling and cooking properties. The grains 
were slightly yellow although the core was 
white. The treatment represented a stage 
of partial parboiling. 

The data presented in Table 2 show that a 
preliminary parboiling of rice in the cooking 
vessel and then cooking it in hot water is a 
simple and effective method of preventing 
the pastiness of freshly harvested rice. Put- 
ting raw rice straight in boiling water 
reduces pastiness only slightly. If rice is 
cooked in steam with just as much water as 
i t  would absorb, the gruel loss and the 
pastiness are considerably reduced. By 
cooking in an open vessel with excess water, 
the grains break by collision, resulting in a 
thick, sticky gruel. 

The total solids content of the gruel ob- 
tained by cooking the rice samples under 
comparable conditions, the amount of starch 
and dextrin precipitated from the gruel by 
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TABLE 1 - EFFEaT OF STEAMING PADDY ON THE COOKING QUALITY OF RICE 

(Halwbhulu, a commercial variety of paddv, was used) 

STEAMING TEMP. LOSS OF LOSS OF VISCOSITY OF PASTINESS OF DEGREE OF APPEARANCE OF 
OC. TOTAL ALCOHOI, G R U E L  AT 21°C. COOKED RICE DREAKAGE RICE 

SOLIDS I N  PRECIPITARLE (FLOW TIME) DURING 
G R U E L  SOLIDS I N  SIC. MILLING OF 

% G K l l E L  TREATED 
01 /O I'ADDY 

Control 
100 
105 
110 
113 

20 .0  10.1 173 Very pasty - Opaque 
18.7 17.0 155 I'asty ++f do 
16.2  1.54 100 Slightly pasty +++ do 
10.1 $1.2 41 Not pasty ++ do 
0 . 0  8 . 1  34 Hard like parboiled + Yellowish opaque 

r ~ c e  
Soaked for 30 min. and 1 2 . 0  10 .9  52 Not pasty 

then steamed 
- Slightly yellowish 

grains with a 
white centre 

TABLE 2 -EFFECT OF INCIPIENT PARBOILING OF RICE ON ITS PASTINESS 

TREATMENT Loss OF  TOTAL SOLIDS LOSS OF ALCOHOL VISCOSITY (FLOW TIME*) PASTINESS 
I N  GRUEL PRECIPITABLE SOLIDS AT 24°C. OF RICE 
--7 I N  GRUEL - 

Direct Stearn ---- Direct Steam 
heat cooking Direct Steam heat cooking 

cooking % heat cooking cooking sec. 
'% cooking "/. SEC. 

'70 
Control (cold water added to rice 18.4 7 .1  17 .0  0 . 2  143 27.2 Very pasty 

and then cooked) 
Boiling water added to  rice and 12.4 6 .5  11.6 5 . 7  84 24.9 Pasty 

then cooked 
Moistened rice heated in a cover- 6 . 2  3 .4  6 . 1  2 . 6  31 21.7 Not pasty 

ed vessel for 10 min. and then 
cooked in hot water 

*The corresponding flow time for distilled water was 10.5 sec. As the gruel was only a suspension and not a solution, the 
data have not been presented in terms of specific viscosity. 

70 per cent alcohol and the viscosity of the 
gruel are good indices of the relative cooking 
quality of different samples of rice. The 
gruel loss varies with the method of cooking 
and the method can, therefore, be used only 
for comparative purposes. No specific rela- 
tion exists between changes in viscosity and 
the solids content of the gruel, indicating 
that only a particular fraction of the total 
solids in the gruel contributes to viscosity. 
The starch in the gruel is in the form of a 
suspension and not in true solution and this 
may account for the abnormal change in 
viscosity. 

Conclusion 

Wet heating is able to give the desired 
cooking characteristics to freshly harvested 

rice. Changes similar to those that occur 
during prolonged storage a t  atmospheric 
temperatures can be brought about by 
treatment with moist heat for a short period. 
A definite correlation exists between the 
degree of gelatinization and the cooking 
quality of rice. 
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The Curing of Freshly Harvested 
Paddy:  Par t  11-Applications 
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(Manuscript received 29 May 1957) 

By steaming fresh paddy for 15-30 min. 
and heaping the hot paddy for 1-2 hr. before 
drying it by aeration in the shade, a rice 
which possesses the appearance and cooking 
qualities of old raw rice and the nutritional 
properties of parboiled rice is obtained. 

A simple type of rice cooker which can be 
used to cook freshly harvested rice has been 
constructed for use in the household. As the 
rice is steamed preliminary to cooking, pasti- 
ness during cooking is avoided. 

The method of treatment has been applied 
successfully in rice mills. 

T HE factors responsible for the improve- 
ment in the cooking quality, on 
storage, of rice from freshly harvested 

paddy have been investigated by different 
workers1". From studies on the possibility 
of accelerating these storage changes, the 
suitability of a mild form of ' wet heat ' 
treatment on a laboratory scale was indi- 
cated4. In  the present communication the 
practical application of the method for com- 
mercial and domestic curing of rice is des- 
cribed. 

Commercial curing - The method of heat- 
ing the paddy for 15 min. a t  1 10°C., as sug- 
gested on the basis of laboratory trials4, was 
not found suitable for commercial practice 
as it involved steaming under pressure. The 
principle of steaming the paddy for 15 min. 
and then keeping i t  hot for 1-2 hr. before 
drying was tried and found to be suitable. 
The high breakage observed in laboratory 
trials was found to be due to uneven drying 
of the paddy in severe sunshine resulting in 
cracks. To avoid the breakage, the paddy 
was dried by exposure to atmosphere in the 
shade in these experiments. 

After preliminary trials the following 
method was found to give a satisfactory 
product resembling old raw rice in its cooking 
characteristics. 

Fresh paddy (1 or 2 ton batches) is 
placed in a cylindrical kettle provided with 
steam coils (available with rice parboiling 

mills) and steam is passed for 15-30 min., 
depending on steam pressure and size of the 
kettle, until all the paddy in the kettle is 
heated and excess steam emerges both from 
the top and bottom of the kettle. The 
steam is cut off and the paddy kept in the 
hot condition in the kettle for about 1 hr. 
Alternatively, the paddy can be drawn out 
from the kettle, heaped and covered with 
gunny bags to minimize atmospheric cooling. 
The paddy absorbs about 5 per cent extra 
moisture during the steaming process and 
i t  is necessary to dry i t  by aeration either 
in the shade or in mild sun with occasional 
raking. The fine and hard varieties of rice 
that are conventionally milled for raw rice 
lend themselves to this treatment, while the 
coarse and soft varieties undergo high 
breakage and have to be parboiled in the 
conventional way to prevent breakage. 

In the case of mills which do not have a 
boiler and use a pan-kettle for raising steam, 
a longer steaming time is necessary. 

Cooking quality and nutritive value of the 
steamed fresh Paddy and its consumer accept- 
ability - The rice obtained from paddy as 
treated above resembles old rice in appearance 
and cooking qualities. The pastiness on cook- 
ingand the high viscosity of the gruel obtained 
with fresh rice are both eliminated (Table 1). 
The iodine colour value of the gruel after 
centrifuging is also low for the treated rice 
sample (Table 1) indicating the superior 
cooking quality of the treated rice. For 
determining the iodine colour value of the 
gruel, it was centrifuged and the centrifugate 
filtered to remove floating impurities. To 
0.5 ml. of the filtrate were added 400 ml. 
water, 5 ml. 2N sulphuric acid and 0.5 ml. 
Nil0 iodine and the contents made to 500 mI. 
The iodine blue colour was read in a Klett 
Summerson photoelectric colorimeter using 
red filter No. 665. 

