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Direct Reading Absorption Wavemeter 

THE wavemeter is of  absorption type and designed so as t o  be suitable for 
mounting in a rack assembly and t o  match other equipment. It i s  completely 
screened and, as wil l  be seen in the illustration, a screened input lead is provided 
for the transmission of power from the transmitter the frequency of which is 
being measured. Extreme changes in the input impedance of the lead have no 
effect upon the accuracy of the wavemeter. 

Range- 15 t o  60 Mcls. obtained in four ranges by means of switching which 
is carried out inside the main shield-no interchangeable range coils are employed. 
Scales engraved directly in megacycles per second are fitted, all reference t o  
charts and curves being thus avoided. 

Detection of resonance is obtained, through the medium of a valve, on a 
cathode ray tuning indicator for which a d.c. voltage supply of  200 i s  necessary- 
the heaters o f  both valve and indicator being supplied direct from the secondary 
of a self-contained transformer suitable for connection t o  a mains supply. 
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@a3 
PROVED 

cheapest & simplest 

of all 

PLANTS HEATING mediums 
AVAILABLE IN VARIOUS CAPACITIES 

1 - -  - - - -  - - - - - -  
I 
I 

I 
I 

also I 
I : for 
I 
I 

I 
I 

MAKERS OF , , ; LABORATORY, SCIENTIFIC TESTING, 
SUPERIOR 

I 
1 
I : ASSAY & TEACHING WORK 

LABORATORY I I 

- - - - - - - - - - - - -  
FllTlNGS & - - - - - - - - - - - - - - -  
EQUIPMENT 
viz. 

GAS BURNERS USTRIAL PROCESS 
rn GAS & WATER TAPS : HEATING in FACTORIES 
m CLAMPS & STANDS : & HOSPITALS 
rn OVENS, BATHS, H O T  

PLATES, SHAKERS, STILLS, 
THERMOSTATS . . . . . . . . . . . . . . . . . . . . . .  

.ATOMIC ENERGY EQUIPMENT. viz. I 

Lead Castles, Isotope Containers, I I j for 
Remote Control Tongs, Geiger I I 

Counter Stands 
I 
I : KITCHENS in 
I 

rn FROTH FLOTATION CELLS I 
I HOMES, 
I 

BALL MILLS, THICKENERS 
I : HOTELS & 

PUMPS & BLOWERS 
I 
I 

I 

I : DORMITORIES . STAINLESS STEEL EQUIPMENT I 

APPLY T O  MANUFACTURERS 

GANSONS EKE: 
POST B O X  5576, BOMBAY 14 

DISTRIBUTORS ALL OVER T H E  COUNTRY 
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S A U T E R  
The world's largest 

B A L A N C E  FACTORY 
Founded 1856 

ANALYTICAL, MICRO, ASSAY, TORSION-TYPE AND 
PRECISION BALANCES 

WEIGHTS OF EVERY DESCRIPTION 

Sole Agents : 

GORDHANDAS DESAl PRIVATE LTD. 
PHEROZESHAH MEHTA ROAD 

BOMBAY I 
P-7 MISSION ROW EXTENSION 12 LINGHI CHETTY STREET 

CALCUTTA I MADRAS 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. 
etc. 

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

Any special apparatus according to  specl- 
fications 

Manufactured by 

SCIENTIFIC INSTRUMENT Mfg. Co. 
( SlMCO ) 

3 SAST ITALA R O A D ,  N A R K E L D A N G A  
C A L C U T T A  II 

Gram: Meterhome 

BOILING POINT TEST 
APPARATUS 

* 
FREEZING POINT TEST 

APPARATUS 

4 

ARSENIC TEST APPARATUS 
( As p e r  B.P. S t a n d a r d  

Specification, 1953 ) 

* 
SCIENTIFIC GLASS A P P A R A T U S  

MFG. CO. 
1112 HARINATH DEY ROAD 

CALCUTTA 9 

Cram: SIGAMKO I'hone: 35-4411 

For 
Scientific - Medical -Industrial 

LABORATORY EQUIPMENT 

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

Refractometers, Spectroscopes, Telescopes 
Metrohm p H  Meters & Stirrers 

Mernmert Ovens & Incubators 
Palmer's Physiology Apparatus 

Bosch Balances, B H G  Centrifuges 
German Sumrnira 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  
National House, 6 Tulloch Road, Apollo Bunder 

B O M B A Y  I 
Post Box 332 Grams: FACMARE Phone: 35129 

A8 J.S.1.R.- JUNE 1957 



- - - - - -- - - 

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 I N D I A  

TRADE MARK 

* WIRES CRUCIBLES * DISHES 
* FOILS * TIPPED TONGS * J. LAW- 
RENCE SMITH TYPE CRUCIBLES, 
S P O O N S ,  S P A T U L A E ,  W I R E  
GAUGE, 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 damaged platinum appa- 
ratus at Rs. 4.50 per gram. 

( All prices subject to fluctuation ) 
Any article in platinum manufactured an6 
supplied as per specification. 
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We offer 

PHYSIOLOGICAL, 
PATHOLOGICAL, 

BIOLOGICAL & 
PHARMACEUTICAL 

LABORATORY 
REQUIREMENTS 

such as: 

AUTOCLAVES, INCUBATORS, 
DISTILLATI0 N PLANTS, 

OVENS, VACUUM STILLS, 
FILTERS, BATHS & ALL 

SORTS OF GAS, WATER & 
VACUUM TAPS, ANIMAL CAGES 

& BOTTLE FILLING UNITS 

M. RAMCHANDRA & SONS ' RAM DOOT ' I2B KELEWADI 

Estd. 1920 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 ( P e r f u m e r s )  
50 E Z R A  STREET, CALCUTTA I 
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AVAILABLE IN INDIA FROM 

The century-long experience of Johnson Matthey in both the 
manufacture and use of platinum apparatus, coupled with crafts- 
manship of the highest order, provides a guarantee of quality 
in  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. 

RAM L A B H A Y A  ARORA & SONS 

Specialized P ~ O ~ U C ~ S  of 

~ohnson 
Matthey 

161/1 HARRISON ROAD, CALCUTTA 
Tdy.am : "METCHEMIKO ". CALCUTTA Talaphone : JORASANKO JU6 
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For many years B.D. H. have been among 
the world's leading producers of fine 
organic chemicals for research and a rralysis 
and for scienrijic purposes generally. 

It will also enable many such products to be supplied In 
quantity as demands arise for industrial and other purposes. 

B.D.H. for pre-eminent quality and service 

THE BRITISH DRUG HOUSES LIMITED 
8. 0. H. LABORATORY CHEMICALS GROUP. POOLE. ENGLAND 

Refiresentatives in India: BRITISH DRUG HOUSES ( INDIA ) PRIVATE LTD. 
P.O. Box 1341, BOMBAY 1 Branches at: CALCUTTA - DELHI - MADRAS 

FINE & LABORATORY 
CHEMICALS 

please contact : 

POONA CHEMICAL WORKS 
17611 SADASHIV, POONA 2 

I 
Chemists & Stockists of: 

FINE & ANALYTICAL FOREIGN CHEMICALS, 

SCIENTIFIC APPARATUS, GLASSWARE, 

RUBBER GOODS, PORCELAIN & SILICAWARE 

& ALL LABORATORY REQUISITES 

Our Representative in Bombay 

MIS. APPCHEM SERVICE (INDIA) I 
C/o DABHOLKAR & SONS 

GANGA NIVAS, RANADE ROAD 
BOMBAY 28 

R E A G E N T  B O T T L E S  1 n@ -- I,. \\ 

EXTENSION* CALCUTTA-I 

6RAN:MEEMAMO PHONE:Z? 2061 

1 1  )) 
I 1 
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The New 

handy and 

easy-to-carry 

MICROSCOPE 

MODEL MI1 

suitable for 

field work 

Available as 

* Monocular 

or 

* Binocular 

I Extra Attachments for : I 
* POLARISING * DARK GROUND * PHASE CONTRAST 

* PROJECTION * PHOTOMICROGRAPHY, ETC. ETC. 

I Sole Agents I Our Sub-Agents I 
I RAJ-DER-KAR & CO. ) The Central Scientific Supplies 

Co. Ltd. I 
COMMISSARIAT BUILDING 

H O R N B Y  ROAD 
BOMBAY 

2 Agaram Road, Tarnbararn, Madras 1 The Upper India Scientific Works 

I Telephone : U-I304 leleyrrm : TECHLAB I Morigate, Delhi I 
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Another 

QUICKFIT 'NEW' 
in the sphere o f  interchangeable 

ground glass apparatus 

Now available 

CRAl G COUNTER CURRENT 
LIQUID/LIQUID 

EXTRACTION MACHINE 

Models offered : 

Manually operated 
Semi-Automatic 
Fully Automatic 

Accredited Distributors : 

UNION SCIENTIFIC SYNDICATE 
Post Box No. 2484, Devkaran Mansion, 71 Princess Street, Bombay 2 

"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 t o  90". Standard draw tube (extension) 
of 37 mm. with millimeter scale. Coarse adjustment by 
rack and pinion motion, fine adjustment by micrometer 
screw with graduated drum (operating knobs on both sides 
of stand ). 

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

Plane and concave mirror movable t o  all sides. 

OPTICAL EQUIPMENT 
None-piece for 3 obiectiven: 

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

Huyghens eyepieces: 6x. lox, ISx 
Total magnification 1575x 

Complete, as described above, in a mahogany cabinet with 
lock and key 

Price on request 

UNIQUE TRADING C O R P O R A T I O N  
Cramn : UNlLAB 51-53 BABU G E N U  ROAD, BOMBAY 2 Phone : 30011 
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Hilger  
Nonius Weissen berg Goniometer 

for use with horizontal or vertical X-ray tubes 

This instrument, designed for single-crystal techniques, is available in both 

integrating and non-integrating forms. The integrating version makes possible 

very accurate visual o r  microphotometric measurements. There i s  so l i t t le 

scatter that reflections from 5" t o  165" of 20 can be measured. The camera 

has an internal diameter of 57.3 mm. and a length of 165 mm. The maximum 

angle of oscillation of the crystal is 240" and the slot in the layer-line screen i s  

adjustable from 0 t o  4 mm. Additional devices for work at low temperatures 

(- 150°C.) o r  high temperatures (+300°C.) are also available. 

* 
For poniculors write to: 

ASSOCIATED INSTRUMENT MANUFACTURERS (INDIA) 
PRIVATE LTD. 

INDIA HOUSE BS GlLLANDER HOUSE SUNLIGHT INSURANCE 
FORT STREET P.O. B O X  2136 BUILDING 
P.O. B O X  119 CALCUTTA M I N T 0  ROAD EXTN. 

BOMBAY N E W  DELHl 
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STUDENTS9 

MICROSCOPE 

kt 
ADVANCED CLASSES 

Manujactured 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 

Cram : MRELABTRY Phone. 12-7720 

CURRf NT SClf NCf 
( Estd. 1932 ) 

The premier science monthly of India devoted t o  the publication of the latest 
advances in pure and applied sciences. Conducted by the CURRENT SCIENCE 

ASSOCIATION with the editorial co-operation of eminent scientists in India. 

A N . N U A L  SUBSCRIPTION 
lr.dia: Rs. 8 Foreign : Rs. 10; 16 sh; 8 2.50 

ADVERTISEMENT TARIFF 
Full page Half page Quarter page 

12 insertions Rs. 750 Rs. 4W Rs. 220 
6 ,, 400 220 I20 
I 9, 75 45 28 

SPECIAL POSITIONS 

Per insertion Per insertion 
Front  cover . . Rs. 100 Inside f ront  cover . . Rs. 90 
Back cover . . 100 Inside back cover . . 90 
Facing Editorial . . 100 Facing Sci. News . . 90 

Advertisement charges are payable i n  advance. 

For further particulars apply to : 

THE MANAGER, CURRENT SCIENCE ASSOCIATION 
MALLESWARAM, BANGALORE 3 ( INDIA ) 
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'ELDAHL ASSEMBLIES 

for nitrogen estimation 

Distillation Stand 

Digestion Stand 

S ix  Tes t  Heaters 

Condenser Rack 

Ask for illustrated leajet 

I KJELlIAl4L I)ISTII.LI\TION ASSEMBLY 

Constructio~r - Double-walled mild steel construc- 
tion with 2" gap between the walls filled with 
fibre glass. Outside finished in silver-grey 
hammered tone synthctic enamel and inside 
painted with heat-resisting aluminium paint. 

Size ( worfding space ) - 14" x 14" x 14'. 

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

Maximum tem#eraturc - 250°C. 

Temberature control - B y  means of a bimetallic 
thermostat. variation not more than A 1°c. HOT A I R  OVEN 

Manufactured by : 

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

1ST FLOOR, DEVKARAN MANSION, PRINCESS STREET 
BOMBAY 2 
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8WNVUG 
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 i s  robust and 

unaffected by vibration 

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 
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Bausch 6" Lomb 

S P E C T R O N I C  20 
COLORIMETER - SPECTROPHOTOMETER 

v 
( Interior view ) 

This ultra-modern instrument will take care of both your colori- 
metry and spectrophotometry. It is fitted with the Bausch & Lomb 
Certified-precision Diffraction Grating which eliminates the use of 

glass filters throughout the 375-650 mp range. 

Manufactured by 

B A U S C H  & L O M B  O P T I C A L  Co. 
ROCHESTER, N.Y., U.S.A. 

Sole Agents 

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

SAVOY CHAMBERS, WALLACE STREET, BOMBAY 1 
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PINCO GAS PLANT 
For Schools, Colleges, Research 
Laboratories, Hospitals and also 
for Cooking P u r p o s e s  

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

OTHER MANUFACTURES 
Physical and Chemical Apparatus, 
Incubators-Bacteriological and 
Hatching, Autoclaves, Ovens, 
Furnaces, etc. etc. 

I M P O R T S  
MICROSCOPES, SCIENTIFIC INSTRUMENTS AND APPLIANCES FOR SCHOOLS, COLLEGES, 

LABORATORIES - RESEARCH AND INDUSTRIAL 

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

Telegram: Telephone: 
PINCO. C A L C U I T A  14-3171 

Cables : " BAROMETER " Phone : 34-1 370 

CALCUTTA SCIENTIFIC MART 
Office & Show-room : 

21 TAMER LANE, CALCUTTA 9 
(near the crossing o f  

College 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 ofer their service 
in the noble cause of 

EDUCATION 
in 

Independent India 

'PYREX' 
Laboratory Glassware 

available from ready stock 

* BEAKERS 

* FLASKS 

* TEST-TUBES 

* REAGENT BOTTLES 

* GLASS T U B I N G  

* GLASS R O D I N G  

For further details please contact : 

LABORATORY FURNISHERS 
D H U N  MANSION.  VINCENT R O A D  

DADAR, BOMBAY I4 

Grams: ' LABFURNISH ', BOMBAY-DADAR 
Phone: 62761 

Branch : AHMEDABAD 



RESISTANCE BOXES 
Made under controlled conditions, backed by years o f  experience, 

the latest models are distinctly an instrument o f  precision and ele- 
gance w i th  following features : 

(i) Heavy brass frame, which is cast originally in one piece. 

(ii) Bakelite bobbins which do not warp and do not bend t o  interfere 
with the values of resistance with age. 

(iii) Special composition brightly polished top. 
(iv) Seasoned teak wood case. 

(v) Interchangeable plugs with bakelite rectangular top. 

(vi) Wires wound non-inductively with original English rayon-covered wire 
specially made tropical-proof by impregnation and specially aged before 
being fixed in circuit. 

ACCURACY O F  ADJUSTMENT 

Manganin Coil - Quality I 

I0xO. I  ohm 10x1 ohm IOx 10 ohm and above 
f 0.5'y0 +O.I% &0.02% 

Constantan Coils - Quality II 

10xO.I ohm 10x1 ohm . IOx 10 ohm and above 
0.5O/, 0.20/, 0. I % 

Cat. No. Value in Ohms Total Resistance Quality I Quality Il 
in Ohms 

3297 1.20 40 Rs. 55 Rs. 45 each 
3298 1.50 110 75 60 ,, 
3299 1.100 210 88 68 ,, 
3300 1.500 I l l 0  108 88 ,, 
330 1 1.1000 21 10 120 96 ,, 
3302 1.5000 11,l 10 155 120 ,, 

Fractional Resistance Box f 
3303F 0.1 t o  5.0 I I - 

3304F 0.01 t o  2.0 4.1 - - 

Other values can be fabricated on specific request 

i 
I 

H A R G O L A L  & S O N S  
THE SCIENCE APPARATUS WORKSHOP 

Phone : 173 AMBALA CANTT. Gram : HARGOLAL 1 
Branches : DEHRA DUN. LUCKNOW, HYDERABAD, MADRAS i 



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 : 

RETlCULlN - A  potent Extract of  Liver 
HEXOPURIN - An Urinary Antiseptic 
CALCITOL - lnjectable Calcium Gluconate 
BEVITAMIN - Injectable Vitamin BI 

m CEVlTAMlN -Injectable Vitamin C 
GLUCOSE SOLN. - lnjectable Pure Dextrose 

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

i 
i I Equip your 

laboratory 
i 

I i with 
i LABORATORY & PHARMACEUTI- 

CAL CHEMICALS. ANALYTICAL & 

L A B O R A T O R Y  R E A G E N T S ,  i i AMINO ACIDS, STAINS, DRUGS, i 
VITAMINS, ETC. 

i 
Dlrectly imported by 

S. MATHURADAS & Co. 
P.O. B O X  No. 2113 
PRINCESS STREET 

BOMBAY 2 

Gram : "SMATHURCO " Phona : 30173 

Cram : PRESGLAKO 

PREMIER SCIENTIFIC GLASS CO. 
26/2A Prosonna Kumar Tagore Street 

CALCUTTA 6 

* 
Stockists for 

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

PYREX, JENA, SIGCOL 
Glasswares, Porcelain Apparatus, 

Instruments, Filter Papers, Microscopes, 
Balances and Weights, etc. 

for  

SCHOOLS, COLLEGES, ANALYTICAL 
& RESEARCH LABORATORIES A N D  

DOCTORS 



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 

k HIGH SENSITIVITY 

* QUALITATIVE & QUANTITATIVE ESTIMATION 

k SIMULTANEOUS ESTIMATION OF SEVERAL CONSTITUENTS 
ON ONE POLAROGRAM 

.k ADAPTABILITY 

* ANALYSIS OF METALS-ORGANIC & INORGANIC SUBSTANCES 

* REPEATED ANALYSIS ON THE SAME SAMPLE - 
* SIMPLIFIED OPERATION FOR USE BY SEMI-SKILLED STAFF 

.k ROUTINE ANALYSIS WITH SPEED & ACCURACY 

* 
For further fiarticulars, please contact 

Sole Agents in India : 

PIONEER EQUIPMENT CO. P R I V A T E  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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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 
Bran J : Gram : 

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

Accurate W i r e  Screen is required t o  solve your 
Screening. Grading o r  Filtering operation. 

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" 

A24 J.S.1.R.- JUNE 1957 



+ + + 4 + + + + 
4 + + + + + + + + + 
+ The collective wide experience of a team of chemists, biologists, + ' and clinicians helps in evolution of chemotherapeutic agents. + + 4 
+ A simple acylation of sulphanilamide widens its + 

activity as manifested in 

S U L F A B E N Z I D E  + ( Sulphanilylbenzamide - NH,C,H,SO,NHCOC,H, ) + + + 
Specific for bacillary dysentery 

* 
O P H T H A L M I D E  

t ( Sulphacetamide - NH2C6H,S02NHCOCH,) t 
t + 

Specially for infection or injuries of the eyes 

* 
E N T E R O C I D  

4 ( Phthalyl-Sulphacetamide - + 
+ COOHC6H,CONHC6H,S02NHCOCH, ) + + + + Active and potent bactericidal, particularly in gastro-intestinal infections + 
4 + + + 
4 + + All available for further research & clinical use from : 4 + : + BENGAL IMMUNITY Co. Ltd. + + 
+ CALCUTTA 13  + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + +  

J.S.1.R.- JUNE 1957 A25 



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 B O X  No. 2040. BOMBAY 2 

Phone : J W 9  Grams : GLASALSORT 

C 

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

MattUfactUrerS 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 Magnesium, 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 Extin$uishers, Printing Inks, etc. 

O p e  6 GANESH CHUNDER AVENUE, CALCUTTA 13 

Factories CALCUTTA a B O M B A Y  K A N P U R  

A26 j.S.1.R.- JUNE 1957 



Serving the electrical needs of India.. . 

Manufactures of the Works include :- 

INDUSTRIAL MOTORS 
8 TRANSFORMERS 
8 CEILING, TABLE & 

PEDESTAL FANS 

8 H O U S E  SERVICE METERS 
8 RADIOS 
8 INDUSTRIAL FANS 
8 H O U S E H O L D  APPLIANCES ETC. 

THE GENERAL ELECTRIC CO. OF INDIA PRIVATE LTD. 
Calcutta Delhi Kanpur Patna 

Madras Bangalore Coimbatore Secunderabad 
Bombay Ahmedabad 

Representing : THE GENERAL ELECTRIC CO. LTD. OF ENGLAND 
GEC 860 

!.S.I.R.- JUNE 1957 



TEDDINGTON CHEMICAL FACTORY PRIVATE LTD. 
(Biological & Pharmaceutical Laboratories) 

SUREN ROAD, ANDHERI, BOMBAY. 

Sole Distributors: 

1.S.I.R.- JUNE 1917 



1 Range 

Other products 

i + 
i + + + 

Operations t 
from t 

B.O.D. INCUBATORS, WARBURG'S APPARATUS, AUTO- i 
CLAVES, STERILIZERS, EMBEDDl N G  APPARATUS, C O N S  t 
TANT TEMPERATURE BATHS, WATER DISTILLING STILLS, 

WIDE RANGE DRYING CHAMBERS, BACTERIOLOGICAL i 
1 INCUBATORS, COOL INCUBATORS, BATHS, SHAKERS - A t 

BOTTLE, FLASK & SIEVE, ETC. ETC. i t 

Please ask f o r  l i teratures 

1 UDAY SCI€NTIFIC INDUSTRI€S + ! 
i 5 BHABANATH SEN STREET, CALCUTTA 4 4 
4 4 



P A S C A L L  
TRIPLE ROLL MILLS 

The new method o f  ro l l  control is 

simple, effective and a real time-saver 

for refining of products 

The latest feature o f  Pascall Tr ip le Roll 

Mills is the new and simplified method 

o f  control - the  sliding centre roll. 

Only t w o  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  f ront  

controls. 

GlDVANl & CO. 
P.O. B O X  No. 1778, BOMBAY I 

A N A L Y T I C A L  
W E I G H T  BOX 

Set consists of weights from IOO gm. to 
I mg. fitted in a velvet-lined box. The 
weights from IOO gm. to I gm. are made 
from bronze extruded rods with screwed- 
on knobs. They are heavily plated with 
either nickel, chrome or gold. Fractional 
weights from 500 mg. to I mg. are made 
either from cupro nickel rolled sheets 
or wire. Adjusted accurately against 
National Physical Laboratory standards 
after checking for consistency. They can 
be supplied with N.P.L. certificate, if 
required. 

Decimalization of coins will be followed 
by the introduction of Metric Weights, 
Measures, etc., in 191 8. We will imme- 
diately place in market standard metric 
weights needed for trade purposes in- 
cluding finely adjusted weights of the 
bullion series. 

Price quoted on receipt of full particulars 

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

PROSPECT HOUSE 
29 RAGHUNATH DADAJEE STREET 

BOMBAY 1 

. . 
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\N I L D - HEERBRVGG ( Switzerland ) 

The manufacturers of 

Highest Class Precision Optical 

and Mechanical Instruments 

kt 
WORKSHOPS 

LABORATORIES & 

SURVEY 

* Microscopes for colleges and research 

* Microscopes for angle and thread 
measuring 

* Testing instruments for plane surfaces 

* Drawing instruments of stainless steel 

* Levels, theodolites and aerial cameras 

* Distance measuring instruments, etc. 

WILD LEVEL N1 

SOLE AGENTS : 

RAJ-DER-KAR & CO. 
COMMISSARIAT BUILDING, HORNBY ROAD 

FORT, BOMBAY 
Telephone : 26-2304 Telegram : " TECHLAB " 

1.S.I.R.- JUNE 1957 A31 



B O R O S I L  
LABORATORY GLASSWARE 

such as 

FLASKS. BEAKERS. CONDENSERS. MEASURING 

FLASKS, MEASURiNG CYLINDERS, PIPETTES L 

ANY SPECIAL APPARATUS MADE TO DESIGN 

and 
PENiCiLLiN VIALS. VACCINE BULBS-WHITE & 

AMBER 

0 

ALL OTHER APPARATUS L EQUIPMENT 

MANUFACTURED T O  CLIENT'S DESIGN 

INDUSTRIAL & ENGINEERING 
APPARATUS CO. PRIVATE Ltd. 

CHOTANI  ESTATES, PROCTOR ROAD 
QRANT ROAD. BOMBAY 7 

A R V I N D  
for 

@ 
QUALITY FABRICS 

Sanforized-preshrun k 
SHIRTINGS . POPLINS COATINGS 

and 
Multi-coloured prints 

VOILES CAMBRICS . POPLINS 

THE ARVIND MILLS LTD. 
NARODA ROAD. AHMEDABAD 2 

precision instrumentation 
problems 

1 consult us for expert advice 

1 W E  REPRESENT 

H. TiNSLEY & CO. LTD., U.K. 

manufacturers of  precision bridgas, potentio- 
materm, strain paupen. gaivanomaters, atc. 

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

geophysical and seismic instruments 

SHIMADZU SEiSAKUSHO, JAPAN 

testing machines, precision scientific and 
laboratory equipment, optical instruments, 

electron microscopes, X-rays 

NIPPON ELECTRIC CO. LTD.. 
TOKYO, JAPAN 

precision telecommunicatlon equipmant. 
microwave and radar equipment, broad- 

cast and transmitting aquipment 

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

non-dbstructive testing aquipmant, 
ultrasonic testing sets 

ENDEVCO CORPN., U.S.A. 

pracision jet testing aquipment. 
acceieromaters 

NORMA. VIENNA, AUSTRIA 

precision electrical and electronic maasuring 
and testins aquipmant 

CARL DRENCK. COPENHAGEN. 
DENMARK 

industrial X-ray aquipment, specially for air- 
craft, machinary and structural inspaction 

ITALOMATEX. MILAN, ITALY 

taxtiia machinary and aquipmbnt 

W. 3. ALCOCK & CO. 
PRIVATE LTD. 

7 HASTINGS STREET, CALCUTTA I 
Phone: 23rlOI9 Grams: DECIBEL 

A32 1.S.i.R.- JUNE 1957 



SECONDS THEODOLITE 
WITH MIRROR-LENS TELESCOPE FOR T R I A N G U L A T I O N  O F  S E C O N D  

A N D  T H I R D  ORDER A N D  PRECISION TRAVERSES 

VEB  C A R L  ZEISS JENA 
SOLE AGENTS IN INDIA 

GORDHANDAS DESAI PRIVATE LTD. 
( Telephone No. 151418 ) 

SIR P H E R O Z E S H A H  M E H T A  R O A D  
BOMBAY I 

Branches : 

P LINGHI CHEmY STREET 4/28 JWALA MANSION P-7 MISSION ROW EXTENSION 

MADRAS ASAF ALI ROAD. NEW DELHl CALCUTTA 



Research Development  Test ing 
screening, separating or filtering, ICL 
laboratory equipment has many uses. 
It is also frequently and profitably 
employed in conjunction with pilot 
plant for testing large scale processes. 
May we send you details? 

up to 20 Ibs 

Rotor ks ebht steel 

a self-contained air separating 
unit for particle size 
classification in the dry state. 

