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BOMB 
CALORIMETERS 
FOR THE DETERMINATION OF 
CALORIFIC VALUE OF COAL, 
COKE AND OTHER FUELS 

A,ND FOODSTUFFS 

IN ACCORDANCE WITH VARIOUS STANDARD 
METHODS INCLUDING BS 1016 AND IP 12/56T I 
EASILY OPERATED -NO TOOLS REQUIRED I 
STAINLESS STEEL BOMB WAS LARGE 
SAFETY FACTOR 

CONVENIENT AND ACCURATE CALORIMETER 

w ALL ACCESSORIES WELL DESIGNED 

Manufactured by 

A. GALLENKAMP & CO. LTD. 
S U N  STREET. L O N D O N  E.C.1 

Accredited Agents in India I 
MARTIN & HARRIS I 

(PRIVATE) LTD. I 
( SCIENTIFIC DEPARTMENT ) I 

SAVOY CHAMBERS, WALLACE STREET 
BOMBAY I I 
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gas PROVED 
cheapest & simplest 

of all 

PLANTS HEATING mediums 
AVAILABLE IN VARIOUS CAPACITIES 

I - - - - - - - I - - - -  
I 
I 

I 
I 

also I 
I ; for 
1 
I I 

MAKERS OF I 0 : LABORATORY. SCIENTIFIC TESTING, 
SUPERIOR 

I . : ASSAY & TEACHING WORK 
I 
I 

LABORATORY I 
I 
I - - - - - - - - - - - _ -  

FllTlNGS & 

EQUIPMENT 
- - - - - - - - - - - - - - -  

vlz. 

m GAS BURNERS USTRIAL PROCESS 
m GAS & WATER TAPS : HEATING in FACTORIES 
m CLAMPS & STANDS 

m OVENS, BATHS, HOT 
PLATES, SHAKERS, STILLS. 
THERMOSTATS - - - - - - - - - - - - - - - - - - - _ _ _  
ATOMIC ENERGY EQUIPMENT, V~Z.  : 1 

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

Counter Stands : KITCHENS in 
FROTH FLOTATION CELLS HOMES, 

m BALL MILLS, THICKENERS : HOTELS & 
I 

m PUMPS & BLOWERS : DoRMlTORlES 
STAINLESS STEEL EQUIPMENT I -------.---------.---- 

APPLY TO MANUFACTURERS 

GANSONS YKE 
POST BOX 5576, BOMBAY I4 

DISTRIBUTORS ALL OVER THE COUNTRY 
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J A Q U E T  
PHYSIOLOGICAL 

A N D  ' 

MEDICAL APPARATUS 

PULSE & BLOOD PRESSURE 

BLOOD CIRCULATION 

RESPIRATION 
r 

PHYSIOLOGICAL AND 
PHARMACOLOGICAL INVESTIGATIONS 

RECORDERS 

GENERAL EQUIPMENT 

S O L E  A G E N T S  

GORDHANDAS DESAI & Co. 
PHEROZESHAH MEHTA ROAD 

BOMBAY I 
M MISSION ROW EXTENSION 2) LINGHI CHETTY STREET 

CALCUTTA I MADRAS l 
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USED IN ROUTINE AND 

SPECIALIZED SCIENTIFIC 

INVESTIGATIONS CAN BE 

HAD IN ALL SPECIAL 

QUALITIES 

from 

Scientifically minded and 
trained Rubber Manufacturers 

MODAK RUBBER PRODUCTS 
PRIVATE LTD. 

VERMA'S BUILDING 
GOLANJEE HILL ROAD, SEWREE 

BOMBAY 15 

Gram : ' MODRUB' Phone: 62139 

BOILING POINT TEST 
APPARATUS 

* 
FREEZING POINT TEST 

APPARATUS 

* 
ARSENIC TEST APPARATUS 

( As per B.P. Standard 
Specification, 1953 ) 

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

MFG. CO. 
1112 IIARINATH DEY ROAD 

CALCUTTA 9 

Gram: SIGAMKO I'hnne 35-4411 

For 
Scientific- Medical -Industrial 

LABORATORY EQUIPMENT 

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

Refractometers, Spectroscopes, Telescopes 
Metrohm pH  Meters & Stirrers 

Memmert Ovens & Incubators 
Palmer's Physiology Apparatus 

Bosch Balances, BHG Centrifuges 
German Summira Calculating Machines 

Original German Blue Seal Microslides and 
Coversl~ps 

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

CONTACT 

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

BOMBAY I 
Post Box 332 Gmmr. FACMARE Phone: 35219 
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Tel: 22373 Gram: 'CRUCIBLE ' 

PLATINUM 
PIONEER MANUFACTURERS IN INDIA 

TRADE MARK 

* WIRES * CRUCIBLES * DISHES 

* FOILS * TIPPED T O N G S  * J .  L A W -  

RENCE S M I T H  TYPE CRUCIBLES, 

SPOONS,  SPATULAE 

ALL ITEMS 
AVAILABLE FROM READY STOCKS 

Reshaping of damaged platinum apparatus 
All items manufactured from undertaken at Rs. 4 per gram. , .., 
' Special Platinum ' guaranteed 

Replacement of damaged platinum appa- 
99.9% and over 

ratus at Rs. 518 per gram. 

I All brices subiect to fluctuation ) 
1 I , ' *  

Any article in platinum manufactured and 
supplied as per specification. 

CATALOGUE ON REQUEST 



We offer 

PHYSIOLOGICAL, 
PATHOLOGICAL, 

BIOLOGICAL & 
PHARMACEUTICAL 

LABORATORY 
REQUIREMENTS 

such as: 

AUTOCLAVES, INCUBATORS 
DISTILLATION PLANTS, 

OVENS, VACUUM STILLS, 
FILTERS, BATHS & ALL 

SORTS OF GAS, WATER & 
VACUUM TAPS, ANIMAL CAGES 

& BOTTLE FILLING UNITS 

Me RAMCHANDRA & SONS ' RAM DOOT ' 12B KELEWADI 

Estd. 1920 GIRGAUM, BOMBAY 4 

Details from : 

CHOSE BROS (Perfumers) 
50 EZRA STREET, CALCUTTA I 

MANUFACTURERS OF 

NEUTRAL GLASS 
AMPOULES 

For further particulars, write to : 

BOMBAY SCIENTIFIC 
GLASS WORKS 

ARAB HOUSS,  UHCTWADI  I J T H  LANE 

BOMBAY 4 
b 



AVAILABLE I N  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 to their duties 
and of robust construction for tong trouble-free service. 

RAM LABHAYA ARORA & SONS 

Specialized products of 

~ohnson 
Matthey 

161/1 HARRISON ROAD, CALCUlTA 
Tdyram : " METCHEMlKO ", CALCUTTA Telephone : JORASANKO 3Ub 
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! I3.b.H. are among the world's leading producers o i  Ane chem~cals for 

i research and analysis and for scientific purposes generally. Over 6000 organic 
I and inorganic chemicals appear i n  the B.D.H. priced catalogue of 
: chemicals for  laboratory use. 
I . Whatever your line o f  work B.D.H. are sure t o  meet your requirements o f  
I chemicals. Among other chemicals we offer: 

0rg;tnic and Inorganic Amino Acids 
Fine Chemicals Amberlite Synthetic Resins 

AnalaR Reagents Spot Test Outfits 
Microscopical Stains Comparators 

Micro  Analytical Reagents Tintometers 
Refractive Index Liquids Soil Testing Outfits 

and by arranxement with Burmah-Shell - " Teepol L "-laboratory 
grade - for cleaning everything in the lahorarory. 

i B.D.H. (India) now offer you most of your common requirements from stock. 
. . . . . . . . . . i Cntalogue and stock list available, on request, to all users . . . . . . . . . . . . . . i THE BRITISH DRUG HOUSES LTD. . .  . . . . B.D.H. Laboratory Chemicals Group. Poole England . . . . . . . . . ........................................ RePresentotive in India : 

BRITISH DRUG HOUSES ( I N D I A )  PRIVATE LTD. 
P. 0. Box 1341. Bombay I . Branches at: Calcutta - Delhi - Madras 

F l N E  & L A B O R A T O R Y  
C H E M I C A L S  
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Chemists & Stockists of:  

FlNE & ANALYTICAL FOREIGN CHEMICALS. 

SCIENTIFIC APPARATUS, GLASSWARE. 
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& ALL LABORATORY REQUISITES 

Our Representative in Bornboy 

MIS. A P P C H E M  SERVICE ( I N D I A )  
C/o DABHOI-KAR & SONS 

GANGA NIVAS, RANADE ROAD 

BOMBAY 28 
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The New 

handy and 

easy-to-carry 

MICROSCOPE 

MODEL MII 

suitable for 

field work 

Available as 

* Monocular 

or 
W I L D  Binocular Research Microscope * Binocular M,, BRGL with dust-proof steel hood and 
leather carrying strap 

Extra Attachments for : 

* POLARISING * DARK GROUND * PHASE CONTRAST 

* PROJECTION * PHOTOMICROGRAPHY, ETC. ETC. 

Sole Agents Our Sub-Agents 

RAJ-DER-KAR & CO. 
COMMISSARIAT BUILDING 

H O R N B Y  R O A D  
BOMBAY 

Telephone : 26-2304 T s l e ~ r r m  : TECHLAG 

The Central Scientific Supplies 
Co. Ltd. 

2 Agaram Road, Tambaram, Madras 

The Upper India Scientific Works 
Morigate, Delhi 



Another 

QUICKFIT 'NEW 
in the sphere of interchangeal 

ground glass apparatus 

Now available 

CRAIG 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 110 x 110 mm. with 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 
Nose-piece for 3 obiectives: 

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

Huyzhens eyepiaces: 6x. lox. ISx 
Total magnification 157Sx 

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

Price on request 

UNIQUE TRADING C O R P O R A T I O N  
Gram8 : UNILAB 51-53 BABU GENU ROAD. BOMBAY 2 Phona : 30011 
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* 

Hi lger  

POLARIMETERS 

with accurate glass circles 

Microptic Model M412 (illustrated) has an illuminated 
glass scale which can be read t o  0.01 in. Sugar scale on 
circle, divided a t  IOS intervals and read t o  0.02"s from 
-150" t o  + 150°S, enables the instrument t o  be used 

as an accurate Saccharimeter. 

ASSOCIATED INSTRUMENT MANUFACTURERS (INDIA) 
PRIVATE LTD. 

I N D I A  HOUSE 8 5  CLlVE BUILDINGS SUNLIGHT INSURANCE 
FORT STREET P.O. B O X  1136 BUILDING 
P.0. BOX. I19 CALCUTTA M I N T 0  ROAD EXTN. 

BOMBAY N E W  DELHl 



STUDENTS9 

Ml[CWOSCOPE 

lfo 

ADVANCED CLASSES 

Manufactured by : 

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

Cram. INRELABTRY Phone: 22-7720 

JOURNAL OF THE I N D I A N  INSTITUTE O F  SCIENCE 
A quarterly, containing papers on original research carried out in the 

laboratories of the Indian Institute of Science, Rangalore 3 

S U B S C R I P T I O N  
Country Annual Single Issue 

India 11s. 24 Rs. 7 
U.K. L 215 S ~ I .  14 
U.S.A. . 8 6.50 $ 2.00 
Other Equivalent of Rs. 30 Equivalent of Rs. 8 
countries Indian currency Jndisn currency 

ADVERTISEMENT TARIFF 
Page Slze Normal Back Cover Page Faclng 

----A ---- - Inner Back 
Outer Inner Cover 

Rs. Rs. Rs. Rs. 
Full 60 90 80 70 
Half 40 60 50 40 
Quarter 25 Not accepted 

25 per cent rebate for annual contract of 4 Insertions 

Cheques should be made payable to the Registrar. Indian Institute of Science 
- 

All communications should be addressed to:  
THE ASSOCIATE EDITOR 

JOURNAL OF THE INDIAN INSTITUTE OF SCIENCE, BANGALORE 3, INDIA 
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thkrmostat. ~ a r i a t i o i  not more than -j= 1°c. HOT AIR O V E N  

Manufactuerd by : 

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

1ST FLOOR, DEVKARAN MANSION, PRINCESS STREET 
BOMBAY 2 
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8WrnVIG 
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 & Lomb 

S P E C T R O N I C  20 

COLORIMETER - SPECTROPHOTOMETER 

( 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. 