For determining the effect of steaming 
treatment on the swelling quality of the 
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TABLE 1 - COOKING QUALITY OF FRESH AND 
STEAM-TREATED FRESH RICE 

CONTROL FRESH RICE TREATED 
FRESH BY 

R I C E  c-f'---7 
Commerc~al Home 

steaming cooker 

Total solids in gruel, a. 2.9  n.9 1 . 3  
Viscosity ~n ter~rls  of flow 11.2 8.4 8.8 

time in visco~neter*, sec. 
Iodine blue colour reading 09.0 34.0 34.0 

in K.S. units 

'Flow time for distilled water was 8.1 sec. 

resulting rice, 20 g. each of treated and un- 
treated rice of different varieties were taken 
in a 100 ml. graduated Pyrex boiling tube, 
40 ml. water added and the rice cooked in a 
steam cooker for 45 min. The volume of 
cooked rice was finally noted. The volume 
for treated samples was: Halubbulu rice, 
80 ml. ; C.  sanna, 82 ml. ; and Bangar sanna, 
82 ml. The corresponding values for the 
untreated samples were 67, 65 and 70 ml. 
respectively. I t  is clear from these results 
that the steaming treatment improves the 
swelling quality of rice during cooking. 

The steaming of fresh paddy also induces 
vitamin penetration in the rice grain6. 
Thus, the milled rice from steamed paddy 
possesses the nutritional properties of par- 
boiled rice also, although in appearance and 
cooking quality it resembles raw rice. Thi- 
amine content of different varieties was deter- 
mined by the thiochrome method before 
and after steam treatment. The values 
obtained for the treated rice were: Halubbulu 
rice, 1.1; C. sanna, 1-5; A l u r  sanna, 1.5; and 
Bangar sanna, 2.2 y/g. The corresponding 
values for the untreated control samples 
were 0-7, 0.8, 0.9 and 1-2 y/g. respectively. 
I t  can, therefore, be concluded that the 
steaming treatment helps in supplying 
higher amounts of thiamine to the con- 
sumer. Consumer acceptability studies with 
the treated rice have shown that it is readily 
accepted by consumers of both raw and 
parboiled rice. 

Cost of treatment - The cost of the steam- 
ing treatment is not more than 6-8 annasl 
100 lb. rice. As old rice costs Rs. 5-101 
100 lb. more than new rice, the cost of the 
steaming treatment can be considered to be 
very small. 

Treatment of freshrice in the house before cook- 
ing-  Heating of moistened rice in a closed 
vessel prior to cooking has been found to re- 

FIG. 1 - (a) RICE COOKER FOR COOKING FRESH 
RICE; (b) PERFORATED BASKET FOR HOLDING THE 

RICE WHILE STEAMING 

duce its pastiness during cooking4. Instead 
of merely moistening, the soaking of the fresh 
rice in water for 2-3 hr. in cold water or for 
half an hour in hot water at 60°C. and allowing 
it to imbibe water, has been found to result in 
good gelatinization during the subsequent 
steaming. The rice obtained by cooking the 
gelatinized grain consists of discrete and in- 
dividual grains without any pastiness. As 
the rice is cooked immediately after steam- 
ing, there is no yellowing of the rice in spite 
of almost complete gelatinization of the 
starch. In order to facilitate cooking by 
using this method a type of cooker which 
can be used both for the preliminary steaming 
and the subsequent cooking has been cons- 
tructed (Fig. 1). Rice, previously soaked 
in water, is placed in the perforated basket 
which is slipped through the lid of the cooker 
and is suspended inside the cooker so that it 
is above the level of the water. I t  is steamed 
for 10-15 min. and the rod that holds the 
basket in position is removed so that the 
basket is submerged in the boiling water to 
complete the cooking. 

As the rice is already partially cooked 
during the steaming period, subsequent 
cooking takes c. 10 min. so that the total 
cooking time is under half an hour. If water 
taken for cooking is only as much as will be 
absorbed by the rice (2-24 vol.), there is 
no need to drain the gruel. The resulting 
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Effect of Condiments on the Control 
of Aspergillus niger Mango Pickle 
J. C. ANAND & D. S. JOI-IAR 

Central Food Technological Rcsearch Institute, Mysorc 

(Manuscript received 20 Apvil 1957) 

The effect of different condiments on the 
growth of Aspergillus niger in mango pickle 
has been investigated. Most of the spices, 
except cinnamon and cloves, had little or no 
inhibitory effect on this mould. Common 
salt, although not effective itself, supplements 
the preservative effect of cinnamon and 
cloves. 

D IFFERENT condiments and spices are 
added during the preparation of 
pickles and their use is regulated on 

the basis of the type of pickle to be prepared. 
They not only add to the odour and taste of 
the pickles, but are also believed to possess 
definite preservative effects. The empirical 
standards for the type and quantity of condi- 
ments to be added, evolved through ex- 
perience, do not always lead to successful 
preservation of the pickles and their spoilage 
due to various micro-organisms is often 
observed. Once spoilage organisms estab- 
lish themselves on pickles, they bring about 
certain physico-chemical changes like dis- 
integration of fruits, etc., which are due to  
pectolytic activity of certain fungi. This is 
often followed by fermentation and putre- 
faction. These changes make the pickle un- 
wholesome and unfit for consumption. 

The strongly acidic nature of pickles 
restricts their early contamination by moulds 
and Among moulds, Asfergillus 

niger species were found to grow well in 
pickles containing 10-20 per cent salt and 
requisite proportions of spices. 

The effect of some of the spices aad condi- 
ments in controlling spoilage in mango 
pickles was first investigated by Prasad and 
.Joshi2. Making inherent microbial popula- 
tion in frcsli fruit as a target for control, they 
assigned preservative role to cloves a t  2 per 
cent levcl when used by themselves for 
pickling. Cloves, cinnamon and cayenne 
pepper were also reported to be more effec- 
tive if the pickles are steamed for 4 hr. after 
their addition. The addition of 20 per cent 
salt to pickles was reported to completely 
suppress the growth of spoilage organisms2. 
Ground spices like cinnamon, cloves and 
mustarcl and their oils have been shown to 
inhibit the growth of certain species of yeast 
and bacteria on different media"l0. Walker 
et al.ll found that mustard oil has a marked 
toxic effect on moulds, with Aspergillus niger 
showing the least sensitivity among the fungi 
studied. Bitting12 described the mechanism 
of the action of mustard on the prevention 
of mould growth. Walton et al.13 showed 
that fresh garlic possesses bactericidal pro- 
perties. Ginger in 5 per cent concentration 
was shown to have bactericidal effect14. The 
present investigation was undertaken to 
determine the efficacy of some of the condi- 
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ments used in mango pickle in suppressing 
mould growth. 