Separating chamber enclo water - soluble 
ull rotating parts. materials. n 

Simple to dismantle. 
Fan and whiner combinations 
ea$ily changed to suir product. 

Time swirch INTERNATIONAL COMBUSTION (INDIA) 

8" diameter sieves. 
PRIVATE LTD. 

101 PARK STREET, CALCUTTA I6 



- 
From 

A MICRO 

to 
A PHYSICAL BALANCE 

you may depend on 

%ROY B A L A N C E S  
for their 

SENSITIVITY, CONSTANCY & 

DURABILITY 

Manufactured by 

Keroy Fadory /Z,;,L/ Limited 
Service Station 6 Ofice 

235 NADLSHWAR, VARANASI CANTT. 32 LATAFAT HUSSAIN LAKE. CALCUTTA 10 

For standard of quality 
always insist on 

OSTER'S PRODUCTS 
m MINERAL ACIDS, ~ e c h . ,  B.P., c.P., A.R. 

m LIQ. AMMON. FORT, all grades 

ACCUMULATOR ACIDS, S.G. 1840 

m DISTILLED WATER, Single, Double 

LABORATORY CHEMICALS, ETC. 
DISINFECTING FLUIDS, ' Dingi brand ' 

Manufactured by 

OSTER CHEMICAL & 
PHARMACEUTICAL 

WORKS PRIVATE LTD. 
Ref. Ofice 

78B Manicktola Street, Calcutta 6 
Worhs 

Bagmar l  Road, Calcutta 
Eat&: 1022 Gram: JABAKHARA 

J.s.I.R.- JUNE IW A35 

M A D E  I N  I N D I A  

HIGH VACUUM 

R O T A R Y  P U M P  
SINGLE STAGE & TWO STAGE 

Suitable for laboratory use 
and similar in performance 
to those made in Germany, 

England and U.S.A. 

All Indian materials a n d  construction 

BASIC & SYNTHETIC CHEMICALS, 
PRIVATE LTD. 

P.0. Jadavpur College, Calcutta 32 



GENERAL LABORATORY & HOSPITAL EQUIPMENT 

' PRECIPEX ' Stills are offered as SINGLE, DOUBLE 
and TRIPLE DISTILLATION UNITS for  PYROGEN- 

FREE Water w i th  automatic o r  manual control 

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

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

' DEKEL' Electric Heaters offer replacements practi- 
cally for  all makes 

ENQUIRE AT. 

74B M U G B H A T  E N  B O M B A Y 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 : 18466 

FOUR-TUBE 
RHEOSTATS 

2000 WATTS 
OPERATION BY HANDWHEEL 

SUITABLE FOR 
THELABORATORY & 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 af i l ter  paper's pores No. I .  

*Our first series of 
advertiscmentc featured i l~ipor tmt  
develop~l~ents in chromatographic 
analysis. Demands for extra copies 
of individual advertisements have 
proved so great that we  have 
published the  series in booklet 

analysis? What is the nature of the precipitate 
. . . the size and charge of the paaiclcs? Is the 
precipitate or filtrate required, or are both of 
interest? 

These and many other questions the chemist 
has to consider, and his answers largely deter- 
mine his choice of filter paper from the many 
grades available. He needs to be right, for the 
succcss of filtration itself, and the reliability of 
subsequent procedures, can depend on the 
paper's chenlical and physical properties. 

During the coming months, a new scrics of 
advertisements* will discuss both thc nature 
and importance of these propcrtics and the 
attention paid to them in the quality control 

fornl. If YOt1 be Pelt On of Whatman Filter Papers. Topics mentioned 
our mailing list t o  receive free 
copies of this booklet and o f  the 

briefly in the booklet 'Buyers' Guide' to 

Buyersv  id^^ please write to Whatman Laboratory Filter Papers will also 
the address below. It would be be in greater detail. 
of assistance if you would quote 
the reference FSI when replying 
to this advertisenlent. 

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

also at 52 Duane Street New York 7 

sort distrihrtorr l/V2HATMAN F ILTE W PAPERS 
(Marrrfictirrers W. G. R. Balsto~i Ltd.) 

1.S.I.R.- JUNE 1957 



MODERN
SHERINGTON STARLING

RECORDING DRUM

MANUFACTURERS

PHYSIOLOGICAL &
PHARMACOLOGICAL

LABORATORY INSTRUMENTS

RECORDING DRUM

SPARE CYLINDER

ADJUSTABLE VIBRATING REED

TIME MARKER OR SIGNAL

LEVER KEY

MUSCLE CHAMBER

PULLEYS - X-BLOCK - STAND

INDUCTION COIL

SMALL ANIMAL OPERATING TABLE

REDUCING GEAR

INTERNAL ORGAN RECORDING DEVICE

ETC. ETC.

CLINICAL _ PATHOLOGICAL - RESEARCH LABORATORY EQUIPMENT

INCUBATOR. OVEN· WATER BATH, etc.

STERILIZATION EQUIPMENT

HIGH PRESSURE STERILIZER • . HORIZONTAL & VERTICAL AUTOCLAVE • WATER

STERILIZER • BOWL & UTENSIL STERILIZER • INSTRUMENT STERILIZER, etc. etc.

Importers & Manufacturers of
LABORATORY APPARATUS. APPLIANCES. SCIENTIFIC GLASSWARES, ETC.

and

HOSPITAL EQUIPMENT & APPLIANCES

MODERN TRADERS

A38

HOSPITAL & LABORATORY FURNISHERS

Head Office
Dwarkadas Mansions

457 Sardar V. P. Road
BOMBAY 4
Phone : 7207~

Grams : REASTAINS

Branch
Gulab Bai Hospital
Extension Building

Tilak Road
AHMEDABAD I

Grams : REASTAINS

' .SJ.R.- JUNE 1tS7



Whatever the purpose 

a SPECIFIC Shalimar Paint 

product applies 

Wrlte to I.& 66, Colcutta*l, for the Shallmar Ready Reference leaflet which will introduce 
pu do the complete ronp of our products. SPW 3 s ~  

1.s.1.u.- JUNE 1957 A39 



M. S I V A R A M A K R I S H N A N  
MANUFACTURERS' REPRESENTATIVES 

INDENTORS, IMPORTERS & MERCHANTS 

H A J I  MANZIL  POST B O X  No. 274 
82/86 ABDUL REHMAN STREET 138 CANNING STREET 

BOMBAY 3 CALCUTTA I 

Phone 33960 Grams - ' HIGHTEMPS '. Bombay & Calcutta Phone 22- 1020 

BOILER MOUNTINGS 81 FITTINGS 

VALVES & FITTINGS FOR OIL, STEAM & SPECIAL INDUSTRIAL PURPOSES 

ELECTRICAL INSULATIONS 

ALL KINDS OF BAKELITE SHEETS. TUBES, RODS, ETC. -VULCANIZED FIBRE SHEETS, 

RODS & TUBES - SYNTHETIC RUBBER BONDED CORK SHEETS NEOLANGITE-53 

CAMBRIDGE INSTRUMENT CO.'s 

DIAL THERMOMETERS, pH METERS, PYROMETERS, INDICATORS, RECORDERS, 

CONTROLLERS, COMBINED HUMIDITY & TEMPERATURE RECORDERS, 

DRAUGHT & PRESSURE GAUGES, ETC. 

INDIAN PATENTS Nos. 32754, 32755, 32756 and 32759 

NOTICE is hereby given that the Proprietors of Indian Patents 

Nos. 32754, 32755, 32756, for " Improvements in or relating 

to tubular containers for electrical condensers or other electrical 

apparatus ", and No. 32759, for " Improvements in or relating 

to the mounting of electrical terminals or the like ", being 

desirous of exploiting their inventions in India, are prepared to 

grant licenses for the working thereof on reasonable terms. 

Full particulars may be had on application to: 

H. V. WILLIAMS & CO. 
PATENT & TRADE MARK AGENTS 

29 WATERLOO STREET, CALCUTTA 

A40 J.S.1.R.- JUNE 1957 



Indian skill can make 
ANALYTICAL REAGENT CHEMICALS OF THE SAME 
H I G H  STANDARDS OF PURITY AS THOSE MADE BY 
GERMAN, BRITISH & AMERICAN TECHNICAL SKILL 

* 
VERY RELIABLE INDIGENOUS SUBSTITUTES OF 

GUARANTEED ANALYTICAL REAGENTS 
MAY BE FOUND I N  

B A S Y N T H  
B R A N D  

ACID SULPHURIC . . . . . . . . .  sp. gr. 1.84 
ACID HYDROCHLORIC, F U M I N G .  . . . .  1.19 
ACID HYDROCHLORIC . . . . . . . . .  1.18 
ACID NITRIC . . . . . . . . . . . . .  1.42 
AMMONIUM HYDROXIDE . . . . .  0.90 

AND MANY OTHER ITEMS ALL MADE I N  INDIA BY 

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

USE SWADESHI AND HELP TO KEEP EMPLOYED INDIAN TECHNICAL SKILL IN INDUSTRIES 

INDEX TO ADVERTISERS 
?AGE PAGE 

ARVIND MILLS LTD., AHMEDABAD ... ... A32 LABORATORY FURNISHERS, BOMBAY ... ... A20 
ASHA SCIBNTIFIC CO., BOMBAY ... ... A24 MARTIN & HARRIS (PRIVATE) LTD., BOMBAY A5.18.19, 44 
ASSOCIATED INSTRUMENT MANUFACTURERS (INDIA) M. RAMCHANDRA & SONS, BOMBAY ... ... A10 

PRIVATE LTD. CALCUTTA ... ... A15 M. ~ I V A R ~ M A K R I S H N A N ,  CALCUTTA ... ... A40 ... BASIC & SYNT;IETIC CHEMICALS, PRIVATE LTD., MODERN TRADERS, BOMBAY ... A38 
CALCUTTA ... A35.41 ~ I Y S O R E  IWDUSTRIAL & TESTING LABORATORY LTD.. 

... ... 13. BABULAL & ~ b .  B O M B A Y  ... A36 BANGALORE ... ... A22 
BENGAL CHEMICAL & PHARMACEUTICAL WORKS LTD., OSTER CHEMICAL & ~ " A R M A C E U T I C A L  WORKS 

CALCUTTA ... ... ... ... A26 PRIVATE LTD., CALCUTTA ... ... A35 
BENGAL IMMUNITY CO. LTD.. CALCUTTA ... A25 PIONEER EQUIPMENT CO. PRIVATE LTD., BOMBAY A23 ... BOMBAY SCIENTIFIC GLASS WORKS, BOMBAY ... A10 POONA CHEMICAL WORKS, POONA ... A12 
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BRITISH DRUG HOUSES (INDIA) P R ~ A T E  LTD., PRIVATE LTD. CALCUTTA ... ... A20 

BOMBAY ... ... ... ... A12 PREMIER SCIEN;IFIC GLASS CO., CALCUTTA ... A22 
CALCUTTA SCIENTIFIC MART, CALCUTTA ... A20 RAJ-DER-KAR & CO., BOMBAY ... A13,31 
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Electron Scattering Phenomena* 

I N recent years there has been a resur- 
gence of interest in the investkation of 
scattering of relatively low energy elec- 

trons in solids, due essentially to the intro- 
duction of new experimental techniques. 
With the application of these methods it was 
found that the information already available 
was not comprehensive, and many new 
effects or details have been brought to light, 
necessitating the revision, in part at least, 
of the present conception of the mechanisms 
involved in scattering. The most important 
single improvement was the introcluction of 
more powerful methods for the energy ana- 
lysis of the electrons after scattering. Better 
vacuum techniques and improved prepara- 
tion of the scatterers themselves have also 
contributed to our increased knowledge. 

Resonance scattering has been known to 
occur in the interaction of free electrons in 
gases and vapours, which was studied a t  
some length 20 to 30 years ago. The reso- 
nance losses in gases and vapours have been 
identified with atomic transitions. The 
study of characteristic losses in solids, how- 
ever, did not receive much attention till 
recently when it emerged as a major field of 
investigation, though the very first observa- 
tion that some quantum transitions of well- 
defined values exist in solids was made about 
30 years ago. Although prior to World 
War I1 there had been some exhaustive in- 
vestigations of a few substances these mea- 
surements were carried out at rather low 
electron energies of the order of a few hundred 
electron volts. During the early years of 
World War I1 the transition was practi- 
cally re-discovered in the kilo-electron volt 
range- up to about 50 keV.; but only the 

last 5-6 years, major effort for study has 
been devoted to this subject in several insti- 
tutions throughout the world. 

On examining the energy distribution of 
the electrons issuing from a target bombarded 
by 800 eV. electrons, roughly three regions 
can be distinguished. The first of these 
regions shows a maximum at very low ener- 
gies. This maximum is commonly called 
the true secondary emission. The energy 
region on enlargement shows, besides a rather 
flat distribution, a few maxima which have 
been identified as Auger-transitions. More 
important is the third region which shows 
several distinct maxima, whose positions are 
independent of the primary energy. In the 
curves obtained with 200, 500, 1000 or 2000 
eV. primary electrons, the location of these 
maxima is always the same, i.e. at  26.8 or 
58 eV. or some other fixed value. These 
maxima are called characteristic energy 
losses and form the main subject of this 
paper. 

If we consider these energy losses as a kind 
of characteristic spectra, we find three dif- 
ferent types of spectral distributions. The 
first of these shows, besides the maximum 
which is the primary, a certain number of 
peaks which characterize the energy losses 
of electrons in a thin film of magnesium. 
The most important single effect is that the 
first energy loss a t  10 eV. has a line width 
which is roughly identical with the line width 
of the primary beam, and that the following 
lines are equidistant, indicating that an 
elementary energy loss which occurs in 
magnesium is repeated. In other words, 
the higher losses are integral multiples of the 
first loss. 

~ - 

*Lecture delivered by Dr. L. Marton, National Bureau of Standards, Washington, a t  the Forty- 
fourth Session of the Indian Science Congress, Calcutta, on 15 January 1957. 
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The second type of characteristic energy 
losses as observed in aluminium shows the 
primary intensity followed by several peaks. 
The first low intensity peak a t  about 7 eV. 
is followed by a much more intense peak 
close to 15 eV. Despite the fact that the 
peaks appear equidistant, further data lead 
to the conclusion that multiples of the first 
peak do not appear, whereas integral multi- 
ples of the second peak a t  15 eV. do occur. 
This more complex type of spectrum is 
characteristic of certain elements. 

The third type of spectrum as seen with 
carbon shows a very weak line a t  roughly 
5 eV. followed by a rather broad band 
centred round 22 eV. Summing up, the ob- 
served spectra, as in optics, can be charac- 
terized either by narrow lines, by broader 
lines, or by diffuse bands. This variety in 
appearance of the spectral distributions justi- 
fies the name ' characteristic losses ' insteacl 
of ' discrete losses ' which had been proposed 

a t  one time, ' discrete ' having a connota- 
tion of very narrow line width. 

Experimental data for a number of ele- 
ments and thcir simple compounds are shown 
in Figs. 1-3. The arrangement follows, more 
or less, the periodic system and for each 
element, where several lines are indicated, 
the observers are indicated by code numbers 
shown in Table 1 together with their method 

a Ion. of observ t '  
A rather important observation from these 

synoptic data (Figs. 2 ancl 3; Table 1) is the 
wide discrepancy between observations on the 
same substance. I t  is difficult to explain this 
wide discrepancy without understanding the 
methods of observation used ancl the methods 
of preparation of the specimen. I t  is, there- 
fore, necessary to describe briefly the instru- 
mentation used in obtaining these results. 

All observations a t  lower energies- 
energies below 1 keV. primary energy - use 
relatively conventional systems for the ana- 
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lysis of clectron rncrgies. These methods 
are either electrostatic or 111agnctic ancl arc 
characterized by the use of relatively simple 
deflecting fields for the observation of the 
energy spectrum. In recent years more re- 
fined methods have been devised. These 
new methods have been necessitated since 
higher energy resolutions were neecled, and 
only a more refined clectron optical arrange- 
ment could give the required energy resolu- 
tion. The first of these is clue to Mollcnstedt. 
The experimental arrangement of this me- 
thod is shown in Fig. 4. I t  is characterized 
by the use of very high chromatic aberration 
existing in an electrostatic clectron lens used 
in off-axis conditions. The electrodes of a 
three-element electrostatic lens, commonly 
called the Einzel-lens, form the image of a 
slit onto an image plane. The slit is off-set 
from the axis, and the rays enter the lens 
far away from the optical axis and form as 
a result of chromatic aberration, separate 

images for different electron velocities. The 
energy resolution of this type of system is 
relatively high. This resolution is commonly 
defined in terms of AV/V and values vary- 
ing from 1 to 3 parts in 100,000 can be 
achieved without much difficulty. Theore- 
tically, this device should be capable of a 
resolution of one part in lo8. 

A practical application of this type of 
analyzer is shown in Fig. 5. The analyzer 
itself is shown as part of a kind of electron 
microscope where the objective lens projects 
the image of the scatterer onto the slit of the 
analyzer. This type of operation has serious 
disadvantages as the first lens has its own 
chromatic aberration, and as a consequence, 
the different velocity electrons are focussed 
in different horizontal planes. The intensity 
distribution, therefore, cannot be a true inten- 
sity distribution in the plane of the slit, and 
the analyzer gives a distorted presentation 
of the intensity relation. A further limita- 
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T A B L E  1 

CODE INVESTIGATOR YEAR ENERGY* PRIMARY METHOD OF METHOD OF 
NO. RESOLUTION ENWRCY OUSHRVATION ANALYSIS 

AV keV. 

~&or<h 
Farnsworth et al. 
Puthemann 
Hillier and Baker 
Moore 
Marton 
Iang 
Mollenstedt 
Gschlossl 
Lenz 
Marton and Leder 
Kleinn 
Gabor 1954 
Shulman and Myakinin 18.54 
Watanabe 3964 
Blackstock, Birkhoff and Slatrr ]!I54 
Gallthe 1!)54 

0 .1 -0 .4  Reflection 
0.02-0.2 (I0 
0.01-0.1 do 

3-8 Trnr~sn~ission 
0.25-70 do 

35 do 
5-7 Transmission-reflection 
60-06 Transn~issiolt 
50 (lo 
35 Reflection 
I Trans~nission 

0 . 5  Reflection 
2Z Transnlission 
4 5 rlo 
18 do 

Magnetic 
(1 o 
do 
<I0 
do 
do 
do 
(lo 

Electrostatic 

Ma~netic 
Elcrtrostatic 

do 
do 

Retarding potential 
Electrostatic 

*In many cases the values for energy resolution are estimates since the aothors do not explicitly state their values. 

tion of this type of arrangement is that the Fig. 6. In this, the objective lens with the 
spectra are recorded on a photographic plate. imaging is eliminated and the photographic 
Photographic plates are not proportional plate is replaced by a recording system based 
devices, and the intensity relations which on a fluorescent layer as a detector coupled 
can be extracted from such a record are in- with a photomultiplier. This system can 
complete and require considerable amount be calibrated in terms of the absolute number 
of labour. A modified set-up is shown in of electrons falling onto the fluorescent layer. 
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FIG. 4 -CONSTRUCTIONAL FEATURES OF A MOLLEN- 
STEDT LENS 
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The use of this type of analyzer is limited 
essentially to giving information about the 
energy distribution of the electrons scattered 
in the forward direction. By forward it  is 
meant that if we have a specimen which is 
observed in transmission, the total informa- 
tion is obtained in direct continuation of the 
primary beam within a small solid angle. 
The solid angle is not too well defined. 
Attempts have been made with success, both 
in Germany and in Japan, to extend this 
method to give somewhat larger angles, and 
an angle of up to about 3" off the optical axis 
has been achieved. To investigate the inten- 
sity and energy distribution a t  still larger 
angles, the experimental set-up shown in 
Fig. 7 has been adopted. The electrons 
which are scattered through the specimen 
enter a small magnetic analyzer of more or 
less conventional design. The analyzer de- 
flects one selected velocity to the detector 
formed by a fluorescent layer coupled with a 
photomultiplier. The energy distribution 
is observed by varying the excitation of the 
analyzer magnet and thus letting different 
energy electrons enter the detector slit. 
After scanning an energy spectrum, the ana- 
lyzer and detector, which are mounted on a 
common turntable, can be moved to a new 

PIG. 6 - MODIFIED EXPERIMENTAL SET-UP EMPLOY- 
ING A FLUORESCENT LAYER DETECTOR AND PHOTO- 

MULTIPLIER FOR RECORDING THE SPECTRA 

MAGNET 

I , , J 
QUARTZ LIGHT PIPE 

D 
PHOTO TUBE 

FIG.  7 - EXPERIMENTAL SET-UP FOR DETERMINING 
THE ENERGY LOSS DISTRIBUTION AT OFF-AXIS ANGLES 

LARGER THAN 3' 



J. SCI. INDUSTR. RES ., VOL. 16A, J U N E  1957 

angular position and the energy scan repcat- 
ed. In relatively short time, complete 
energy and angular distributions can be ob- 
tained by moving through as many angular 
positions as required. 

In the latest version of this type of ins- 
trument, an electron source throws a colli- 
mated beam of electrons onto the scattering 
sample. The scattered electrons enter a 
decelerator which reduces the primary energy 
from about 20 keV. to 0.2 keV. The elec- 
trons thus reduced in energy enter a magnetic 
analyzer similar in design to some modern 
beta-ray spectrographs. The analyzer focuses 
one selected velocity group of electrons on 
its exit slit, after which the electrons enter 
the detecting system consisting again of a 
fluorescent layer coupled with a photomulti- 
plier. An important feature of this instru- 
ment is that the analyzer receives the elec- 
trons a t  a considerably reduced energy and, 
as its resolving power is uniquely dependent 
on the radius of curvature of the electrons in 
the magnetic field, its relative resolving 
power is much enhanced, while the absolute 
value remains constant. This, however, is 
dependent upon the design of the decelerator. 
The decelerator should be such that it does 
not alter the composition of the electron beam 
entering it. In other words, whatever the 
energy distribution, the electrons should 
not encounter any field which can introduce 
a lateral component of velocity. If this 
condition is satisfied, the decelerator will 
transmit an electron beam where the rela- 
tive distribution remains constant while the 
absolute energy is reduced by a constant 
amount. A view of the instrument is shown 
in Fig. 8. Though the instrument has not 
yet been completely investigated, its present 
performance is comparable to, if not better 
than, that of the best Mollenstedt analyzer, 
and it is expected to achieve, with improve- 
ment, an ultimate relative resolving power 
10 times that of a Mollenstedt analyzer. 

Fig. 9 shows the angular energy distribu- 
tion of electrons scattered by a single crystal 
of gold. The curve in Fig. 9(A) marked 0 
angle has a maximum centred on 0 velocity 
loss, i.e. centred entirely on the primary 
energy of the electrons transmitted through 
the layer. There is also a very slight maxi- 
mum a t  24 eV. loss which in this presentation 
of intensities does not appear a t  all. 

The next curve marked 0.53 x 10-2 radian 
represents a low intensity level that is almost 

FIG. 8 - GENERAL VIEW OF THE APPARATUS INCOR- 
PORATING A DECELERATOR D E S I G N E D  FOR OBTAINING 

IfIGII RELATIVE RXSOLVING POWER 

invisible. The curve has, therefore, been 
drawn on a magnified scale. By doing so 
the maximum is shown to appear entirely 
centred on the 24 cV. loss ancl we can hardly 
see any more evidence of elastically scattered 
electrons, i.e. without having lost any energy. 
In the case of larger angles (1.5 or more 
times 10-"radian), the zero energy loss maxi- 
mum reappears. Both are present up to 
4 x lo-' radians. A different presentation 
of the same is shown in Fig. 9(B). The 
solid line represents tlie intensity distribu- 
tion of the electrons versus angle of elastic 
scattering, that is, without any energy loss. 
The dotted line represents the intensity 
distribution of those electrons which have 
lost 24 eV. energy. At zero angle the 
intensity of elastically scattered electrons is 
far above that of the inelastically scattered 
ones. At higher anglcs, say, 0.5 x lop2 
radian, the decrease in intens~ty for the in- 
elastically scattered electrons is less than 
that for the elastically scattered electrons, 
and a t  0.5 the two curves cross. Here the 
intensity decreases for both so much that 
scales have to be changed again, and beyond 
this point, the inelastically scattered elec- 



- .- 
ANGLE IN RADIANS 

FIG.  9 -ANGULAR DISTRIBUTION OF ENERGY OF ELECTRONS SCATTERED BY A SINGLE CRYSTAL OF 
GOLD 

trons pretlominate. At larger angles the 
two curves come together and there is a flat 
region up to about 4 x 10-"adian, a t  which 
point the elastically scattered electrons pre- 
dominate again. This occurs a t  a diffraction 
maximum corresponding to a Laue-spot. 

The two types of observations can be pre- 
sented cartographically taking the angle as 
abscissa, and energy loss in electron volts 
as the ordinate, and plotting in a third 
direction, out of the plane of the paper, the 
intensity which is represented by constant 
intensity contours. The interval of these 
constant intensity contours is logarithmic. 
The dynamic range is so large that it has to 
be plotted not as constant differences in I, 
but as constant differences in log I. In the 
case of aluminium, the elastically scattered 
electrons having lost no energy, are represent- 

ed by a maximum corresponding to about 
300,000,000 arbitrary units. If we start with 
angle a t  zero energy loss, the intensity de- 
creases very rapidly and within 4 or 5 milli- 
radians the intensity decreases by a factor 
of 100,000. Almost equally rapid is the 
decrease of intensity with energy loss. At a 
distance corresponding to about one or two 
volts from the primary maximum along the 
zero angle, the intensity decreases by a factor 
close to 10,000. However, the intensity dis- 
tribution of the elastically and inelastically 
scattered electrons a t  angles greater than 
zero is not as simple as expected. The 
elastically scattered electrons decrease in 
intensity much more rapidly than those 
which are inelastically scattered; and in 
some recent records there are regions where 
the inelastically scattered electrons, say the 
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14.8 eV. characteristic loss in aluminium, 
may considerably exceed, at certain angles, 
the intensity of those which are elastically 
scattered. 