Mnnufnctuved 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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P I N C O  GAS P L A N T  
For Schools, Colleges. Research 
Laboratories, Hospitals and also 
for Cooking Purposes 

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

O T H E R  M A N U F A C T U R E S  
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 A N D  INDUSTRIAL 

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

Telegram: Telephone: 
PINCO. CALCUTTA 14-317 1 

Cables : " BAROMETER " Phone : 34-1370 

CALCUTTA SCIENTIFIC MART 
Office & Show-room : 

21 TAMER LANE, CALCUTTA 9 
(near the crossing of 

College Street and Harr ison Road ) 

Godown & Workshop : 
47C GARPAR ROAD, CALCUTTA 9 

Manufacturers of 
8 SCIENTIFIC INSTRUMENTS GEOGRAPHICAL 
APPLIANCES MECHANICS INSTRUMENTS 

BIOLOGICAL INSTRUMENTS, ETC. ETC. 

Dealers in 
LABORATORY CHEMICALS STAINS. INDI- 

CATORS SLIDES. COVER SLIPS FILTER 
PAPERS * INDICATOR PAPERS MAPS, 

CHARTS, GLOBES, ETC. ETC. 

Most humbly offer their service 
in  the noble cause of 

EDUCATION 
in 

Independent India 

Back issues wanted 

SCIENCE & CULTURE 

Vol. I ( Complete ) 

Vol. I1 I S  

Vol. Ill P I  

Vol. IV  *I 

Vol. v *# 

Vol. Vl l l  *I 

Please wr i te  to  : 

THE CHIEF EDITOR 
PUBLICATIONS DIRECTORATE 
COUNCIL OF SCIENTIFIC & 

INDUSTRIAL RESEARCH 
OLD MILL ROAD 
N E W  DELHl 2 
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HARGOSONS '  

E L E C T R I C  
O V E N S  

FOR GENERAL PURPOSE AS A DRYING OVEN 

OR A STERILIZER FOR LABORATORIES 

F E A T U R E S  

(i) Maximum operating temperature 250'-300°C. 
(ii) Thermostat sensitive to  0.5OC. for accurate temperature control. 

(iii) Temperature deviation I 'C. 
(iv) Clean, sturdy, modern construction with heat resisting body and chrome- 

plated parts. 

B O D Y  

Constructed of heavy gauge sheet metal with double walls, 24 inch apart, effi- 
ciently lagged with glass fibre asbestos. 

The door also is well lagged and hung on robust hinges and is closed with a 
modern roller bolt catch and handle. Ventilation arrangements are provided at 
bottom and top. 

HEATING ELEMENTS 

Heating elements are of nickel-chrome wire spiral running at black heat tem- 
perature ensuring long life. It is so placed at the bottom that there i s  a uniform 
temperature throughout the oven. Easy t o  replace. 

TEMPERATURE CONTROL 

An English o r  German thermostat coupled with hot wire vacuum switch giving 
accurate temperature control up t o  the maximum operating temperature. 

Without re-setting the temperature can be adjusted within 1°C. 
Wi th  a three heat switch and pilot light. 
All the equipment except thermostat are fitted inside the body of the oven. 

No. I 2 3 

Size, internal 14x I 2 x  12in. 18 x 10 x 16 in. 20 x 20x20 in. 
Wattage 450 650 lo00 
Number of shelf runner 3 4 4 

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

Phone: 173 H.O. AMBALA CANTT. Gram : HARGOUL 
Branches: DEHRA DUN, LUCKNOW, HYDERABAD, MADRAS 
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Safe & Dependable 

A wide range o f  parenteral preparations for  meeting the growing requirements 
of the medical profession are processed in  our  laboratories. They are made f rom 
standard chemicals employing double distilled and PYROGEN FREE.water. Their 
containers (ampoules) undergo rigid neutrality tests before they are selected fo r  use. 
These injectables are, therefore, guaranteed t o  be absolutely safe and dependable. 

The following are bu t  a few of ou r  well-known injectables : 

RETICULIN - A potent Extract o f  Liver 
HEXOPURIN - A n  Urinary Antiseptic 
CALCITOL - lnjectable Calcium Gluconate 
BEVITAMIN - lnjectable Vitamin BI 
CEVITAMIN - lnjectable Vitamin C 
GLUCOSE SOLN. - lnjectable Pure Dextrose 

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

i 1 Equip your 
I laboratory 
! 

I with 
i 
i LABORATORY & PHARMACEUTI- 

CAL CHEMICALS, ANALYTICAL & 

i L A B O R A T O R Y  R E A G E N T S .  

j A M I N O  ACIDS, STAINS, DRUGS, 

i VITAMINS, ETC. 

i 
Directly imported by 

S. MATHURADAS & Co. 
P.O. B O X  No. 21 13 
PRINCESS STREET 

BOMBAY 2 

Gram : " SMATHURCO " Phone : 30173 

Gram : PRESGLAKO 

PREM l ER SCl ENTl FlC GLASS CO . 
261 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 

1.S.I.R.- APRIL 1957 



FOR 
RAPID & ACCURATE 
CHEMICAL ANALYSIS 

use 

TINSLEY 
P O L A R O C R A P H  

with derivative circuit 

Here are some advantages: 

* MICRO ANALYSIS 

.k HIGH SENSITIVITY 

.k QUALITATIVE & QUANTITATIVE ESTIMATION 

J, SIMULTANEOUS ESTIMATION OF SEVERAL CONSTITUENTS 
ON ONE POLAROGRAM 

Jr ADAPTABILITY 

* ANALYSIS OF METALS-ORGANIC & INORGANIC SUBSTANCES 

.k REPEATED ANALYSIS ON THE SAME SAMPLE 

* SIMPLIFIED OPERATION FOR USE BY SEMI-SKILLED STAFF 

.k ROUTINE ANALYSIS WITH SPEED & ACCURACY 

* 
For fuvtlzev +articulars, please contact 

Sole Agents i n  India : 

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

1 MANGOE LANE 139 MEDOWS STREET 193 MOUNT ROAD 
CALCUTTA 1 P.O. BOX 1909, BOMBAY 1 MADRAS 2 
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We manufacture 

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

GUM STYRAX 
and other 

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

and other toilet articles 

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

BOMBAY 2 
Branch : Gram : 

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

Accurate W i r e  Screen is required to solve your 
Screening, Grading or  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" 
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Coronary Thrombosis 
A recent development in the treatment of coronary 

thrombosis and deep venous thrombosis has been 

the introduction of 

B I N D A N  

In oral anticoagulant therapy 

BI'DANprovides * more rapid onset of action 
* easy management 
* uniformity in action 

Manufactured hy 

BENGAL IMMUNITY 
COMPANY LIMITED 

CALCUTTA 13 
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SCIENTIFIC RESEARCH & DEVELOPMENT 
' PYREX ' LABORATORY GLASSWARE 

' WESTGLAS' LABORATORY GLASSWARE 

H ' E-MIL ' GOLDILINE & GREENILINE BURETTES, ETC. 

m ' H ' BRAND LABORATORY PORCELAIN 

m ' R O T O F I X  ' ELECTRIC CENTRIFUGES 

' W H A T M A N  ' FILTER PAPERS - REAMS & CIRCLES 

ZEAL'S HYGROMETERS, M A X .  & M I N .  THERMOMETERS, ETC., ETC. 

ALL AVAILABLE FROM STOCK 

. Direct Impor te rs  & Stockists 

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

Phone: 38689 POST B O X  NO. 2040, BOMBAY 2 Telegram: GLASALSORT 

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

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

Ether, Chloroform, Mineral Acids, Ammonia, Alum, Ferro-Alum, 
Aluminium Sulphate, Sulphate of 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 Extinguishers, Printing Inks, etc. 

Ofice 6 GANESH CHUNDER AVENUE, CALCUTTA 13 

Factories C A L C U T T A  B O M B A Y  K A N P U R  
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THE 

S I R I O N - C A R V E S  
ATOMIC ENERGY GROUP 

are proud to announce that they are to build for 
T h e  South  o f  Scotland Electricity B o a r d  

the largest atomic power station 
in the world 

Inatallcd electrical generating capacity, 360,000 kilowatts 

An artist's impression of the new atomic power stahbn 

Britain leads the world in atomic power for peace 

THE GENERAL ELECTRIC COMPANY OF INDIA PRIVATE LIMITED 
Calcutta Delhi Kanpur Patna Hadrrs Bangalore Coimbatore Secunderabad Bombay Ahmedabad 

Representing: THE GENERAL ELECTRIC CO. LTD. OF ENGLAND Q K C J I I  
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TEDDINGTON CHEMICAL FACTORY PRIVATE LTD. 
(Biological & Pharmaceutical  Laboratories) 

SUR€N ROAD, ANDHERI, BOMBAY. 

Sole Distributors: 

672 MADRAS: P.O. B 
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ANALYTICAL 
W E I G H T  BOX 

---- - 

Set consists of weights from roo gm. to 
I mg. fitted in a velvet-lined box. The 
weights from roo 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 loo 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. ccrtificate, if 
required. 

Price quoted on receipt of full 
particulars 

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

29 RAGHUNATH DADAJEE STREET 
BOMBAY 1 

FLASK SHAKERS 
* 

CONSTANT 
TEMPERATURE OVENS 

* 
VACUUM EMBEDDING 

BATHS 
* 

PRECISION 
THERMOSTAT BATHS 

Ranges : 37°C. to  100°C. 
+S°C. t o  + 100°C. 

Variations f 0.01 "C. 
f 0- I "C. 

* 
VARIABLE TEMPERATURE 

INCUBATORS 
* 

MOISTURE 
DETERMINATION OVENS 

* 
NITROGEN ESTIMATION 

APPARATUS, etc. 

* 
Manufactured by 

UDAY SCIENTIFtC 
INDUSTRIES 

(PRIVATE) LTD. 
5 BHABANATH SEN STREET 

CALCUTTA 4 

\ 
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THE EMlL GREINER CO. 
NEW YORK, U.S.A. 

World's Leading Manufacturers 

of Petroleum Testing Equipment 

for 75 years 

a 

SOLE REPRESENTATIVES 
IN INDIA: 

L A B O R A T O R Y  
F U R N I S H E R S  
D H U N  MANSION, VINCENT ROAD 

DADAR. BOMBAY I4 

Branch : AHMEDABAD 

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  speci- 
fications 

Manufactured by 

SCIENTIFIC INSTRUMENT Mfg. Co. 
( SIMCO ) 

3 SASTITALA ROAD, NARKELDANGA 
CALCUTTA I I 

Gram : Meterhome 

P A S C A L L  
TRIPLE ROLL MILLS 

The new method of rol l  control is 

simple, effective and a real time-saver 

for refining of products 

The latest feature of Pascall Triple Roll 

Mills is the new and simplified method 

of control - the sliding centre roll. 

Only two controls are used in place o f  

the usual four, and clearances between 

the rolls are automatically aligned and 

set simply by adjusting the two front 

controls. 

GlDVANl & CO. 
P.O. B O X  No. 1778, BOMBAY I 
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' \N 1 L D ' HEERBRUGG ( Switzerland ) 

The manufacturers of 

Highest Class Precision Optical 

and Mechanical Instruments 

WORKSHOPS 

LABORATORIES & 

SURVEY I WlLD THEODOLITE T3 I 

* Microscopes for colleges and research 

* Microscopes for angle and thread 
measuring . 