Experimental procedure 

Preparation of substrate - Raw mangoes of 
seedling variety, commonly used in pickles, 
were dipped in 50 parts per million of free 
chlorine for 20 min., washed thoroughly in 
running water, drained and sliced with stain- 
less steel knives, rejccting the stony kernels. 
The slices were made into fine pulp in an 
electric mincer. The pulp was filled into 
polythene bags in 1 lb. packs. The bags 
were sealed, frozen and stored at  -15°C. At 
the time of use the pulp was thawed and 
removed fron the bag. The pulp analysed 
(wet basis) to: moisture, 81-9 per cent; 
acidity (as citric acid), 2.95 per cent; redu- 
cing sugars, 0.82 per cent; vitamin C, 45 
mg.1100 g. ; ta:~nins and colol~ring matter, 
0.046 per cent. Its $H (at 24°C.) was 
2.92. - 

Pre$arafion of mould sfiores - A strain of 
As$ugillus niger isolated from a pickle 
sample was used. The spores were culti- 
vated on acid dextrose agar (prepared by 
the addition of 5 ml. sterile 5 per cent 
tartaric acid to 100 ml. melted dextrose 
agar) containing 8 per cent common salt in 
Kolle's culture flasks. The flasks were in- 
cubated a t  30°C. for 7 days and the growth of 
spores removed with sterile glass beads using 
glass-distilled water. The suspension was 
passed through sterile gauze to remove lumps 
of agar, etc., and washed 3 times with glass- 
distilled water in a centrifuge. The final 
suspension containing loX spores per ml. 
(measured by haemocytometer) was stored 
in a refrigerator a t  2°C. The viability of a 
suitable dilution of the above suspension was 
checked by inoculating on acid dextrose 
agar slants each time before use. 

Condiments and sfiices - Different condi- 
ments were cleaned and ground to 20 mesh 
fineness. Small pieces of asafoetida (L. G. 
Brand) were fried in gingili oil and crushed. 
Asafoetida oil was extracted with petroleum 
ether and used as an emulsion stabilized 
with 1 per cent gum acacia. Mustard oil 
was expressed from powdered seeds in a 
hydraulic press. Garlic bulbs were seg- 
mented into cloves, peeled and crushed in a 
pestle and mortar. Green ginger was like- 
wise peeled and crushed. Powdered marine 
salt having 97.0 per cent (dry basis) sodium 
chloride was used. 

Expi~ivnental  technique - The pulp was 
thawed and removed from the bags. Re- 
quisite proportions of salt, spices and other 
constituents were added to weighed portions 
of pulp and the entire mass mixed up 
thorou'ghly. Ten g. portions of treated pulp 
were taken in previously clea~ied and steri- 
lized 2 oz. wide mouthed bottles. As far 
as possible, aseptic precautions were observed 
in the handling of pulp. Each bottle was 
inoculated with a loopful of conidia suspen- 
sion and thoroughly mixed giving an average 
10,000 sporeslg. of pulp. The stoppered 
bottles were stored a t  26'-28°C. in a dark 
place. The growth was confirmed by the 
formation of white matted tufts on the 
surface of the pulp followed by the formation 
of dark coloured fruiting heads. The spores 
germinated within 4 weeks in the absence of 
condiments. Control lots were run for each 
treatment to verify any extraneous conta- 
mination. 

Results and discussion 

It is evident from Table 1 that As$ergillus 
niger can grow in mango pulp containing up 
to 26 g. salt/100 g. pulp. The resistance of 
mould to high concentration of salt indicates 
that preservation of pickles free from A .  niger 
attack required additional inhibitory subs- 
tances. I t  is also clear from Table 1 that 
A. niger grows more slowly in light than in 
darkness, the lag in time being greater in 
pulp with higher salt concentration. Earlier, 
Levine and Fellers16 had also observed that 
A .  lzigcr grows faster in darkness than in 
light. 

The inhibitory effect of different spices on 
the growth of A .  niger was studied in salted 
pulp containing 15 g. salt/100 g. pulp. This 
level of salt concentration was preferred 
because the average content of salt in a large 
number of pickle samples was found to be of 
this order. The results are given in Table 2. 

TABLE 1 -EFFECT OF LIGHT ON THE GROWTH OF 
ASPERGILLUS NIGER IN SALTED MANGO PULP 

AMOIJNT OF SALT No. OF DAYS AFTER WHICH 

g . / l m  g. pulp OROWTH WAS OBSERVED 

r 1 
In dark In light 
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TABLE 2 - EFFECT OF DIFFERENT PROPORTIONS 
OF CONDIMENTS TO INHIBIT THE GROWTH OF 
ASPERGILLUS NIGER IN SALTED* MANGO PULP 

CONDIMENT CONVENTIONAL INHIBITORY 
PROPORTIONS LEVI'LS FOR 

I N  I'ICKLE MOULll SPORICS 
RECIPES g./100 8. fifllfi 
g./lotr R. 

rnanRo slices 

Aniseed 
Asafoetida (hing) 
Asafoetida oil 
Black pepper 
Caraway (zeera) 
Chillies 
Cinnamon 
Cloves 
Fenugreek (melhi) 
Garlic 
Ginger (fresh) 
Ginger (dry) 
Kalaunji (onion seed: 
Mustanl powder 
hlustard oil 

Salt 
Turmeric 

0 . 5 - 3 . 0  > l 0 . 0 0  
0.1-0.2 >o.r,o 

Not use11 0 .04  
0.0-:1.0 >10 .00  
0 .0 -1 .6  4 . 00 
1 . 5 - 1 0 . 0  >1o .00  

Not used 0 .30  
do 0.2ll 

0 .2-10.0 > l a . o n  
Not used > 0 .  50 
0 .0 -10 .0  >15.(K) 
Not used > 2 . 0 0  

j) 0 . 0 - 3 . 0  >10 .01)  
0 . 0 - 4 . 0  > 1 0 ~ 0 0  

Covered with thin layqr. 
Growth Positive in covered 

'Mango pulp containing 15 g. salt/100 g. pulp 

TABLE 3 - EFFECT OF DIFFERENT 
CONCENTRATIONS OF CINNAMON AND CLOVES ON 
THE CONTROL OF ASPERGILLUS NIGER IN MANGO 

PULP 

Cinnamon 
0 . 0  + + + + +  
0 . 3  + + + + -  
0 . 6  + + + -  - 
0 . 9  + + -  - - 
1 . 6  + - - - - 
3 . 0  - - - - - 

Cloves 
0 . 0  + + + + + 
0 . 2  + + + + -  
0 . 3  + + -  - - 
0 . 4  + - - - - 
0 . 0  - - - - - 

+, growth positive; -, no  growth. 

The condiments like aniseed, asafoetida, 
black pepper, caraway, chillies, fenugreek, 
garlic, fresh ginger, kalaunji, mustard and 
turmeric do not inhibit the mould growth 
even when added in sufficiently large pro- 
portions and much above the conventional 
limits. Mustard was ineffective in checking 
mould growth even a t  10 per cent level 
although it has been reported to delay fer- 
mentation in apple cider for 24 days in 0.5 
per cent concentrationlO. The addition of 
these spices in mango pickle recipes seems to 
have other functions like adding to the 
odour, taste and colour of the pickles. 
Asafoetida oil was found to be inhibitory 
towards mould a t  0.04 per cent level whereas 

asafoetida itself was not effective even when 
added a t  0.5 per cent level against the con- 
ventional level of 0-1-0.2 per cent. Larger 
proportions of asafoetida may not be de- 
sirable as it may spoil the odour and taste of 
pickles. A thin layer of mustard oil on the 
pulp did not protect it from subsequent 
growth of A. niger. Cloves and cinnamon 
were found to be effective in small doses 
and did not permit the germination of mould 
spores. This confirmed the findings of the 
earlier workers"41R that cloves and cinnamon 
are effective in inhibiting the growth of 
bacteria and yeast. 