Regarding the discrepancy between differ- 
ent types of measurements, if we take into 
account how much the intensity depends on 
the angle, it becomes clear that there is a 
variation of the intensity relations of the 
various energy losses depending on the accep- 
tance angle of the analyzer. Moreover, if 
we have an analyzer which encompasses a 
much larger solid angle than another one, 
the intensity ratios will be so different that 
with a little misalignment, we may or may 
not observe one line or another depending 
upon its angular dependence. Other dis- 
crepancies probably are due to differences 
in preparing specimens. At present we do 
not know much about either the effect of 
impurities in the specimen, or the influence 
of specimen thickness. Presumably, speci- 
men thickness should affect only the occur- 
rence of multiple losses and not the value 
of the energy losses. 

A number of theories have been put forth 
for explaining these characteristic losses. 
One of the recent theories is the plasma 
oscillation theory of Hohm and Pines. I t  
involves setting up a convenient mathe- 
matical model consisting of a collectivity of 
electrons which the originators of the theory 
called the plasma. In its original form the 
theory accounted for the formation of such 
a plasma by taking all the free electrons. 
These electrons could be excited to execute 
collective oscillations under the impact of 
an incoming fast electron. The frequency of 
such an oscillation can be easily calculated 
and amounts to 

where e and m stand for the charge and mass 
of the electron, n is the number of free 
carriers per unit volume, and wp is the fre- 
quency. Experimental investigations have 
shown that characteristic energy losses occur 
not only in very good conductors, but also 
in very good insulators. To account for this 
fact the theory has been modified. In its 
most recent form the collective plasma no 
longer is considered to be formed by free 
electrons alone, but it consists of the ensemble 
of all electrons which, the proponents of the 

theory assume, can participate in any such 
collective event. Based on this assumption, 
Pines has calculatecl values for a number of 
characteristic energy losses, not only for 
simple elements, but also for simple com- 
pounds. 

Two more types of experimental observa- 
tions are considered to be proofs of the plasma 
oscillation theory by its advocates. One is 
the dispersion relationship. An expression 
can be derived on the basis of the plasma 
oscillation theory showing that the value of 
the characteristic loss, or, to be more precise, 
the plasma oscillation energy, should vary 
with angle. Watanabe has observed such 
an angular variation, and has shown that the 
observed data are very close to the predict- 
ed variation with angle. His observations 
have been recently confirmed at the National 
Bureau of Standards on aluminium and other 
materials. 

In aluminium the calculatetl value for the 
mean free path for plasma oscillation excita- 
tion has been given as 190.4 for 7 keV. 
electrons and from measurements by Lang 
an experimental value of 180A may be 
deduced. A more careful investigation has 
been carried out on aluminium, magnesium 
and copper by Blackstock, Iiitchie and 
Birkhoff. The agreement is reasonably good 
for aluminium, considerably less so for 
magnesium and definitely non-existent for 
copper. 

The interpretation of the characteristic 
energy losses as being due to collective plasma 
oscillation is not accepted by all. In sharp 
contrast to the collectivity theory are the 
views of Sternglass who considers all the 
events to be individual atomic excitations. 
Recent observations at the National Bureau 
of Standards by Leder on vapours of different 
elements such as cadmium, zinc and potas- 
sium, show that the energy losses observed 
in the vapour, which are calculable from 
known energy transitions, in many cases, 
lie surprisingly close to some of the lines 
observed in the solid state. 

Another interesting investigation is the 
comparison between characteristic energy 
losses and the fine structure of the X-ray 
absorption edges in solids. Many investi- 
gations have been carried out in different 
laboratories wherein the X-ray fine structure 
near the absorption edge has been measured 
for many substances (Fig. 10). Recently, 
Leder, Mendlowitz and Marton compared a 
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FIG. 10 -X-RAY FINX S T H ~ J C T U R E  NEAR TI-IE 
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number of characteristic energy loss spectra 
with the finc structure, ant1 have shown 
surprising numerical coincidence between 
the values observed by the two methods. 
This leads to similar interpretations like 
those by Kronig and Haynsi based on cncrgy 
band scheme for solids. 

Another interesting aspect of the theore- 
tical investigations is the angular tlepenclence 
of both the elastically and inelastically scat- 
tered electrons. Fig. 11 shows the angular 
dependence of intensity calculatetl for elasti- 
cally scattered electrons using different 
approaches. Since the classical theory of 
Rutherford, different theoretical approaches 
have been made for the calculation of the 
angular relation. In all these, the slope is 
an inverse power of the square of the angle, 
whereas the absolute value of intensity a t  
zero angle or close to zero angle depends on 
which theory is adopted. \Vhen thesc data 
are compared with the experimental findings, 
a marked discrepancy is noted in the angular 
distribution and energy tlistribution in alu- 
minium. I t  has been pointed out that the 
intensity decreases by a factor of lo5 within 
an angular range of less than 5 milli-radians. 
This is ;L much steeper decrc;~sr. than that 
expected from theoretical consider a t' lons. 
This slope is significant and merits further 
investigation. 

The angular distribution of intensity of the 
inelastically scattered electrons also shows 
considerable deviations from the theoretical 
values and further theoretical investig a t '  ions 
are necessary for its complete elucidation. 

On comparing the different interpretations, 
i t  is seen that the plasma oscillation theory 
fails to explain all the spectral lines observed. 
I t  picks one particular line out of a complex 
spectrum and explains i t  as a unique feature 
without attempting to explain the more 
complex aspects of the spectrum. The avail- 
able proof is not complete to enable us to 
assume that there are a certain number of 
lines which are definitely plasma oscillation 
lines whereas other lines may be of a different 
origin. The basic expression for frequency 
is not specific for the collective oscillation 
theory, but appears in other theories of elec- 
tron scattering by Bethe and others also. 
Similarly, the dispersion relation is not 
unique for the plasma oscillation theory. 
Fano has shown that by treating electro- 
magnetic interactions in dense media, similar 
relations can be derived. The success of the 
con~parison of the observed characteristic 
energy loss lines with the X-ray fine structure 
may not be entirely significant, because the 

10.3 10.2 10'1 
ANGLE IN R A D I A N 5  

FIG. 11 - ANGULAR DISTRIBUTION OF INTENSITY 
FOR ELECTRONS SCATTERED ELASTICALLY AND 

INELASTICALLY 
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abundance of lines in both cases may lead 
easily to purely haphazard comparison of 
numerical values, although these values seem 
to be coinciding rather surprisingly in many 
cases. This comparison in conjunction with 
the vapour measurements leads to a consi- 
deration of free atom-like excitation in 
solids. 

I t  follows that both better experimenta- 
tion and better explanation are required. 
Better experimentation is needed for the 
absolute values to be compared with the 
accuracy required for the theoretical inter- 
pretation. Further a more embracing de- 
tailed theory is needed to explain all the 

transitions on a quantitative as well as quali- 
tative basis. 

In the past, interpretation of the energy 
degradation of electrons in solids was based 
entirely on statistical considerations where 
average values of energy losses per indivi- 
dual collision were assumed. On the basis 
of the recent results, we know that an 
electron interacts with a solid in definite 
quantum jumps, and these quantum jumps 
give the microscopic structure of the energy 
degradation. When more is known about 
it, we will have a complete interpretation 
of the interaction of fast electrons with 
solids. 

Oil  Ref inery at  Visakhapatnam 

THE FIRST PHASE IN THE ERECTION OF INDIA'S 
third oil refinery being installed a t  Visakha- 
patnam by the Caltex Oil Refining (India) 
Ltd. was completed on 15 April 1957 when 
its two-stage crude distillation unit went into 
operation. The refinery, which is expected 
to cost Rs. 15 crores, would go into full pro- 
duction by the middle of 1957. 

Crude petroleum is charged to the distilla- 
tion unit where it undergoes the first in a 
series of processes eventually converting it 
into refined products such as straight-run 
naphtha (used in the blending of petrol), 
kerosene, aviation turbine fuel, light and 
heavy diesel oils, gas oil and a heavy residuum. 

The tank section of the refinery comprising 
68 tanks (of varying capacities) with an 
aggregate storage capacity of 65,000,000 
imperial gal. of crude oil and refined products 

was completed during January 1957, in a 
record time of 12 months. 

The refinery will produce annually motor 
gasoline, 74,000,000 gal. ; superior kerosene, 
21,257 gal.; inferior kerosene, 8,177,300 gal.; 
diesel oils, 31,631,000 gal. ; and fuel oils, 
26,495,000 gal. The other units under cons- 
truction besides the two-stage crude distilla- 
tion unit are a 175 ft. high fluid catalytic 
unit with gas recovery facilities, the polymer 
plant, the propane decarbonization unit, 
and the treating and blending plants. These 
are expected to be completed by the middle 
of 1957 and the refinery set into fgll opera- 
tion. 

The refinery, spread over 515 acres, has 
been equipped with most modern machine 
shops for repair work and laboratory for 
research and testing facilities. 



The International Geophysical 
Year - Indian Programme 

I NDIA was one of thr first to join (in 
1953) in the planning of the Intcr- 
national Geophysical Year (IGY), a 

comprc~l~ensive programnir of intvrnational 
co-operation by about 70 nations to augmcnt 
the basic knowledge of a varicty of gcophysi- 
cal disciplines. The TGY commencc.s at  
00 hr. U.T. on 1 July 1957 and ends a t  24 hr. 
U.T. on 31 December 1958. Estensive 
plans for systematic observations, through 
the Indian National Committee (INC) [sce 
J. sci. industr. Res., 14A (1955), 1621, have 
been prepared. The programme has been 
issued (in April 1957) by the INC in their 
Bulletin (No. I) ,  the first of n series to be 
issuetl from time to time covering the results 
obtained on specific aspects of geophysical 
studies, commencing from 1 July 1957. 
Their Bulletin No. 2 tlr;ils with auroral obser- 
vations in middle ant1 low latitudes. 

The Journal of ScienliJic & Industrial 
Research, with the co-operation of the Indian 
National Committee, hopes to publish, com- 
mencing from September 1957, monthly 
summaries of the activities of the various 
participating institutions in India and in- 
tends to follow them with a consolidated 
account at  the end uf the IGY detailing the 
overall contribution of India to this unprece- 
dented international scientific co-operative 
enterprise. 

Resides the existing network of meteoro- 
logical stations and observatories in India, 
over 60 organizations arc participating in 
this data-gathering programme and they 
comprise Government Departments like the 
Ministries of Education & Scientific Research, 
Information & Hroadcasting, Communica- 
tions, Defence, Council of Scientific & Indus- 
trial Iiesearch; semi-governmental and pri- 
vate institutions and universities. Chief 
among these are: the I'hysical Krsearch 
Laboratory, Ahmetlabatl; the Institute of 
Radiophysics and IClectronics, Calcutta; 
Bose Institute, Calcutta and Darjeeling; 
Institute of Nuclear Physics, Calcutta; 
National Physical Laboratory of India, New 
Delhi; All India Radio, New Delhi; Cosmic 

liay Research Station, Gulmarg; the Kodai- 
kana1 Ohservatory and the U.P. Government 
Observatory, Naini Tal; the Survey of India; 
the Geological Survey of India; the Hydro- 
graphic Department and the Naval Labo- 
ratory, Cochin, of the Indian Navy; the 
Central Marine Fisheries Research Station, 
Mandapam; and the Poona, Banaras, Andhra, 
Osmania and a few other universities. 
There will be an advance trial period com- 
mencing from 00 hr. U.T. on 1 June 1957 for 
testing of procedures and final adjustments 
of the collaboration programme. The obser- 
vations will be intensified during the pre- 
viously agreed World Days and Special 
World Intervals, in particular, during World 
Meteorological Intervals for meteorological 
observations. 

l'he important details of the finalized pro- 
gramme in the different subjects are given 
below: 

Meteorology - The India Meteorological 
Dcpartment (IMD) with its wide network of 
observatories and meteorological stations 
will play a prominent role in the IGY data 
collection. At ten stations surface meteoro- 
logical observations and atmospheric balloon 
soundings will be regularly made; ozone mea- 
surements will be undertaken a t  Gulmarg, 
Mt. Abu, Delhi and Kodaikanal; the stations 
a t  Poona, Delhi, Calcutta and Madras will 
undertake radiation and thermal balance 
measurements at  the earth's surface. The 
stations at  Delhi and Calcutta will follow the 
paths of storms with the help of long-range 
radar and another two or three low power 
stations will study reflection patterns of 
thunderstorms and precipitation patterns 
associated with depression and storms. 
Electrical potential gradient and conducti- 
vity in the free atmosphere will be measured 
a t  two stations by means of radiosonde equip- 
ment carried by balloons. Sferic observa- 
tions will be made at  Delhi and Calcutta with 
Lugeon equipment while waveform analysis 
will be made at  the Banaras and Poona 
Universities. About a dozen stations will be 
established to maintain evaporation records. 
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Geomagnetism - The observatories a t  Ali- 
bag, Kodaikanal and Dehra Dun will main- 
tain continuous magnetic records (of H,  D 
and 2) and analyse the daily variation of the 
magnetic elements with which some upper- 
air phenomena are connected. The IMD 
will maintain two additional stations a t  
Trivandrum and Chidambaram, south and 
north of Kodaikanal between the geomagne- 
tic latitudes 1"s. and 2"N., a region of ex- 
treme scientific interest. Quick run ~ccorcls 
will be made on World Ilays and Special 
World Intervals a t  Alibag and Kodaikanal. 
The Survey of India will occupy repeat sta- 
tions in India for absolute magnetic obscr- 
vations during the IGY. The Navy's Hydro- 
graphic Department will take observations 
of magnetic declinations a t  sea on their 
various cruises. 

Aurora and airglow - Auroral watches will 
be kept at  Srinagar, Jodhpur, Alibag, Kodai- 
kana1 and Shillong by the IMD, a t  Naini Tal 
by U.P. Government Observatory and a t  Mt. 
Abu and Srinagar by the lJhysical Research 
Laboratory, Ahmedabad. Airglow measure- 
ments will be made a t  Mt. Abu, Gulmarg, 
Haringhata (to be operated by the Institute 
of Radiophysics and Electronics, Calcutta), 
Dhanvar (to be conducted by the Knrnatak 
University) and Poona University. The l'hy- 
sical Research Laboratory, Ahmedabad, will 
undertake photometric studies of night air- 
glow at 5577 and 6300A and on the near infra- 
red OH bands, to find their seasonal, diur- 
nal and inter-diurnal variations, in addition 
to the measurements on twilight glow with 
photo-multipliers and narrow band filters. 

Ionos@here - Ionospheric soundings will 
be made by eight stations - Delhi, Bombay, 
Madras, Tiruchirapalli, Trivanclrum, Harin- 
ghata, Ahmedabad and Kodaikanal. Calcutta 
and Ahmedabad will act as ' key centres ' 
for India. A station sponsored by the Radio 
Research Committee is being set up a t  Tri- 
vandrum. The IGY programme of the key 
centres includes f plots, E and h' plots, 
foF1$, studies of various types of Es ancl 
true height analysis. 

Two additional stations, besides the exist- 
ing two a t  Ahmedabad and Waltair, are 
planned for the IGY a t  Haringhata (operated 
by the Institute of Radiophysics and Elec- 
tronics) and a t  Delhi (to be operated by All 
India Radio) for ionospheric drift measure- 
ments in E and F regions using the spaced- 
receiver technique. 

The sferic stations of the IMD a t  Delhi 
and Calcutta will detect storms, using Lugeon 
narrow-sector equipment a t  27 kc/s. and 
will also study the sudden enhancement of 
atmospherics a t  this frcclucncy. Their wave- 
form analysis will be taken up by the Banaras 
and I'oona Universities. 

Ionospheric absorption ineasurrments will 
be 1naint;linctl ant1 intensified a t  Delhi, 
Ahmedabad, Waltair and Haringhata using 
the pulse and the cosmic noise techniques. 

Solar actirlity - At Kodaikanal, tlie normal 
routine programme of obtaining photo- and 
spectrohcliogran~s, observation of H,, D, 
~xomincnccs, flares, sunspots, eclipses, etc., 
will be maintained and intensified using 
specially designed or procured apparatus 
like the automatic attachment to the spectro- 
helioscope for photographing spectra of 
flares, prominences, etc., and the 3-prism 
spectrograph for eclipse observations, which 
are hcing made ready. Tlie Nizamiah Obser- 
vatory, Hytlerabad, has ;~lso a programme to 
continuously observe prominences, flares and 
(lark markings with the spectrohelioscope 
ancl measure the effective wavelengths of 
the flares and radial velocities, the obser- 
vation timings being chosen to supplement 
those a t  Kotlaikanal. 

Cosmic ruys - Neutron monitor stations 
will be set up for cosmic ray observations 
a t  Ahmed;~l~~~tl ,  Kotlaikanal and Gulmarg 
(by t l ~ c  Pl~ysical I<cscarch Laboratory, 
Ahmec1ab;~d) and cubical meson telescopes 
a t  Ahmcdabad and Kodaikanal (by the 
llhysical Iicsearch Laboratory), Darjeeling 
(by the Bose Institute or the Institute of 
Nuclcar I'hysics), Gu1m:u-g. and Hyderabad 
(by the l'hysical Laboratories, Osmania Uni- 
vcrsit y). Narrow angle counter telescopes 
arc also proposed to be set up a t  Gulmarg, 
Ahmcdabad, Kodaikanal and Trivandrum. 
The data will be supplemented by ionization 
chamber studies by the Bose Institute a t  
Calcutta and Darjeeling. 

Latitudes and longitudes - The Survey of 
India will carry on latitude and longitude 
n~easurcinrnts with transit instruments fitted 
with impersonal micrometers and shutters, 
Universal \Viltl T, theodolites and Reifler 
Shortt clocks. In this connection, an up-to- 
date automatic registering equipment to re- 
ceive long and short wave rhytlimic time 
signals by the semi-automatic extinction 
method to mcasure time accurately is be- 
ing acquirccl by the Survey. The National 
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Physical Laboratory of Inclia, New Dclhi, 
will undertake a standard frequency antl 
time service. Photographic observations of 
the moon hy Markowitz camera will be 
undertaken by the U.P. Government Obser- 
vatory, Naini Tal. 

.Glaciology - The Geological Survey of 
India will make a stutly of the points left by 
parties who visited carlicr (1901) in the three 
glaciers - Cmngotri, Shigri, Via Manali ant1 
Machhoi (near Zoji La). Parties will also be 
sent to new glaciers with appropriate trig- 
control antl facilities for large-scale mapping- 
of these new glaciers to help stutlies on the 
behaviour of snouts. 

Ocea~zograjblzy - The Survey of Irlclia will 
maintain the existing automatic tide-gauges 
functioning a t  about 15 Indian ports and 
new ones a t  Navalalihi, Bhavnagar, Minicoy, 
mouth of Mahanadi River and Moulein arc 
to be installed during the IGY. Tempera- 
ture and salinity observations a t  high and 
low waters will be made in the neighbourhood 
of the harbours of Cochin, Visakhapatnam 
and Madras. Systematic titlal stream mea- 
surements in the Gulfs of Kutch and Cambay 
will also be maintainctl by the Survey of 
India and Hydrogr:~phic Department of the 
Indian Navy. A long wave recorder antl a 
pressure wave recorder are likely to be set 
up off Trivandrum by theoceanography Wing 
of the Naval Laboratory, Cochin. The 
Central Marinc Fisheries Iiescarch Station, 
Mandapam, with the assistance of the Naval 
Laboratory, Cochin, will undertake a drift 
card programme. 

Rocket and satellite observation - The arti- 
ficial satellites and the rockets launched 
during the IGY by the U.S.A. and U.S.S.R. 
will be tracked regularly in India by the 
U.P. Government Observatory, Naini Tal. 

Seismology - Seismograph stations func- 
tion a t  Shillong, Bombay, Calcutta, New 
Dclhi, Kodaikanal, Poona, Dehra Dun, 
Toclilai (Assam), Rokaro (Bihar), Hydera- 
bad, Cllatra and Vizianagaram. A seismo- 
logical-cum-microseismograph station will 
be opened a t  Port Blair in the Andaman 
Islantls. A long period electromagnetic 
seismograph offered by the Columbia Univer- 
sity will be installed a t  New Dclhi or Poona 
and the existing single unit microseismo- 
graphs a t  Madras and Bombay (Colaba) will 
he modified to the tripartite set up during 
the IGY. 

Grazrity wmens~~renzents - 31 days hourly 
observations of gravity using the Worden 
gravimeter, to be calibrated against Euro- 
pean or American calibration base (or with 
the more precise Askania gravimeter if avail- 
able in time) will be undertaken a t  Bombay, 
Madms, Dehra Dun, Calcutta and Bangalore. 
Simultaneous observations will be made a t  
Bomhay using available gravimeter when 
observations will be made in U.S.A. working 
with the La Coste Rombeg gravimeter. 
Some observations will also be attempted 
in the Bay of Bengal and the Arabian Sea. 
Besides, normal gravity programme of es- 
tablishing sub-standard bases and gravity 
observations in chosen areas will be taken 
111' ;istime permits. 



Commonwealth Standards Conference, 1957 

T HE third Commonwealtl~ Standards 
Conference, attended by over 100 ex- 
perts from Australia, Canada, India, 

New Zealand, Pakistan and United Kingdom, 
was held a t  New Delhi from 21 January to 
3 February 1957. Besides general sessions 
on policy and administration, technical 
sessions on the alignment of Commonwealth 
Standards in the fields of (1) electrical equip- 
ment of machine tools, (2) electric cables, 
(3) safety requirements for'domestic electrical 
appliances and (4) steel, were the special 
features of this Conference, to which the 
Indian Standards Institution played the host. 

Inch-metric problems 

One of the most important subjects dis- 
cussed was the effect of India's adoption of 
the metric system on intra-Commonwealth 
trade. The Indian delegation, while stress- 
ing upon the urgency of this change-over, 
assured the participating countries that India 
will adopt standards which are as far as 
possible in line with those of inch-pound 
system and, in particular will choose its 
international ' preferred ' numbers (on which 
are based ranges of sizes) as closely as pos- 
sible in agreement with the standards on 
the inch system. In the standards of Com- 
monwealth countries both inch and metric 
values will be given wherever possible; the 
conversion factors to be used will be those 
of B.S. 350 (revised) to which a new Indian 
Standard (IS: 786) corresponds. 

Modular co-ordination 

Modular co-ordination in building raises the 
problem of inch andmetric dimensions. India 
is working to a 10 cm. module in building 
design and construction. The possibility of 
interchangeability of components macle to 
this module and those made to a 4 in. module 
(in use in Britain) was examined. I t  was 
recognized that adoption of the two modules 
would effect great simplification within the 
two systems. Recommendations were also 
made for close collaboration among the 
Commonwealth standards organizations on 
a glossary of terms, principles for the appli- 
cation of a modular system, a system for ex- 

pressing tolerances on modular components, 
preferred sizes for components, symbols for 
use on drawings of modular components and 
buildings designed on a modular basis. 

A review was also made of the progress 
achieved by the ' A.R.C.' countries (America, 
Britain and Canada) on fundamental engi- 
neering standards and of the association 
of other Commonwealth countries with this 
work. 

Public purchasing organization 

The Conference recommended that public 
purchasing organizations shoulcl take ad- 
vantage of the guarantees afforded by certi- 
fication marking schcmes run by standards 
organizations. 

The other items which received considera- 
tion at  the general session were certificn- 
tion marking, approval schemes, standards 
for consumer goods and general procedure 
for Commonwealth co-operation. The Con- 
ference endorsed a number of recommenda- 
tions macle a t  thc 1951 meet in London. 
Some of the rccommendations were modified 
in the light of present conditions and prac- 
tices. I t  was observecl that the extent to 
which the CSO could protect or recognize 
each other's standard marks depended largely 
on bilateral discussions. I t  was urged that 
approval schcmes should be based on national 
standards and their operation carried out in 
close collaboration with national standards 
organizations. The B.S.1.-C.S.A. arrange- 
ments for approval of British electrical and 
other goods exported to Canacla were noted 
as a model. The following important recom- 
mendations were made : 

A periodical news bulletin should be issued 
by each Commonwealth stantlartls organiza- 
tion at  regular intervals, at  least once in a. 
quarter. The bulletin should contain, inter 
alia, the following information: Ncw stan- 
dards and revisions issued, new standards 
and revisions reccived from other Common- 
wealth standards organizations, draft stan- 
dards issued for comments, draft standards 
received from other Commonwealth stan- 
dards organizations for comments, proposed 
new subjects ancl new subjects started by 
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other Commonwealth standards organiza- 
tions. 

The Universal Decimal Ciassification num- 
bers should be assigned to each standard 
issued by Commonwealth standards organiza- 
tions. 

The technical session on electrical equip 
ment of machine tools resolved that B.S. 
2771 as amended should form the basis for 
the national standard of the Commonwealth 
countries. 

The session on cables decided to set up a 
Committee in Britain to work in close colla- 
boration with an Indian Committee to arrive 
first at metric equivalents of existing inch 
dimensions for all cables, indicating certain 
preferred sizes, and then on the definite 
metric sizes. I t  was also recommended that 
cables might be designated by suitably round- 
ing numbers corresponding to cross-section 
area or by resistance per unit length. 

Some fundamental aspects such as limiting 
temperatures of insulating materials arousetl 
considerable interest in the technical session 
on safety requirements for domestic electrical 

appliances. It  was agreed that a revised 
memorandum should be prepared to be taken 
into account by Commonwealth countries in 
preparing or revising safety specifications for 
electrical appliances. 

In the technical session on steel the other 
Commonwealth standards organizations ex- 
pressed their appreciation of the basic work 
undertaken in India on re-design of hot rolled 
structural sections. 

The Conference discussed the items of 
industrial equipment which should be sub- 
jected to detailed technical consideration. 
I t  was agreed that the standards for air 
receivers and cranes should be so framed as 
to ensure co-ordination of testing procedures 
and design criteria. Chemical pressure ves- 
sels were earmarked for discussion. Follow- 
ing discussion on the desirability of bringing 
terminology in the Commonwealth and the 
United States into line, it was agreed that a 
special study should be made by B.S.I., in co- 
operation with other Commonwealth stand- 
ardsorganizations, of the terminology inweld- 
ing and building design and construction. 

International Conference on Scientific Information 
THE NATIONAL SCIENCE FOUNDATION, THE 
National Academy of Sciences, the National 
Research Council and the American Docu- 
mentation Institute are jointly sponsoring 
an International Conference on Scientific 
Information in Washington D.C. in Novem- 
ber 1958. At the conference special em- 
phasis will be laid on storage and retrospec- 
tive search in the organization of scientific 
information, and assessing the requirements 
of scientists for literature ancl information 

services, reviewing the existing systems and 
considering the conceptual and mechanical 
problems in the design of new systems. 
Other subjects to be discussed include: 
development of a general theory of storage 
and search, responsibilities of government 
bodies, professional societies, universities and 
industrial research organizations for research 
ancl training in scientific documentation, and 
for the operation of scientific information 
services. 