* Testing instruments for plane surfaces 
I 

* Drawing instruments of stainless steel 

* Levels, theodolites and aerial cameras 
P 

* Distance measuring instruments, etc. a 

WlLD LEVEL N2 

SOLE AGENTS : 

RAJ-DER-KAR & C O B  

COMMISSARIAT BUILDING, HORNBY ROAD 
FORT, BOMBAY 

Telephone : 26-2304 Telegram : " TECHLAB " 
- -- - -  
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B O R O S I L  
LABORATORY GLASSWARE 

such as 

FLASKS, BEAKERS. CONDENSERS, MEASURING 

FLASKS, MEASURING CYLINDERS, PIPETTES L 

ANY SPECIAL APPARATUS MADE TO DESIGN 

and 
PENICILLIN VIALS, VACCINE BULBS-WHITE 6 

AMBER 

A L L  OTHER APPARATUS L EOUlPMSNT 

MANUFACTURED T O  CLIENT'S DESIQN 

INDUSTRIAL 81 ENGINEERING 
APPARATUS CO. PRIVATE Ltd. 

C H O T A N I  ESTATES, PROCTOR ROAD 
GRANT 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 

WE REPRESENT 

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

mmukcturers  of precision bridges, potentio- 
meters, strain gauges, galvanorneterr, ate. 

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

geophysical and seismic instruments 

S H I M A D Z U  SEISAKUSHO,' JAPAN 

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

electron microscopes. X-rays 

N IPPON ELECTRIC CO. LTD., 
TOKYO, JAPAN 

precision telecommunication equipment. 
microwave and radar equipment, broad- 

cast and transmitting equipment 

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

non-destructive testing equipment, 
ultrasonic testing sets 

ENDEVCO CORPN.. U.S.A. 

precision jet testing equipment, 
accelerometers 

NORMA, VIENNA, AUSTRIA 

precision electrical and electronic measuring 
and testing equipment 

CARL DRENCK, COPENHAGEN. 
DENMARK 

industrial X-ray equipment, specially for air-  
craft, machinery and structural inspection 

ITALOMATEX. MILAN, ITALY 

text i le machinery and equipment 

W. J. ALCOCK & CO. 
PRIVATE LTD. 

7 HASTINGS STREET, CALCUTTA I 

Phone: 23:3019 Grams: DECIBEL 
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From 
A MICRO 

to 
A PHYSICAL BALANCE 

you may depend on 

EROy BAMNCES 

for their 
SENSITIVITY, CONSTANCY & 

DURABILITY 

Manufactured by 

Keroy Faciory / Z z i t a . t e , /  Limited Srruicc Stafion b 0,f5cr 
335 NADESHWAR, VARANASI CANT?'. 32 LATAFAT HUSSAIN LANE, CALCUTTA 10 

For standard of quality 
always insist on 

OSTER'S PRODUCTS 
MINERAL ACIDS. Tech., B.P.. C.P., A.R. 
LIQ. ABIMON. FORT, all grades 

m ACCUMULATOR ACIDS, S.G. 1840 

m DISTILLED WATER. Single, Double 

LABORATORY CHEMICALS, ETC. 

m DISINFECTING FLUIDS. ' Dingi brand ' 

Manufactured by 

OSTER CHEMICAL & 
PHARMACEUTICAL 

WORKS PRIVATE LTD. 
Reg. Oficc 

78B Manicktola Street, Calcutta 6 
Works 

Bagmari Road, Calcutta 
Estd.: 1922 Gram: JABAKHARA 
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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 in performance 
to  those made in Germany, 

England and U.S.A. 

All Indian materials and construction 

BASIC & SYNTHETIC CHEMICALS, 
PRIVATE LTD. 

P.O. 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 from 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  

Direct Importers 

* LABORATORY CHEMICALS 

* PHARMACEUTICAL 
CHEMICALS 

* FINE CHEMICALS 

* VITAMINS 

* STAINS, etc. 

Please refer t o :  

I B. BABULAL & Co. 1 
71 PRINCESS STREET 

POST BOX No. 2409, BOMBAY 2 

Cram : PBTROLIUM Phone : 28466 

RESISTANCE A BOXES 
SINGLE AND MULTIPLE DIALS 

MINALPHA COILS 
ACCURACY 0.1 PER CENT 

SELF-CLEANING CONTACTS 
OF SPECIAL MATERIALS 

NEGLIGIBLE CONTACT RESISTANCE 

Made by: 

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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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 IN 

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

. . . . . . . . .  ACID SULPHURIC rp. gr. 1.84 
ACID HYDROCHLORIC, FUMING . . . , ,  1.19 . . . . . . . . .  ACID HYDROCHLORIC 1.18 . . . . . . . . . . . . .  ACID NITRIC 1.42 . . . . . . .  AMMONIUM HYDROXIDE 0.90 

A N D  MANY OTHER ITEMS ALL MADE I N  INDIA BY 

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

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

INDEX TO ADVERTISERS 
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makes kn@ shayening a matter 

of si@, =& mutine. 

For scientifically correct sharpening with speed, 
precision and safety. 

Saves time and money, and makes it easy to keep 
Microtome Knives in perfect cutting condition. Its 
habitual use gives expensive knives a far longer 

life. 

For j?ntJzcr @articz~lars 
write to:  

GRIFFIN & GEORGE (INDIA) PRIVATE LTD. 
B-5 CLIVE BUILDINGS INDIA HOUSE 17 MOUNT ROAD SUNLIGHT INSURANCE BLDC. 

P.O. BOX 2136 FORTSTREET MADRAS MINT0 ROAD EXTN. 
CALCUTTA BOMBAY 1 NEW DELHI 



The National Calendar of India 

India Meteorological Department, New Delhi 

" It is always difticult to change a calendar to which fieople are used, because it  afects 
social practices. But the atternfit has to be made even though it may not be as complete 
as desired. In  any event, the present confusion in our own calendars in  India ought to be 
removed. I hope our scientists will give a lead in  this' matter."- J ~ A H A R L A L  NEHRU 
(in his message to the Calendar Reform Committee) 

0 N 22 March 1957, the day following 
this year's spring equinox, India 
adopted for civil, social and other 

purposes a reformed national calendar recom- 
mended by the Calendar Reform Committee 
set up by the Council of Scientific & Indus- 
trial Research in November 1952 under the 
Chairmanship of the late Professor Meghnad 
Saha. This reform can be regarded as one 
of the steps, like the decimalization of the 
coinage and the introduction of metric 
weights and measures in India, which would 
lead to greater uniformity of practices in the 
daily life of the citizen of independent India. 
Coming as it did just about 10 days ahead of' 
the decimalization of coinage - the intro- 
duction of the Naya Paisa - the adoption of 
the new national calendar was a compara- 
tively quiet event, the more so as the Govern- 
ment has allowed a certain degree of freedom, 
to those who want it, to continue to follow 
the existing indigenous calendars for pur- 
poses of their religious observances. Never- 
theless, the step taken is one which is of 
quite a far-reaching importance inasmuch 
as a calendar is to a great extent the natural 
result of a people's political and cultural 
history and affects their social practices. 
Therefore, if by this reform, based on a 
scientific approach to the prohlem, a measure 
of uniformity is eventually brought about in 
the multiplicity of calendars and date rec- 
koning practices in India, the Government 
would not have taken this step in vain. 

Time reckoning 
The flux of Time, of which all are conscious, 

is apparently without beginning or end; but 
it is marked by (1) the ever-recurring alterna- 
tion of day and night, (2) the recurrence of 
the moon's phases and (3) the recurrence of 
the seasons. I t  is these recurring pheno- 
mena which provide the basis for the mea- 
surement of time. The day being the 
smallest natural unit is taken as the funda- 
mental unit of time, and the lengths of 
months and the year are expressed in terms . 

of the day. 
When mankind started organized social 

life, several millennia before Christ, in the 
valleys of the Indus, the Ganga, the Nile, 
the Tigris and the Euphrates, and the Hoang 
Ho, the three astronomical phenomena 
mentioned above acquired new importance. 
For, the early societies were based on agri- 
culture, and agricultural practices depend on 
seasonal weather conditions. With these prac- 
tices, therefore, grew national and religious 
festivals necessary for the growth of social 
life. People wanted to know in advance 
when to expect the new moon or the full 
moon, the onset of the winter or of the rains. 
Calendars are designed, so to say, to predict 
these events and calendaric astronomy has a 
long history behind which we need not go 
into in detail here. 

The length of the day, whether measured 
from sunrise to sunrise or midnight to mid- 
night, was found to be variable, however 
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accurate the measurements may be. I t  will 
take too long to explain the astronomical 
reasons for this; but this fact has resulted in 
the formulation of the solar day as the funda- 
mental unit of time. The mean solar day is 
the average interval between two successive 
passages of the sun over the meridian of a 
place as derived from a very large number of 
observations of such meridian transits. 

In addition to the solar day, astronomers 
also define a sidereal day, which is the time 
period between two successive transits of a 
fixed star; in other words, it measures the 
time of rotation of the earth round its axis. 
It should be realized at this stage that the 
solar day is larger than the sidereal day. 
This is roughly because, in the time in which 
the earth completes a rotation round its axis, 
the sun apparently slips nearly adegree to 
the east due to the motion of the earth 
along its orbit round the sun, and, therefore, 
it takes a little more time for the sun to 
come back to the meridian of the place. The 
relationship is: 365% mean solar days = 366% 
sidereal days. 

The month is essentially a lunar pheno- 
menon and was intended to be the time 
period between two new moons. But the 
length of the month so defined varies roughly 
between 29.2 and 29.8 days owing to the 
eccentricity of the moon's orbit and other 
causes. Besides, it is now well known that 
the motion of the moon is very irregular and 
complex and, therefore, the moon is a very 
inconvenient time-marker. 

Then we come to the year, which is the 
period taken by the seasonal characteristics 
to recur. The year was taken by ,the very 
early people to consist of 360 days, made 
up of 12 months of 30 days each. I t  was the 
Egyptians who, from observations of the 
recurrence of the Nile floods, found very 
early that the year had a length of 365 days. 
Later, they also found that the true length 
was 3656 days ! 

The ancient Babylonians, or Chaldeans 
as they were called from about 600 B.c., 
appear to have been the earliest people who 
tried to obtain correct measures of the 
month, the year and the seasons in terms of 
the day. Their determinations were trans- 
mitted to the Greeks who considerably 
refined the notions as well as the measure- 
ments. The ancient Egyptian solar calen- 
dar is the basis from which the present 
Gregorian calendar has sprung. 

Early Indian calendars 

In India there have been about 30 calen- 
dars in use. According to the late S. B. 
Dixit of Poona, three periods can be dis- 
tinguished in the history of the Indian calen- 
dar: (1) the Vedic period up to about 1350 
B.c., (2) the Vedanga Jyotish period from 1350 
B.C. to about A.D. 400 and (3) the Siddhanta 
Jyotish period from A.D. 400 to modern times. 
Without entering into the detailed historical 
development :of the calendar in India period 
by period, it is enough for our purpose to 
take a brief note of the main features. 
Before the advent of the Moslem rule, the 
different states of India used a variety of 
calendars for civil as well as religious pur- 
poses. The inscriptions of Indian kings from 
the first century A.D. to mediaeval times are 
dated according to these calendars. During 
the period of Moslem supremacy, A.D. 1200- 
1757, the lunar Hejira calendar had been 
used both for administrative and Moslem 
religious purposes except for a short period 
(A.D. 1556-1630) when on the authority of the 
Emperor Akbar its use was prohibited and a 
form of Iranian solar calendar, the Jelali 
calendar, was introduced under the name 
Tarikh-i-Ilahi. Since the coming of British 
power in India in A.D. 1757 the country has 
been using the Gregorian calendar for official 
purposes. 