To find out the relative effectiveness of 
cloves and cinnamon in inhibiting the ger- 
mination of mould spores a t  other salt con- 
centrations in pulp, further studies were 
conducted using different amounts of these 
spices. The results are given in Table 3. 
Whereas 0.3 per cent cinnamon was sufficient 
to inhibit mould germination in a lot con- 
taining 16 g. salt/100 g. pulp, 3 per cent 
cinnamon was required to have a similar 
effect in pulp without salt. A progressively 
higher dose of cinnamon was needed to 
prevent the mould germination in pulp 
containing relatively lower proportions of 
salt. In the case of cloves relatively lower 
concentrations of spice were needed as com- 
pared to cinnamon to effectively control the 
germination of mould spores. Whereas 0-6 
per cent cloves had a preservative effect in 
unsalted pulp only 0.2 per cent of the spice 
was needed to have a similar effect in the 
lot containing 16 g. salt!100 g. pulp. The 
effect of cloves as a preservative, like cinna- 
mon, varied with the concentration of salt 
in the pulp. These results indicate that the 
inclusion of cloves and cinnamon in small 
proportions in pickle recipes may aid in 
preventing spoilage in pickles due to Asper- 
gillus nigsr. The effect of the esserltial oils 
of these spices as controlling agents for 
spoilage in marlgo pickle may be of interest 
and further work on these lines is in progress. 
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BENEFICIATION OF A LATERITIC IRON 
ORE FROM RAJHARA PAHAR, 

MADHYA PRADESH 

IRON ORES OF INDIA FALL UNDER THREE 
major groups: (1) banded ferruginous forma- 
tions of precambrian age which account for 
the major portion of the high grade deposits 
now being exploited, (2) sedimentary iron ores 
of sideritic composition and (3) lateritic ores. 

Laterite caps are fairly widespread in 
India and overlie good iron ore belonging to 
group (1). They are, however, of low grade 
(25-35 per cent iron) and are unsuitable for 
the production of iron under normal condi- 
tions. At the request of the Bhilai Steel 
Project authorities a sample of lateritic iron 
ore from Rajhara Pahar, Madhya Praclesh, 
was investigated in this laboratory for amen- 
ability to bcneficiation. Several ore-dressing 
methotls were tried to reduce its alumina and 
silica contents with a view to obtaining a 
material suitable for blast furnace smelting. 

The sample had high silica and alumina 
contents and analysed: iron, 34.14; silica, 
19.24; alumina, 18-02; phosphorus, 0.1 3 ; and 
loss on ignition, 12.36 per ccnt. Microscopic 
examination inclicatccl that the sample con- 
sisted essentially of hydrated oxides of iron 
and aluminous material, present in a very 
intimate mixture of varying composition 
representing various stages of lateritization, 
pure iron oxide being present only in minor 
quantity. In polished section, the sample 
showed pisolitic structure with layers of 
ferruginous and aluminous material of vary- 
ing composition. At some places the more 

aluminous material was seen to enclose 
minute grains of ferruginous material even 
smaller than 5 p in size. Quartz, goethite, 
coarse grains of haematite and magnetite 
were also present in very small quantities. 

The sample contained minor amounts of 
high iron minerals like haematite or goethite 
and was made up mostly of (i) a reddish 
material, (ii) a yellowish material and (iii) an 
intimate mixture of (i) and (ii) in varying 
proportions. The bulk of the sample was 
made up of (iii). The yellow and the reddish 
materials, which were carefully scooped out 
from a few specimens, assayed iron, 29.77; 
alumina, 23.75; and silica, 20.81 per cent and 
iron, 45.33; alumina, 12.63; and Silica, 12-4 
per cent respectively. 

These preliminary examinations and the 
experiments carried out, involving washing, 
tabling, magnetic separation, reduction roast 
followed by magnetic separation and flota- 
tion, indicated that the lateritic iron ore was 
not amenable to beneficiation. The maxi- 
mum grade of concentrate that could be 
obtained assayed about 43 per cent iron 
with a very low iron recovery. 

This lateritic ore can, however, be com- 
bined with ores of other types - massive and 
laminated - in making up sinter charges for 
its better utilization. 

S. B. DAS GUPTA 
G. V. SUBRAMANYA 
P. I. A. NARAYANAN 

National Metallurgical Laboratory 
Jamshedjur 
24 Sejtember 1956 
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RECOVERY OF SULPHUR & GOLD FROM 
THE TAILINGS OF NUNDYDROOG MINES, 

KOLAR GOLD FIELDS 

THE GOLD TAILINGS FROM NUNDYDROOG 
Mines, Kolar Gold Fields, obtained after 
cyanidation and dumped as waste, contain 
sulphide minerals like arsenopyrite, pyrrho- 
tite, pyrite and traces of galena and chalco- 
pyrite. This mine treats about 21,000 tons 
of gold ore per month and hence a study of 
the possibilities of recovering sulphur from the 
tailings is of interest to India in view of the 
acute shortage of sulphur-bearing niinerals 
in the country. 

A sample of tailing obtained from the 
mines assayed: total S, 1.58; sulphate S, 0.47; 
Fe, 10.69; A1,O3, 7.97; SiO,, 58.93; CaO, 
7-13; MgO, 5.47; and As, 0.46 per cent with 
traces of Cu and 0-5 dwt. of gold per ton. 
The sample consisted mostly of quartz and 
chlorite. The sulphide minerals were most- 
ly arsenopyrite and pyrrhotite with minor 
amounts of pyrite, marcasite and a few grains 
of chalcopyrite indicating that the grade of 
sulphide concentrate that can be obtained 
by flotation must necessarily be low due to 
the low sulphur content (19.7 per cent) of 
arsenopyrite and also that the presence of 
arsenopyrite in appreciable amounts in the 
concentrate will restrict its use for sulphuric 
acid manufacture. The sample was received 
in moist condition and got highly oxidized 
during storage. 

Flotation tests using different combina- 
tions of sulphuric acid, copper sulphate, 
sodium carbonate, potassium ethyl and amyl 
xanthates and pine oil yielded concentrates 
assaying only 15-17 per cent sulphur with 
recoveries from 24 to 32 per cent. The ar- 
senic content of the flotation concentrate 
was high (2.31 per cent). With fresh sample 
more sulphide is likely to float resulting in 
higher recovery, but due to the low gracle of 
the concentrate and its high arsenic content, 
it is of limited use for sulphuric acid manu- 
facture. 

Study on the possibility of recovering gold 
from the tailings showed that best results 
are obtained by using potassium ethyl 
xanthate and pine oil which recovered 45.1 
per cent of gold from the sample in a con- 
centrate of grade 4.8 dwt. per ton. Cyani- 
dation of this flotation concentrate after 
roasting extracted 95.9 per cent of gold which 
was equivalent to a recovery of 43.3 per cent 

of the gold present in the original sample. 
The consumptions of potassium cyanide and 
lime were 2.0 and 19.0 lb. respectively per 
ton of flotation concentrate (0.09 and 0.9 lb. 
respectively per ton of original sample). 
Almost similar recoveries of gold and sulphur 
in the flotation concentrates indicated that 
gold was associated with the sulphide 
minerals and hence it could not be extracted 
by the cyanidation process employed a t  
Kolar. With fresh sample of tailing from 
Kolar better recovery of gold could be pos- 
sible and a larger proportion of the gold 
rejected with the cyanide tailing may be 
recovered. 