Dr. B. R. Nijhawan, Ph.D.,F.I.M.,F.N.I. 

D R. B. R. NIJHAWAN has been ap- 
pointed as Director, National Metal- 
lurgical Laboratory, Jamshedpur, from 

8 March 1957. 
After early education in Lahore, and gra- 

duation in Metallurgy from the Banaras 
Hindu University in 1936, Dr. Nijhawan 
joined the Tata Iron Kr Steel Co. Ltd., 
Jamshedpur. In 1938 he was awarded a 
Federal State Scholarship for advanced 
metallurgical studies and research in U.K., 
which enabled him to work with Prof. J. H. 
Andrew and obtain the Doctorate degree in 
Metallurgy from the University of Sheffield 
in 1941. He was recalled by the Govern- 
ment of India to work as Research Officer in 
the Government Metallurgical Inspectorate, 
Tatanagar, where his researches included in- 
vestigation of service failure and cracking of 
bullet-proof armoured carriers, boiler plates, 
railway material, etc. He joined N.M.L., 
Jamshedpur, as Assistant Director in 1948and 
was appointed Deputy Director early in 1953. 

Dr. Nijhawan is the author of about a 
hundred technical and research papers on 
diverse metallurgical subjects. Important 
among them are his contributions on auste- 
nitic grain-size control of steel and the role 
of aluminium nitride in grain growth inhibi- 
tion of steel. At the National Metallurgical 
Laboratory his research interests have been 
largely, but not exclusively, on iron and 
steel, including grain-size control, strain-age- 
ing, temper brittleness in steels and the deve- 
lopment of indigenous stainless steels, and 
investigations on alloy-cast-irons and foundry 
materials, powder metallurgy, aluminizing 

and production 
of ferro-chrome 
and aluminium- 
s i l i c o n  a l l o y s  
under Indian con- 
ditions. He is 
co-patentee of a 
number of patents 
on metallurgical 
processes. 

He was select- 
ed a United 
Nation's Fellow 
in 1951, in which 
capacity he tour- 

DR. 13, 11. NIJIIA\VAN cd research labo- 
ratories and metal 

production centres in U.K. and Europe. He 
also visited Australia in 1953 as Government 
of India delegate to the Fifth Empire Mining 
and Metallurgical Congress. 

Dr. Nijhawan is a I~ellow of the Institu- 
tion of Metallurgists (Lonclon) and National 
Institute of Sciences of India. He is a mem- 
ber of the British Iron and Steel Institute; 
British Institute of Metals; Indian Mining, 
Metallurgical and Geological Institute; and 
a Council member of the Indian Insti- 
tute of Metals and Indian Institute of 
Foundrymcn. He is associated with the 
C.S.I.R. Metals Research Committee and 
with many technical consultative bodies. 
He is actively associated with several 
committees of the Indian Standards Insti- 
tution and is the Vice-Chairman of the 
Institution's Structural and Metals Division 
Council. 



Development of Science in Bulgaria 
A. I. HADJIOLOFF 

Bulgarian Academy of Sciences, Sofia, Bulgaria 

T HE establishment of popular govern- 
ment after World War I1 has given 
a great fillip to the development of 

science in the People's Republic of Bulga- 
ria. Scientific research and developmental 
work in the country are a t  present carried out 
in institutions of higher education, depart- 
mental research institutes attached to vari- 
ous ministries, and the Bulgarian Academy 
of Sciences. 

Institutes of higher education 

The University of Sofia (founded in 1888) 
had been till recently the seat of practically 
all scientific research in the country. This 
university comprising a large number of facul- 
ties, departments and chairs has lately ex- 
panded considerably; several of the older 
faculties, such as medicine, agronomy and 
forestry, and veterinary science, have been 
separated from it and are now functioning 
as independent institutions of higher educa- 
tion. 

During the past 12 years many new insti- 
tutes of higher education have been set up. 
In 1944 there were only 8 such institutions 
with a total of 11 faculties, and 25 depart- 
ments; at present there are 22 institutions 
with 42 faculties and 138 departments. The 
strength of the teaching staff and students 
has increased from 520 and 14,260 in 1944 
to 2800 and 33,000 respectively in 1956. 
Some of the important institutions of higher 
education are the Higher Medical Institute, 
Sofia; the Higher Institute of Agriculture, 
Sofia; the Higher Institute of Veterinary 
Medicine, Sofia; the Higher Agronomical 
Institute, Sofia; and the Higher Institute of 
the Food and Tobacco Industries, Sofia. 

There are four higher technical institutes 
for organizing research, namely the Insti- 
tute of Civil Engineering; the Institute of 
Mechanical Engineering and Electro-tech- 
nics; the Institute of Chemistry, Technology 
and Metallurgy; and the Institute of Mining 
and Geology. Other higher institutes and 
the Research Institute of Nuclear Physics 
are in the process of development. 

The institutes train specialists in all 
branches of science and technology. During 
the First Five-Year Plan ( 1948-1952) over 
25,000 students took their degrees, while 
over 17,000 have done so during the first 
3 years of the Second Five-Year Plan (1953- 
57). It  may be mentioned here for com- 
parison, that the number of students taking 
degrees was 1491 in 1944 and 857 in 1945; 
the number of students graduating in 1954 
was 7097. 

The research activities of the institutes of 
higher education are planned and co-ordi- 
nated by the Bulgarian Academy of Sciences. 

Departmental research institutes 

Research institutes and laboratories have 
recently been developed and attached to 
industrial works and trusts, experimental 
stations, hospitals and clinics, ministries, etc. 
There are now about 106 of them working 
under the general guidance of the Bulgarian 
Academy of Sciences. 

The Ministry of Agriculture has the largest 
number of departmental research institutes. 
They may be considered under three cate- 
gories: (1) Agricultural research institutes, 
e.g. the Central Institute of Agricultural 
Research, Sofia; the Maritsa Institute of 
Agricultural Research ; the Tobacco Research 
Institute, Plovdiv; the Cotton Research 
Institute on Plant Protection; (2) Centres 
of animal husbandry, e.g. the Stock-breeding 
Institute, Kostinbrod (Sofia dt.) which ad- 
ministers the Stock-breeding Institute at 
Stara Zagora and a number of research 
groups at other stations; and (3) Veterinary 
Medicine, e.g. the Veterinary Research 
Institute, Sofia; the Institute of Veterinary 
Hygiene and Control of Products of Animal 
Origin, Sofia; the Research Institute of 
Diseases of Breeding and Artificial Insemi- 
nation. 

There are 12 research institutes in the field 
of public health, among which are the Insti- 
tute of Sanitation and Hygiene, the Institute 
of Industrial Hygiene and Occupational 
Diseases, the Institute of Balneology, the 
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Institute of Tuberculosis, the Institute of 
Haematology and Blood Transfusion, the 
Institute of Oncology, and the Institute of 
Pharmaceutics. 

Among the research institutes attached to 
other ministries, mention may be made of 
the following: the Institute of Fuel Techno- 
logy, the Institute of Chemical Industry, the 
Institute of Metallurgy and Mining, the 
Institute of Forestry, the Institute of Textile 
Fibres, the Institute of Food Industry, the 
Institute of Fishing and Fishing Industry, 
the Institute of Transport, and the Institute 
of Construction. 

Achievement 

A brief survey of the achievements of the 
research institutes attached to the various 
ministries is given below. 

Research carried out a t  the Central Insti- 
tute of Agronomic Research has yielded new 
and better varieties of maize, potato and 
sorghum. A process for the production of 
citric acid from cotton leaveshas been evolved. 

The Institute of Agronomic Research, 
General Toshevo, conducts researches on new 
varieties of wheat, land amelioration, agro- 
technics and measures for combating drought. 
The new variety of winter wheat No. 109 
developed by the Institute yields large crops 
and ripens early. 

The Institute of Animal Husbandry a t  
Kostinbrod has obtained good results in cross- 
breeding local mares with stallions of the 
Hunul race. Considerable success has also 
been achieved in breeding fine-fleeced sheep 
in Dobrudja and Stara Zagora; semi-fine 
fleeced breeds have been evolved in the 
western part of the Balkan range and in 
Sofia district. 

The race of Kula cows is being improved 
and the milk yields have considerably in- 
creased. In the herds of the Sofia brown 
race, the improvement in milk yield has been 
remarkable. 

The Veterinary Research Institute a t  Sofia 
has studied problems of considerable eco- 
nomic significance, e.g. prophylaxis of swine 
erysipelas and anaerobic infections and- 
abortion in sheep and investigated the effi- 
cacy of pew biological products. Synthetic 
tuberculin, mallein and allergen have been 
prepared and used for the diagnosis of 
brucellosis in animals. Many diseases of 
poultry, more particularly leukaemia and 
neurolymphomatosis, have been studied and 

methods for their control have been worked 
out. Investigations on fluke and its snail 
carriers have helped in the promulgation of 
measures, e.g. sanitation of pastures and 
meadows, for controlling-the pest. Methods 
of diagnosing tuberculosis in farm animals 
have been investigated. 

The Radio Research Institute has deve- 
loped a method for grid modulation of radio 
transmitters. 

The Institute of I'uel Technology has 
carried out valuable investigations on an- 
thracite, and a coal-dressing plant has been 
designed. 

The distribution of Evonymus euro9aeus 
in Bulgaria has been studied in the Institute 
of Forestry & Forest Exploitation with a 
view to utilizing this species as a source of 
rubber. The possibilities of producing pit- 
props from oak coppices have been explored. 

Investigations on local wools have been 
carried out a t  the Institute of Textile Fibres 
and a scheme of classifications has been 
worked out to assist the textile inclustry and 
to serve as a guidance to sheep breeders. 

A method has been developed for the pro- 
duction of synthetic glue for use in plywood 
manufacture. The bark of young oak trees 
has been found to be a good tanning mate- 
rial. The technology of wine production has 
been improved and JJulgarian champagne is 
now being produced on an industrial scale. 

Research in the field of public health is 
directed to the treatment of diseases like 
tuberculosis and the diagnosis of diseases in 
their early stages. Methods for the treat- 
ment of lupus, cancer in the breast, and 
leucoplakia have been investigated. Among 
the important contributions in the field of 
industrial hygiene, mention may be made 
of studies on ventilation in workshops and 
prophylactic measures against food poison- 
ing. The curativc effect of mineral waters 
of Bankya and Ovcha-Koupel has been in- 
vestigated and processes for the synthetic 
production of norephedrin and ephedrin have 
been worked out. New products have been 
obtained from the hydrazide of isonicotinic 
acid. An ethereal oil with a strong spasmo- 
dic effect, which is less toxic than papa- 
verin, has been obtained from Pimpinada 
saxofraga. 

Bacteria causing dysentery in Bulgaria 
have been systematically studied. The 
spread of brucellosis and methods of combat- 
ing the disease have been investigated. A 
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variety of ticks have been studied with a 
view to establish the relationship between 
them and encephalitis. Prophylactic mea- 
sures against caries and pyorrhoea have been 
investigated in detail. 

Bulgarian Academy of Sciences 

The scientific institutions of the Bulgarian 
Academy of Sciences in the field of natural 
sciences may be grouped under four cate- 
gories or divisions, namely physics, mathe- 
matics and technical sciences; geology, 
geography and chemistry; biological and 
medical sciences; and agricultural sciences. 
The Bulgarian Academy of Sciences has also 
a number of Research Institutes for Social 
Sciences. The institutes carry out research 
on basic and crucial problems in their respec- 
tive fields of knowledge, guide the activities 
of research institutes and organize meetings, 
discussions and conferences, and co-ordinate 
the activities of departmental research insti- 
tutions and institutes of higher education. 
Almost all institutes of the Bulgarian Aca- 
demy of Sciences publish Izvestia (Proceed- 
ings) once or twice a year. 

Organization - A Scientific Secretariat and 
a Scientific Co-ordination Council (S.C.C.) 
are attached to the Presidium of the Aca- 
demy. The Council is aided in its work by 
co-ordinating commissions of the departments 
and the institutes of the Academy. The 
departmental research institutes are, accord- 
ing to the nature of their work, connected 
with the respective commissions of S.C.C. 
which are also responsible for co-ordinating 
the work of the respective institutes of the 
Academy. The S.C.C. holds regular and 
extraordinary plenary sessions for consider- 
ing questions relating to the co-ordination 
of the entire research work in the country 
and to make recommendations. 

An Editorial and Publishing Council, which 
has its own publishing house and press, is in 
charge of the publications of the Academy. 
The Academy publishes the following perio- 
dicals: Reviews of the Bulgarian Academy of 
Sciences, Bulletin of the Bulgarian Academy 
(published in 4 languages : Russian, French, 
German and English), Nature, and Philo- 
sophical Thoight.  

Achievements of the Academy 

Some of the achievements of the institutes 
of the Academy in different fields are given 
below. 

Physics - I t  has been established that 
photo-conductivity of sulphur depends on 
the spectral composition of light. A photo- 
graphic method has been developed for the 
measurement of the ultraviolet part of the 
sun's radiation. The growth of crystals has 
been studied and photo-sensitive emulsions 
have been developed. The rate of formation 
of crystal nuclei in electrolysis has been 
worked out. An apparatus for measuring 
the humidity of soil has been built a t  the 
Institute of Physics. An experimental 
centre for nuclear physics is under construc- 
tion. 

Thirty-four original papers were published 
in 1955, five of which appeared in foreign 
reviews. 

Chemistry - Among the important prob- 
lems being studied at the Institute of Che- 
mistry are: synthesis of organic compounds 
of lithium, production of high grade fuel for 
metallurgical plants and ferro-coke, improved 
techniques of fat production, particularly 
dolphin fat, construction of an universal blast 
furnace for simultaneous production of iron 
and steel, glass making, etc. 

Geology and geography - Extensive sur- 
veys of natural resources, particularly of iron, 
coal, petroleum, phosphates, bauxite and 
potassium-containing minerals, have been 
undertaken. The possibilities of discovering 
rare metals, erosion in the basin of ' Studen 
Kladenets ' and ' Kardjali ' dams, hot mineral 
springs, and geomorphology of Vidin and 
Lom regions and of the basin of river Arda, 
are among the problems being tackled. 
With the assistance of the Institute, a new 
geological map of the country has been pre- 
pared for the guidance of prospectors of ores 
and minerals. 

Mathematics-Valuable contributions have 
been made to the theory of real functions, 
diophantine approximations, irreversible 
thermodynamic processes, analytical dyna- 
mics, theory of algebraic equations, etc. The 
Institute of Mathematics has undertaken 
several demographic studies. 

Technical sciences - Work on land amelio- 
ration and power resources, problems relating 
to road traffic, heat losses from buildings, 
etc., are undertaken by institutes under 
government control. Investigations on perio- 
dical watering of rice-fields have led to con- 
siderable economy in the use of water and 
obviated the risk of salting rice-fields and 
turning them into marshes. The complex 
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relationship between power resources and 
power consumption has been worked out and 
deductions have been made which will facili- 
tate the planning and construction of power 
plants in the country. 

Biology - Among the biological problems 
studied in the institutes of the Academy of 
Sciences are the following: Vernalization of 
seeds, systematics of plants and animals for 
compiling Bulgarian flora and fauna, geo- 
botanic studies, medical and veterinary 
microbiology, normal and pathological meta- 
bolism of lipids, luminescence analysis of 

tissues, histo-chemistry of nucleic acids, 
anthropological studies, higher and central 
nervous systems, silicosis and other occupa- 
tional diseases, and helminthological investi- 
gations. 

The scientific achievements of the People's 
Republic of Bulgaria during the last 12 years 
are varied and considerable: but they are 
as yet modest in comparison with what is in 
prospect considering that active organiza- 
tions have been set up for investigation of 
the many problems relating to the economic 
and cultural growth of the country. 

Sir John Simonsen, 1884-1957 - Obituary 

WE REGRET TO RECORD THE DEATH ON 
20 February 1957 of Sir John Simonsen, 
D.Sc., LL.D., F.R.I.C., F.R.S. 

Born in 1884 Sir Simonsen was educated 
at Manchester Grammar School and Univer- 
sity. In 1910 he was appointed to the Chair 
of Chemistry at the Presidency College, 
Madras. He was one of the founders of the 
Indian Science Congress and held the office 
of the honorary secretary from 1914 to 1926. 
He was also General President of the Con- 
gress in 1928. He served as Controller of 
Oils and Chemical Adviser to the Govern- 
ment of India during World War I and later 
as Forest Chemist at the Forest Research 
Institute and College, Dehra Dun. His 
original research work included extraction 
of the first naturally occurring representative 
of new complex hydrocarbons from Indian 

pines and grasses and its identification. 
.During 1925-27 he was Professor of Organic 
Chemistry at the Indian Institute of Science, 
Bangalore. 

In 1931, he took up the Chair of Chemistry 
of the College of North Wales, Bangkor, from 
where in the same year he published an 
authoritative treatise on Terpenes. A year 
later, he was elected to the Fellowship of the 
Royal Society. He served as the First 
Director of Colonial Products Research, as 
secretary of the Chemical Society and a 
member of the Agricultural Research Council, 
and presided over the Section of Chemistry 
a t  the British Association. Among the many 
honours conferred on him were the Royal 
Society's Davy Medal and the first 
Fritzsche Award of the American Chemical 
Society. 
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AN INTRODUCTION TO CYBERNETICS by W. 
Ross Ashby (Chapman bi Hall Ltd., 
London ; Distributors : Asia Publishing 
House, Bombay), 1956. Pp. ix + 295. 
Price 36s. 

Cybernetics is a subject which has very useful 
applications in biological and sociological 
sciences. Biologists and sociologists, on the 
other hand, do not possess the knowledge of 
mathematics necessary for full understanding 
of the subject. This book, as the author 
states in the preface, has been written to 
remove this need; but in doing so the author 
has done much more than he states he wishes 
to do. .. 

The fashion of presenting a mathematical 
subject to people who do not know mathe- 
matics but have technical knowledge in some 
other subject in the so-called ' non-mathe- 
matical ' way often makes the subject lose 
not only its flavour but also its applicability. 
The style adopted by the present author 
is an exception to this. He has not avoid- 
ed the technicalities of mathematics but . 
has introduced the necessary mathematics 
through a series of definitions and exercises 
suitable for the subject. 

The way in which the mathematical intro- 
duction is dealt also should attract special 
attention of the reader. The author has not 
detached a few chapters from text-books of 
mathematics and put them in the first few 
chapters of his book. He has rewritten 
mathematics in a way which makes the moti- 
vation clear to a careful reader (a character 
which even the books on mathematics some- 
times lack) and has graded the exercises and 
definitions in a way suitable for his purpose 
and in doing so he has not lost the spirit of 
rigorous mathematics. Indeed, if one seeks 
the rigorous mathematics to the letter he 
will not find it in this book. For example, 
in exercise 2, page 13, the transformation 
is not unique. The author has made no 
attempt to go into this side of the question 
because it is the existence of formulae in 
general to which he wants to attract readers' 
attention. 

The book is divided into three parts. In 
the first part, which contains five chapters, 

the author develops the concepts necessary 
to establish the link between cybernetics 
and some very broad aspects of a machine 
(living or non-living) . 

In the second part, which contains only 
three chapters, the author deals with the 
relation of machine with information. He 
has dealt rather with the logical aspect of 
' information ' than its mathematical aspect. 
One would not find such a thing as the 
sampling or other usual theorems or formulae 
of ' information theory' here. I t  may be 
mentioned in this connection that the third 
chapter of ' Cybernetics ' by Prof. N. Wiener 
contains considerable amount of mathematics 
in connection with information theory. 

In the third part, which contains five 
chapters, the ideas of mechanism and infor- 
mation are applied to the study of regulation 
and control in biological systems. I t  gives a 
new account of the principle of ultrastability. 
The idea of honieostat is brought in as in the 
book Design of the Brain by the same author. 
Games and Strategy also have been touched 
upon. The author illustrates in the twelfth 
chapter of his book the isomorphism with the 
Game theory (the first book on this subject 
is by Neuman and Morgenstern) but there 
have been recently books by Mckinsey and 
Williams entitled Introduction to the Theory 
of Games and The Compleat Stratogyst res- 
pectively. 

An excellent compromise between the abs- 
tract and the concrete is the characteristic 
of the book. The machine described with 
diagram on page 239 will show well how 
the author goes into details to illustrate the 
relation between the subtle and abstract 
concepts on the one hand and their applica- 
tion to the concrete on the other. 

G. BANDYOPADHYAY 

SURVEY OF ROSE GROWING CENTRES AND 
ROSE INDUSTRY IN INDIA by V. Narayana- 
swami & K. Biswas (Publications Direc- 
torate, C.S.I.R., New Delhi), 1957. Pp. 
viii + 113. Price Rs. 7.50 

A survey of rose growing areas in India with 
the object of studying the existing conditions 
and suggesting measures for improving the 
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cultural and chemical aspects of the industry deposits were collected and their physical 
was carried out in a sponsored research and chemical properties examined thorough- 
scheme under the auspices of the Essential ly. The results of this survey have been 
Oils Research Committee, C.S.I.R. The recorded by the authors in the form of an 
results of the survey have now been compiled interim report in the book under review. 
and brought out in this publication. The book is dividcd into 6 chapters. In 

The publication consisting of 7 chapters, the introductory Chapter I are given the 
a bibliography and two appendices is well occurrence of limestone in India, methods 
illustrated with 7 black and white and 4 of its calcination and scope of the survey. 
coloured plates of roses. Chapter I traces The testing procedures adopted for the study 
the history of the rose plant and its distri- of the physico-chemical characteristics of 
bution. Chapter I1 deals with rose growing limestones, cluicklimes and hydrated limes 
centres, area under cultivation and produc- are detailed in Chapter 11. The following 
tion of rose and rose products, and manufac- tests were adopted: (i) Limestolze - Macro- 
turers in the States of U.P., Bengal, Madras scopic and microscopic characters, crystal- 
and Mysore. Classification of roses and their line form, colour, specific gravity, apparent 
description have been attempted in Chapter specific gravity, porosity, hardness, compres- 
111. Chapters IV and V give in detail the sive strength, physical change on calcina- 
soil, climate, irrigation, methods of cultiva- tion, calcination rate, nature of derived lime 
tion, pests and diseases, harvesting, yield and chemical composition. (ii) Quicklime - 
and prices of rose flowers in the various areas. Specific gravity, apparent specific gravity, 
Chapter VI is concerned with otto of rose and porosity, bulk density, colour, angle of 
rose products made in these regions, uses and repose, strength, rate of hydration and 
trade, and the summary and recornmenda- slakability. (iii) H ~ d m t e d  lime - Sieve ana- 
tions made as a result of the investigations lysis, bulk density, fatness, settling charac- 
are given in Chapter VII. A bibliography teristics of caustic sludge and causticizing 
of the important publications on rose and power. 
two appendices, one giving a list of horti- A detailed account of the characteristics 
cultural roses which have been collected and of 50 samples of limestones obtained from 
preserved a t  the Herbarium, Indian Botanic Rajasthan, Vindhya Pradesli, Bihar, Madhya 
Garden, Calcutta, and the other giving a Pradesh, Orissa, Saurashtra, Bombay, Hy- 
brief account of the rose industry in other derabad, Andhra, Madras and Travancore- 
countries, form useful additions to the publi- Cochin anti discussion of the results form 
cation. Chapter 111; Chapter IV is concerned with 

the characteristics of quicklimes and hydrat- 
HIGH CALCIUM LIMESTONES OF INDIA by ed limes obtained from the limestone samples. 

H. C. Bijabvat & S. L. Sastry (Publications Chapter V lists the specifications for lime- 
Directorate, C.S.I.R., New Delhi), 1957. stones ancl limes for use in different chemical 
Pp. viii + 117 industries and Chapter VI attempts a t  an 

Limestone is an important basic raw mate- assessment of the quality of the limestones 
rial for the chemical industry apart from its and limes in respect of their suitability for 
use in the agricultural, building, ceramic and various chemical applications such as cal- 
metallurgical industries. The information cium carbide, soda ash, caustic soda, bleach- 
so far available on the limestones of India ing powder, bottle glass, paper, textiles, 
is not sufficiently detailed to be of much use varnish, etc. Appendix 1 presents manu- 
to the chemical manufacturer. A compre- facturer's data relating to limestones and 
hensive survey of the high grade limestones limes consumed in different chemical indus- 
in terms of their significant chemical and tries in India. 
physical properties in the interests of the The publication is well got up containing 
rapidly developing chemical industry of the 70 tables of useful data and 22 illustrations 
country was thus felt badly and the National and is expected to serve as a handbook to the 
Chemical Laboratory, Poona, undertook such chemical industry in aiding for selecting the 
a survey in 1953. Characteristic and typical most suitable limestone for its particular 
samples from about 70 high grade limestone need. 
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Origin  of t h e  so la r  sys t em 

A NEW THEORY O N  THE O R I G I N  O F  
the solar system, which accounts 
for some characteristics of meteo- 
rites (including the diamonds 
found in them) and for the vary- 
ing densities of tlic plruicts, has 
been recently proposed by Prof. 
Harold C. Urey of the IJniversity 
of Chicago. According to this 
theory, solid objccts about tlie 
size of asteroids or the moon 
accumulated in a dust cloud very 
early in the history of the solar 
system (about 4500 million years 
ago) and played an important part 
in the formation of the planetary 
system and possibly the sun. 
These solid objects clumped toge- 
ther and were then heated either 
by free radical reactions or by the 
fall of these objccts through gases, 
t o  temperatures up  to 1500°C., 
sufficient to melt silicates and iron. 
After tens of millions of years dur- 
ing which they cooled to about 
500°C. they fell rapidly towards a 
gravitation centre when the sun 
was formed, with a gigantic disc 
composed of left-over gas and 
these solid objects. Melting of iron 
and silicates, the chief constituents 
of meteorites, could havc occurred 
during this proccss. These primary 
objects were then broken up I)y 
intense collisions reducing the solid 
material to fragments varying 
from tiny particles to the sizcs of 
meteorites. The gas ant1 dust in 
the giant solar disc were dissipated 
by solar light pressure and turl>n- 
lent gases and somc of the solid 
material was removed hy spiralling 
towards the sun. The plancts and 
asteroids were formed during this 
time (4300 million years ago). 
The separation of the silicates and 
metals in varying degrees during 
the process of hreak-up and rc- 
accumulation accounts for the 
different dcnsities of the planets. 
Meteorites are thc fragments re- 
sulting from a later hrcak-up of 
the re-accumulated objects. I t  is 
proposed that the ol)jects first 
formed must have clumped toge- 
ther before the formation of the 
solar system to account for tlie 
known properties of meteorites. 
Planets in the making, i.e. in the 
sense of large masses of gas and 
dust of the same composition as 

thc sun, did not occur until after 
the separation of thc metals and 
silicntcs in the primary solid 
ol)jccts. 'Slie moons circling the 
cart11 ;tnd other planets might also 
havc been formed by a similar 
process [Sci. News Lett., Waslt., 71 
(1957), 391. 