Need for reform 

As the Gregorian calendar, on account of 
historic reasons, has attained the status of a 
world calendar it is important enough for us 
to use it for governmental and many other 
public purposes. But the people of India 
have not given up the use of some of the 
indigenous calendars. These are still used 
for fixing dates for business purposes and 
moments of religious festivals and obser- 
vances, following different schools of Hindu- 
ism and other religions having their origin 
in India such as Buddhism and Jainism. 
They use different eras, different year- 
beginnings, and sometimes different methods 
of calculations based on the three siddhantas, 
or scientific astronomical treatises, namely 
the Surya Siddhanta, the Arya Siddhanta and 
the Brahma Siddhanta - all dating from 
ancient and mediaeval times. The different 
practices have often produced a bewildering 
confusion in fixing dates and moments of 
observance of festivals. The Calendar Re- 
form Committee was set up for studying the 
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various Hindu calendars and i t  recommen- (3)  The day should be reckoned to start 
ded to the Government a unified National from midnight (ardharatrika system) 
Calendar for the whole of India.* for purposes of astronomical calcula- 

The Indian calendaric system 

From the earliest times, the Hindu calen- 
dars have followed two fundamental rules, 
namely: ( 1 )  that the religious observances 
must take place in the right seasons, and 
(2)  that within the proper seasons, the dates 
should be fixed by the moon's phases. The 
Hindu religious calendar is, therefore, luni- 
solar in which the seasons are fixed by the 
solar calendar, while the dates and moments 
are fixed according to the lunar calendar 
pegged on to it. 

The calendar depends upon the science of 
astronomy which has evolved methods of 
correctly predicting the positions of the sun, 
the moon and the planets - the Ephemerides. 
So, the astronomical part of the calculations 
should be based upon sound astronomical 
principles and accurate computations no 
matter what calendar is evolved for use 
anywhere. But this is not all. The calen- 
dars in use in practice depend a great deal 
upon conventions also, which vary widely 
from country to country and even from 
state to state within the country. 

The scientific basis and the conventions 
which go in the making of the solar calen- 
dars are: 

( 1 )  The year should be properly defined, 
and the length of the year should be 
astronomically correct. 

(2)  The seasons should be properly defined 
and should start on proper dates. 

(3)  The day should start from mid- 
night. 

I t  is seen from the Surya Siddhaltta that 
Aryabhatta, the author of that famous 
treatise (having its origin in about A.D. 400), 
accepted these principles and had laid down 
the following rules: 

(1) The year should start from the instant 
when the sun crosses the spring equi- 
noxial point and the length of the year 
should be the tropical year (Sayana). 

(2) The seasons should consist of two 
solar months, each defined by the time 
taken by the sun to traverse 30" of the 
sun's path (ecli#tic). 

*A summary of the Committee's recommenda- 
tions was reported in the Joitrnal of Scientijc E 
Industrial Research, 15A (19.56). 187. 

tions. 
For civil purposes, it is necessary that 

both the year and the month should be made 
up of a whole number of days, and the civil 
day, according to Hindu practices, should 
start from sunrise (Savana). To achieve these, 
different conventions have been followed in 
different regions which account partly for 
the calendar confusion in this country. 

But the most serious defect has been in the 
length of the year adopted in the Surya 
Siddhanta, the standard astronomical compi- 
lation. The length of the year had been 
taken to be 365.25676 days which is pre- 
sumably the sidereal year; but even then 
the length of the year is in excess by 0.0024 
day. Actually it is laid down in the Surya 
Szddhanta that the length of the year should 
be the tropical year, which according to the 
modern measurements consists of approxi- 
mately 365.2422 days. 

The errors in the fixing of the lengths 
of the years and months are common in 
all ancient astronomical treatises, whether 
Indian or occidental. In the West, however, 
the correct values as obtained later by ac- 
curate observations were adopted for calen- 
daric calculations by the edicts of dictators 
like Julius Caesar or Pope Gregory XI11 on 
the advice of astronomers. In India, on the 
other hand, astronomical observations ceased 
to be made from about ~ . ~ . 1 2 0 0 ,  after the ad- 
vent of the Turkish invaders, when the Indian 
observatories were either destroyed or aban- 
doned by the astronomers and calendar- 
making fell into the hands of astrologers with 
the older treatises as their only guide. 

In their failure to grasp the full implica- 
tions of the phenomenon of precession of the 
equinoxes, the Indian astronomers were not 
alone; for, the false notions about this 
phenomenon were not given up even in 
Europe until Newton's time (1687). Any- 
how, the Indian year is longer than the 
tropical year by 0.01656 days, and this error 
has been accumulating for nearly 1400 years. 
Hence, the solar year now starts nearly 23-24 
days later than the day following the spring 
equinox (21 March) on which it started in 
the time of Varahamihira. In this way, the 
festivals as given by the Indian almanac 
makers quite often fall in the wrong season. 
For example, in 1955 Sarad Purnima was 
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celebrated in the Hemanta season. I t  is 
obvious that this is neither the scriptures 
nor science. 

The Unified National 
(Solar) Calendar of India 

The year - The new National Calendar 
has tried to rectify this fundamental error by 
recommending what the Surya Siddhanta 
laid down, namely that the year should begin 
on 22 March (the day after the spring 
equinox) which has been made to correspond 
to first of Chaitra, and that the length of the 
year should be the tropical year (Sayana). 
The year will consist of 365 days normally 
and 366 days in leap years, once in 4 years, 
as in the Gregorian calendar. 

The months - The Hindu solar months 
vary from 29 to 32 days as the time of 
passing 30" of the ecliptic varies according 
to the older data used in the Szcrya Siddhanta 
from 29.32 days to 31.64 days. Such vary- 
ing lengths can fully be explained on the 
basis of Kepler's laws and by the application 
of Newton's law of universal gravitation, 
which were unknown to astronomers in the 
time of the Surya Siddhanta (A.D. 400). The 
lengths of months are different according to 
the siddhantas because they were calculated 
according to three different formulae. Kep- 
ler's laws and the shift of the equinoxial lines 
not being known, the ancient astronomers 
probably assumed that the times of passage 
through 30" as calculated by their formulae 
would remain valid for all times. But it is 
now known that this assumption is incorrect 
and we cannot, therefore, stick to the lengths 
of the months as prescribed in the siddhantas 
which differ among themselves. According 
to the new National Calendar, the months 
Chaitra and Aswin to Falgun will have 30 
days each and Vaisakha to Bhadra (and 
Chaitra in leap years) will have 31 days each. 
It thus not only fixes the number of days in 
each month as in the Gregorian calendar, 
but also the starting dates of each of its 
months will have a permanent correspon- 
dence with fixed dates of the Gregorian 
calendar. The first days of Chaitra, Jaistha 
Ashard, Agrahayan and Poush will corres- 
pond to 22nd of March, May, June, November 
and December respectively; first of Vaisakha, 
Magh and Chaitra in leap year to 21 April, 
January and March; first of Sravan to Kartik 
to 23 July to October; and the first of Falgoon 
to 20 February. 

The era - For systematic date reckoning 
a continuously running era is required to be 
mentioned besides the month and the date 
according to the prevailing calendar. This 
cnables an event to be placed correctly on 
the time scale. In intern;ttional practice the 
Christian era is used. This is supposed to 
have started from the year of birth of Jesus 
Christ. But actually it is an extrapolated 
era which came to he used about 500 years 
after that event, and even so its starting day 
may be quite different from the actual birth- 
day of Christ. 

In India nearly 30 different eras were or 
are used which are either of foreign origin, 
purely Indian origin or hybrid ones. I t  will 
take far too long to give a history of these 
which is not, therefore, attempted. I t  isclear 
from historical records that date reckoning 
by using an era started in India from the 
time of the Kusana emperors and Saka sat- 
raps of Ujjain. The introduction of the era 
is connected with the development of sense 
of ' History ' which came rather late in the 
time scale of civilization. In any case, it has 
little to do with any fundamental principles 
of astronomy, and the adoption of one or 
the other era is rather a matter of choice. 

The National Indian Calendar has adopted 
the Saka era after a critical examination of 
the points in favour of the various eras used 
in the Indian calendaric systems. The Saka 
era is certainly the era par excellence, since it 
is used by all Indian astronomers, and had 
been used, and is still used, for calendaric 
calculations all over India since the days of 
the Ujjain astronomers in the first century 
A.D. It  is the era used in all Indian scienti- 
fic treatises including the post-siddhantic 
treatises. I t  is, therefore, but appropriate 
that the National Indian Calendar should 
have adopted the year 1879 of the Saka era 
which is the era current in March 1957. 

The leap year - To find the leap years 
according to the national calendar, all that 
need be done is to observe this rule: Add 78 
to the Saka era year, and if the sum is divi- 
sible by 4 then the year is a leap year. Thus, 
1878 S.E. was a leap year (corresponding 
to A.D. 1956) and 1882 S.E. and every 4th 
year thereafter will be leap years. When, 
however, after adding 78 to the Saka year, 
the sum is a multiple of 100, that year will 
be a leap year only if the sum is divisible 
by 400 -otherwise it will be a common 
year. This is as in the corresponding rule 
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in the case of the cent&y years in the 
Gregorian calendar, the reasons for which 
are well known. 

I t  will be seen, therefore, tlint the new 
solar calendar is scientific, uniformly appli- 
cable to all parts of India, follows the 
Surya Siddhanta in all essential points and is 
absolutely sound in its astronomical basis. 
The conventions have been revised with the 
sole object of having a uniform system for 
the whole country. 

The Religious (Lunar) Calendar of India 

The Hindu religious calendar is mainly 
lunisolar, i.e. the seasons are fixed by the 
solar calendar, while the dates and moments 
are fixed according to the lunar calendar 
pegged on to it. The lunar calendar depends 
on the correct calculation of the moments of 
conjunction (Amava.sya), opposition (I'aurna- 
masi) and of the tithis (the moments when 
the moon gains 12" or its integral multiples 
on the sun). For calculating these the 
Indian calendar-makers use the formulae for 
lunar motions given in the siddhantas. As 
these are known to be in error, some correc- 
tions known as bija have been introduced 
in them by later Indian astronomers. Rut, 
for the calculation of the moon's positions 
according to the correct astronomical con- 
cepts of the present times, formulae are used 
which run up to twenty printed pages and 
contain about 1500 terms in all! These 
formulae and the terms involved have been 
worked out from more accurate and elabo- 
rate astronomical measurements which have 
now become available with the progress of 
astronomy but which were not known to 
astronomers of older times. 

Now the orthodox Indian calendar-makers 
still use the older formulae dating from A.D. 
400 and so their calculations of the ending mo- 
ments of tithis do not agree with those given in 
the Nautical Almanacs based on the modern 
formulae and verified by actual observations. 
The errors sometimes amount to as much as 
54 hours or more ! Many of the Indian 
calendar-makers are aware of these discre- 
pancies, and some of them liavc taken 
to incorporating the ending moments of tithis 
from the Nautical Almanac; but all do not 
do so. However, when it comes to giving 
the moments of the beginning and ending of 
the eclipscs, lunar or solar, they all take the 
times from the Nautical Almanacs. The 
reason for this is clear. As the times of the 

eclipses, calculated according to the siddhan- 
tas, may be grossly inaccurate, the mistakes 
in the case of the eclipses will a t  once catch 
public attention and lower the prestige of 
the concerned almanac ! 

The calculations of tithis used for the 
National Calendar are to follow the Nautical 
Almanac and are based on correct positions 
of the moon and the sun. 

Another radical departure has been made. 
According to the conventions, a religious 
festival is observed in a locality when the 
prescribed tithi is current at a particular 
hour of the civil day of the locality. But on 
the same day and hour, the tithi may vary 
from locality to locality; and this, taken 
with the mistakes in calculating tithis accord- 
ing to ancient methods, may produce a full 
day's difference in some cases in fixing the 
dates of religious festivals. In the National 
Calendar the ending moments of tithis have 
been given according to modern calculations 
(following the Nautical Almanacs) and the 
tithi current for the Central Station (a hypo- 
thetical station at 23'1 1'N. lat. and 82"301E. 
long.) has been taken to be the tithi for 
the whole of India. This view is a very 
justifiable one. If, on the other hand, one 
were to truly follow the siddhantic conven- 
tions to the letter, then even with the cal- 
culations made correctly every station should 
have its own tithi and consequently have its 
own almanac ! Obviously, this is neither 
possible nor sensible. Therefore, in laying 
down that the country should follow the 
tithi calculated for a central location there is 
no more violation of the siddhantic conven- 
tions than they are already violated. 