National Metallurgical Laboratory 
Jamshedpur 
29 A j r i l  1957 

SILAGE MAKING : PANEVAR (CASSIA 
TORA LINN.) & PADDY STRAW SILAGE 

A S  LIVESTOCK FEED 

THE IMPORTANCE OF FODDER CONSERVATION 
in the economy of livestock feeding is well 
recognized. The conservation of monsoon 
fodders by ensilage was one of the means 
advocated by Keharl to meet the acute 
shortage of succulent feed in dry months. 
Palzevar (Cassia tora Linn.) is a leguminous 
plant that grows ubiquitous, during mon- 
soon, from sea level to a height of c. 5000 ft. 
Ordinarily, it is not relished by animals in 
green condition. But its silage is highly 
relished2. In an earlier investigation (Kehar 
N. D., unpublished work) effort was made 
to improve the palatability of cereal straws 
by ensiling them with some leguminous 
fodder. An attempt was, therefore, made to 
find out if panevar and paddy straw could 
also be ensiled to make a nutritious and 
palatable fodder. 

The silage was prepared by ensiling 40 md. 
green panevar plant and 12 md. paddy 
straw. The silage pit was opened after about 
6 months for evaluating the nutritive value. 
It was found to possess a pleasant odour 
with brownish appearance. The pH of the 
material was 4.5. The percentage chemical 
composition of the silage (on dry basis) 
was as follows: crude protein, 8-56; ether 
extract, 1.38; total carbohydrates, 72.05; 
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total ash, 18-01; calcium, 1.38; and phos- 
phorus, 0.26 g. 

The silage was highly relished by cattle. 
The feeding of the silage was further extended 
to a batch of buffaloes to observe any species 
difference in the palatability of the silage. 
The buffaloes also relished it immensely. 
They had, however, loose faeces in the 
initial stages, which was corrected by supple- 
menting the silage with wheat bhoosa (straw). 
Silage alone was found to meet the nutri- 
tional requirements of Kumaoni cattle, but 
for buffaloes it had to be supplemented with 
about 3 lb. wheat bhoosa to meet the dry 
matter requirement. The daily consump- 
tion was found to be 3.3 lb. and 3.8 lb. in the 
case of buffaloes and Kumaoni cattle respec- 
tively per 100 lb. of body weight. 

After a preliminary feeding for about 20 
days, a metabolic trial was conducted on 
Kumaoni cattle and buffaloes to evaluate 
the nutritional value of the panevar-paddy 
straw silage. 

The average intake and retention of 
nitrogen, calcium and phosphorus, the diges- 
tibility coefficients for crude protein, ether 
extract and total carbohydrates for Kumaoni 
cattle and buffaloes are shown in Table 1. 

I t  is evident from the results given in 
Table 1 that both the buffaloes and Kumaoni 
cattle were in positive equilibrium with 
respect to nitrogen, calcium and phosphorus, 
and maintained their body weight and gene- 
ral health. The differences in the coefficients 
of digestion of the proximate principles are, 
however, insignificant between cattle and 
buffaloes and as such the average of the two 
species have been used in calculating the 

TABLE I -DAILY NITROGEN AND MINERAL 
BALANCES AND THE DIGESTIBILITY COEFFICIENTS 

Nitrogen intake, g. 33.25*0.27* 71.OR*0.30* 
Nitrogen retention, p. 0 . 4 5 * 0 . 1 7  0 .03-fO.YS 
Nitrogen retention, % 1.35 0 .87  
Calcium intake, g. 31 .47*0 .27  6 0 . 1 5 + 0 . 2 8  
Calciunl retention. g. 1 ~ 7 0 : t l . ! ) l  0 .15- t2~2! !  
Calcium retention, 76 H . A!) 8.26  
Phosphor~~s  intake, g. O,H9*0.05 11.11 + 0 . 0 0  
Phosphorus retention, g. 0 . l b & 0 . 2 1  0 . J b k 0 . 3 2  
Phosphoruz retention, % 2 .18  3 .12  

Digsstitilily coeficients 
Crude protein 38 .00*1 .78  3 3 . 7 0 f 2 . 8 6  
Ether  extract 61 .80&1 .17  5 8 . 7 0 f 2 . 8 H  
Total carbohydrates 59~HOjr0 .88  5 0 . 0 0 3 ~ 1 . 0 7  

*Mean with standard error. 

digestible nutrients in panevar-paddy straw 
silage and is shown below: 

% 
Digestible crude protein 3.06 
Digestible ether extract 0.85 
Digestible total carbohydrates 41-64 
Total digestible nutrients 46.61 

From the above results it is clear that 
panevar-paddy straw silage can form a main- 
tenance ration for Kumaoni cattle, but for 
buffaloes it needs to be supplemented with a 
small quantity of dry roughage, like wheat 
bhoosa, to meet the dry matter requirements. 

N. D. KEHAR 
V. N. MURTY 

Division of Animal Nutrition 
Indian Veterinary Research Institute 
Izatnagar, U.P. 
6 February 1957 

1. KEHAR,  N .  D., Presidential Address: Section of 
Physiology, 40th Session, Indian Sci. Congr., 
1953. 

2. DANIEL. S. J. & KEHAR, N .  D., Proc. Indian Sci. 
Cong., 44 (1957), 404. 

THE MAKING OF ROUNDED 
CRYSTALS 

IN PARA 23 OF MY RECENT NOTE W. sci. 
industr. Res., 15A (1956), 5391 on the making 
of a free-flowing salt I had stated that 
' crystals of the desired size and approxi- 
mately spherical in shape can be obtained by 
evaporation of the purified brine in open or 
vacuum pan crystallizers '. For reasons of 
~ a t e n t  ~ r io r i tv  I did not then disclose how 
io  arrice a t  this desirable result. These 
details can now be given. 

Some years ago Stranski had explored the 
concentration gradients about a crystal 
growing in a static supersaturated solution. 
His results suggested that, a t  least in the 
case of crystals of cubic symmetry, spherical 
crystals would be obtained if the concen- 
tration gradients surrounding the crystal 
seeds could be eliminated during crystal 
growth. 

In technical practice, crystallization is 
effected in a steam-jacketed open or vacuum 
pan, generally fitted with an axially dis- 
posed stirrer. The movement of the pan 
contents is then largely one of mass motion, 
the crystals for the most part remaining 
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stationary with respect to the mother liquor. 
Thus the Stranski concentration gradients 
are established and maintained during crys- 
tallization. 

As early as 1922, Jeffery derived expres- 
sions for the rotational and translational 
motions executed by particles suspended in 
a fluid subjected to a velocity gradient. 
Such gradients exist in a fluid in which 
laminar shear is produced. From Jeffery's 
equations, later confirmed experimentally by 
Trevelyan and Mason, and from solute diffu- 
sion data, i t  is realized that the introduction 
of a relatively small degree of asymmetry in 
the crystallizing pan assembly should result in 
sufficient laminar shear to cause the growing 
crystals to gyrate so fast as to secure a 
virtually uniform concentration in the mother 
liquor surrounding each growing crystal. 