Neutron powder  
diffraction photographs  

A METHOD BASED ON THE USE OF 
neutrons in place of X-rays in the 
convcntionnl X-ray diffraction 
technique has been devised for 
taking pictures of atoms faster 
(exposure times 100 times shorter 
than for X-ray diffraction) and 
morc exact than is possible in the 
previous techniques. This deve- 
lopn~ent is particularly valuable 
for studying organic crystals which 
comprise 90 per cent of the known 
substances on earth and which are 
difficult to be detected by the X- 
ray method. In  this method, a 
heam of neutrons allowed to pass 
through the material to be ana- 
lysed is scattered or diffracted by 
tlie atoms of the substance. The 
diffracted neutrens strike a spe- 
cial fluorescent screen placed next 
to the film. The screen is made by 
embedding a phosphor in a thin 
layer of glass or plastic containing 
boron atom% When the neutrons 
collide with the boron atoms, 
powerful atomic particles are re- 
leased and cause light flashes on 
thc screen. These flashes are re- 
corded by the photographic film 
giving an exact picture of the dif- 
fracted neutrons [Sci. News Lett., 
Wash.. 71 (1956). 711. 

Radio  frequency me thods  
in chromatography 

RECTIFIED RADIO FREQUENCY 
method of locating zones of paper 
chromatograms avoids chemical 
treatment of the chromatogram, 
so that i t  is possible to extract and 
estimate the metals quantitatively 
after they have been located. 

A new solvent mixture, 2 ethyl- 
hexanol-methanol (3: 7) on What- 
man paper number 3 has been used 
a t  the Department of Chemistry, 
University of Sydney, for the 
separation of lithium, sodium and 
potassium. The time of develop- 

ment which was 23 hr. can be 
shortened to 18 hr. by  using tubes 
instead of a large tank to  house the 
paper strips. The strips are dried 
and allowed to condition in a high 
humidity (R.H. 95 per cent) tank 
for c. 30 min. The radio frequency 
conductance increases markedly 
with the dampness of the paper. 

The quantitative determination 
makes use of Blake's conducti- 
metric tube which is a thin-walled 
glass tube with external sleeve 
electrodes. The oscillatory current 
passes through the solution in the 
tube and is then rectified andmea- 
sured with a microammeter. In  
practice the microammeter is set 
a t  an  arbitrary zero for distilled 
water in the tube. The chromato- 
grams are then cut up so as to iso- 
late the three bands. The separate 
pieces are then soaked in a known 
amount of distilled water and the 
rectified radio frequency conduc- 
tivity of the resultant solutions 
measured. Standard chromato- 
grams of pure alkali metal chlo- 
rides are prepared and measured 
in the same way. Quantities of 
the order of 1 mg. of each of the 
alkali metals have been deter- 
mined with an accuracy of 1.0 per 
cent [Chern. 6 Ind., (1956). 14741. 

New solid-state oscil lator 

A NEW SOLID-STATE SPIN OSCILLA- 
tor which oscillates a t  microwave 
frequencies and operates under 
entirely new physical principles 
has been developed by Dr. Derrick 
Scovil and his associates a t  the 
Bell Telephone Laboratories. The 
development represents the first 
successful application to  the solid 
state of a new principle, called the 
MASER (standing for ' Microwave 
Amplification by Stimulated Emis- 
sion of Radiation ') principle 
which was first demonstrated for 
molecular beams in gases a t  the 
Columbia University in 1954. 

The principle on which the new 
oscillator operates is as follows: 
Normal electron spin states for 
the unpaired spinning electrons 
in a paramagnetic crystal lattice 
located in a magnetic field are 
such that the number in state 1 
exceeds the number in state 2, 
which in turn exceeds the number 
in state 3. When irradiated with 
sufficient microwave power of the 
appropriate frequency, transitions 
from state 1 to state 3 take place 
until the populations of these two 
are nearly equal (power satura- 
tion). Under these conditions, the 
population of state 2 can be made 
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greater than that of state 1. If 
a small signal is applied at  a fre- 
quency corresponding to the 
energy difference between these 
two, stimulated radiative transfer 
taltes place and a power gain can 
be realized. In the Bell Labora- 
tories experiment, the energizing 
frequency was 17,500 Mc/s. and 
the stimulated (signal) frequency 
was 9000 Mcls. 

Two pre-conditions for the 
above phenomenon to occur are 
the right choice of a single crystal 
of a solid-state material having 
certain specific characteristics and 
its dilution with an isomorphous 
diamagnetic substance to separate 
the metallic atoms sufficiently to 
reduce the electron spin interac- 
tion. Gadolinium ethyl sulphate 
was selected as the most suitable 
substance in this case, although 
other compounds from a whole 
group of " ionically bound para- 
magnetic salts " may serve even 
better for specific applications. 
Lanthanum ethyl sulphate was 
used as a diluent for the gadoli- 
nium salt and makes up about 99 
per cent of the finished crystal. 

The crystal was mounted in 
place in a waveguide cavity hav- 
ing two resonant frequencies, one 
equal to the frequency of oscilla- 
tion and the other equal to  thefre- 
quency of the energizing source. 
The sample occupied about 8 per 
cent of the cavity volume and was 
located a t  the ~ o i n t  of maximum 
magnetic field intensity. Thesam- 
ple and cavity were immersed in 
liquid helium a t  reduced pressure 
at  a temperature of 1~2°K. so that 
power saturation takes place with 
small amounts of energizing oscil- 
lator power and the population 
difference between the energy 
levels is increased. The 17,500 
Mcls. energizing oscillator signal 
was brought to the cavity through 
a rectangular waveguide and the 
stimulated radiation of 9000 
Mcls. was taken away by means 
of a strip guide mounted inside 
the rectangular waveguide. Mea- 
sured power output was up to 
20 W. - -  

The necessary separation of the 
electron spin energy levels was 
brought about by the application 
of a magnetic field (2800 oersted 
in the present case) properly align- 
ed with respect to the crystal. The 
frequency of the stimulated radia- 
tion can be tuned by altering the 
magnetic field, thereby changing 
the electron spin energies. 

Though this device is in the 
research stage, potentialities ap- 

pear to exist for adapting it to 
useful new microwave devices in 
the centimetre and millimetre 
wavelength regions. The working 
with electron spins in a paramag- 
netic crystal, basic to this type of 
operation, confers an advantage 
of very low noise compared to 
conventional microwave devices 
which depend on the motion of 
charged particles at  high tempera- 
tures. Theoretical estimates indi- 
cate that a noise figure corres- 
ponding to thermal noise at  5"- 
10°K. should be attainable. This 
is hundreds of times better than is 
now possible with conventional 
microwave circuitry. The oscilla- 
tor, with some modifications, can 
also be used, in principle, as an 
amplifier. If the low noise figure 
and the amplification, even by a 
small factor, of very feeble signals 
are realized in practice by using 
proper waveguide structure and 
adequate amount of the paramag- 
netic crystal, it is possible to 
amplify radio signals several 
hundred times weaker than those 
usable at  present. Thus the 
range of radio astronomy may be 
considerably extended and mark- 
ed improvements effected in long 
distance telephone and television 
communication across continents 
[Bell Telephone Laboratovies News]. 

Half-wave plate property 
of commercial cellophane 

IN THEIR EXPERIMENTS TO PRO- 
duce colours in unstained micro- 
scopic sections of decalcified teeth 
using commercial cellophane in 
conjunction with a polarizer and 
analyser, E. F. Fahy and M. A. 
MacCqnaill of the University 
College, Cork, Ireland, noticed that 
commercial cellophane can behave 
like a half-wave plate which, it  is 
suggested, may be due to a surface 
effect [Nature, Lond., 178 (1956), 
10721. In practice, cellophane, 
when viewed between two 'polars', 
shows slight colouration (which 
becomes marked with increasing 
thickness) which can be explained 
as a thickness effect in conjunction 
with ordinary and extraordinary 
ray velocities. The thickness effect 
makes it difficult to verify the half- 
wave plate property of cellophane 
precisely. Nevertheless, it has been 
observed by them that cellophane 
equally satisfies the tests for a 
half-wave plate with light of any 
colour, suggesting that the achro- 
matic half-wave plate property of 
cellophane is due to a surface 
effect. This property is being ap- 

plied in some histological studies. 
Polythene sheets also exhibit simi- 
lar properties to a lesser extent. 

Three-dimensional and 
two-phase illustrations 

THE FIRM INDUSTRIAL PHOTO- 
graphs Ltd., Sutton Coldfield, 
England, has produced interesting 
three-dimensional pictures, called 
'Vectographs', by a new method 
involving application of polarized 
light to produce the solid effect. In 
this method, the two component 
images of a stereoscopic picture are 
printed in superposition on either 
side of a transparent support. The 
nature of this support and the 
printing solution are such that two 
images are produced in which the 
original photographic densities are 
reproduced in varying degrees of 
optical polarization. The light 
passed by the first image is pola- 
rized perpendicular to that passed 
by the second. The composite 
picture is viewed through a small 
binocular analyser, the lenses of 
which are made of polarizing mate- 
rial with their directions of pola- 
rizations a t  right angles to each 
other; thus these two lenses act as 
filters, the left and the right images 
being visible only to the appro- 
priate eye, producing a striking 
three-dimensional effect. The che- 
mical structures of graphite, a 
shadowed carbon replicaof pearlite 
and a cone of Chamaecypavis law- 
sonia have been illustrated with a 
marked effect in this way. 

In another application of the 
process, well suited for educational 
purposes, pictures of two different 
aspects of the same subject suit- 
ably mounted in a frame are simi- 
larly superimposed. Each is visible 
by polarized light in one plane 
only and a polarizing filter is rotat- 
ed to show either image or both, or 
transition from one to the other. 
Pictures, 4f x 5 f in. in size, of the 
human skull and its associated 
muscles and tissues individually or 
superimposed, as desired a t  will, 
have been visually presented by 
this method. Alternatively the 
pictures can be used as slides and 
projected on to a metallized screen, 
in which case each member of the 
audience will have to wear a pola- 
rizing viewer [Nature, Lond., 178 
(1956), 9621. 

Supermendur - 
a n  improved magnetic alloy 

THE BELL TELEPHONE LABORA- 
tories, New York, have developed 



a new magnetic alloy with some
exceptional properties, e.g. higher
permeability and lower hysteresis
losses at higher flux densities, than
those of any hitherto available
material. This alloy, called 'super
mendur', permits reduction in the
size of the magnetic components
without loss of performance and is
ideally suited for use in such de
vices as magnetic amplifiers, pulse
transformers, power transformers,
etc., with improved performance.

Supermendur is similar in com
position (49 per cent iron, 49 per
cent cobalt and 2 per cent vana
dium) to 2 V-permendur. another
alloy developed by the Labora
tories earlier, but has superior pro
perties. The hysteresis losses are
reduced by a factor of 10. Maxi
mum permeability is 66,000 at
20,000 gauss; remanence, 21,500
gauss; coercive force, 0·26 oersted
and saturation, 24,000 gauss. Core
losses are below 6 W./lb. at 400 cis.
at 1,000,000 lines/in. flux density.
The hysteresis loop is rectangular
with a flux swing of 45,500 gauss
from minus remanence to plus
saturation.

These special properties have
been achieved by melting highly
pure commercial materials in a
controlled atmosphere and sub
jecting the resulting alloy to a
prescribed schedule of rolling and
heat treatment in a magnetic field.
The malleability of the material is
such that it can be rolle:! from 0·09
in. to 0·0003 in. without inter
mediate anneals and without loss
of ductility.

Supermendur tape, 0,002-0,004
in. thick, when used as power
transformer core can provide 30
per cent more output than the
hitherto best grain-oriented silicon
steel cores and permits 30 per cent
reduction in the core size and
weight for the same output. A
flux density of 140,000 lines/sq. in.
can be used without excessive
losses. The precipitous sides of the
hysteresis loop indicate that the
gain of a magnetic amplifier can
be increased as much as 80 per
cent over that obtainable with
grain-oriented silicon steel. Other
devices in which supermendur can
be used with advantage include
telephone receiver diaphragms and
switching and memory devices
[Bell Telephone Laboratories News].

Radiant heating of
dispersed particles

THE RESULTS OF A THEORETICAL

analysis of the temperature history

NOTES & NE\OVS

of dispersion of small spherical
particles subjected to a radiant
flux, carried out at the University
of Michigan. have application in
the ignition and combustion of
powdered coal and atomized fuels,
and in the attenuation of thermal
radiation from fire or a nuclear
fireball. The temperature of non
volatile particles rises rapidly to a
pseudoequilibrium value and final
ly rises more slowly as the finite
amount of air associated with each
particle is heated by conduction
from the particle. The tempera
ture difference within a particle is
negligible at all times. Expressions
are also derived for the rate of
evaporation and for the effect of
evaporation upon the temperature
of volatile droplets.

Illustrative calculations are pre
sented for dispersions of powdered
coal, dodecane and fog oil. A
dispersion of absorbing particles is
very efficient in transferring radi
ant energy to the surrounding air
[Industr. Engng. Chern., 48 (1956),
1819].

CU in sewer gas

DURING A STUDY OF THE SEWER

gas an anomalous high content of
C" in the carbon dioxide fraction
of the gas has been found at
the Naval Research Laboratory,
Washington.

Sewer gas samples piped direct
ly into the laboratory from a
sewage-treatment plant analysed
methane, 65-70 per cent and car
bon dioxide. 30-35 per cent, with
low percentages of nitrogen, oxy
gen, carbon monoxide and other
gases.

Carbon dioxide samples were
obtained by passing the sewer gas
through a sodium hydroxide solu
tion. The remainder of the carbon
dioxide was removed by suitable
absorbers. The carbon dioxide
free methane was converted to
carbon dioxide by passage over
hot copper oxide, and the carbon
dioxide was absorbed in another
sodium hydroxide solution. The
two fractions were further purified,
converted to acetylene, again puri
fied, aged to allow radon to decay
and assayed for C".

The results indicated that the
C" content of the methane frac
tion of sewer gas is in reasonable
agreement with that of wood.
However, the carbon dioxide
fraction has a C" content about
14 per cent higher than has
been found for contemporary bio
logical carbon. Since both carbon

dioxide and methane are presum
ably derived from biological de
composition, these results indicate
an entirely unexpected enrich
ment of the carbon dioxide frac
tion of sewer gas [Science, 124
(1956), 1252].

Heat of neutralization of
strong acids and bases

HEATS OF NEUTRALIZATION OF
sulphuric and hydrochloric acids
by sodium hydroxide have been
redetermined at the University of
Ottawa, using a microcalorimeter
of the Tian-Calvet type. The
range of concentration employed
was 5 X to-ON to 3 X to-ON, which.
is sufficiently low to permit an
accurate extrapolation to be made
down to zero concentration. The
extrapolated values obtained
were: H,SOo-NaOH, 13·48 ± 0·05
k. cal. per g. equiv. and HCI
NaOH, 1352 ± 0·05 k. cal. per g.
equiv. These values, which corres
pond to the process H 30++OH
...... 2H,O, are significantly h:gher
than the values of 13'32-13,37 k.
cal. obtained on the basis of pre-·
vious calorimetric studies in a
much higher concentration range.
The values agree well with those
calculated from electrochemical
data [Canad. ]. Chern., 34 (1956),
1677].

Estimation of platinum

DIMETHYLPHENYLBENZYLAMMO
nium chloride prepared by mix
ingequimolecular amounts of ben
zyl chloride and dimethyl aniline
and allowing the mixture to stand
at ordinary temperatures until
a crystalline mass is obtained,
precipitates platinum quantita
tively from tetravalent platinum
bromide solutions. Complete pre
cipitation is obtained in solutions
varying widely in concentrated
hydrobromic acid. The compound
formed is a stable ammonium type
salt, (C16H 18N).PtBra, and from
its weight, platinum can be calcu
lated. Commonly associated base
metals do not interfere. Platinum
can be determined in filtrates from
hydrolytic separation of other
platinum metals [Canad.]. Chern.,
34 (1956), 1683].

Determination of nitrogen
in coal and coke

DUMAS METHOD FOR NITROGEN
estimation has been modified at
the Central Fuel Research Insti
tute, ]ealgora (Bihar). to effect

245
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complete oxidation of the com- 
bustible matter in coal so that  no 
carbon monoxide or hydrocarbon 
collects in the nitrometer along 
with nitrogen. An active type of 
coprecipitated mixed catalyst and 
combustion aid are used. The 
method is simple to  operate and 
takes only & hr. even in the case 
of hard coke. The packing inate- 
rial can be regenerated and used 
for a large number of tests. 

About 0.25 g. of coal or 0.5 g. of 
coke which would give rise to  3-5 
ml. of nitrogen is mixed thorough- 
ly on a glazed paper with 10-15 g. 
of fine copper oxide and trans- 
ferred to the combustion tube. 
Carbon dioxide of 99.98 per cent 
purity is swept through the appa- 
ratus to  remove air. Careful con- 
trol is exercised in raising the 
temperature of the furnace (which 
is in two parts) to the combus- 
tion temperature (800"-850°C.) t o  
avoid vigorous evolution of nitro- 
gen. When the combustion is 
complete, the apparatus is flushed 
with carbon dioxide until the 
evolution of nitrogen in the nitro- 
meter stops. The volume of gas 
a t  atmospheric pressure, aque- 
ous tension of 50 per cent potas- 
sium hydroxide solution used in 
the nitrometer a t  the temperature 
of the experiment and barometric 
pressure are noted for use in the 
calculation of nitrogen in the subs- 
tance. A blank experiment is done 
without the sample with the same 
rate of flow of carbon dioxide for 
exactly the same time as taken for 
flushing the apparatus, after the 
experiment is over. The results 
with the modified method are 
closer to the theoretical values of 
per cent nitrogen in the samples 
than the results obtained bv the 
conventional method [FRI N ~ W S ,  
6 (1956), 491. 

Est imat ion of potass ium 
a n d  sod ium i n  coal a s h  

INVESTIGATIONS CARRIED OUT TO 
study the interference of alumi- 
nium, iron, calcium, magnesium. 
silicate and borate in the deter- 
mination of sodium and potassium 
in coal ashes and related silicate 
materials by the EEI, flame photo- 
meter have revealed that all these 
constituents except calcium cause 
negligible interference. The inter- 
ference of calcium can be elimi- 
nated by adding aluminium in the 
hydrofluoric-sulphuric acid mix- 
ture used to decompose the sam- 
ple. As the concentration of alu- 
minium increases, interference due 

to  calcium is reduced. A total 
aluminiun~ concentration of 600- 
900 p.p.m. is sufficient to suppress 
interference of as much as 40 per 
cent c;~lcium in 0.04 g. of salnl>lc. 
The method is extremely rapid 
and the determinations can be 
made in 1) hr. as compared to  
3 hr. in the snectroeranhic tech- <, . 
nique and 2 days in the gravi- 
metric method [J. appl .  Chem., 6 
(1956). 5471. 

Gibberell ins for  growth 

GIBBERELLINS, EXTRACTED FROM 
the fungus Gibberella fujikuroi, 
when sprayed on plants or trees 
in aqueous concentration of 1-50 
parts per million, double or even 
triple the elongation of the shoots 
within 3-4 weeks. 

So far three chemically differ- 
ent compounds, Gibberellin A,, 
C,,Hz40,; A,, C,,H,,O,; and A,, 
C,,H,,O, (also known as gib- 
berellic acid), have been isolat- 
ed and found effective in preli- 
minary crop testing. Out of 
these, gibberellic acid has been 
found most effective in increasing 
growth of crops. Treated with 
gibberellic acid, either alone or in 
combination with the other two, 
ornamentals such as geraniums, 
sunflowers and roses have grown, 
according to  initial experiments, 
from one-half t o  three times taller 
than cotnparable untreated plants. 
Heights of crop plants such as 
snap-beans, peppers and corn 
have doubled or tripled by similar 
application of the chemical. New 
growth of young forest trees such 
as willow, oak, tulip, poplar and 
maple was greatly increased by 
treatment with gibberellic a c ~ d  
[Chew&. 6- Engng. News, 34 (1956). 
44961. 

Results of large-scale experi- 
ments carried out on a variety of 
swards a t  four different centres in 
England show that  gibberellic 
acid increases the growth rate of 
all components of the swards. 
The nitrogen content of the grass 
was lowcred by about 2 per cent 
after treatment with the acid, so 
that the yield per acre of  crude 
protein did not increase to the 
same extcnt as the dry wcight 
yields. The initial growth res- 
ponse to  gibberellic acid was 
more rapid than that  to nitro- 
genous fertilizers. The difference 
persisted longer in spring and 
autumn than a t  other times 
of the year. Eventually, how- 
ever, the yields obtained with 
fertilizers became greater than 

those obtained with gibberellic 
acid. Experiments on arable crops 
showed that greater growth of 
aerial parts of the treated plants 
was not accompanied by in- 
creases in yield. For example, 
wheat treated in the early spring 
showed a rapid initial increase in 
growth rate, but the grain and 
straw yields a t  harvest were not 
greater than those of untreated 
plants. In  other experiments the 
yield of root crops, including 
potatoes, turnips and carrots, 
even decreased in spite of stimu- 
lation of the growth of tops 
[Nature, 178 (1956). 13561. 

Furfura l  f r o m  
sunflower seed husks  

A NEW ACID REDUCTION METHOD 
of obtaining furfural from sun- 
flower seed husks, described in 
Russian literature, employs hy- 
drolysis of the raw material in the 
presence of reducing agents, in- 
cluding sulphuric acid and sodium 
thiosulphate. The raw material 
analysed (on average) : cellulose 
34.6, pentosans 28.6, crude protein 
4.8 and lignin 26.9 per cent besides 
moisture and ash. 

The air-dried raw material (400 
g.) is placed in a 3-litre autoclave 
heated over the oil bath to 180"- 
240°C.. and then 9 g. of sulphuric 
acid added (with 391 g. water). 
Superheated steam is now intro- 
duced together with some thiosul- 
phate (200 ml.) added gradually 
throughout the process. As the 
temperature in the autoclave 
dropped to  178"-80°C. the valve of 
the blow-out is opened, and the 
furfural blown into the cooler. 
After 8 or 10 min. another 9 g. of 
sulphuric acid is introduced into 
the autoclave with 191 g. water. 
Whilst the blow-out still continues 
the temperature in the autoclave 
is raised to  200"-210°C. The second 
stage of the process lasts about 
10-12 min. with temperature 
gradually rising to 200"-240°C., 
where i t  is maintained for 5-8 min. 
Total time taken is 25-28 min. 

The condensate (1270 ml.) is 
neutralized with soda, sodium 
chloride added (400 g.) and the 
mixture distilled. The distillate 
(452 ml.) is saturated with soda 
and the furfural ether extracted. 
I t  is then redistilled in vacuo (120 
mm. Hg). The initial concentra- 
tion of sulphoric acid in the auto- 
clave declines gradually with the 
addition of thiosulphate. The 
results show that 4.6 per cent thio- 
sulphate concentrate gives maxi- 
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mum yield (76.2 per cent of theore- are accumulating a t  a vast rate, has been appointed head of the 
tical) [Chem. Prod., (I'eb. 1957), and descriptions of some available new section. 
841. n~;rcl~ines for the purpose are pre- 

Antibacterial  activity 
of chlorophyll  

A FRESH 10 PER CENT SOLUTION OF 
sodium potassium copper chloro- 
phyllin in sterile distilled water 
has been used to stutly the anti- 
bacterial activity of cl~lorol>hyll in 
vitro. The sensitivity of various 
organisms to chlorophyll was clc- 
termined by the p1;rt.e method 
and by making bacterial counts of 
organisnls growing in fluid medi:~. 

Chlorophyll inhibited the growth 
of sonle Gram-positive bacteria 
but had no effect on the 
Gram-negative organisms. Of the 
thirteen strains of the common 
wound contaminant Staph. azcretrs 
streaked over chlorophyll-Levin- 
thal agar, five were inhibited a t  a 
chlorophyll concentration of 1/800. 
seven a t  11400 and one a t  1/100. 
After a period of bacterioshsis, 
bacterial multiplication proceeded 
in the case of ;dl the conccntra- 
tions of chlorophyll tested. The 
activity of some antibiotics was 
potentiated by the presence of 
sub-inhibitory concentrations of 
chlorophyll [Brit.  med. J., 1;eb. 2 
(1957), 2681. 

Crystallographic 
appa ra tus  a n d  ma te r i a l s  

AS INDEX OF T H E  MANIIFACTIJRERS 
of apparatus and materials used 
in crystallography (24 pagcs) has 
been compiled and pnl)lishcd I)y 
the International Onion of Crys- 
t;rllography with the assistance of 
Unesco. 

The index consists of two pttrts. 
Part  I gives ;ln alphabetical list 
of apparatus and materials com- 
monly used in crystallographic 
work along with the names of the 
manufacturers. Part I1  contains 
addresses of the manufacturers. 

'' Science " Ins t rumen t  I s sue  

THE 26 OCTOBER 1956 ISSUE OF 
the American scientific weekly, 
Science, is devoted to a series of 
articles reviewing some of the out- 
standing developments in a nunl- 
ber of fundamental instruments 
and the techniques that made 
possible the vast progress in 
science and technology. 

In the first article the possibi- 
lities of the electronic con~puters 
and other appliances in handling 
scientific and business data which 

sented. 
The development of  methods of 

producing low temperatures has 
led to the introduction of a new 
branch of technology under the 
name Cryogenics, with applica- 
tions in bubl)le chamber, magnetic 
rcfriger;ttor, separation of hydro- 
gen iscltopes by distillation, etc. 
The problems and methods of 
instrumentation in this field are 
reviewed in the second article. 

The principles and design of the 
fixed tield alternating gradient 
accelerator, theory and techniques 
employed in some of the applica- 
tions of sonics encompassing the 
analysis, testing and processing of 
materials and products in industry 
and technology and the recent 
developments in phase-contrast 
microscopy during the last. two 
years arc discussed in subsequent 
articles. 

'She advantages of solar furnaces 
in high-temperature research and 
the design of such furnaces form 
the subject matter of another 
article. Other interesting articles 
on recent techniques and instru- 
mentation arc: New principle of 
closed system centrifugation; 
Low-level counting methods for 
isotopic tracers; Electronics for 
measuring human motion; Design 
study of a mega-curie source and 
I3endix time-of-flight mass spec- 
trometer. 