As a result of all the reforms and adjust- 
mcnts clcscribed above the National Calendar 
would ensure that the religious festivals and 
observances, determined by the sun alone, 
would follow astronomically correct seasons, 
while those determined by the lunar calendar 
would continue to be observed at the times 
conforming to the present practice. But even 
in their case also, the corrections now intro- 
duced in the length of the year will prevent 
their further shift in relation to the seasons. 
I t  has been explained earlier that the dates 
of the festivals have already shifted by 23 
days from the times at which they were 
observed about 1400 years ago as a result 
of ignoring the precession of the equinoxes. 
Although it may seem desirable that this 
shift also should have been adjusted at this 
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time, it has been considered expedient to 
maintain this shift of 23 days as a constant 
difference, so that for the present there would 
be no deviation from the prevailing custom 
in this observance. 

Other recommendations 

While fixing the dates of the various local 
festivals in the Reformed Calendar it was 
observed that in some cases different con- 
ventions are followed in the different states 
for fixing the same festival. In their present 
fixation of the dates of the festivals statewise, 
the Committee has followed, as far as practi- 
cable, all these local conventions. But they 
have expressed the opinion that in this matter 
also a uniform convention should be followed 
throughout India, and that it is desirable 
for the Government to take the necessary 
steps in order to explore the possibilities of 
such a unification. Reform of an existing 
calendaric system is not a new thing, such 
reforms having taken place quite a few times 
in the past in other parts of the world a t  
various stages of man's civilization. Changes 
have inevitably been accepted, though tardi- 
ly sometimes and often reluctantly in the 
sphere of religious observances. It is in 
consideration of this reluctance that the 
Committee has not proposed the necessary 
correction in respect of the dates of the 
religious observances, a compromise which 
the Government too have perhaps rightly 
accepted. But every right-thinking person 
should realize that even the religious prac- 
tices ought to be guided by a calendar which 
is based on a more scientific system of time 
reckoning and on astronomically accurate 
ephemerides. 

Before concluding, two further recom- 
mendations of the Calendar Reform Com- 
mittee are worth noting. One is that the 
Government of India should take steps to 
compile annually an " Indian Ephemeris and 
Nautical Almanac " showing in advance the 
positions of the sun, the moon, the planets 
and other heavenly bodies; and that the 
Indian Calendar, both civil and religious, 
should be included in that publication every 
year. The Government lost no time in 
implementing this very important recom- 
mendation and the Council of Scientific &. 
Industrial Research took very early steps to 
fulfil this need by appointing an Indian 
Ephemeris Unit to work under the late 
Dr. Meghnad Saha for compiling the Indian 

Ephemeris and Nautical Almanac. This unit 
was subsequently transferred as a perma- 
nent measure under the India Meteoro- 
logical Ilepartment which, it is gratifying to 
see, have just published the Indian Ephe- 
meris and Nautical Almanac for 1958.* I t  
is the first Indian publication of its kind and 
marks a very significant step in the plans 
for the development of astronomical work in 
India. 

Finally, the Calendar Reform Committee 
has recommended that steps should be 
taken to establish, a t  a suitable place, a 
National Astronomical Observatory provided 
with modern equipment and apparatus and 
time-service. Jt is the earnest hope of every 
one that the Government, having already 
acted on the other main recommendations of 
thecommittee with commendable expedition, 
will give their serious and early considera- 
tion to this very important recommendation 
also - a step that will undoubtedly help a 
great deal to bring India back to the place 
of eminence she once occupied in the past in 
the field of astronomical studies. 

Conclusion 

The Prime Minister in his message to the 
Calendar Reform Committee had expressed 
the hope that the scientists will give a lead 
in the matter of removing the calendar con- 
fusion in India. The scientists have fulfilled 
his hope by evolving a scientific and astro- 
nomically sound uniform National Calendar; 
and the Government have acted with zeal 
and praiseworthy vision by adopting it. I t  
is now for the people of the nation to lend the 
National Calendar their unstinted support by 
its quick universal adoption for all their 
civil and even religious purposes. By so 
doing they will have shown that they can 
rise above the tenets and practices derived 
merely from usage and custom most of which 
are not in themselves sacrosanct, but very 
often based on man-made rules and dogmas. 
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Dr. D. N. Wadia, F.R.S. 

T HE election of Dr. D. N. Wadia, Geo- 
logical Adviser to the Department of 
Atomic Energy, as a Fellow of the Royal 

Society " for researches into the geologi- 
cal structure of the Himalayas " has been 
announced. 

Born in 1883, Dr. Wadia received his early 
education at the Baroda College, Bombay 
University. He began his career as Profes- 
sor of Geology, Prince of Wales College, 
Jammu and Kashmir State, in 1907. His 
contact with the Himalayas thus began at an 
early period in his life and his interest in the 
biggest mountain range of the world con- 
tinued to dominate his geological studies in 
subsequent years. He joined the Geological 
Survey of India in 1921 and carried out 
several important explorations, among them 
the survey of Pirpanjal range, the Kashmir 
Himalayas, Hazara and parts of N.W. India, 
and Waziristan. On his retirement from 
the Geological Survey of India in 1938, he 
was appointed Mineral Adviser to the Ceylon 
Government and later, Director, Bureau of 
Mines, Govt. of India. Since 1949, he has 
been Geological Adviser to the Department 
of Atomic Energy and has been directing 
the survey for uranium and other atomic 
minerals which has yielded promising results. 

His well-known book 
Geology of India and 
many other scientific 
publications, including 
Syntaxis of N.W. Hima- 
layas and Structure of 
Himalayas, won for him 
a name in the geo- 
logical world. He has 
been elected Fellow 
of many geological 

D ~ .  D. N. wADIA societies and awarded 
several medals; he has 
participated in several , 

International Conferences as representative 
of India. He was President, Indian Science 
Congress, in 1942. He was recently invit- 
ed by the Egyptian Government to advise 
the Government on the organization of a 
survey for atomic and other economic mine- 
rals. 

Dr. Wadia is intimately connected with 
the activities of the Council of Scientific & 
Industrial Research in different capacities. 
He is a member of the Board of Scientific & 
Industrial Research; Chairman, Mineralogical 
and Geological Research Committee; and 
member, Editorial Board, Journal of Scien- 
tijic 6 Industrial Research. 

"Atoms for Peace" Award  

PROF. NIELS BOHR, DISTINGUISHED DANISH 
physicist and winner of the Nobel Prize in 
1922, is the recipient of the first " Atoms for 
Peace " Award, established in 1955 through 
a $ 1  million grant by the Ford Motor 
Company of America. Prof. Bohr (71) is 
one of the founders of the modern atomic 
theory. His earliest contribution to the 

unfolding of the structure of the atom 
was made in 1913 when he devised an 
atomic model which could explain the 
spectra of elements and their position in 
the Periodic Table. Later, he developed 
the theory known after his name, which 
has provided the basis for all subsequent 
work on atomic structure. 



Cellulose Research - A Symposium 

A THREE-DAY symposium on Cellu- 
lose Research was organized under 
the auspices of the Cellulose Research 

Committee of the Council of Scientific & 
Industrial Research at Ahmedabad during 4-6 
February 1957. The symposium was inaugu- 
rated by Dr. K. R. Ramanathan, Director of 
the Physical Research Laboratory, Ahmeda- 
bad, and Dr. V. A. Sarabhai, Chairman of the 
Cellulose Research Committee, delivered the 
introductory address. 

Nineteen papers were presented and dis- 
cussed in five sessions covering the following 
subjects: Chemistry of cellulose; Struc- 
ture and mechanical properties of cellulose; 
Reactions of cellulose with cross-linking 
agents; Cellulose for the rayon industry; 
and Research in other cellulosic indus- 
tries. --.--- 

Reviewing the progress of cellulose research 
in India, Dr. B. K. Vaidya pointed out that 
the study of raw materials for the paper 
industry formed the main interest of cellulose 
research in the years preceding the establish- 
ment of the Cotton Technological Laboratory 
in Bombay in 1924. Valuable work on the 
mechanical, chemical and technological as- 
pects of cotton cellulose was undertaken in 
this laboratory, and the progress achieved 
provided the inspiration for initiating similar 
studies on jute cellulose in the Jute Techno- 
logical Laboratory at Calcutta, which was 
started in 1937. In the recent past, a 
number of institutes have been set up 
in the country and various aspects of 
cellulose research are now receiving atten- 
tion. 

The Cellulose Research Committee was one 
of the earliest committees organized by the 
Board of Scientific & Industrial Research 
when it was established in 1940. Among the 
research projects supported by this Com- 
mittee, mention may be made of investi- 
gations on cellulosic raw materials for the 
rayon industry, manufacture of chemical 
pulp, preparation of cellulose derivatives and 
anatomical examination of bamboos. The 
Committee has drawn up a comprehensive 
scheme of research on cellulose to be car- 
ried out during the Second Plan period, 
1956-61. 

Cellulose fibres - chemistry and properties 
Cellulose is a linear polymer exhibiting pro- 

perties akin to poly-alcohol compounds. The 
characteristic alignment of chain molecules 
into closely and orderly packed ' crystalline 
regions ' and disorderly packed ' amorphous 
regions ' is responsible for many of the textile 
properties, such as tensile strength, elasticity, 
dye receptivity, moisture regain, etc. Vari- 
ous modifications can be effected in the 
structure, and one or more of the textile pro- 
perties can be improved upon. 

The mechanical properties of cellulosic 
fibres are related both to external (or macro- 
scopic) form and internal (or sub-microscopic) 
structure. In the former category are: cross- 
sectional size and shape, crimp or kinkiness, 
and surface features, such as cracks and wrin- 
kles. The more important characteristics of 
the internal structure to be considered for un- 
derstanding the mechanical properties of the 
fibre are, length distribution of chains, mass- 
order distributions and orientation-order dis- 
tributions, radial inhomogeneities (skin-core 
differences) and organizational imperfections 
or fracture surfaces within the fibre. These 
properties vary considerably for the major 
native and regenerated cellulosic fibres and 
generally account for the differences observed 
in strength and extensional properties. 

Studies on light scattering of cellulose solu- 
tions in concentrated acids reveal the forma- 
tion and growth of a polymer of 5-hydroxy- 
methyl furfural, a dehydrated product of 
glucose. Studies on this polymer formed the 
subject of a paper by Dr. P. I<. Choudhury. 

Investigations on the fluidity of cellulose 
solutions have been undertaken in the Sri 
Ram Institute for Industrial Research, 
Delhi, by Dr. H. R. Chipalkatti and co- 
workers. I t  has been shown that phosphoric 
acid as a solvent for cellulose has certain 
advantages over cuprammonium solution; 
viscosities can be measured from the very 
early stages of cellulose dissolution. 

In a paper entitled ' Some studies on X-ray 
diffraction by cotton ', Dr. T. Radhakrishnan 
discussed the applications of X-ray diffraction 
techniques for measuring molecular orienta- 
tion produced by stretching and washing 
alkali-swollen cellulose. The data obtained 
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have been correlated with the physical pro- 
perties of mercerized cotton. An inexpensive 
X-ray diffractometer has been devised for 
measuring fibre orientation. 

Cellulose and cross-linking agents 

The effect of treatment with formaldehyde, 
urea-formaldehyde and melamine-formalde- 
hyde condensates, and isocyanates on the 
properties of the fibre, yarn and fabric was 
reviewed in a paper presented by Dr. P. C. 
Mehta. In another paper, Shri K. Manni- 
vannan and Dr. V. B. Chipalkatti discussed 
the methods for overcoming the major de- 
fects normally encountered in viscose rayon 
fabrics. 

Exposure of cellulose to the mercury arc 
results in the formation of two types of 
alkali-sensitive glycosidic linkages, viz. those 
that break down in the post-irradiation stage 
and those that are stable. 

Results of investigations carried out in the 
laboratories of Technical Development Estab- 
lishment, Kanpur, to .prevent or slow down 
the pace of degradation by light and by 
microbial attack were discussed; it was 
pointed out that copper, in binary combina- 
tion with nickel or manganese, is effective 
against both actini andc microbial attacks. 