A simple way of achieving the desired re- 
duction in symmetry of the crystallizer is by 
fixing one or more deflector blades to the 
side of the pan with the flat surfaces in line 
with the pan and stirrer axes. Offsetting or 
inclining the stirrer axis from that of the pan 
has a similar effect. Laminar shear is pro- 
duced in the stirred liquor. The growing 
seeds, cubic to begin with, rotate rapidly 
within the liquid and grow into spheres. 
Occasionally two cubical seeds grow together 
through coalescence of vicinal faces; the final 

crystal is then ellipsoidal in shape. A 
degree of turbulence extravagant in power 
consumption is quite unnecessary. 

The control of crystal size range is simple. 
If the degree of supersaturation during 
crystallization is low, the rate of seed forma- 
tion is also low and the crystal size will be 
relatively large and the size range narrow. 
On the other hand, if the supersaturation is 
high, ' flash ' formation of nuclei will result 
in small crystals, but the crystal size range 
will be relatively wide owing to parasitism by 
the larger grains. The desired degree of 
supersaturation lies between these extremes 
and is easily found by experiment. 

The crystal size range can be further 
narrowed down by partially counteracting 
the effect of size on the rate of fall of the 
crystals in the mother liquor. This can be 
done by curving the deflector blade or 
blades such that the larger crystals, while 
still tending to concentrate towards, do not 
settle out on, the pan bottom, where the 
degree of supersaturation is, on the average, 
lower than at  the surface of the evaporating 
liquor. 

Natiolzal Chemical Laboratory 
Poona 
22 May 1957 



1.S.I.R.- AUGUST 1957 A 27 

The New 
handy and 

easy-to-carry 

MICROSCOPE 

MODEL MI1 

suitable for 

field work 
0 

Available as 

* Monocular 

or 
WILD Binocular Research Microscope 

* Binocular M I  I BRGL with dust-proof steel hood and 
leather carrying strap 

Extra Attachments for : 

* POLARISING * DARK GROUND * PHASE CONTRAST 

* PROJECTION * PHOTOMICROGRAPHY, ETC. ETC. 

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

and wi th  an expert Swiss trained Engineer, our SERVICE DIVISION undertakes repairs 
t o  Wi ld  Microscopes and other Optical and Fine Mechanical Instruments. 

So!e Agents Our Sub-Agents 

RAJ-DER-KAR & CO. 
COMMISSARIAT BUILDING 

HORNBY ROAD 
BOMBAY 

Telephone : U-2.304 Tslecram : TECHLAB 

The Central Scientific Supplies 
Co. Ltd. 

2 Agaram Road, Tambaram, Madras 

The Upper India Scientific Works 
Morigate, Delhi 
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"KREMP" MEDICAL MICROSCOPE 
( MODEL ECK 2/31 ) 

This model has a special objective 6 L ( L=long focus ) which is 
essential for blood corpuscle-counting work. It has an own 
magnification of 44x. 

STAND E-Inclinable up to  90". Standard draw tube (extension) 
of 37 mm. with millimeter scale. Coarse adiustment by 
rack and pinion motion, fine adjustment by micrometer 
screw with graduated drum (operating knobs on both sides 
of stand ). 

FIXED square state 110 x 110 mm. with mechanical stage Ill de- 
tachable, graduated with scale and vernier reading to  1/10 
mm. with two lens condensor, of n.a. 1.4 with iris diaphragm 
screwed on, and filter bearing movable in a springed sleeve. 

Plane and concave mirror movable to  all sides. 

OPTICAL EQUIPMENT 
Nose-piece for 3 objectives: 

Achromatic objective No. 3 ( 1 0 . 3 ~  ) 
Achromatic obiective No. 6L (44x  ) 
Achromatic oil immersion objective 1/12 ( IO5x ) 

Huychens eyepieces: 6x. lox. I5x 
Total magnification 1575x 

Complete, as described above, i n  a mahogany cabinet w i th  
lock and key 

Price on request 

UNIQUE TRADING C O R P O R A T I O N  
Grams : UNlLAB 51-53 BABU G E N U  ROAD, BOMBAY 2 Phona : 30011 

A quarterly, containing papers on original research carried out in the 
laboratories of the Indian Institute of Science, Bangalore 3 

i 

S U B S C R I P T I O N  

Country Annual Single Issue 
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U.K. 
U.S.A. 
Other 
c~untr ies 

Page Size 
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Equivalent of Rs. 30 Equivalent of Rs. 8 
Indian currency indian currency 

ADVERTISEMENT TARIFF 
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--------A_--___ 7 Inner Back 
Outer Inner Cover 

Rs. Rs. Rs. Rs. 
60 90 60  70 
40 60 50 40 
2 5 Not accepted 

25 per cent rebate for annual contract of 4 insertions 

Cheques should be made payable to the Registrar, Indian Institute of Science 
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JOURNAL OF THE INDIAN INSTITUTE OF SCIENCE, BANGALORE 3, INDIA 
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the 

U V I S P E K  

improved 

again ! 

The latest version of the well-known Hilger Uvispek photoelectric 
spectrop hotometer is  now available. In addition t o  features 
which have made previous models outstanding in the ultraviolet 
and visible regions, the monochromator is  now being made with 
coupled sl i ts. The control knob for these is  conveniently close 
t o  the wavelength drum and also t o  a dial indicating the selected 
slit-width. This modification considerably increases the speed of 
operation of the instrument, thus making it of even greater 
value for solving analytical problems in research and industrial 

laboratories. 

For full details write for Catalogue CH318 (L.5) to : 

ASSOCIATED INSTRUMENT MANUFACTURERS 
( I N D I A )  PRIVATE LTD. 

INDIA HOUSE B5 GILLANDER HOUSE SUNLIGHT INSURANCE 

FORT STREET P.O. B O X  2136 BUILDING 

P.O. B O X  IIT CALCUTTA 26/27 ASAF ALI ROAD 

BOMBAY N E W  DELHl 



We manufacture 

IONONE 100 PER CENT, IONONE ALPHA & 
BETA, GERANIOL & CITRONELLOL PURE, 
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 : G r m  : 

Opposite City Post OfRce ' SACHEWORKS ' 
BANGALORE CITY BOMBAY-DADAR 

STUDENTS9 

MICROSCOPE 

ifot 

ADVANCED CLASSES 

Manufactured by : -- 

I N S T R U M E N T  R E S E A R C H  L A B O R A T O R Y  L t d .  
309 BOWBAZAR STREET, CALCUTTA 12 

Gram : MRELABTRY Phone: 31-77m 
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DC AMPLIFIER 
TYPE DCA I 

. A high 'stability amplifier for the measurement and high 
speed recording of small d.c. e.m.fs. as encountered in 
thermocouple and strain gauge work . N o  moving parts beyond a vibrator, which is robust and 
unaffected by vibration 

8 High zero stability . Four-position range-switch provides an easy means of 
selecting the input level 

Manufactured by SUNVlC CONTROLS LTD., Harlow, England 

Accredited Agents 

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

SAVOY CHAMBERS, WALLACE STREET, BOMBAY I 

J s.I.R.- AUGUST 1957 A3 1 



Cables : " BAROMETER " Phone : 34-1370 

CALCUTTA SCIENTIFIC MART 
Ofice & Show-room : 

11 TAMER LANE. CALCUTTA 9 
(near the crossing o f  

Collega Street and Harr ison Road ) 

Godown & Workshop : 
47C GARPAR ROAD, CALCUTTA 9 

Manufacturers of 
SCIENTIFIC INSTRUMENTS GEOGRAPHICAL 

APPLIANCES MECHANICS INSTRUMENTS 
BIOLOGICAL INSTRUMENTS, ETC. ETC. 