Dielectrics Section of NBS 

THE U.S. NATIONAL BUREAU OF 
Standards has recently establish- 
ed a new Dielectrics Section for 
fundamental investigation of the 
dielectric properties of matter. The 
pritnary ~~urpose  of this section 
will be to augment the present 
fund of knowledge in the field of 
dielectrics by conducting experi- 
mental and theoretical studies on 
substances which act as electrical 
insulators. The work of the new 
section will be complementary to 
that of the Radio Standards Divi- 
sion of the 13ureau's 13oulder 
1,;~t)oratories. Specific aspects of 
research to be taken up include 
the dielectric properties of poly- 
meric systems, and of standard 
substances, the d.c. conductivity 
of dielectrics, methods of increas- 
ing the accuracy of dielectric mea- 
surements on solids a t  audio and 
lower frequencies and funda- 
mental stodies on molecular and 
ionic crystals. John D. Hoffman 

A w a r d  of Doctorate Degrees  

THE FOLLOWING HAVE BEEN RE- 
cently awarded the 1'11.D. degree 
by the I'oona University: Laksh- 
man Vinayak Agashe (Dykes in 
neccan Trap  in a region between 
Poona and Khandala) ; and (Mrs.) 
Violet Bajaj (Phosphate metabolism 
of moulds). 

Announcements  

Alnir Ckand Trust Prizes, 1957 - 
Indian Council of Medical Re- 
search, on behalf of Colonel Amir  
Chand Trust, have announced four 
junior prizes of the value of 
Rs. 300 each to be awarded in 
1957 for thc best research papers 
in medical sciences including clini- 
cal research published in 1956. 
These prizes, to be known as 
' Shakuntala Amir Chand Prizes ', 
are open to graduates (medical or 
non-medic;~l) of not more than ten 
years' standing. 

'l'he award of the prizes will be 
announced in November/Decem- 
ber 1957. 

The candidates are required to 
submit 10 reprints of their papers 
published in 1956, to the Director, 
Indian Council of Medical Re- 
search, P.0. Box No. 494, New 
Delhi, so as to reach him ltot later 
than 1 August 1957. 

The papers should be accom- 
panied by a short biographical 
sketch and two copies of passport 
size photographs of the worker 
or workers concerned. 

National Fovmulary of India - 
Thc National I'ormulary Com- 
mittee recently constituted by the 
Government of India for compiling 
a National Formulary of essential 
drugs and their useful formula- 
tions have issued a questionnaire 
to  elicit information to be included 
in the Formulary. The Formulary 
will be mainly confined to  drugs 
and formulations of drugs covered 
by the Indian Pharmacopoeia. 
Replies to the questionnaire indi- 
cating which drugs and formula- 
tions should be included in the 
Formulary should be sent to the 
Secretary of the Committee, Dire-- 
torate of Health Services, New 
Delhi 2. 

The 7th International Colloqtcium 
on Spectroscopy, organized by the 
Association of Engineers of the 
Liege University, will be held in 
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LiBge, Belgium, in the second 
week of September 1958. 

INSTRUMENTS AND APPLIANCES 

ASCO 8030 MICROSCOPE 

The Andhra Scientific Co. Ltd., 
Masulipatam, have recently put 
on the market the ASCO 8030 
interchangeable monocular-bino- 
cular microscope (Fig. 1) which 
is specially designed for use in 
modern laboratories and is suited 
both for photo-micrography and 
prolonged microscopical exami- 
nations. The design permits easy 
and convenient conversion from 
monocular to binocular Ljody. 
The revolving nosepiece of the 

quadruple type is fixed in position 
and the tube guide ensures perfect 
alignment of both nlonocular and 
binocular bodies. 'She binocular 
body with inclined parallel eyc- 
piece tube is suited for normal 
vision and tlie eyes arc not strain- 
ed even in the case of prolonged 
microscopic work. The binocular 
body has an arrangement for set- 
ting the eyepiece tu1)cs to the 
correct intrrpupilary t1ist;tnce and 
provision is made in one of tlic 
eyepiece tubes for compensating 
for any difference in sight. !\ 
special time-saving stop makes 
i t  impossible to  rack the objec- 
tives against tlie slides. For focus- 
sing tlie objective, the coarse 
adjustment is raclced down to 

FIG. 1 - ASCO 8030 INTERCHANGEABLE MONOCULAR-BINOCULAR 
MICROSCOPE 

the stop with 10.3X objective 
in position and critical focussing 
is done by fine adjustment. Tlie 
other o1)jcctives will be found 
para-focal in this position. The 
optical equipment comprises 10X 
and 15 X eyepieces, achromatic 
o1)jectives 10.3X, 44X and 105X, 
oil immersion and a low power 
~~hject ivc  and an Abbe condenser 
(N.:\:, 1.2) with iris and swing- 
out filter holder. 

The study of nloving cells and the 
influence of their contacts with 
solid surf;~ces are i~iiportant to 
understand l)lie~iorncna like con- 
tact  guidance and contact inhi- 
bition. l'he slight penetration 
of light waves into a less dense 
medium when totally internally 
reflected a t  a glasslwater interface 
112s been made use of in designing 
a ' surfacc contact microscope ' 
lor such a study. 

Light from an intense mercury 
arc IXISSCS througl~ a slit and 
strikes the uppcr surfacc of an  
equilateral triangular prism. h 
cell susl)cnsion in water is mount- 
ed between an ordinary micro- 
scope slide and a coversli11 and is 
sealed witti immersion oil on the 
upper face of the prism. The inci- 
dent light strikes the upper sur- 
face of the glass slide a t  ;In angle 
greater than tlie critical angle and 
is totally reflected a t  tlie interface. 
Actu;illy the beam penetrates the 
less d e ~ ~ s e  medium slightly. If a 
cell of refractive index greater 
tll;~n that of water is moving on 
tlic surktce, tliose portions which 
make close contact with tlie sur- 
face of tlie glass enter the pene- 
trating beam and scatter light 
owing to tlie presence of minute 
inhomogeneities in thcir structure. 
When looked through the niicro- 
scope from the top, the regions of 
the moving cells in close contact 
with the glass arc seen brightly 
illuminated against a completely 
dark background, provided the 
incident bean1 is carefully shielded 
and the prism faces are clean. 

Besides, thc contours of the  cell 
surfaces can IIC explored by chang- 
ing the angle of incidence of the 
I)eani; this is possible because 
the degree of penetration of the 
incident beam decreases with in- 
creasing angle of incidence. In  
this way the areas of the cell which 
are illuminated are reduced even- 
tually to those regions which are 
almost in molecular contact with 
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the glass surface. Tlie effect is 
particularly well illustrated in the 
case of a filamentous mould. As 
the mould moves forward along 
the glass, 1)riglit waves of light 
move rapidly along its length. 
due to  the continuous changes 
in the points of adhesion l>etwecn 
the surface of the mould and 
the glass. Apart from its usr in 
biological studies, the microscope 
may prove useful for studying 
many other phenomena connected 
with the cohesive forces between 
surfaces [Nnlurc, I-ond., 178 (1956), 
11941. 

DIELECTRIC SPECIMEN 1-IOLDER 

The V.S. National Bureau of Stan- 
dards has recently devclopcd a 
versatile spccimen holder (to be 
used in conjunction witli a briclgc 
or resonant circuit), which is usef ul 
in the precision determination of 
dielectric constants, dissipation 
factors and thermal expansions of 
insulating materials, particularly 
tlie new plastics and ceramics 
developed in recent years for liigli 
temperature al)l)lications, over 
\vide ranges of temperaturc ant1 
frequency. 

The device consists of a pair of 
gold-plated elcctrodes made of 
stainless steel (to nlinirniar differ- 
ential thermal rsl~ansion),  c.  2 in. 
diameter, between which tlie spe- 
cimen is placed. The lower elec- 
trode is stationary and the upper 
electrode is movalde vertically to 
accommodate tlle spccimen thick- 
ness. Covered witli a silver elec- 
trostatic shield, tlic ;~sseml)ly is 
placed in an electric;~lly heated 
oven whose temperature is regu- 
lated within 0.5'C. A thermo- 
couple placed in a. holc in tlie top 
electrode measures the tempera- 
ture of the specimen. Tlie instru- 
ment can also be surrounded I)y a 
cooling unit for mcasuremcnts 
down to -40°C. The upper elec- 
trode moves only in a direction 
parallel to the axis of tlie elec- 
trodes. iZ micrometer a t  the bot- 
tom of the entire assembly mea- 
sures the relative position of the 
upper electrode. This arrangement 
reduces the pressure on the speci- 
men to  that of tlie weight of the 
frame and the electrode. 'l'lie 
pressure on the spccimen, if con- 
sidered still high, can be supported 
instead by tlie micrometer to 
avoid deformation of the speci- 
men. Residual thermal expansion 
can be determined by resting the 
upper electrode on the lower one 
and noting the change in micro- 

meter reading after equilibrium 
is established, a t  cvery operating 
temperaturc. Relow 1 Mc/s. thc 
errors arising from inductance of 
the leads in the dissipation factor 
and capacit;~ncc rne;lsurernents are 
negligible and can be easily 
evaluated to 10 Mcls. Tlie 
holder cannot be used above 10 
Mc/s. in view of the vicinity of its 
resonant frequency. The Iiolder 
can I)e used for d.c. measurcmonts 
also [Teclr. News /<till., Nut. Bnv. 
Strrltd., 41 (1957). 141. 

A precision apparatus for applying 
known volumes of liquids in dis- 
crete droplets to fabrics, filter 
papers and other test surfaces has 
been designed a t  the Suffield Ex- 
nerimental Station. Defrncc Rc- 

revolutions of a counter. One ml. 
is delivered for every 111 revolu- 
tions of the counter. The same 
spray area is used for all volumes 
(0.2-5 ml.) of liquid delivered; 
hence the plunger is set t o  deliver 
the required volume in exactly 
2 min. 21 sec. every time. With 
this arrangement, for the smallest 
volume the droplets fall 1.7 cm. 
apart and proportionately closer 
for larger volumes. Calibration is 
donc by collecting and weighing 
the amount of distilled water deli- 
vered a t  a fixed setting of the 
variable speed transmission for 
11 1 counter revolutions. The drop- 
lets delivered by the apparatus are 
very uniform.- Standard devia- 
tion expressed as a percentage 
of the mean stain diameter va- 
ried only from 0.5 to  4.3 for the 
six different sizes of droplets 
rCntznd. J. Tech.,  34 (1957), 3991. 

search Board, Raiston, ~ l b e r t a .  
I t  is also of value to research COuNTING TUBE 'OR PAPER 

workers in other fields. I ts  corn- CHROMATOGRAMS 
pact size permitting tlic whole 
assembly being fitted into a fume 

,cupboard where it can he opc- 
ratcd by remote control makes it 
particularly suita1)le for handling 
noxious chemicals. 

The apparatus employs a 5 ml. 
syringe fitted with a No. 27 gauge 
hypodermic needle; around the 
latter is fixed an air nozzle. The 
nluncrer of the svrincrc is de- . <. , L 7  

pressed automatically a t  a fixed 
rate and the droplet size, which 
can bc from 0.32 to 1.6 mm., is 
controlled by varying the air flow 
through the nozzle. The syringc 
with needle and air nozzle is 
mounted on a carriage which is 
movcd back and forth along a 
right- and left-hand threaded 
cam. When the carriage reaches 
either end of this cam, i t  is shift- 
ed forward by a small distance 
(0.3-0.9 cm.) by a shift and trip- 
ping dcvicc. 

After filling the syringe witli 
liquid and adjusting the plunger 
drive, tlie air is turned on. Tlie 
test surface, fastened to a small 
table, is placedinside thefumecup- 
board beneath the spray assem- 
bly attachment which is moved to 
tlie extreme right-hand end of the 
threaded cam and the cupboard 
door is closed. The motor driving 
the spray assembly is switched on 
when the drop-laying proceeds 
automatically giving a rectangle 
of droplets in 12 rows over an area 
20 x 7 cm. The rate of delivering 
the droplets is controlled by the 
variable speed transmission and 
thc volume is measured by the 

Improvements havc been made a t  
tlie T3rookhavcn National Labora- 
tory, New York, in the end- 
window counting tube used for 
directly assessing the activity of 
the radioactive compounds on 
paper chromatograms. 

The end window is constructed 
from Du-Pont Mylar of 0.25-mil 
thicknesswhich is stretched tightly 
across the end and clamped into 
position with a rubber '0' ring. 
Mylar is porous, and air can 
diffuse into the tube, so that a 
slow flow of quenching gas 
is kept running through the 
counting tube via the copper 
inlet. 

The male plug of an  Amphenol 
connector is machined into the 
top of the tube. A tungsten wire 
is connected to the anode, and the 
brass casing of the tube acts as 
the cathode. The male plug is 
then attached to the female plug 
of the connector with a 3 or 4 ft. 
flexible cable to  a scaler. With 
this convenient connector, several 
tubes can be kept in readiness and 
easily attached to  the cable or 
scaler. 

\Vith 'P-10' gas (90 per cent 
argon and 10 per cent methane) 
as quenching gas, counting can be 
done in 2400 V. The tubes show 
a good plateau (3 per cent rise for 
250 V.) between 2250 and 2500 V. 
If 'Q' gas is used, a good plateau 
is obtained around 1200-1500 
V. depending on the individual 
tube. The tubes are unshielded 
and give a background count of 
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60-70 counts per min. With both BIBLIOGRAPHICAL LIST OF relation to the carbohydrate 
C14 and S3" a ratio of disinte- P ~ p ~ " , ~ ~ U , " N ~ ~ , " { D s ~ ~ ~ ~ ~ $ ~ Y  content, Pvoc. Indian .4cad. Sci., 
grations to  observed counts of PERIODICALS 45 (1957), 101 
about 10 is obtained. The tube LONTIE, R. & BECKERS, G., The 
has also been used successfully reactivity of thiol groups in 
to count both 1'32 and tritium proteins. Part  111. Human, 
[Science, 124 (1956), 12531. Analytical 

bovine and horse serum-albu- 
mins. I. Indian chem. Soc.. 34 

MAGNETO- RESISTANCE 
DISPLACEMENT GAUGE 

The transverse magncto-resis- 
tance effect in indium antimonide 
has been successfully utilizcd a t  
the Services Electronics Research 
Laboratory, Baldock, Hertsford- 
shire, England, for the measnre- 
ment of small displacements. 

The displacement gauge design- 
ed is based on the fact that the 
mean field over, and hence the 
resistance of a strip of indium 
antimonide crystal moving rcln- 
tive to  a magnetic field with a 
strong field gradient in the dircc- 
tion of movement, is a function of 
its position. By making the anti- 
monide strip take up the displace- 
ment to be measured and dcter- 
mining the resistance of the 
crystal, the magnitude of the dis- 
placement can be estimated. 

To minimize errors due to  tcm- 
perature changes in this arrange- 
ment, two crystals are used which 
are rigidly connected together 
and so disposed that as the field 
in one increases, that in the other 
decreases. The two crystals form 
two arms of a Wheatstone bridge, 
the remaining arms of which con- 
sist of equivalent resistances. By 
adjusting one of these the bridge is 
balanced in the position of zero 
displacement. 

With such an arrangement, 
using crystals of size 2 x 2 x + mm., 
a deflection of 5 mm. on a galvano- 
meter for 1 of the stylus move- 
ment has been obtained, i.c. a 
magnification of 5000. The short- 
term zero stability is better than 
0-25 p. 

Using an a.c. bridge consider- 
able increase (10-100 times) can be 
attained in the sensitivity which 
will be limited only by perfec- 
tion in the mechanical mounting 
and the avoidance of residual tem- 
perature effects. The gauge in its 
direct form is particularly simple 
where remote reading or conti- 
nuous recording of results is rc- 
quired, e.g. in continuous moni- 
toring of foil thickness. The sen- 
sitivity can be quickly altercd 
by switching the feed current or 
by inserting shunts across the 
galvanometer [Nature, Lond., 178 
(1956), 11961. 
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68, L.H. column. line 4 in the 
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rials and methods: Escherichia 
gracilis should be read as Euglena 
gracilis. 



Progress  Repor t s  

CENTRAL RICE RESEARCH INSTITUTE 

TAE MAIN RESEARCH ACTIVITIES OF TIIE CENTRAL 
Rice Research Institute, Cuttack, during the year 
1954-55 are presented below: 

Agvonomy - Yield performance of 121 varieties 
grouped according to duration was tested in five 
varietal trials during the main crop season and that 
of 36 varieties during the second crop season. In 85- 
110 days duration trial, variety Ch. 62 which gave 
a yield of 2328 Ib. per acre was significantly supe- 
rior to the control (1964 Ib.). In 110-25 days trial, 
varieties PTB13, Cross-116, and MGL2 which gave 
2899 lb.. 2764 lb. and 2579 lb. respectively were 
significantly superior to the control (yield 2200 Ib.). 
In 125-40 days duration trial, T. 1879 which yielded 
3898 Ib. rice was significantly superior to the control 
(3250 lb.). Among the 36 varieties tested for the 
second crop season, variety Mtu. 15 which gave 
the highest yield of 1744 Ib. (cf. control 1092 lh.) 
matured 2-3 weeks later than the normal variety. 

Crop sequence experiments showed that ground- 
nut, cotton and gram are suitable for inclusion in 
the sequence of cropping with rice and groundnut 
crop and have a beneficial effect on the succeeding 
rice crop. 

I t  has been possible to grow three crops in an 
year by adopting the following sequence of cropping 
and judicious manuring: 

(1) First crop of a short duration variety (Ch. 
45) planted by middle of April and harvested by 
last week of June. 

(2) Second crop of medium dura.tion variety 
(T. 141) planted in main season from July to 
December.. 

(3) Third crop of short duration rice planted by 
the middle of Tanuarv and harvested bv earlv 
April. 

A total yield of 9298 Ib. of paddy per acre could 
thus be obtained. 

Botany - During the year the performance of 
243 cultures in the I?, generation belonging to 8 
cross combinations between three early varieties 
(Ch. 2, Sathika and T. 1031) and four late varieties 
(T. 90, T. 812, T. 1145 and T. 1241) was studied 
in a randomized replicated layout with 5 replications. 
While the flowering duration of the high yielding 
late parents ranged from 110 to 130 days, the F, 
cultures flowered within 100 days of sowing, 43 
of them being 30 days earlier in maturity. With 
regard to yield, all the cultures were significantly 
superior to the 3 early matnring parents but inferior 
to type 90 and 1242, the two best late maturing 
parents. The selections from the cross combina- 
tions of T. 90. T. 1031 and Salhika were mostly 
fine grained. 

The inheritance of anthocyanin pigmentations in 
the different plant parts was found to be controlled 
by 1-4 genes and varying ratios of pigmented to 
non-pigmented genes were obtained in different 
crosses with respect to a particular plant part. 

Chemistry - Periodical examination of soil for 
nitrogen status showed that after application of 

lime, NH,N status of treated plots increased con- 
siderably both in low and in medium land. The 
increase in yield was, however, observed only on low 
land soil condition, resulting in more ear-bearing 
tillers per plant, increase in height and higher yield 
of both grain and straw. 

Crops resulting from a manurial trial laid out in 
an area which had been continuously water-logged 
from the main crop season showed a stunted growth. 
poor tillering and stand. From the ammonification 
studies of soil from the area it is seen that the wet 
soil is incapable of ammonifying soil organic nitrogen 
and making it  available to  the crop. The soil 
from these fields when aerated, air-dried and again 
water-logged, produced far more NH-N than the 
wet soil without drying. 

Studies on the relative efficiencies of urea and 
ammonium sulphate in increasing the yield showed 
that urea, sub-surface placed a t  20 Ib. N per acre, 
was as efficient as ammonium sulphate deep placed 
on equal nitrogen basis both giving significant 
increases in yield (10 and 8 per cent respectively), 
over a control yield of 3759 Ib. per acre. Increase 
in protein content of grain was also obtained both 
with sulphate of ammonia and urea applications. 

Working on the Japanese method of rice culti- 
vation - effecting saline separation of under- 
developed and shrivelled seeds - the germination 
of most of the varieties was improved to the extent 
of 10-12 per cent. 

Entomology - During the year the highest per- 
centage of natural parasitization of gallfly grubs 
was during September-October (81.4 per cent). 
Soaking of seeds and irrigating the nursery with the 
organo-phosphorus insecticides was found to be 
superior to treating with chlorinated hydrocarbons 
for reducing the incidence of gallfly. Similar 
observations were made with respect to stemborers. 

THE BRITISH HYDROMEMANICS RESEARCH 
ASSOCIATION 

PRESENTED BELOW IS A BRIEF ACCOUNT OF THE 
research activities of the British Hydromechanics 
Research Association for the year 1955-56. 

Seals and glands - During the year under review 
investigations have been continued with seals for 
both rotary shafts and reciprocating shafts to 
understand how they prevent leakage. Several 
types of rubber reciprocating seals were tested and 
with each type peculiar leakage behaviour occurred 
with varying pressure on alternate strokes. In 
some cases nagative leakage occurred. These 
effects have been shown to be due to the formation 
of a thin film of oil beneath the seal. 

Flow - Tests on the flow of oil a t  high pressure 
through small orifices have shown that the discharge 
coefficient depends not only on Reynolds number 
but also on the cavitation number of the flow. 
Modified free streamline theory, when applied to 
calculate the effect of cavitation number on dis- 
charge coefficient. shows substantially higher values 
than the commonly quoted value of 0.61. 
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The determination of relative flow velocities in 
the transparent impeller test apparatus (by using 
a camera rotating on the same shaft as the impeller 
t o  photograph the paths of particles introduced 
into the water) has shown that the relative velo- 
cities are lowest near the pressure face of a blade 
and highest a t  the suction face. This difference 
in speed can become so great that, a t  lower deli- 
veries, a fixed eddy can be seen attached to the 
pressure face of each vane with backward flow near 
the vane. Below about half the normal flow, the 
flow is unstable both in time and between different 
blade passages. 

Some flow observations made in the volute of a 
centrifugal pump to provide data on the nature 
of the radial thrust forces that act on impellers a t  
off-design duties have shown that the radial thrust 
is influenced by slight changes in the casing design. 
At deliveries greater than normal, most of the 
energy losses take place in the conical diffuser, 
while the losses in the volute itself are comparatively 
small. 

Further studies on the prevention of swirl in the 
flow entering a pump intake have shown that 
measures designed to  reduce angular momentum 
in the sump are effective in reducing both the 
swirl in the pipe and the tendency for air-entraining 
vortices. 

Severe swirling in the suction pipe can also arise 
if the water flows through two bends in planes a t  
right angles to each other. The resulting flow was 
found to  be complicated, but consisted broadly of 
a main swirl and a subsidiary swirl both offset from 
the axis of the pipe. The maximum swirl angle 
was 10'-15". By using suitable guide vanes in 
the second bend, swirl from this cause could be 
eliminated completely. 

Transport of solid material - A three-cylinder 
reciprocating feeder has been designed for intro- 
ducing coal into a pipeline under high pressure. 
I t  handles 50-100 tonslhr. of 3 in. feeding tun-of- 
mine coal against low pressures. 

A small rotary-disc feeder, suitable for 3 in. 
pipes, has been constructed and tested. 

Alternative methods of feeding large solid par- 
ticles into high pressure pipelines are being explored, 
and one promising solution is a storage-type feeder 
operating on a much longer time cycle than the 
conventional machines. Problems connected with 
flow of solid/water mixture into and out of the 
storage vessels have been studied by means of 
transparent models and these experiments have 
suggested suitable shapes and sizes of vessel. Such 
a feeder makes use of valves to direct the flow of 
solid/water mixtures and tests are now being carried 
out to determine whether commercially available 
rotary plug valves would be suitable for continuous 
operation under these conditions. 

A new 1* in. bore pipe circuit has been constructed 
for the study of the flow and pressure losses of 
mixtures containing relatively fine material in the 
range where particle size has a considerable influ- 
ence on the pressure losses. 

THE BRITISH CAST IRON RESEARCH ASSOCIATION 

AN ACCOUNT OF THE RESEARCH ACTIVITIES OF THE 
British Cast Iron Research Association for the year 
ending 30 June 1956 is presented below: 

Cast iron - A statistical interpretation of the 
defects in K-bar test pieces obtained from a large 
number of crucible melts has been carried out. 
The influence of understressing on fatigue properties 
was negligible in pearlitic and flake graphite cast 
iron of relatively high tensile strength and nodular 
cast irons. I t  has been shown that tensile strength 
decreases with increasing silicon content due to a 
transition temperature phenomenon. The effect of 
variations in heat-temperature on the ferrite grain 
size of pearlitic nodular cast irons has also been 
studied and the appropriate treatment for the 
production of a fine size has been worked out. By 
refining the grain i t  is possible simultaneously to  
raise the ultimate and proof stress and to lower the 
impact transition temperature. The influence of 
trace elements on the mechanical properties of 
nodular cast irons a t  elevated temperatures has also 
been studied. 

Gases i n  cast iron -The influence of hydrogen in 
cast iron formed the major item of work during the 
period under review. The part played by hydrogen 
in the titanium/CO, process has been studied and 
the influence of the CO, has becn shown to be due 
to the elimination of hydrogen. 

Investigations on the factors influencing the 
structure of white, cast iron have shown that super- 
heating undercools the eutectic with the formation 
of an  acicular white iron structure. 

An apparatus has been built to study weight 
changes during the decarbonization of cast iron. 

A theory has been developed to explain the 
structure of ordinary grcy cast iron in terms of 
eutectic cell size and number. 

Corrosion - In conjunction with the British Ship 
Building Research Association, a shrouded anode to 
fit t o  propeller tailshaft so as to minimize pitting 
attack on cast iron propellers by means of cathodic 
protection has been developed. The extent t o  
which the shroud reduces the current output was 
also studied. A 1;tboratory apparatus has been 
constructed to study the decomposition of ethylene 
glycol and the depletion of corrosion inhibitors 
under conditions similar to those in the cooling 
passage of an engine. 

Mou1din.g and core sands - Using the principle of 
dielectric heating for sands of high temperature, 
the following variables have bcen studied: the 
grading of sand grains, the replacement of coal dust 
and wood flour by peat, the expansion of moulding 
sand, and the high temperature properties of sands 
containing coal dust and wood flour. In  connec- 
tion with the CO, process, the technique for the 
preparation of test pieces and their subsequent 
treatment with CO, has been established, and using 
this technique the influence of moisture content, the 
inclusion of inferior sand, silicate ratio, clay content 
and gas evolution have becn recovered. 



Separation of Nickel & Zinc from a 
Mixture of Their Salts : Part I1 - 
R e d u c t i o n  of N i c k e l  O x i d e  
R. A. SHARMA, P. P. BHATNAGAR & T. BANERJEE 
National Metallurgical Laboratory, Jamshedpur 

(Manuscript received 31 December 1956) 

A systematic study of the reaction between 
nickel oxide and carbon has been taken to 
procure data to be used in separating nickel 
and zinc from their oxides mixture by carbon 
reduction. Effect of temperature on the 
reaction using varied amounts and different 
types of reducing agents and nickel oxide with 
different previous history of formation has 
been studied. 

I N the pyrometallurgical extraction of 
zinc, zinc oxide is reducecl by carbon 
a t  c. 1000°C. The reduction tempera- 

ture being higher than the boiling point of 
zinc, the metal volatilizes and is recovered by 
condensation. Fine nickel powder may also 
be produced by the reduction of nickel oxide 
by carbon at 600°C. or above. I t  is, there- 
fore, expected that on heating the mixedoxides 
with carbon at c. 1000°C., zinc would distil over 
leaving a residue of nickel (metal) powder. 