Cellulose for rayon 

India imports 50 tons/day of 'cellulose pulp' 
or 'dissolving pulp', a specially purified form 
of pulp for the manufacture of rayon. For 
meeting the requirements of the expanding 
rayon industry, the requirement of pulp in 

1961 has been estimated to be 150 tonslday 
valued a t  Rs. 5.5 crores per year. India 
has ample resources for the production of 
pulps required by the rayon industry. Ex- 
tensive research on indigenous cellulosic raw 
materials, like bamboo, bagasse and sabai 
grass, and developmental work should be 
undertaken as an urgent measure. 

Some aspects of the composition and eva- 
luation of viscose grade pulps, and chemical 
analysis of cellular components, like fibres, 
parenchyma cells, epidermal and nodal tissues 
from untreated bamboo (Dandrocalamus 
strictus) were discussed in two papers by Shri 
G. M. Vyas. 

Other cellulosic industries 

Attention was drawn to several funda- 
mental problems on jute cellulose requiring 
investigation, e.g. significance of individual 
fibre constituents and reactive groups of the 
cellulose molecule and their role in the treat- 
ment employed for modifying fibre properties. 
It was reported that jute a-cellulose, irrespec- 
tive of the method of its isolation, is always 
associated with xylan. 

Anatomical structure of some indigenous 
hardwoods has been exhaustively investigat- 
ed with special reference to their suitability 
for pulp and paper. Studies designed to 
determine the optimum conditions for pro- 
ducing strong pulps from bamboo have 
shown that the best yield is obtained when 
bamboo chips are digested by the ' impregna- 
tion method ' with liquor containing 8 per 
cent active chemicals at 153' for 13 hr. 

Decimal Coinage  

THE INTRODUCTION OF DECIMAL COINAGE IN 
India from 1 April 1957 is the first step in the 
phased programme of switching over to the 
decimal system of currency, weights and 
measures. 

The decision to change over to the decimal 
system was prompted by the rapid pace of 
industrialization in the country and the need 
for a rational mode of computations and mea- 
surements. The prevailing system of coinage, 
weights and measures, though hallowed by 
time, is cumbersome and computations 
based on it are wasteful of time and energy. 

Writing on the decimalization of coinage in 
India, the New York Times said that India 
was embarking on " an experiment that is 
courageous, imaginative and significant. It 
is obvious that with a decimal currency, India 
will have moved more closely into touch with 
the whole modern world. I t  will be easier 
to speak one branch of the international 
language. If India is successful in this ex- 
periment - and we are confident she will 
be - there will be a valuable object lesson 
for all those who seek better and more accu- 
rate media of worldwide communication." 



A New Theory of Olfactory Stimulation 

A TTEMPTS to correlate odour with 
other molecular properties and to 
suggest a trigger mechanism for the 

olfactory process have been made in the 
past. But chemical correlation with phy- 
sical properties, other than low-frequency 
molecular vibrations, has been unsuccessful 
and most of the proposed triggering mecha- 
nisms are unsatisfactory. Because of the 
lack of any distinct chemical correlation, it 
is now generally agreed that odour is a 
' whole-molecule ' effect, not an effect due 
to specific chemical groups. I t  is plausible 
that the low frequency molecular vibra- 
tions form the physical basis of odour, 
as such vibrations are due to the ' whole- 
molecule ' effect, in contrast to the higher 
frequency vibrations characteristic of che- 
mical bonds. 

A complete theory of the olfactory process 
must account not only for the exceptional 
odour sensitivity at very low thresholds but 
also the ability to discriminate a wide 
variety of odours and identify them. Hainer 
and co-workers have recently proposed a 
theory in which the nature of olfaction has 
been considered in terms of subjective ol- 
factory experience, the neuro-physiology of 
the olfactory system, and the requirements 
for the storage and the transmission of 
information [Hainer, R. M. et al., Ann. 
N.Y. Acad. Sci., 58 (1954), 1581. This 
theory answers many complex olfactory 
phenomena, e.g. fatigue, adaptation and 
classification of odours and has accounted 
for the well-known Weber-Fechner law. 
It does not attempt to explain the mecha- 
nism by which the rather small quanta asso- 
ciated with vibrations in the far infrared 
region are able to trigger the much larger 
discharges of energy necessary for the 
initiation of a nervous impulse. Such a 
mechanism, which is consistent with the 
hitherto known facts of olfaction as well as 
with the accepted physico-chemical prin- 
ciples and the neuro-physiology of the 
olfactory system, has now been suggested 
by R. H. Wright ancl his associates of the 
University of British Columbia [Chem. I d . ,  
No. 37 (1956), 9731. 

Current knowledge 
The relevant facts known about olfaction 

are: (1) the olfactory end organ is an elon- 
gated bipolar neural cell, which terminates 
a t  its outward end in an enlargement, called 
the olfactory vesicle. The neural cells ex- 
tend through the cribriform plate from the 
olfactory bulb of the brain into the nasal 
passage. The vesicle carries 6-12 proto- 
plasmic filaments or hairs (diameter, 0.1 p; 
length, 1-2 p) which are integral parts of the 
cell. Olfaction involves direct interaction 
between the neuron and the source of sti- 
mulation. (2) In  man, there are about 50 
million primary neurons. These carry the 
olfactory hairs a t  their distal ends, and 
proximally they lead into the olfactory bulb. 
About 45,000 nerve fibres lead out of the 
olfactory bulb to the brain. They are 
grouped in bundles of 24 which are con- 
nrcted to some 1900 glomeruli located in the 
olfactory bulb. According to Hainer et al. 
there are 24 types of primary neurons res- 
ponding to different stimuli and feeding 24 
secondary or cerebral neurons which emerge 
from each glomerulus. This provicles a very 
large number of possible digital patterns 
(over 16 million) ancl constitutes the ' infor- 
mational ' basis of the surprising selectivity 
of the nose in discriminating various odours. 
(3) The existence of olfactory end organs 
capable of selective response to different 
stimuli has been experimentally demons- 
trated by electrophysiological methocls. 
(4) Nerve cell walls in their normal state 
are the site of an electrical double layer. 
The initial event in nervous stimulation 
appears to be a localized breakdown or dis- 
charge of the layer which is accompanied 
by an alteration in the permeability of 
the cell wall. The discharge is propa- 
gated along the nerve as a pulse of about 
1 millisec. duration. The magnitude of 
the pulse, however, does not reflect the 
odour intensity. (5) To induce an olfactory 
sensation, the air in the nasal passage 
must be moving. (6) To produce percept- 
ihlc odour, molecules of the odorous subs- 
tance should make a close approach to 
the olfactory end organ. (7) The odour may 
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be connected with the low frequency mole- 
cular vibrations. (8) The olfactory epithelium 
is coloured by the presence of an ' olfactory 
pigment ', the constitution and the precise 
location of which are not yet definitely 
known. 

Olfactory pigment and nervous stimulation 

A pigmented molecule is one wliosc struc- 
ture involves ' chromophoric ' groups result- 
ing in the presence of weakly bound electrons. 
The electrons may be excited by small 
quanta of light in the visible region, and it is 
this absorption which provides the charac- 
teristic colour of the pigment. Wright et al. 
proposed that, normally, molecules of the 
olfactory pigment located in the end organ 
can be similarly (electronically) excited by 
chemical means, metabolic processes supply- 
ing the necessary energy and tlie coloured 
molecules acting as energy acceptors. They 
further suggested that the de-excitation of 
these molecules, possibly by an odorous 
molecule, may provide the redistribution of 
charges necessary to effect the breakdown 
of the membrane potential, which in turn 
may initiate a nervous impulse. In the 
extremely minute olfactory hairs, the dis- 
charge of a relatively small number of such 
molecular dipoles might be sufficient to 
outweigh the effect of metabolic reactiva- 
tion. 

Triggering mechanism 

The return of the excited molecule to tlie 
ground state may take place quite early by 
radiation or only after some delay. The 
transition of the former type is known as 
' allowed ' transition, that of the latter 
type, ' forbidden ' transition. The pro- 
bability of occurrence of the latter typc of 
transition is far lower than that of the 
former. The electronic transition postu- 
lated in the theory of Wright et al. is of the 
' forbidden ' type arising from the sym- 
metry of the system. A probable mechanism 
for the triggering may be based on the fact 
that resonance between the vibrations of the 
odorous molecule and the receptor pigment 
may result in a change of population in the 
vibrational levels of the electronically excited 
state. If the shift were into a vibrational 
level from which the transition to the 
ground state is more 'allowed ', then a 
local discharge of the cell membrane might 
result. 

Similarity to Fermi resonance 
Wright et al. postulated that the increased 

overlap and the transition probability of the 
electronically excited pigment molecules are 
brought about by a perturbation process 
similar to Fermi resonance between the 
oclorous and the receptor molecules. The 
effect is closely similar to the case of two 
mechanically coupled oscillators in which 
the two identical vibrational frequencies are 
split into one slightly higher and one slightly 
lower than the original value. Overlap and 
transitional probability are maximum when 
the peaks of the wave functions representing 
the upper and lower states are in phase with 
each other. For odorous molecules which 
are generally polarizable, surface adsorption 
compounds provide the required degree of 
intimate contact between the odorous mole- 
cule and the rcceptor. 

Common observations explained 

Available experimental evidence indicates 
that the strength of the olfactory sensation 
is weakened when the humidity is high and 
the air temperature is close to that of the 
body temperature. \Vright et al. interpreted 
the effect of increased temperature and high 
humidity as due to the interposition of an 
adsorbed film of water between the odorous 
molecule and the pigment in the cell mem- 
brane. Due to the specific adsorption re- 
quired for the ITermi resonance to be 
effective, the adsorbed molecules would 
remain on the end organ and produce a more 
or less persistent sensation. Wright et al. 
pointed out that this does not happen. The 
odorous molecules are expelled violently and 
thrown out by a distance of several free 
paths from the surface by the very electro- 
nic process which they trigger in the cell 
membrane. The air close to the surface 
becomes rapidly denuded of the odorous 
molecules by a process of preferential ad- 
sorption followed by violent ejection. Air 
movement is required to bring the odor- 
ous molecules back to the surface. If fresh, 
non-odorous air is inhaled it will instantly 
sweep away the odorous molecules. This 
explains the evanescence of the olfactory 
sensation. 

Probable nature of the pigment 

The theory assigns a central role to the 
olfactory pigment and requires that the cell 
walls and, particularly, the olfactory hairs 
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shall contain the pigment or other molecules 
having low vibrational frequencies associated 
with that part of the molecule which has 
a low-lying electronic level. The pigment 
should consist of several chemical species, 
probably of a single basic type but tuned to 
different vibrational frequencies by substi- 
tuents of varying mass or position (some- 
what akin to the 24 primary neuron types 
suggested by Hainer et al.). The observed 
brown colour of the olfactory region is more 
consistent with absorption by an array of 
coloured molecules than by a single mole- 
cular species. The physical behaviour of 
the pigment can be best met by a molecule 
with a conjugated, but loosely bound, 
' flapping ' type of structure, well satisfied 

by the vitamin A type of molecule. In i n  
vilro systems, molecules such as terphenyl 
and the cyanine dyes with a structure close 
to that of vitamin A, act as typical energy 
traps. In fact, it has been observed that 
rats suffering from a severe vitamin A 
deficiency lose the ability to discriminate 
between eucalypt01 and benzaldehyde. The 
process of colour vision is known to involve 
several pigments and has an obvious parallel 
with the suggested mechanism of odour per- 
ception. From the close physical association 
of the organs of sight and smell and their 
possible evolution from a common sensitive 
area, it is most likely that olfactory pigments 
will turn out to be closely related to visual 
pigments of the rhodopsin type. 

"Endeavour"  Prizes, 1 9 5 7  

THE IMPERIAL CHEMICAL INDUSTRIES LTD., 
publishers of Endeavour, have offered a sum 
of 100 guineas to be awarded as prizes for 
essays submitted on one of the six scientific 
subjects listed below. The primary purpose 
of these awards is to stimulate younger 
scientists to take an interest in the work of 
the British Association for the Advancement 
of Science and to raise the literary standard 
of scientific writing. The competition is 
restricted to those whose twenty-fifth birtll- 
day falls on or after 1 June 1957. 