Dealers in 

LABORATORY CHEMICALS STAINS, INDI- 
CATORS SLIDES. COVER SLIPS FILTER 
PAPERS INDICATOR PAPERS MAPS. 

CHARTS, GLOBES, ETC. ETC. 

Most humbly offer their service 
in the noble cause of 

EDUCATION 
in 

Independent India 
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Available from 

READY STOCK 

PINCO GAS PLANT 
For Schools, Colleges, Research 
Laboratories, Hospitals and also 
for Cooking Purposes 

It can be placed in any corner of a 
building. It is electrically operated and 
run by petrol or by solvent oil. 

OTHER MANUFACTURES 
Physical and Chemical Apparatus, 
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PINCO, CALCUTTA 14-3171 

THERMOCOUPLES 
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FOR SALT BATH FURNACE 

PYROMETERS 
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BENCH MODEL 8 OPTICAL 

INDICATORS & 
COMPENSATING CABLES 

For further details please contact : 

LABORATORY FURNISHERS 
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DADAR, BOMBAY 14 

Phone: 62761 

Branch: AHMEDABAD 

1.S.I.R.- AUGUST 1957 



RESISTANCE BOXES 
Dial type, with laminated " special grip" type contact rotated by a 
knob, coils aged and impregnated, brightly polished special composi- 

tion top, constructed to  have low thermal e.m.f. 

Quality I : Accuracy - Manganin Coils Tenths f 0.2% 
Others f 0.2% 

Quality I I : Accuracy - Constantan Coils Tenths f 0.5% 
Others f 0.1% 

STEP OF TOTAL RESISTANCE 

I. Single-decade box 0.1 ohm I 
1.0 ohm 10 
10.0 ohms 1000 
100.0 ohms 1000 
1000.0 ohms 1000.0 

2. Two-decade resistance ( Units & Tenths ) 
box 0.1 ohm 11.0 

( Tenths & Units ) 
10 ohms 1 1 10.0 

( Hundreds & Tens ) 
100 ohms 1 100.0 

( Thousands & Hundreds ) 
1000 ohms 1 1000.0 

3. Three-decade resistance (Tens & Units & Tenths) 
box 0.1 ohm I 11.0 

( Hundreds, Tens & Units ) 
ohms 1 1  10.0 

( Thousands, Hundreds 81 Tens ) 
10 ohms 1 1 1  10.0 

4. Four-decade resistance 0.1 ohm ( Hundreds, Tens, 
box Units & Tenths ) 

1.0 ohm I I  11.0 
( Thousands, Hundreds, Tens & 

Units ) l l110.0 
5. Five-decade resistance ( Thousands, Hundreds, Tens, 

box Units & Tenths ) 
0.1 ohm I1110 

( Tens, Thousands, Hundreds, 
Tens & Units ) 111.110 ohms 

H A R G O L A L  & SONS 
THE SCIENCE APPARATUS WORKSHOP 

Phone : 173 AMBALA CANTT. Gram : HARGOLAL 

Branches : DEHRA DUN, LUCKNOW, HYDERABAD, MADRAS 
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Safe & Dependable 

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 t o  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 BI 
CEVITAMIN - lnjectzble Vitamin C 

B GLUCOSE SOLN. - lnjectable Pure Dextrose 

THE MYSORE INDUSTRIAL & TESTING LABORATORY LTD. 
MALLESWARAM P.O., BANGALORE 3 

/ Equip your 
laboratory 

i 
with I 

i 
i LABORATORY & PHARMACEUTI- f 

i C A L  CHEMICALS, ANALYTICAL & 

L A B O R A T O R Y  R E A G E N T S ,  

1 AMINO ACIDS, STAINS, DRUGS, : 
i VITAMINS, ETC. i 

Directly imported by 

S. MATHURADAS & Co. 
P.O. B O X  No. 21 I 3  
PRINCESS STREET 

BOMBAY 2 

Gram : " SMATHURCO " Pbone : 30173 

Gram : PRESGLAKO 

PREMIER SCIENTIFIC GLASS CO. 
26/ZA Prosonna Kumar Tagore Street 

C A L C U T T A  6 

* 
Stockists for 

E. MERCK, B.D.H. 
Chemicals, Stains, Indicators, Acids, etc. 

PYREX, JENA, SIGCOL 
Glasswares. Porcelain Apparatus, 

Instruments. F i l ter  Papers, Microscopes. 
Balances and Weights, etc. 

for . 

SCHOOLS, COLLEGES, A N A L Y T I C A L  
& RESEARCH LABORATORIES A N D  

DOCTORS 
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COLE MAN 
I FLAME PHOTOMETER 

with the following features to  save hours of 
operating t ime 

NEW AND EXCLUSIVE ATOMIZER-BURNER FOR STABLE 
FLAME WlTH SIMPLE ADJUSTMENT AND WlTH COOL 
OPERATION 

DIRECT-READING - NO INTERNAL STANDARDS 

AUTOMATIC SAMPLE POSITIONING 

DIRECT-COUPLED OPTICS - NO PRISMS OR MIRRORS 

I SIMPLE, RUGGED ATOMIZER 

HIGH SENSITIVITY - LOW BACKGROUND 

SIMPLE CONTROLS FOR SIMPLE OPERATION 

m RATIONAL CONCENTRATION RANGERS 

m INDEPENDENT MEASURING SYSTEM 

MANUFACTURED BY: 

C O L E M A N  I N S T R U M E N T S  INC., U.S.A. 

also SPECTROPHOTOMETERS, COLOR1 METERS, 

PHOTOFLUOROMETERS, pH METERS, etc. 

Sole Agents in India 

I GORDHANDAS DESAI PRIVATE Ltd. I 
PHEROZESHAH MEHTA ROAD 

BOMBAY I 

I P-7 MISSION ROW EXTENSION ' 4/18 ASAF ALI ROAD 12 LINGHI CHETTY STREET 
CALCUTTA I NEW DELHl MADRAS l I 
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Use SIMCO brand 

Scientific Glass Apparatus 
for 

Accuracy, Quality & Durability 

All kinds of graduated glassware 
* All glass distillation equipment 

Gas analysis apparatus-Orsat's, Haldane's, 
CtC. 

* Stopcocks of various types 
Blood, urine and milk testing apparatus 
Chromatographic chamber and accessories 

* Any special apparatus according to speci- 
fications 

Manufactured by 

SCIENTIFIC INSTRUMENT Mfg. Co. 
( SIMCO ) 

3 SASTITALA ROAD, NARKELDANGA 
CALCUTTA I I 

Gram : Meterhome 

m QUICKFIT ST.  JT.  DISTILLATION, 
EXTRACTION AND ANY SPECIAL 
APPARATUSES 

m FISHER ORSAT GAS ANALYSIS 
APPARATUS 

BANARAS SENSITIVE BALANCES 

ELECTRICAL INCUBATOR, EX- 
TRACTION HEATER, etc. 

B.P. TEST APPARATUSES, 1953 
( Boiling Point, Freezing Point and 
Arsenic Test  ) 

SCIENTIFIC CLASS A P P A R A T U S  
MFG. CO. 