Factors affecting the reduction of einc 
oxide by carbon were extensively studied by 
Hopkins and Adlington1. The present in- 
vestigation was, therefore, confined to the 
reduction of nickel oxide by carbon. 

Berthier, Richter and Erdmann2 prepared 
nickel metal in the laboratory by heating 
nickel oxide with charcoal in a covered 
crucible at  high temperature. Siemens and 
Halske3 reduced nickel oxide with carbon in 
an electric furnace. 

To study the reaction mechanism, and the 
optimum conditions for the reduction, ex- 
periments were carried out for reducing 
nickel oxicle with varying amounts and dif- 
ferent forms of carbon a t  different tempera- 
tures, in a stream of nitrogen. The gases 
evolved during the reaction were analysed 
for carbon dioxide and carbon monoxide. 

Experimental procedure 

Apparatus - The apparatus used (Fig. 1) 
was so designed that the gases evolved were 

removed immediately from the reaction zone 
and continuously analysed. The reaction 
mixture was contained in a silica boat within 
a platinum-wound tubular furnace; the tem- 
perature was controlled by a Sunvic energy 
regulator. Purified nitrogen was used to 
remove the evolved gases from the reaction 
zone. Nitrogen from the cylinder was freed 
from oxygen by passing over heated copper 
gauze and through alkaline pyrogallate solu- 
tion, and dried by passing through con- 
centrated sulphuric acid, phosphorus pent- 
oxicle and anhydrone, and purified from 
carbon dioxide by passing through soda 
asbestos. Purified and dried nitrogen en- 
tered the furnace a t  a controlled rate of c. 
one-third litrelmin. The reaction gases from 
the furnace were cooled and passed through 
anhydrone. Carbon dioxide was removed 
and estimated by passing the gas through 
weighed absorption bottles containing soda 
asbestos, after which oxygen was added and 
the gas mixture passed over heated platinized 
asbestos to oxidize carbon monoxide to 
carbon dioxide, which was subsequently ab- 
sorbed in soda asbestos and estimated. 

Two sets of absorption bottles for the 
estimation of carbon dioxide and carbon 
monoxide were connected to the furnace by 
three-way stopcocks, which enable either 
of the sets to be brought into the circuit. 
The length of the connecting tubes was kept 
to a minimum to limit the volume of gas left 
in the system when the carbon dioxide ab- 
sorption bottles were being weighed. 

Materials and methods 

Two samples of nickel oxide were used: 
(1) B.D.H. nickel oxide, and (2) oxide pro- 
duced freshly by roasting chemically pure 
nickel sulphate a t  750°C. The mean particle 
size of sample (2) was -100 mesh B.S.S. 
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Three different forms of carbon were used 
for reduction : (i) ordinary wood charcoal 
powder, (ii) lamp black, and (iii) activated 
charcoal. They were dried beiore use. The 
weight of nickel oxicle taken in the charge 
was kept constant (2 g.) while that of carbon 
was varied (0.25, 0-5 and 1.0 g.) in different 
experiments. 

The furnace was heated to the required 
temperature and purified nitrogen passed 
through the system to remove the residual 
gases. 

As the charge attained a high temperature, 
reduction started with the evolution of carbon 
monoxide and carbon dioxide. The reaction 
was continued till the carbon dioxide ab- 
sorption vessels attained a constant weight 
indicating that no more carbon dioxide or 
carbon monoxide was evolved. 

For determining the optimum conditions 
for reduction, the effects of different variables 
involved in the reaction on the reduction of 
nickel oxide and the ratio of CO: CO, were 
studied and are discussed below: 

Effect of the form of carbon - Two g. of 
nickel oxide were used for each reaction. I t  
was mixed with 0.5 g. of activated charcoal, 
lamp black or wood charcoal. The furnace 
temperature was maintained a t  1000°C. 

Table 1 gives the percentage of reduction 
achieved and the CO/CO, ratios for the clif- 
ferent forms of carbon used. Woocl charcoal 
was found to be most effective. The results 
obtained with lamp black are more or less 
similar to those with wood charcoal, but 
activated charcoal gives a very high ratio of 

TABLE 1 - REDUCTION OF NICKEL OXIDE USING 
DIFFERENT FORMS OF CARBON 

(Composition nf mixttirc: rVi0. '2 g.; c n ~ b o t r ,  0.5 fi.; p i d  rulc of 
nitrogen, one-third litre/min.; lemp., 10UWL.) 

TIME Co/COz R.\TIO IN 7 1 1 8  P J ~ R C ~ S N T A G I S  RI<IIUCTION 
mrn. OIJTGOING GAS U S I N G  OP NiO U S I N G  

,--A_.- - ----- 7 Acti- Lnr~lp W o o ( l  A c t l -  L a l ~ ~ p  W o o i l  
vated l r l a c k  charcoal v;ite(l b l ; ~ c L  charcoal 

c h a r c o a l  charcoal 

CO/CO, and the reaction takes a longer time 
for completion. 

Effect of the different types of oxides - The 
results in Table 2 show that freshly prepared 
nickel oxide is more reactive than the stored 
oxide, the CO/CO, ratio for the former being 
0.17 and for the latter, 0-8. 

Effect of temperature - The reduction of 
freshly prepared nickel oxide was studied 
a t  900°, 1000" and 1100°C. At 1100°C. the 
reaction was complete within 15 min., while 
a t  900°C. only 95.4 per cent of nickel oxide 
was reduced after 45 min. (Table 3). 

The CO/CO, ratio also increased as the 
temperature was raised. The value of CO/ 
CO, rose from 0.07-0.14 a t  900°C. to 0.65 
a t  1100°C. 

Though an appreciable amount of un- 
reacted carbon was left a t  900' and 1000°C., 
the rate of reaction slowed down considerably 
as reduction proceeded. 

Efect of carbon content - Freshly prepared 
sample of nickel oxide (2 g.) was reduced a t  
900°, 1000" and 1100°C. using 1, 0.5 and 
0.25 g. wood charcoal. 

At llOO°C., the reduction was complete 
within 15 min. when 1.0 or 0.5 g. charcoal 

TABLE 2 - REDUCTION OF FRESHLY PREPARED 
AND STORED NICKEL OXIDE 

(Cumposition o f  mixtrrre: NiO, 2 g.; wood charcoal, 0 . 5 ;  pow rate, 
one-third litrelmin.; temp., 1000°C.) 

TIME CO/C02 RATIO ( B Y  VOL.) PERCENTAGE 
nrtn. USING REDUCTION 

7 - - 7  
NiO Freshly 0 

(B.D.H.) prepared (B.D.H.) prepared 
NiO NiO 

TABLE 3 - EFFECT OF TEMPERATURE ON RATE OF 
REDUCTION OF NICKEL OXIDE 

(Composilion of mixture: NiO, 2 g . ;  wood charcoal, 0.5 g.; rate 
of porrr of nilvogen, one-third litrelmin.) 

Ten~r. T ~ E  CO/COI WT. OF % Ni R E D U C E D  
"C. mtn. RATIO UNREACTED REUUC- C c v ~ S u ~ E d  

( B Y  VOL.) CARBON TION 

g. 
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was used. At 900" and 1000°C., however, 
more than 60 per cent charcoal was left un- 
reacted. Only 70-80 per cent nickel oxide 
was reduced when 0.25 g. charcoal was used. 

At 1000°C. and above, the CO/CO, ratio 
is c. 3 when using 0.25 g. of charcoal, while 
a t  900°C. the ratio is 0.5-0.7, indicating that 
more CO is evolved a t  a higher temperature. 
A similar trend was observed when using 0.5 
and 1.0 g. of charcoal. 

Using 0.5 g. of charcoal a t  900" and 100O0C., 
95.41 and 98.46 per cent reduction was 
achieved in c. 40 min. Further reduction 
occurred on prolonging the reaction time 
or if the mass is cooled, crushed and again 
reduced. 

Discussion 

The following reactions are involved 
during the reduction of an oxide with carbon : 

XO+C = X+CO . . . . . . . . . . . (i) 
2XOSC = 2X+CO,. . . . . . . . . . (ii) 
XO+CO = X+CO, . . . . . . . . . . . (iii) 

C+CO, = 2 CO . . . . . . . . . . . . . (iv) 

In all these reactions, the rate of reaction 
increases with rise in temperature, and above 
700°C. rate of formation of CO by reaction 
(iv) tends to increase with rise of temperature 
and consequently high temperature should 
favour them. According to Hopkins and 
Adlington1, reduction of zinc oxide by carbon 
proceeds by reactions of types (iii) and (iv). 
It is expected that the reduction of nickel 
oxide also takes place mostly on these lines. 
Dannatt and Ellingham4, while supporting 
this view, pointed out that the reaction of the 
type (i) between two solids is not important, 
as it usually proceeds slowly in the gaseous 
phase, and that the reactions (iii) and (iv) 
predominate, the instantaneous ratio of 
CO/CO, depending on these two reactions 
under a given set of conditions. 

The results of the present study show that 
the rate of reduction of nickel oxide depends 
on the form and quality of carbon, quality of 
nickel oxide, and the temperature of reduction. 

The efficiency of reduction is lower with 
active charcoal than with wood charcoal. 

Freshly prepared nickel oxide is more 
reactive than stored nickel oxide which may 
be due to greater porosity of the former. 

When the carbon content of the charge is 
adequate, the weight of CO evolved, the ratio 
of CO/CO, and the rate of reduction increase 
with rise in temperature. The increase in 

CO content of the evolved gases with rise in 
temperature is due to reaction (iv) being 
accelerated. T l ~ e  reaction betwcen CO, and 
carbon being very slow a t  900°C., most of 
the gas is evolved as CO,, while a t  100O0C., 
the reaction is sufficiently fast and CO, 
evolved by rcactions (ii) ant1 (iii) further 
reacts with carbon according to reaction (iv) 
to produce more CO. The CO evolved then 
reacts with nickel oxide producing CO, and 
nickel powder and the cycle continues. 

At 900" and 1000°C. the rate of reduction 
slows down after 25-30 min. even though 
c. 60 per cent carbon is still present and com- 
plete reduction is not achieved. This is 
probably clue to entrapment of nickel oxide 
particles in the reduced nickel, stopping 
further reaction. l'urthcr reduction is ob- 
tained when the incompletely reduced charge 
is crushed and heated. 

The carbon content of the mixture also 
exerts an influence on the rate of reduction. 
When 0.25 g. of carbon is used, the total 
reduction does not exceed 70-71 per cent 
a t  1000" and 1100°C. (Table 4). The un- 
reacted carbon left at  1000" and 1100°C. 
when 0.25 g. of charcoal was used is c. 0.06- 
0.07 g. At 900°C., however, 88 per cent of 
nickel oxide is reduced though only 0.25 g. 
of charcoal was used. This is due to the 
greater proportion of CO, evolved at  900°C. 
than a t  higher temperature. The ratio of 
CO/CO, is 0.6 a t  900°C. and c. 3 a t  1000" and 
1100°C. The higher ratio of CO/CO, a t  
1000°C. and above is due to the reaction of 
carbon with carbon dioxide leaving com- 
paratively lesser carbon for further reaction. 
Using 0-5 g. charcoal the reduction is com- 
plete at  1100°C. and not a t  1000°C. or below. 

On decreasing the carbon-nickel oxide 
ratio, the reduction temperature in the range 
of 900"-1100°C. has no marked effect ex- 
cepting that the reaction rate is faster a t  
1100°C. The presence of excess carbon a t  
1100°C. favours the reaction (iv) as is evident 
from the increase in the volume of CO 
evolved. 

The increase in the rate of reduction a t  
900°C. with increase in carbon content of the 
mixture may be due to the solid phase re- 
actions (i) and (ii), as the reduction of CO, to 
CO by carbon is not appreciably fast at  this 
temperature as is indicated by the low CO 
content of the evolved gases. The presence 
of excess carbon helps the reaction to pro- 
ceed in the solid state. 
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TABLE 4 -REDUCTION OF NICKEL OXIDE WITH VARYING AMOUNTS OF CHARCOAL 

(W1. of NiO, 2 g . ;  pow rate of niltogen, one-third litrelmin.) 

WT. OF TIME C O / C O ,  RATIO WT. OF UNREACTBD % REDUCTION Ni R E D U ~ E D / C A R B O N  
CHARCOAL mtn. (UY VOL.) AT ("C.) CARBON AT ('C.) AT (OC.) CONSUMED AT ('C.) 

8. 7-----'------, C---h---7 r----'----? r- 
9U0 1000 1100 900 1000 11W 900 1OOO 1100 900 1000 1100 

At 1000°C. the increased rate of reduction References 
with increase in carbon content was also due 
to the reduction of CO, evolved by the excess 1. HOPKIN% D. W. & ADLINGTON* *. G.l Buzz- 

Inst. Min. Metall., Lond., No. 530, 1951, of carbon present. A greater part of the re- 101-16. 
duction may thus be taking place by the 2. MELLOR, J. W., A Comprehensive Treatise olz 
reaction (iii). At 1000°C. and above, how- Inorganic and Theoretical Chemistry, Vol. 15 
ever, the reaction (iv) is also fast. (Longmans, Green & Co., London, New York, 

Toronto), 1947, 33. 
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Beneficiation of Low Grade 
Fluorspar from Chandidongri 
Mines, Drug, Madhya Pradesh 
M. A. NARAYANAN & P. I. A. NARAYANAN 

National Metallurgical Laboratory, Jamshedpur 

(Manuscript received 17 October 1956) 

A fluorspar sample from Chandidongri 
Mines, Madhya Pradesh, assaying CaF,, 46.25 ; 
SiO,, 49.68; Pb, 0.68; Fe,O,, 0.33 ; Al,O,, 1.05 ; 
and S, 0.12 per cent with traces of CaCO,, Zn 
and Ba has been tried for beneficiation. 
Quartz, constituting about 50 per cent by 
weight, was the principal gangue mineral and 
was intimately associated with fluorspar. 
Small amounts of cerussite, galena, ochre, 
felspar and clay were also present. 

Hydraulic classification followed by tabling 
of the ground sample produced a concentrate 
assaying 83.81 per cent CaF, with 35.6 per cent 
recovery. 

Flotation of lead employing xanthate follow- 
ed by fatty acid flotation of fluorspar produced 
first a lead float assaying 15-15 per cent Pb  
with a recovery of about 82.5 per cent. Fluor- 
spar was then floated. Four cleanings of the 
fluorspar rougher float yielded a fluorspar 
refloat concentrate assaying CaF,, 96.6; Pb, 
0.06; SiO,, 3.6 ; Fe,O,, 0.13 per cent and traces 
of S, with an actual recovery of 77.9 per cent 
CaF, in the product and a higher expected 
recovery. By repeated cleanings, i t  is possible 
to further reduce the silica content to yield 
a refloat concentrate conforming to the speci- 
fications laid down for chemical and ceramic 
grades of fluorspar. 

A SAMPLE of low grade fluorspar from 
Chandidongri Mines, Drug District, 
Madhya Pradesh, was received from 

the Director of Geology and Mining, Govern- 
ment of Madhya Pradesh, for beneficiation 
tests. 

The U.S. National Stockpile specifications 
for the various grades of fluorspar are given 
in Table 1. 

The sample which was received in lumps 
5-6 in. in size was stage crushed to -8 mesh 
for various tests. 

Petrologically, the sample consisted of 
fluorspar in various shades of colours, viz. 
violet, green, yellowish and white. Quartz, 
constituting about 50 per cent by weight, 
was the principal gangue and was finely 
interlocked with fluorspar. The -8 mesh 

sample was sieve analysed and sink and float 
tests performed separately with each of the 
fractions using acetylene tetrabromide (den- 
sity, 2.9). The results are given in Table 2. 

Study of various fractions under micro- 
scope indicated that fluorspar and quartz were 
interlocked in both the sink and float frac- 
tions up to 48 mesh. At finer sizes, better 
liberation was achieved with a correspond- 
ingly lesser number of interlocked grains. 

The other gangue minerals present in 
small amounts were cerussite, galena, ochre, 
felspar and clay. 

The sample assayed Cal?,, 46.25; SiO,, 
49.68; Fe,O,, 0.33; S, 0-12; Pb, 0.68; and 
A1,0,, 1.05 per cent. Besides, traces of 
CaCO,, Zn, Ba and Cu were present. 

The specific gravity of the -8 mesh 
sample was 2.84. 

Pure fluorspar contains 51.1 per .  cent 
calcium and 48.9 per cent fluorine, and has 
a specific gravity of 3.18 and a hardness of 
4 according to Mohs' scale. The difference 
between the specific gravities of quartz and 
fluorspar is not appreciable enough to pro- 
duce high grade fluorspar concentrate by 
gravity methods. However, tabling test 
was first performed after hydraulic classi- 
fication. In subsequent tests flotation 
methods were employed under varying con- 
ditions. 

Results 

I'ablifig - The -8 mesh sample was roll- 
crushed to -48 mesh and classified in a 
hydraulic classifier into 5 fractions, viz. 
coarse, medium 1, medium 2, fine and slime. 
Each of the four sand portions was separately 
tabled. The results are given in Table 3. 

These concentrates, when mixed, assayed 
83.81 per cent CaF, with a recovery of 35.6 
per cent CaF, in the mixed product. Though 
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TABLE 1 - SPECIFICATIONS FOR FLUORSPAR 

Metallurgical 
Grade A 
Grade B 

ASSAY, % SIZE 

Ca?, CaCO. SiO, Fe,O, Pb Zn S 
mm. m x .  max. max. max. max. m x .  

70' - - 0.5 - - -1 in. and not more 
60' - - - 0.5 - thanl5,- 1 6 m s h  

(U.S. sieves) 

Chemical 
Acid grad? !)7t 1.23 1 .5  - - - 0-03 100 mesh (U.S. 
Cryolite grade 97t t 1 .1  0.25 0.2 0.2 0.03) -sieves) 

Ceramic 05-08 1.00 2-30 0.12 - - - -100 mesh (U.S. 
sieves) 

'Effective CaF, is calctllated by deducting 2% from the contained CaF, for cach 1 %  of silica present. 
tCaF, may he !)5% (Inin.) provided the availal)le CaF, is not less than 91%. Available Cali, is calculated by deducting 

1 %  fronl the total for each 1 in. SiO,. 
:May be 95% (min.) provided CaCO, is 1% (nlin.) and CaCO, is not less than 1.5% for each 1% and CaF, is below 97 %. 

TABLE 2 - SIEVE ANALYSIS AND SINK AND 
FLOAT TESTS 

SIZE SIEVE SINK A N D  FLOAT TESTS 

(mesh) ANALYSIS AT SP. CR. 2.8 
(DY WT.) ,-&-Y 

0, 
10 Sink Float 

Yo % 

TABLE 3 - TABLING 

Yo -- 7 
Assay Distrillut~on 

% Ye 

Coarse 
Concentrate 
Middling 
Tailing 

Medium 1 

Concentrate 
Middling 
Tail~ng 

Medium 2 

Concentrate 
Middling 
Tailing 

Fine 
Concentrate 
Middling 
Tailing 

Slime 

Feed 

TABLE 4 -SIEVE ANALYSIS 

SIZE 
(mesh) 

TABLE 5 -FLOTATION USING TAP WATER 

WT. CaF, 
% 

Assay ~istribution' 
% % 

Float 41.8 83.28 80.5 
Tailing 55.2 16.35 19.5 

Feed 100.0 46.33 100.0 

some concentration was achieved by tabling, 
the grade of concentrate and recovery were 
not satisfactory. 

Flotation (employing tap water)-The -8 
mesh sample (500 g.) was ground with 
500 ml. tap water in a rod mill and classified. 
The different fractions obtained are shown 
in Table 4. 

The ground sample was floated in a 500 g. 
flotation cell using a solution containing 
sodium carbonate (1 Ib./ton), sodium silicate 
(2 lb./ton) and a 1 : 1 mixture of oleic acid 
and sodium hydroxide (2 lb./ton) as the 
floating reagent. The conditioning and float- 
ing times were 2 and 6 min. respectively. 
The results are given in Table 5. 
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Flotation yielded nearly the same grade 
of concentrate as that obtained by tabling 
but recovery had considerably improved. 

Microscopic examination of the tailing 
showed that it contained a fairly large 
amount of fluorspar grains interlocked with 
quartz. 

Flotation after desliming (employing tap 
water)- Flotation was carried out under 
similar conditions as above except that the 
flotation feed was deslimed and the flotation 
time was 4 min. instead of 6. The results 
are given in Table 6. 

In spite of removing 23 per cent by weight 
of slime with a loss of 24.8 per cent fluorspar 
in it, the fluorspar concentrate as well as 
tailing were of almost the same grades as 
obtained in the test without desliming. The 
fluorspar recovery in the concentrate was 
also very low indicating that desliming the 
feed does not lead to better flotation. 

Flotation using finer feed (tap water) - 
The flotation conditions were the same as 
in the case of -8 mesh sample except that a 
finer flotation feed was used. The fractions 
obtained on sieve analysis of the ground ore 
are shown in Table 7. 

The results of the test are given in Table 8. 
Though finer grind yielded nearly the same 

grade of concentrate as from the coarser 

TABLE 6 -FLOTATION AFTER DESLIMING 

Float 
Tailing 
Slime 

Feed 100.0 46.97 100.0 

TABLE 7 - SIEVE ANALYSIS 

SIZE WT. 
(mash) % 

TABLE 8 -FLOTATION USING FINER FEED 

PRODUCT WT. CaF, 

% z&---k- 
% % 

Float 49.8 84.07 89.5 
Tailing 50.2 9.82 10.85 

Feed 100.0 46.79 100.0 

grind, the tailing loss was reduced from 19.5 
to 10.5 per cent CaF,. 

1;lotation employing distilled water - The 
test was performed under conditions similar 
to those in the previous test except that 
distilled water was used and the quantity of 
reagent added was less. Oleic acid-sodium 
hydroxide (1 : 1) mixture (1.5 Ib./ton) was 
added and flotation time was 4 min. 

The results are given in Table 9. 
Flotation was much faster when distilled 

water was used and a larger quantity had 
floated in a shorter time in spite of the lesser 
quantity of the collector used. A much 
cleaner tailing was also produced with a 
loss of only 1.7 per cent CaF, in it. I t  
should be possible to improve the grade of 
concentrate by repeated cleanings. 

Effect of varying quantities of modifying 
agents on jZotation - Flotation was carried 
out using different quantities of the modi- 
fying agents. In each case, the pulp was 
conditioned for 2 min. and the froth removed 
for 4 min. using the oleic acid-sodium hydro- 
xide ( 1: 1) mixture (1.5 lb./ton) as froth 
collector. 

The results are given in Table 10. 
The fluorspar loss in the tailing obtained 

when the sodium carbonate-sodium silicate 
ratios in the modifier was 2: 2 and 1 : 3 was 
higher than with the ratio 1: 2, though the 
concentrates were of slightly better grades. 
The optimum quantities of sodium carbonate 

TABLE 9 -FLOTATION USING DISTILLED WATER 

Float 
Tailing 

Feed 

TABLE 10 -EFFECT OF VARYING QUANTITIES OF 
MODIFYING AGENTS 

COMPOSITION OF PRODUCT WT. CaF, 
THE MODlVYlNO 

AGENT 

yL--, 

% TsX 
% bution 

Sodium Sodirlm 
carbonatc silicate 

% 
lb./ton lb./fon 

Float 858.9 76.10 97.4 
1.0 3 .0  h a l i n g  41.1 2.57 2.6 

Feed 100.0 45.!)!l 1Ml.O 
Float 61.8 73.13 98.3 

1.0 2 - 0  h a i l i n g  38.2 2.07 1.7 
Feed 100.0 46.17 100.0 
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and sodium silicate to be added are there- 
fore, 1 Ib. and 2 Ib./ton of ore respectively. 

Flotation at higher temfierature - The -8 
mesh sample was ground to 57.7 per cent 
-200 mesh and floated in a 500 g. flotation 
cell, maintaining the temperature of the pulp 
between 55" and 60°C. The modifying agent 
had the composition: sodium carbonate, 1 ;  
sodium silicate, 2; and oleic acid-sodium 
hydroxide (1 : 1) mixture, 0.4 lb./ton. The 
conditioning and floating times allowed were 
2 and 4 min. respectively. 

The results are given in Table 11. 
Flotation was much faster a t  the higher 

pulp temperature. The reagent consump- 
tion was also reduced from 1.5 to 0.4 lb./ton 
of ore. The tailing loss was slightly higher 
than before but it could be brought down to 
c. 1.7 per cent CaF, by slightly increasing the 
time of flotation. 

Xanthate jlotation followed by soap jlota- 
tion - As the ore contained galena and 
cerussite, whose presence even in small 
amounts is undesirable in fluorspar concen- 
trate, lead was first floated off using xanthate 
and subsequently a fluorspar concentrate 
was obtained employing fatty acid. 

The -8 mesh sample was ground to 57.7 
per cent -200 mesh and floated under the 
conditions shown in Table 12. 

The results of flotation are given in Table 
13. More than 85 per cent of the total lead 
was removed in the first float for the loss of 
7.7 per cent of fluorspar therein. 

Flotation was next tried under similar 
conditions except that 1 lb./ton of sodium 

TABLE I1 - FLOTATION AT 55"-60°C. 

PRODUCT WT. 
0,  

CaF, 
1" 7 - 7  

Assay Distribution 
% 76 

Float 66.2 77.14 96.2 
Tailing 43.8 3.08 3.8 

Feed 100.0 45.08 100.0 

TABLE 12 -FLOTATION CONDITIONS 

REAGENT QUANTITY CONI)I- PLOTA- PROI)UCT 
16.lton T I ~ N I N G  TION 

T I M E  T l M E  
min, min. 

Sodillm carhonate 
Sodillrn sulphirlc : - - 
Potassillrr~ rthvl 0.30 2 - - 

xanthate 
Pine oil 0.24 - 3 Lead float 
Sodiun~ silicate 2.110 2 - - 
Oleic acid-sodium 1.50 - 4 Fluorspar 

hydroxide mix- float 
ture (1:  1) 

TABLE 13 -- FLOTATION USING XANTHATE 
FOLLOWED BY FATTY ACIDS 

Lead float 7.1 51.0 8.2 7 .7  86.0 
Fluorspar float 

54.9 7;: ; ~ } ( c a O ; l ~ ~ ~ e c , , ~ :  i} 14.4 Tailing 38.0 

Peed 100.0 46.91 0.68 100.0 100.0 

TABLE 14 -FLOTATION CONDITIONS ' 

REAGENT QUANTITY CONDI- FLOTA- PRODUCT 
Ib./lon ~1oNlNc T I O N  

TIME TIME 
mzn. win.  