The five prizes to be awarded are: First, 
Second and Third Prizes, 50, 25 and 15 
guineas respectively; two Special Prizes of 

5 guineas each, exclusively for competitors 
below 18 years. 

The subjects for the essay competition are 
as follows: (1) The International Geophysical 
Year, (2) Science Fiction, (3) Irish Contribu- 
tions to Science, (4) Atmospheric Pollution, 
(5) Chemistry and the Conquest of Disease, 
and (6) Particles in Plant and Animal Cells. 

All entries should be addressed to: The 
Assistant Secretary, British Association for 
the Advancement of Science, Bmlington 
House, Piccadilly, London W. 1. The last 
date for the receipt of entries is 1 June 1957. 
The First Prize-winning essay will be pub- 
lishcd in the Advancement of Science. 
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CRYSTALI-OGRAPHIC DATA FOR THE CALCIUM 
SILICATES by L. Hcller & H. F. 11'. Taylor 
(H.M. Stationery Office, London), 1956. 
I'p. v + 79. Price 10s. 6d. 

During World War I1 Prof. Bernal hacl much 
to do with the design and construction of air- 
raid shelters. Perhaps it was this experience 
which aroused his interest in cement. Be 
that as it may, the present book summarizes 
admirably and in handy form our present 
knowledge of the calcium silicates and their 
hydrated products, to which the authors 
have themselves made many notable contri- 
butions while working in Bernal's laboratory. 

There was a time when the manufacture of 
cement was controlled largely by chemical 
analysis amplified by crushing and terisilc 
tests of the hydrated product. Those days 
are past, for the choice of raw materials is 
more restricted and the demands to be met 
by the finished product are increasing in 
severity. Today no cement factory can be 
regarded efficient unless its laboratory is 
equipped, not only for chemical control, but 
also with X-rays (Cu-Ka) for structure ana- 
lysis, a mineralogical microscope, and for 
differential thermal analysis. 

The data so well set out in this book have 
for the most part been published in journals 
not normally available to the work's chemist 
or the physical chemist. Thus, by bringing 
together the relevant crystallographic, optical 
and chemical data in such a systematic and 
compact form the authors have renderer1 a 
real service to the cement industry and 
cement users. 

Three appendices following the main tes t  
add to its usefulness. The first deals with 
thermal dehydration aspects and the second, 
in outlining the skeletal structural types, 
affords a critical review of a field in which 
there has been much speculation. Here, 
infrared absorption spectroscopy would have 
helped in the characterization of the silicon- 
oxygen groups. The table, in Appendix 111, 
of the 'd' values of the three principal lines 
for the various silicates affords a ready means 
of quick identification. 

This is a book which should be in every 
chemical library; it is of immense value to 

the scientist in the cement, ceramics and 
building industries. 

It is to be hoped that before long the state 
of our present knowledge of the calcium alu- 
minates will, in its turn, be equally well 
brought together in such handy form. 

G. I. FINCH 

PRACTICAL SOLUTION OF TORSIONAL VIBRA- 
TION PROBLEMS WITH EXAMPLES FROM 
MARINE, ELECTRICAL, AERONAUTICAL AND 
AUTOMOBILE ENGINEERING PRACTICE by 
W. Kern Wilson (Chapman & Hall Ltd., 
London), Third Revised Edition, 1956. 
Pp. xxsii + 704. Price 5 guineas 

I11 the prcface the author has mentioned 
that during the last decade or two the study 
of vibration has gained considerable improve- 
ments of instrumentation and experimental 
proccdures which have resulted in a better 
understanding of some of the more complex 
aspects of the subject. Hence in the third 
revised edition of the book the author has 
endeavoured to bring his book up to date 
by including the developments that have 
taken place in the field of vibration engi- 
neering. 

The study of vibrations in engineering 
dates back to the beginning of this century. 
Tremendous progress was made in this 
branch during the period preceding World 
\\Tar I1 and in the post-war period due to 
the development of high speed engines, 
especially those required for propulsion in 
modern aeroplanes. This led to the manifold 
developments in the field of instrumenta- 
tion during the years 1935-45. In aeronau- 
tical engineering, the problems of vibration 
opencd the way to systematic studies in 
flight ; considerable progress was made 
in analytical studies during this period. 
Application of improved experimental proce- 
dures in work on cngines and aircraft vibra- 
tion indicated that in a number of cases the 
experimental results did not agree with 
theoretical predictions. This led to a series 
of approximations and paved the way for 
practical approach to the problem. 

The trend of engineering development to- 
wards higher operating speeds and increased 
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economy of material has emphasized more 
and more the importance of vibratory phe- 
nomena in determining the safety and dura- 
bility of engineering structures. Though in 
some cases the problems are comparatively 
straightforward requiring no more than 
the determination of the fundamental fre- 
quencies of the systems, in many cases, for 
working solutions a threefold approach is 
generally necessary, namely (a) theoretical 
analysis to guide experimental work and 
assist interpretation of experimental work; 
(b) the experimental investigation to verify 
theoretical predictions, provide data for 
numerical solutions and indicate refinements 
or extensions of basic theory; and (c) fatigue 
testing, preferably with full-size components, 
to determine safety margins. 

The author has endeavoured to make all 
these approaches to the solution of compli- 
cated problems and has very successfully 
tackled and brought them within the com- 
prehension of all those engaged in vibration 
study and analysis. Based on years of 
experience, both in the research and develop- 
ment of internal combustion engines of all 
ranges, the author has successfully compiled 
all his experiences in a very comprehensive 
volume. While the book itself contains 12 
chapters covering various aspects of torsional 
vibrations, the bibliography at the end of 
the book is very exhaustive wherein all 
modern work on vibration engineering is re- 
ferred to. The book is indispensable not only 
for advanced class-room study but also for 
reasearch workers. 

V. CADAMBE 

FRUIT AND VEGETABLE PRESERVATION IN- 
DUSTRY IN INDIA (Central Food Techno- 
logical Research Institute, Mysore), 1956. 
Pp. xiv + 485. Price Rs. 6; 15s.; $2.50 

The Central Food Technological Research 
Institute, Mysore, has brought out the pro- 
ceedings of the symposium on problems of 
the fruit and vegetable preservation industry 
in India, held under its auspices in Octo- 
ber 1954. This was the fourth symposium 
organized by the Institute with a view to 
bringing together scientists, technologists, 
industrialists, government officials and public 
men working in the field of horticulture, 
biochemistry, microbiology, food technology 
and production and marketing of fruit and 
vegetable products. The publication in- 
cludes sixty-four papers on various aspects 

of the industry presented and discussed at 
the symposium, arranged in the following 
eleven sections: (1) Raw materials (including 
minor fruits and vegetables), their survey. 
quality, etc.; (2) Advancement in scientific 
and technical knowledge (of the Indian fruit 
and vegetable preservation industry) ; (3) Qua- 
lity control of manufacturing processes; 
(4) Sanitation and microbiological problems 
in relation to the quality and shelf-life of 
processed fruit and vegetable products; 
(5) Additives and preservatives; (6) Nutritive 
values of preserved products; (7) Applications 
of refrigerated storage of fruits and vegetables 
for the benefit of the preservation industry; 
(8) Containers (tin, glass, plastics, paper, etc.) 
for fruit and vegetable products; (9) Plant 
and equipment in the processing of fruits 
and vegetables; (10) Technical information 
service and publicity for the Indian fruit 
and vegetable preservation industry; and 
(11) General - some other aspects of the 
industry. Besides these 64 papers, the publi- 
cation includes introductory speeches, resolu- 
tions and concluding remarks. 

The importance of fruits and vegetables 
as protective foods essential for providing 
adequate nutrition to the predominantly 
grain-eating population of India need hardly 
be stressed. I t  is also well known that the 
per capita production of fruits and vegetables 
is very low in India and that a considerable 
part of the production goes waste, especially 
in the peak season, owing to defective trans- 
port, delays in marketing, lack of cold storage 
facilities, etc. The reasons for the slow and 
inadequate development of the fruit and 
vegetable preservation and canning industry 
on a commercial scale in India are also well 
known, namely insufficient markets for 
canned products, high cost of manufacture 
(due to high cost of sugar, containers, etc.), 
transport difficulties, horticultural develop- 
ment not being oriented to the requirements 
of the canning industry, etc. The resolution 
passed at the symposium takes account of 
these usual difficulties and makes recommen- 
dations for removing them. 

I t  is unfortunate that even though the 
Central Food Technological Research Insti- 
tute has done so much useful work on home 
and cottage-scale preservation and canning, 
the symposium was primarily oriented to- 
wards the problems of the commercial 
development of this industry. Leaving aside 
the modem methods of chemical preservation, 
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sterilization and refrigeration, the art and 
science of preservation by other methods, 
e.g. drying and dehydration, pickling and 
fermentation, concentration of spices, salt 
or sugar, etc., have been employed in Indian 
homes for ages. In fact, the extent of the 
fruit and vegetable preservation industry in 
India would be considerable if the home and 
cottage-scale industry is also taken into 
account and calculations are not based 
merely on commercial units licensed under 
the Fruit Products (Control) Order, 1953. 
The commercial industry could and should 
no doubt be developed for catering to urban 
markets, the Defence Services and the export 
markets. But no real improvement in the 
utilization of fruits and vegetables as a 
whole can come about until and unless the 
development is oriented towards the larger 
segment of the industry represented by 
home-canning and cottage-canning in the 
thousands of villages and the millions of 
homes in India. 

Some of the participants in the symposium 
were no doubt aware of these problems. For 
example, the Agricultural Marketing Ad- 
viser, Dr. M. B. Ghatge, made the following 
remarks in his opening address : " The method 
of preparation of fruit products on a cottage- 
scale varies from place to place and from 
season to season. I t  has, therefore, been 
possible for these manufacturers to produce 
a wide range of products which are suited to 
the tastes of local clients. I t  is for the 
technologists and the manufacturers to con- 
sider whether suitable recipes and processing 
techniques cannot be evolved so as to produce 
a similar range of products by the more 
recently organized industry which could be 
made available for sale to different classes of 
consumers in different parts of the country. . . 
I t  is necessary also that the technologists, 
while keeping abreast of the modern 
advancements in this field, should not lose 
sight of the indigenous methods of produc- 
tion with their standardized conditions by 
the trade or the unique aspects in the tradi- 
tional methods of preservation of fruits and 
vegetables in Indian homes. I t  would not 
be out of place to say that the method of 
preservation used in the Indian homes for 
centuries has certain subtleties about them 
which result in exceedingly good products 
and which it has not yet been possible for 
the large-scale manufacturers to reproduce 
in their factory-scale production. I would 

wish that the technologists will study and 
guide the industrialists to capture the elusive 
taste of the products of the small-scale 
manufacturers." The late Dr. S. S. Bhat- 
nagar also dwelt on this aspect of the problem, 
by referring to the use of spices. " The in- 
fluence of spices on the preservation of foods 
is a subject of considerable interest. For 
example, cloves, ajwain, etc., are good pre- 
servatives and it is possible, by the Indian 
way of cooking, for manufacturers to put food 
products on the market with advantage 
without the addition of any other antioxidant 
or preservative which changes the taste of 
the food." 

The deliberations of the symposium in 
1954 led to the appointment by the Planning 
Commission in 1955 of the Panel on the 
Fruit and Vegetable Preservation Industry, 
and consequent on the recommendations of 
the Panel, a sum of Rs. 1.75 crores has been 
provided in the Second Five-Year Plan for 
the development of the fruit and vegetable 
preservation industry and the setting up of 
cold-storage plants. It is to be hoped that 
the funds will be utilized towards develop- 
ment of this industry on a small-scale basis 
and towards improving the techniques of 
home and cottage-scale preservation and 
canning. Special attention should be paid 
to the development of this industry in the 
Community Development and National 
Extension Blocks. The fruit and vegetable 
preservation and canning industry can be 
developed as a small-scale industry par 
excellence, suited to the conditions and 
requirements of Indian life. Indian scien- 
tists and industrialists should take note of 
the rapid technological developments in the 
field of food preservation which are taking 
place in foreign countries, especially U.S.A. 

B.V.N. 