1112 HARINATH DEY ROAD 
CALCUTTA 9 

Gram: SICAMKO Phone : 35-441 1 

For 
Scientific - Medical -Industrial 

LABORATORY E Q U I P M E N T  

Beck Kassel Microscopes & Accessories 
'Nedoptifa' Phase-contrast Microscopes 

Refractometers, Spectroscopes, Telescopes 
Metrohm pH Meters &' Stirrers 

Memmert Ovens & Incubators 
Palmer's Physiology Apparatus 

Bosch Balances, BHG Centrifuges 
German Summira Calculating Machines 

Original German Blue Seal Microslides and 
Coverslips 

Magnifiers, Binoculars, Telescopes, 
Microprojectors, etc. etc. 

CONTACT 

J. T. J A G T I A N I  
Nat ional  House, 6 Tulloch Road, Apollo Bunder 

BOMBAY I 
Port Box 332 Grams: FACMARE Phone: 35219 
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Tel: 22373 Gram: 'CRUCIBLE ' 

PLATINUM 
L A B O R A T O R Y  A P P A R A T U S  

PIONEER MANUFACTURERS IN INDIA 

TRADE MARK 

* WIRES * CRUCIBLES * DISHES 
* F61LS * T I P P E D  T O N G S  * J.  L A W -  
RENCE S M I T H  TYPE CRUCIBLES 
* S P O O N S  * S P A T U L A E  * W I R E  
G A U G E  * TRIANGLES 

ALL ITEMS 
AVAILABLE FROM READY STOCKS 

All items manufactured from Reshaping of damaged platinum apparatus 

' Special Platinum ' guaranteed undertaken at Rs. 3.50 per gram. 

99.9% and over Replacement of d'amaged platinum appa- 
ratus at Rs. 4.50 per gram. 

( All  prices subject to fluctuation ) 
Any article in platinum manufactured and 
supplied as per specification. 
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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 ' RAM DOOT ' 128 KELEWADI 

Estd. IPZO GIRGAUM, BOMBAY 4 

MANUFACTURERS OF 

NEUTRAL GLASS 
AMPOULES 

For further particulars, write to : 

BOMBAY SCIENTIFIC 
GLASS WORKS 

ARAB H O U S E ,  K H E T W A D I  13TH L A N E  

B O M B A Y  4 

Details from : 

CHOSE BROS (Per fumers)  
50 E Z R A  STREET, C A L C U T T A  I 
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The century-long experience of Johnson Matthey in  both the 
manufacture and use of platinum apparatus, coupled wi th  crafts- 
manship of the highest order, provides a guarantee of quality 
i n  all JMC platinum ware. Good design, close attention t o  
dimensional accuracy and the highest standards of finish are 
combined t o  produce units excellently matched t o  their duties 
and of robust construction for long trouble-free service. 

Specialized products of 

AVAILABLE I N  INDIA FROM 

R A M  L A B H A Y A  ARORA & SONS 
161/1 HARRISON ROAD, CALCUlTA 

Tdegram : "METCHEMIKO", CALCUTTA Telephone : JORASANKO 3116 
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A new Symbol 
of Quality 

Responsible laboratory workers in many 
countries recognise a B.D.H. label as a symbol of 
quality. To  strengthen this confidence still further, 
the labels of up to 1,500 items in the range of B.D.H. 
laboratory reagents will in future carry details of 
minimum assay and of the maximum limits allowed 
of the more significant impurities. New labels, grey- 
green in colour, have been designed to accommodate 
this information. 

Reagents carrying these specifications will 
gradually replace the corresponding materials under 
existing labels and it is hoped that the new develop- 
ment will be cordially welcomed by users of B.D.H. 
chemicals. 

B.D.H. LABORATORY CHEMICALS 
BRITISH DRUG HOUSES ( INDIA ) PRIVATE LTD. P.O. BOX 1341, BOMBAY 1 

FlNE & LABORATORY 
CHEMICALS 

please contact : 

POONA CHEMICAL WORKS 
17611 SADASHIV, POONA 2 

Chemists & Stockists of: 

FlNE 81 ANALYTICAL FOREIGN CHEMICALS, 

SCIENTIFIC APPARATUS, GLASSWARE, 

RUBBER GOODS, PORCELAIN & SILICAWARE 

& ALL LABORATORY REQUISITES 

Our Representative in Bombay 

M/s. APPCHEM SERVICE (INDIA) 
C/o DABHOLKAR & SONS 

G A N C A  NIVAS. RANADE ROAD 
BOMBAY 28 

REAGENT B O T T L E S  1 

I bLqf id  I EXTENSION* CALCUTTA-I 

'1' /) 
I I 

Sole Dir lr ;but~r~ 

GHARPURE ED. 
PJ6.AOYAL EXCHANGE PLACE 



C R A F T S M A N  
a symbol of quality and service 

for 

LABORATORY & PROCESS CONTROL EQUIPMENT 

O f f e r  
A COMPLETE RANGE OF PHOTOELECTRIC COLORIMETER FOR CLINICAL, METALLURGI- 
CAL AND BIOCHEMICAL COLORIMETRY - CRAFTSMAN BUILT 

OVENS & INCUBATORS, LABORATORY FURNACES, LABORATORY PYROMETERS, THERMO- 
STATS, ETC., BUILT BY CRAFTSMAN 

CRAFTSMAN BOMB COLORIMETERS, EQUIPMENT AND APPARATUS FOR OIL, SUGAR 
AND CEMENT LABORATORIES 

MICROSCOPES AND ACCESSORIES AND GENERAL LABORATORY GLASSWARE 

PYROMETERS, THERMOCOUPLES, pH METERS, GALVANOMETERS, POTENTIOMETERS, 
FLUX METERS, ETC., FROM CAMBRIDGE INSTRUMENT CO. . PHOTOVOLT COLORIMETERS AND p~ METERS 

Address your enquiries to 

CRAFTSMAN ELECTRONIC CORPN. 
PRIVATE LTD. 

Laboratory Factory & Office 
SETHNA HALL, NESBIT ROAD, MAZAGAON, BOMBAY 10 

Phone: 42346 
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METEOROLOGICAL INSTRUMENTS 

- 

- 
THERMOGRAPHS HYGROGRAPHS . ALTIMETERS 

ANEMOMETERS PSYCHROMETERS I 

HYGROMETERS THERMO-HYGROGRAPHS 

Regd. No. P-842 1 

Immediate Delivery from Stock 

MANUFACTURED BY 

FILOTECNICA S ALMOIRAGHI S.P.A. 
MILAN w ITALY 

SOLE AGENTS IN INDIA 

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

SAVOY CHAMBERS, WALLACE STREET, BOMBAY I 
Telegrams: " ROWLETTE " 

I 
1 


	Journal of Scientific & Industrial Research 1957 Vol.16 No.8
	Contents 
	Index to Advertisers
	The International Geophysical Year : 1957-58 -World Programme
	Activation Analysis
	Reviews
	Notes & News
	Progress Reports
	Effect of Temperature on the Efflciency of Monomolecular Films in Suppressing Evaporation
	Briquetting of Indian Coals : Part V - Briquetting Performance of Coals of Different Rank
	The Curing of Freshly Harvested Paddy: Part I - Principles of Curing  
	The Curing of Freshly Harvested Paddy: Part II - Applications
	Effect of Condiments on the Control of Aspergillus niger in Mango Pickle 
	Letters to the Editor