Sodium carhonate - - 
Sodilnrr silicate } 
Sodium sulphide 1.00 5 - - 
Potassiu111 ethyl 0.30 2 - - 

xatlthate 
Pine oil 0.24 - 3 Lead float 
Sodiu~n silicate 1.00 2 - 
Oleic acid-sodiani 1.50 - 4 Flilorspar 

hydroxide .mix- float 
turc (I: 1) 

TABLE 15 - FLOTATION USING XANTHATE 
FOLLOWED BY FATTY ACIDS 

Lead float 3.6 42.00 14.27 3.3 75.3 
Fluorspar float 57.1 70.67 0.15 05.3 12.6 
Tailing 30.3 1.67 0.21 1 .4  12.1 

(calculated) 
Feed 100.0 45.01 0.08 100.0 100.0 

silicate was added before flotation of lead 
and the remaining 1 lb./ton of sodium silicate 
was added before flotation of fluorspar. The 
flotation conditions are given in Table 14 
and the results of flotation in Table 15. 

The addition of sodium silicate prior to 
sodium sulphide addition produced a better 
grade of lead float. The loss of fluorspar in 
i t  was also reduced to 3.3 per cent. The 
fluorspar float was of almost the same grade 
as in the previous test and with an improved 
recovery of 95.3 per cent CaF,. 

Rejotation - Optimum conditions having 
been determined for flotation of lead and 
production of a rougher fluorspar concen- 
trate, 4 reflotations of the rougher concen- 
trate were done next to yield a high grade 
of fluorspar concentrate. 

The conditions for the removal of lead and 
for primary flotation of fluorspar, were the 
same as in the previous test. The fluorspar 
rougher float was refloated for 2 min. using 
0.5 lb./ton of sodium silicate. The first re- 
float concentrate was again cleaned under the 



5. SCI. INDUSTR. RBS., VOL. 16A, JUNE 1957 

TABLE 16 - REFLOTATION 

Lead float 3.7 37.20 15.15 3.0 
Fourth refloat fluorspar 37.5 96.60 0.06 . 77.0 

concentrate 
Fourth refloat tailing 3 . 5  73.20 - 5 . 5  
Third refloat tailing 8.3 40.80 - X.  !I 
Second refloat tailing I 19.60 - 4.6 
First refloat tailing- 3.1 5.!l:, - 0 . a  
Pnpary tailing 37.8 2.20 - 1 . 8  

Feed 100.0 46.17 - 100.0 

TABLE 17- SIEVE ANALYSIS 

SIZE 
(mesh) 

same conditions. The second and third re- 
float concentrates were also similarly cleaned 
yielding a final refloat fluorspar concentrate. 

The results are given in Table 16. Four 
cleanings of the rougher float yielded a high 
grade of fluorspar concentrate assaying CaF,, 
96.6; Pb, 0.06; SiO,, 3.6; Fe,03, 0-13 per cent 
and traces of S, with a fluorspar recovery of 
77.9 per cent. The recovery would be higher 
when the various refloat tails are returned 
to the flotation circuit. The results of 
sieve analysis of the concentrate are given in 
Table 17. 

By repeated cleanings, the silica content 
can be reduced to yield a final refloat con- 
centrate conforming to the specifications laid 
for chemical and ceramic grades of fluorspar. 

About 82 per cent of the lead in the ore 
was recovered in the lead float assaying 
15-15 per cent lead. The grade of lead con- 
centrate can be improved by cleaning the 
rougher concentrate. 

Summary and conclusion 

The sample of low grade fluorspar from 
Chandidongri Mines, M.P., assayed CaF,, 
46.25; SiO,, 49.68; Pb, 0.68; Fe,O,, 0.33; 
A1,0,, 1.05; S, 0.12 per cent with traces of 
CaCO,, Zn and Ba. Quartz was the princi- 
pal gangue mineral constituting about 50 per 
cent by weight and was found to be finely 
interlocked with fluorspar. Cerussite, galena, 
ochre, felspar and clay were the other 
gangue minerals present in small amounts. 

Tabling after hydraulic classification of 
the sample ground to -48 mesh produced 
a combined table concentrate assaying 83.81 
per cent CaF, with a recovery of only 35.6 
per cent. 

Flotation after grinding the ore to 37.1 
per cent -200 mesh and using tap water 
produced a concentrate assaying 83.28 per 
cent CaF, with a recovery of 80.5 per cent. 
There was a loss of 19-5 per cent Cal', in the 
tailing. Desliming tlie flotation feed did not 
improve the results. When a finer feed 
(57.7 per cent -200 mesh) was employed, 
the tailing loss was reduced to 10.5 per cent 
CaF,. 

Use of distilled water and lesser quantity 
of reagent reduced the tailing loss to 1.7 
per cent. Flotation was much faster than 
before and a larger quantity, though of a 
slightly poorer grade (73.43 per cent CaF,), 
floated in lesser time. 1;lotation was still 
faster when the temperature of the flotation 
pulp was maintained a t  55'-60°C. The re- 
agent consumption was reduced considerably 
for almost the same grade of concentrate. 
One lb. sodium carbonate and 2 lb. sodium 
silicate per ton of ore were found to be the 
optimum quantities of modifying agents to 
obtain the best results. 

Flotation of lead followed by flotation 
of fluorspar yielded a lead float assaying 
8.2 per cent lead and 51.0 per cent CaF, 
with a recovery of 85.6 per cent lead. 
The loss of fluorspar was reduced to 3.3 
per cent CaF, in a product assaying 
CaI;,, 42.0 and Pb, 14.27 per cent when 
sodium silicate was adcled in two stages, 
i.e. before lead removal and before fluorspar 
flotation. The rougher fluorspar float assay- 
ed 76.67 per cent CaF, and 0.15 per cent 
Pb  with an improved recovery of 95.3 
per cent CaF,. 

Flotation of lead followed by cleaning the 
rougher fluorspar concentrate four times 
yielded a refloat concentrate assaying CaF,, 
96.6; Pb, 0.06; SiO,, 3-6; Fe,O,, 0.13 per cent 
and traces of S, with an actual recovery of 
77.9 per cent CaF, and a higher expected 
recovery. By further cleanings it should be 
possible to reduce further the silica content 
to yield a final concentrate conforming to the 
specifications laid for chemical and ceramic 
grades of fluorspar. 

The lead concentrate assayed 15-15 per 
cent Pb and 37.2 per cent Cali, with a lead 
recovery of about 82.5 per cent. 
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Bonding Characteristics 
of Rajasthan Bentonite 
- -- 

13. V. SOMAYAJULU & B. R. NIJHAWAN 
National Metallurgical Laboratory, Jamshedpur 

(Manzucripl received 10 January 1957) 

The bonding characteristics of a sample of 
bentonite from Rajasthan have been deter- 
mined. Optimum strength, permeability and 
shatter index values are obtained by working 
at about 2 per cent moisture content for green 
sand moulding and at about 5 per cent for 
dry sand moulding. 

Mixtures of bentonite and Rajmahal sand 
containing 5 per cent of the former are suit- 
able for light and medium steel castings in 
the green and dried conditions. 

A SAMPLE of Rajasthan bentonite was 
received from Mcssrs Tata Locomotive 
& Engineering Co. Ltd., Tatanagar, 

to study its bonding characteristics. The 
sample was in the form of lumps 2-3 in. in 
size. As received, the sample was pale 
yellow in colour and contained 7-74 per 
cent moisture. The sample was crushed to 
c. $ in. size in a jaw crusher and then in a 
hammer mill. The - 10 mesh product from 
the hammer mill was finely ground in the 
pulverizer. Bulk of the powdered product 
passed through a 200 mesh sieve. The finer 
fraction was used in the investigation. 

Materials and methods 

Standard methods specified by the Ameri- 
can Foundrymen's Society1 for sancl testing 
were employed, using Dietert sancl testing 
equipment. 

Chemical analysis of the bentonite was 
carried out after sampling and drying a t  
110°C. 

Refractoriness of the sample was adjudged 
by the standard Pyrometric Cone Equivalent 
test2 and the fusion temperature was checked 
by the ' Pyro ' optical pyrometer. 

The specific gravity of the sample was 
determined as per A.S.T.M. Standards3. 

Swelling characteristics of the sample were 
assessed by the Fullers' Earth Union method4 
which consists in vigorously shaking different 
quantities of bentonite with 10 ml. of distilled 
water in separate test tubes and allowing the 
contents to settle for 24 hr. The minimum 
weight of bentonite required to form a com- 
plete thixotropic gel was thus determined. 
The quotient obtained by dividing the volume 
of water by the weight is expressed as the 
swelling index. 

The pH values were determined on sus- 
pensions containing 1.5 g. of dried bentonite 
in 100 ml. distilled water, the readings being 
taken immediately after suspension and after 
allowing them to stand for 24 hr. to obtain 
equilibrium values. 

Bonding characteristics of the sample were 
investigated by preparing synthetic sand mix- 
tures with washed Rajmahal sand as base, em- 
ploying 5 per cent additions of the bentonite. 
The results of sieve analysis and cumulative 
gradings of the washed Rajmahal sand are 
given in Fig. 1. Grain shape of the base sand 
was mostly sub-angular to round (Fig. 2). 

The synthetic sand mixtures were prepared 
by mixing washed Rajmahal sand (2000 g.) 
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test blocks in steel. The cast blocks were 
.D examined for surface characteristics and 

:Y any other defects attributable to the sand 
j - mixture. 

E Results 

1 "  The results of chemical analysis of the 
M bentonite as received and after processing by 

the ore-dressing methods are given in Table 1. 
Om . rn So IO rn SOB 00 l.O1OOIX) .AN The sample had a specific gravity of 2.428 

,,.I.Ym Hill IOIIv.LLMI *D.f..K., and showed a swelling index of 5.56. 
PIG. 1 -CUMULATIVE GRADING OF R A J M A H A L  SAND Suspensions of 1.5 g. sanl1~les of the bcnto- 

nite in 100 ml.of distilled water were tlistinctly 
alkaline. The $H value immediately on 

-. . preparation of the suspensions was 9.2 and 
after allowing to stand for 24 hr., 7.7. The 
values recorded were at  34°C. when distilled 
water showed a PH of 7.1. 

The fusion point of the sample determined 
by standard 1'.C.E. test was 1180°C. corres- 
ponding to Orton Cone 5. 

TABLE I -CHEMICAL ANALYSIS OF RAJASTHAN 
BEN'I'ONITE 

CIIEMICAI.  As APTI:H 
CONSTIl ' l l l iNT H I ~ C I ~ I V I ~ I >  PROC1:SSINC RY 

OK1:-DRI5SSING 
MBTllOU 

SiO,, 7" 5'2. !I:! 4%.0() 
AIeOs, I:!, 2ll.Xi 17.ill 
I:e,O,, U:, H.XO X.20 
TiO,, :; - 2.24 
CnO, % O.'i.'l 1.20 
MgO, % 2.:1% I . 21) 
Nn,O, I<$), :(, 1 .4% 1 .:12 
Loss on ixnition, :!, 1 3 . N  L ' O ~ Z I I  

FIG. 2 -WASHED RAJMANAL SAND RETAINED ON 
50 MESH SHOWING SUB-ANGULAR TO ROUNDED 

GRAINS x 30 

with Rajasthan bentonite (100 g.) in an 18 
in. Simpson laboratory sand mixer. 

The base sand was first milled dry with the 
bentonite addition for 2 min. with scraping 
after 1 min. The requisite quantity of water 
was then added to the sand mixture in the 
muller and milling continued for further 
5 min. with scraping after 2 and 4 niin. 

The milled sand mixtures were aerated, 
allowed to stand in airtight jars for 3 hr. 
and then tested for different physical pro- 
perties. 

All physical properties are averages of three 
tests. 

Casting characteristics of the sand mix- 
ture were studied by casting 3 x 3 x 3 in. 

Bonding characteristics 

The bonding characteristics of the sample 
were determined by making synthetic sand 
mixtures of washed Rajmahal sand of A.F.S. 
fineness No. 46 as the base sand with 5 per 
cent adclitions of Iinjasthan bentonite as 
binder. Mixtures of this composition were 
susceptible to variations in moisture content. 
At 1.4 per cent moisturc, a maximum grcen 
compressive strength of 8.9 Ib./sq. in. was 
obtained, while a t  5.2 per cent moisture the 
sand mixture possessed a grcen strength of 
only 3.2 Ib./sq. in. Permeability was a t  its 
peak value (240) at 2.1 per cent moisture 
whilst a t  5.2 per cent moisture i t  was 160. 
The flowability was fair throughout the mois- 
ture range studied. The shatter index was 
49.39 a t  1-4 per cent moisture and the value 
came down to 22.86 at 5-2 per cent moisture. 
The dry strength increased steadily from 
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TABLE 2 -BONDING CHARACTERISTICS OF RAJASTHAN BENTONITE 

15% addilion to washed Rajmahal sand (A.F.S. fineness No. 46) as base] 

Moisture content, % 1 . 4  2 . 1  3 . 0  3 . 6  4 . 8  
A.F.A. ereen ~ermeabilitv. No. 230 210 220 195 170 , , -. -. 
Green cGmpress~ve strength, Ib./sq. In. X.!l 6  3 4 . 8  4 . 0  3 . 4  
Green shear, Ib./sq. ln. 2.0 1 . 6  1 . 2  0 . 9  0 . 8  
Mould hardness 87 83 80 78 73 
F lowab~l~ ty  78 78 78.6 78 82 
Shatter ~ n d e x  49.39 34.36 31.76 30.59 27.43 
Dry con~pressive strength, Ib./sq. in. 32 41 55 73 84 
Dry shear. Ib./sq. in 6 . 0  8.  !) 12.1 1 8 . 0  23 .0  
Relative density 1.624 1.524 1.553 1.553 1.592 

A.F.S. standard 2 x 2  in. test pieces rammed hy 3 blows were used for all the tests except in the case of the shatter test 
where the specimens wrre rammed by 10 blows. 

The test pieces used for deter~nination of dry stwngth values were dried in the Dietert core baking oven for 2 hr. 

TABLE 3 - CRUSHING STRENGTH AFTER 
EXPOSURE TO ATMOSPHERE 

(Results obtained on A.F.S. standard test gieces 
7ammed by 3 blows) 

TIME OP 
EXPOSURE 

hr. 

CRUSHING 
STRENGTH 
lb./sq. in. 

Initial moi s t~~re  content t o  which the above sand mixture 
had been tempered was 3.0%. 

MOISTURE,  % 

FIG. 3 - BONDING CHARACTERISTICS OF R A J A S T X I A N  
BENTONITE 

32 lb./sq. in. a t  1.4 per cent moisture to 
94 lb./sq. in. a t  5.2 per cent moisture. The 
mixture rammed hard in the specimen tube, 
the maxi,mum hardness being 87 a t  1.4 per 
cent moisture. 

The results are given in Table 2 and gra- 
phically represented in Fig. 3. 

The sand mixture was also studied for the 
air setting properties of the bentonite by 
exposing the rammed test pieces to labora- 
tory atmosphere and then testing them for 
compressive strength a t  regular intervals of 
exposure. The crushing strength values are 
given in Table 3. 

The green strength of the sand mixture 
was nearly doubled after exposure to the 
atmosphere for 1 hr. and raised 10-folds 
the original value after 24 hr. exposure. 

Casting characteristics 

The sand mixtures containing washed 
Rajmahal sand as base and 5 per cent addi- 
tions of Rajasthan bentonite, both in the 
green and dried conditions, gave cast test 

blocks with smooth surfaces. No signs of 
burning on were observed and the sand layers 
peeled off comfortably. The pattern stripped 
well from the mould, after ramming. 

Summary 

The bonding characteristics of a sample of 
Rajasthan bentonite from Rajasthan have 
been determined. After preliminary pro- 
cessing the sample assayed silica, 48; iron 
oxide, 17.76; and alumina, 8.2 per cent. 
The fluxing constituents present in the sample 
were lime, 1-2; magnesia, 1.2; and alkalies, 
1.52 per cent. 

The bonding characteristics of washed 
Rajmahal sand containing 5 per cent bento- 
nite showed appreciable variation with 
moisture content. Optimum strength, per- 
meability and shatter index values are ob- 
tained by working a t  about 2 per cent mois- 
ture content for green sand moulding and 
about 5 per cent for dry sand moulding. 
If knocked out sand is also incorporated in 
the sand mixture, as is generally practised in 
founclries, 3 per cent additions of the bento- 
nite are sufficient to maintain strength of the 
sand mixture a t  the requisite level. 
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Test castings of steel obtained by using Their thanks are also due to Mr. N. G. 
moulds of this mixture had smooth surfaces Banerjee of Chemical Division for doing the 
without having any signs of burning on. chemical analysis of the sample. 

The bentonite may, therefore, prove suit- 
able for light and medium steel castings both References 
in the green and dry sand practic" The 1. roundly Sand Handbook (American Foundry- green sand mould can be used to advantage men's Society, Chicago), 1952. 
after 2-3 hr. exposure to the atmosphere. 2. A.S.T.M. Designation C 24-46, 1955 Book of 

A.S.T.M. Standards, Part 3, 711-15. 
Acknowledgement 3.  A.S.T .M.  Designation C 135-47, 1955 Book of 

A.S.T.M. Standards, Part 3, 739-41. The authors wish to thank Tats 4. GOODISON et al., The Properlies of Bonding Clays, 
Locomotive & Engineering CO. Ltd., Tata- Research and Development Report No. 
nagar, for providing necessary raw materials. 16/51/MM, Brit. Steel Found. Ass. 

Letters to the  Editor  

PROPAGATION OF 
RAUVOLFZA SERPENTZNA IN 

JAMMU & KASHMIR 

Rauvol$a serpentina (Apocynaceae), WELL- 
known for its hypotensive and sedative pro- 
perties, is in great demand and the supply 
from the present wild sources, unless supple- 
mented by organized cultivation in suitable 
areas, will be soon exhausted or become 
totally inadequate to meet the demand. 
The cultivation of R. serpentina on an experi- 
mental scale has been taken up 'in U.P., 
Bombay, Bihar, Bengal and Jammu and 
Kashmir State. In the last mentioned State, 

experimental cultivation was started in 1954 
a t  Jammu (altitude, 900 ft.) from root 
cuttings procured from the National Botanic 
Garden, Lucknow. I t  is now proposed to 
extend the cultivation into other areas and 
for this purpose it has become necessary to 
propagate the plant from seed. However, 
as the percentage of seed germination is low, 
propagation from seeds on a commercial 
scale has not so far been successful. 

To find the cause for the low germination, 
seeds were procured from 8 different sources 
and classified by the ' float-and-sink ' method 
into (1) ' light ' seeds: floating on water; 

TABLE 1 -GERMINATION AND GROWTH BEHAVIOUR OF R. SERPENTINA SEEDS FROM DIFFERENT 
SOURCES 

% OF EACH CLASS D/, OF.RM.INATION TOTAL HRIGHT OF 
, , , . - - A ,  GERMINATION PLANTS 
Light Medium Heavy Medium Heavy /o , an. 

Calcutta (Indian Botanical Garden) 49.5 6 .7  44.8 3.8  8 . 3  9 . 0  6 . 7  6 . 5  
Haliyal (Research Ranee Officer. 30.3 7 . 3  66.6 4 . 0  9 . 8  12.0 8 .!I 11.0 

Hiliyal) 
Kulgi Range N.S. (Janara Div., 34.3 6 .7  58.9 3 .3  0 .4  - 10.4 7 . 7  0 .7  

Haliyal) 
Dehra Dun (Pratap Nursery & Seed 16.2 25.13 58 .0  5 . 3  24.0 27.1 2'2.8 12.6 

Storrs) 
Lalega (Range Officer) 02.4 32.8 4 . 8  1 . 1  14 .3  :%.!I 7 . 1  16.3 
Dehra Dun (Forest Research Insti- 28.0 10.7 01.3 9 . 5  16.1 15 .2  13.7 16.7 

tute) ' 

Mungpoo (Medicinal Plantations) 62.0 17.0 31.0 - - 13.7 13.7 19 .2  
Jarnrnu (Drug Research Institute 07.0 10.0 17.0 - 18.8 35.3 9 . 0  5 . 0  

Nursery) 
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(2) ' medium ' seeds: sinking in water, but 
floating on 10 per cent sodium chloride solu- 
tion; and (3) ' heavy seeds ': sinking in 
10 per cent sodium chloride solution. The 
three categories of weight-classified seeds 
from different sources were sown separately 
and the percentage of seed germination and 
growth behaviour of seedlings were studied. 
The results are given in Table 1. 

I t  will be seen from the tabulated results 
that about 44 per cent of the seeds floated 
on water; the floats were mostly empty seeds 
or shrivelled embryos and the percentage 
of germination was only 2. Seeds of the 
other two classes contained normal embryos. 
The percentage of germination was greatest 
(about 20 per cent) in seeds which sink in 
10 per cent brine solution. The germination 
in seeds which floated on brine but sank in 
water was nearly 12 per cent. I t  woulcl 
appear that besides sterility, there are also 
other causes which contribute to the low 
percentage of germination. 

The roots of 1 year, 2 years and 3 years 
old plants were analysed for their total 
alkaloids. I t  was found that the alkaloid 
content of the roots of 1 year old plants 
(1.6 per cent) was only slightly less than 
that of 2 and 3 years old plants (1.7 per cent). 

The results indicate that K. serpentina 
can be grown in Jammu and Kashmir State 
and its large-scale propagation from seeds 
is possible provided the seeds are properly 
selected. 

S. N. SOBTI 
K. L. HANDA 
I. C. CHOPRA 

Drug Research Laboratory 
Jammu 
9 March 1957 

CONCENTRATION OF PALM JUICE WITH 
SOLAR ENERGY 

DATE, PALMYRA, COCONUT AND SAGO ARE THE 
four varieties of sugar-yielding palms that are 
grown in India with a total palm population 
estimated a t  over 190 million trees1. Palm 
trees are grown on non-sgricultural land, 
along river banks, on sandy lands, in coastal 
areas, etc. To check fermentation the 
farmer collects neera (palm juice) in limed 
pots. After lime removal the clarified juice 
has to be concentrated within 24 hr. of its 
collection by heating in flat shallow iron trays 
into jaggery or unrefined sugar of high 

mineral and vitamin content. On account 
of its habitation in regions deficient in fuel 
the farmer has to depend mostly on dried 
leaves and twigs and uses wood, coal or soft 
coke as additional fuel. However, in most 
places where palms grow in abundance, 
plenty of sunshine is available during the 
tapping season. Depending upon the quan- 
tity of juice available, sunshine may be 
utilized as a supplementary source of energy 
for concentrating clarified juice directly into 
palm gar or into a thick syrup of over 65' 
Brix, wherever cheap fuel is insufficient or 
in short supply. 

Incident solar energy is too diffuse for 
practical heating processes and, therefore, it 
has to be concentrated before use. Of the 
three different methods of concentrating solar 
heat, namely lenses, glass mirrors and 
metallic reflectors, plane glass mirrors were 
preferred on account of cheapness and ease 
of availability and were used in the develop- 
ment of three different types of solar energy 
concentrators2 in this laboratory. The multi- 
reflector type of concentrator with nine plane- 
mirror reflectors arranged in a semicircle has 
been used presently to concentrate solar heat 
for evaporating palm juice. 

The results of concentrating palm juice by 
direct solar heating and with the help of con- 
centrator are shown in Fig. 1. In the first 
experiment 6 Ib. of palm juice were taken 
in a shallow open tray, 4 by 14 ft. Area 
in contact with juice was painted black 
and the tray was kept in the open and was 
exposed to solar radiations with occasional 
stirring. The increase in percentage of sugar 
in the juice with time is represented by 

FIG. 1 - EVAPORATION OF PALM JUICEBY (A) DIRECT 
AND (B) CONCENTRATED SOLAR HEAT 
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TABLE 1 -EVAPORATION OF PALM JUICE BY CONCENTRATED SOLAR ENERGY 

[Ambient temp. (max.), 88°F.; humidity, 78.80%; solar energy, approx. 11000 B.l.ft.lhr.1 

DATE INITIAL WT. OF QUANTITY TIME 
MAY 1955 WEIGHT OF WATER BVAI'ORATLD kr . 

PALM JUICE EVAPORATED 16.lhr. 
26. 16. 

7 Clear day with occasional clouds 
0 do 
7 Clear day 
8 do 
Y Clolldy townnls morning and 

afterno011 

'Values for thickened syrupy fluid, which would rcqllire further conccntration. 

curve A. In the second experiment an equal 
quantity of juice in another tray of exactly 
same dimensions was heated from below with 
concentrated solar heat. The change in sugar 
content is shown by curve B. 

From Fig. 1 it is clear that with collection 
of solar energy from a larger area and by the 
use of concentrators, palm juice is con- 
centrated more quickly than by the direct 
solar exposure. This makes it possible to 
handle larger quantity of juice during the 
same period. The temperature in the tray 
can easily be controlled by putting one or 
more reflectors ' out of focus '. With slight 
extra care it is possible to obtain the final 
product free from ash, materials formed due 
to overheating and smoke smell. 

Preliminary experiments on evaporation of 
palm juice were conducted a t  the Palm Gur 
Technological Institute, Dhanu. The eva- 
porating pans used in the field trials were the 
same as commonly used in villages. Eight 
reflectors, each of 7 sq. ft. area, were used. 
The results of five field trials are eiven . " 
in Table 1. 

The major source of heat loss in these ex- 
periments was high wind velocity. High 
humidity prevailing a t  the time of experi- 
ment also tended to reduce evaporation. A 
simple calculation shows that in the field 
experiments an overall efficiency of about 
30 per cent was obtained. I t  compares 
favourably with the figures of fuel consump- 
tion obtained for juice evaporation using an 
improved type of furnace. With properly 

constructed furnace it should be possible to 
raise the efficiency to about. 50 per cent. 

The cost of a single reflector and of a 
multi-reflector type of concentrator, when 
used for processing clarified palm juice either 
to a thick syrup of over 65" Brix or directly 
into palm gur, has becn discussed in detail 
earlier3. It  is estimated that bv working for 
three successive tapping sea. of three 
months each and by processing 25-30 gal. of 
clarified juice the capital cost of concentrator 
can be recovered. In coconut areas the tap- 
ping season lasts about six months; the period 
for which the concentrator is to be used for 
recovery of its capital crbs+ would be re- 
duced to nearly one-half. 

Fuller details about this type of con- 
centrator are being published in a forth- 
coming paper. 

The author takes this opportunity of 
thanking the Palm Gur Adviser to the 
Government of India for providing him 
facilities to conduct field trials at the Palm 
Gur Technoloaical Institute, Dhanu. " 

MOHAN LAL KHANNA 
National Physical Laboratory of India 
Neze, Delhi 
31 January 1957 

1. Tad Gud Parichaya (Palm Gur Section, All-India 
I<hadi & Village Industries Board, Bombay). 
1955. 

2. GARDNER, A. I,., Indian Put .  53,369 (1956). 
3. MATHUR, I<. N. & KIIANNA, M. L., J. Solar 

Energy Sci. G. Engng., 1 (1957), 34. 
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