ANALYSIS OF BISTABLE MULTIVIBRATOR OPE- 
RATION (THE ECCLES- JORDAN FLIP FLOP 
CIRCUIT) by P. A. Neeteson [Philips' Tech- 
nical Library, Eindhoven, Holland; Dis- 
tributors in India: Philips Electrical co. 
(India) Private Ltd., Calcutta]', 1956. 
Pp. 82. Price Rs. 8/12 

This book gives a detailed analysis of the 
dynamic behaviour of the bistable multi- 
vibrator. I t  is written basically as a thesis 
on the subject and forms Vol. X of the series 
on Electronic Valves, published by the 
Philips Technical Library. 
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The bistable multivibrator, though con- 
ceived by Eccles and Jordan as early as 1919, 
has only recently started playing an impor- 
tant role in the electronic pulse techniques 
applied to counters, computors, etc. Because 
of the recent development of the circuits 
there is not much literature available on the 
subject. In the design of such a circuit 
it is usual to consider only the stability of the 
static condition when the circuit is at rest. 
In such cases, one has to deal with the d.c. 
conditions only. In the dynamic switching 
over periods, it is rather difficult to derive a 
formula for the phenomenon because of the 
influence of the tube characteristics and 
circuit components. Prompted by practical 
problems, the author has investigated on the 
dynamic behaviour in detail and has dealt 
with the various conditions systematically 
in 12 chapters. The results have enabled the 
development of special tubes for the purpose 
and other similar circuits in the field of pulse 
technique. 

A general introduction on the bistable 
multivibrator with a summary of the articles 
dealt on the subject by different authors 
earlier have been presented concisely in the 
first three chapters. With a brief outline on 
the switching mechanism of an electronic 
network, the static and the dynamic condi- 
tions of a bistable multivibrator circuit have 
been discussed in the next three chapters. 
Later the author has analysed the trigger- 
ing sensitivity and speed as well as the 
waveforms in detail, taking into account 
the design consideration from the tube 
characteristics and the capacitive anode 
loads. The network behaviour . of the 
whole circuit during the various phases of 
dynamic operation is further theoretically 
analysed in the appendices. The numeri- 
cal examples are also given wherever neces- 
sary. 

The book will be appreciated principally 
by those who feel that in the long run it is 
not satisfactory to apply certain circuits on 
the basis of technical feeling or practical 
experience but a thorough insight into the 
nature of the phenomena is necessary in order 
to realize the full potentialities. I t  is very 
useful for the radio engineers working on the 
electronic switching systems used in com- 

putor mechanisms. The mathematical dis- 
cussions on the various conditions of the 
subject are given in such detail that the book 
may not be useful to be prescribed as a text- 
book for the ordinary student. All the same, 
it is a valuable addition to any electronics 
library. 

C. S. RANGAN 

FROM MICROPHONE TO EAR - MODERN 
SOUND RECORDING AND REPRODUCTION 
TECHNIQUE (Philips' Technical Library; 
Cleaver-Hume Press Ltd., London), 1956. 
Pp. vii + 169. Price Rs. 918 

In this book the author has attempted to 
compress, in about 165 pages, relevant infor- 
mation on the modern techniques of record- 
ing and reproduction of sound. I t  is im- 
possible to compress in such a short space 
every aspect of electro-acoustics technology. 
Nevertheless, the author has attempted to 
cover a fair amount of ground in non-mathe- 
matical language. I t  is mainly intended for 
non-technical readers and many problems 
posed by the users of electro-acoustic devices 
have been answered in simple and unambi- 
guous language. 

The book is divided into 12 chapters, first 
three of which are devoted to the earlier 
mechanical methods of recording and repro- 
duction of sound, describing processes rang- 
ing from wax-recording to the actual process- 
ing of the ordinary disc records. The next 
four chapters describe the modem electric 
pick-up units, their principles and charac- 
teristics. Hints have been given on the 
maintenance of these units. There is also a 
useful chapter on record players and record 
changers. Chapters VIII and IX are devoted 
to amplifiers and loudspeakers, their opera- 
tion and characteristics. Chapter X is de- 
voted to acoustic problems of enclosures. 
Magnetic tape recorders, their principles and 
practice form the subject matter of Chapter 
XI. A small appendix giving the response 
characteristics of various pick-up units is 
given at  the end of the book. 

Any one wishing to have an elementary 
knowledge of modern electro-acoustic tech- 
niques would find the book informative. 
I t  is well printed and illustrated. 

N. B. BHATT 
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Recent research and 
developments in glass 

THE RECENT RESEARCHES AND 
developments in glass tecl~nology 
were discussed a t  the meeting of 
the Chemistry Section of the Uri- 
tish Association held a t  Sheffield 
on 4 September 1956. 

The fundamental aspect in all 
glass manufacturing processes IS 

the variation of viscosity of glass 
with temperature. The high vis- 
cosity of glass is associated 
with the nature of inter-atomic 
binding forces, like directed 
bonds between silicon and oxygen. 
Silica melt s a t  1713". but the liquid 
formed flows with great difficulty 
because of the directed forces. 
The liquid can be cooled easily 
through its freezing point without 
solidifying. Cooling furtlier, a 
second stage of thermodynamic 
instability is reached. The distri- 
bution function of a liquid has a 
pirticular value for each tem- 
perature, but the difficulty of the 
atoms moving in respect to one 
another increases rapidly as the 
temperature falls, until the time 
taken for the distribution function 
to  reach the value appropriate to 
the lower temperature becomes 
longcompared with the time taken 
to  make an experimentalmeasure- 
ment. The properties of glass then 
appear to vary with time towards 
equilibrium valucs corresponding 
to the temperature of the cxperi- 
ment. This occurs when the tem- 
perature falls below a value a t  
which the viscosity is about 10la 
poises. When cooled by another 
100° the rate of approach to 
equilibrium configuration is so 
slow that the distribution func- 
tion remains practically constant. 
Thus, a t  room temperature, glass 
is a special type of solid, having 
the macroscopic meclianical pro- 
perties of a solid, but the atoms 
are arranged with all tlie disorder 
of the atoms of a liquid in which 
thermal motion of translation has 
ceased. 

A large number of new and 
special glasses have been prepared 
in recent years to  meet the de- 
mands of scientific research and 
industrial development. For ex- 
ample, the addition of some oxides 
to silica has conferred a greater 

ease of fabrication. New high 
rcfractivc index optical glasses 
containing aplxecia1)lc quantities 
o f  lantliannm IS another develop- 
ment. Extremely high trans- 
parency optical glasses have been 
produced on a commercial scale 
by using very pure materials and 
melting the glass batch in plati- 
num vessels. Infrarcd radiation 
absorbing glass developed recently 
is useful in projectors in pre- 
venting overheating of slides. 
Infrared transmitting glasses have 
also been prepared by eliminating 
completely even the traces of 
water present in ordinary glasses, 
which otherwise impart t o  the 
glass market1 absorption in the 
infrared region. Glasses based on 
silica are not suitable for work b o  
yond 5 p; scleniilm and sulphide 
(arsenic sulphide) glasses can be 
used up to 15 y. 

Glasses containing 80 per cent 
lead oxide find application in 
nuclear technology for absorbing 
radiations. A glass block, 3 x 2 x 
2 ft. (tlie unusually large thick- 
ness is requ~red for provid- 
ing sufficient absorbing power), 
weighing 4000 Ib., has been made 
to  serve as a protective window. 
A similar but pure and transparent 
glass has been employed as y-ray 
detector by using the Cerenkov 
radiation. Certain glasses, dif- 
ferent from the usual soda-lime- 
silica glass and containing potas- 
sium, barium, and aluminium 
phosphates with up to  7 per cent 
silver, develop a colour or the 
ability to fluoresce when ex- 
posed to harmful radiation. 'These 
are suitable as radiation dosi- 
meters '. X-ray absorbing glasses 
contain large proportions of tan- 
talum, boron, phosphorus and 
germanium. The glass used for 
the inner tube of strcet lighting 
mercury lamps now contains no 
alkali, w l~ ic l~  was formerly con- 
sidered useful and necessary. 
A silica-free glass has been fab- 
ricated for malting sodium dis- 
charge tubes, which can still 
resist sodium vapour attack. The 
presence of silica was deemed 
necessary, till recently, for resis- 
ting corrosion caused by sodium 
vapour. 

Glass fibres drawn as single 
continuous fibres are obtained by 

the glass wool process in which a 
stream of glass issuing from a 
platinum orificc is subjected to  
an  intense blast of superheated 
steam. Earlier, it was considered 
that  the steam shattercd the glass 
into rlroplets which were drawn 
into fibres. But calculation from 
tl~eoretical considerations showed 
that this explanation is not pro- 
bable. Investigation using high- 
speed cine-photography visually 
demonstrated that the stream of 
glass was shattered into very 
fine fibres of glass [Nature, 178 
(1956), 8311. 

Electron microscope 
observations on dislocations 

THE MOTIONS OF INDIVIDUAL 
planes of molecules constituting 
crystal dislocations have profound 
influence on the mechanical pro- 
perties and growth of crystals. 
These dislocations have been 
directly observed for the first time 
using an electron microscope 
which can utilize useful magni- 
fications up to  2,000,000, a t  the 
Tube Investments Research Labo- 
ratories, Minxton Hall. England. 
The line of disturbance or strain 
produced by dislocations has a 
cross-sectional dimension of c. lo-' 
cm. which is far beyond the reso- 
lution of the light microscope. Up 
till now, for observing disloca- 
tions, indirect methods were used 
such as making visible the dis- 
locations by the preferential 
growth of ' decorating ' silver par- 
ticles along the dislocation lines or 
observing the motion of visible 
surface markings which can be 
associated with internal disloca- 
tions. But these methods are un- 
satisfactory as these techniques 
permit observations of a static 
nature only, while the importance 
of dislocations lies in their move- 
ment and interactions under stress 
or as a result of heating. 

In the preparation of specimens 
for direct examination, the replica 
technique is unsuitable because 
with larger molecules, the self 
structure of the replica does not 
interfere with the faithful repro- 
duction of the surface contour 
of the crystal while with small 
molecules the undulations of 
the replica are submerged in the 
microstructure of thereplicamate- 
rial. Hence resort was made to  
a direct study of the crystal it- 
self in the electron microscope. 
The crystal must be sufficiently 
thin to transmit the electron beam 
and to be able to withstand the 
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intense electron bombardment. 
The lattice spacing must be high 
and i t  is preferable that the 
molecules contain heavy atoms 
to enhance contrast. The crys- 
ta l  should be oriented in the 
electron beam so that the edge- 
on view of the crystal planes 
can be seen to  avoid overlapping 
of planes which may cause confu- 
sion. 

After due consideration, the 
phthalocyanines have been select- 
ed for study. These compounds 
are of medium molecular weight 
and consist of a complex organic 
ring structure composed of carbon. 
hydrogen and nitrogen surround- 
ing a metal atom. Crystals of 
platinum phthalocyanine can be 
grown in the form of thin ribbons, 
with a lattice spacing of 12 x 10-8 
cm. perpendicular t o  the ribbon 
surface and traversing the length 
of the ribbon. 

Electron microscope pictures 
enlarged up to 1,500,000 times 
showing regular parallel lines cor- 
responding to edge-on views of the 
planes of the molecules in the lat- 
tice have been obtained in the 
case of platinum phthalocyanine, 
sodium faujasite (crystal plane 
spacing: 14.5 x 10-a cm., two sets 
of planes intersecting a t  an  angle 
of 70") and molybdenum trioxide 
(crystal spacing: 6.8 x 1 0-8 cm.). 
The clarity of the electron micro- 
graphs indicates that the resolv- 
able limit can be lowered still fur- 
ther so that the method can be 
extended to  study some metal 
crystals also. It has been possible 
also to observe the edge type dis- 
locations enabling the exact posi- 
tion 'of the incomplete planes of 
molecules in the crystal. Expe- 
rience till now indicates that  
ultimately the dislocation move- 
ments can be studied in action 
[Times Sci. Rev., No. 22, 19561. 

Mutation in virus 

MUTATION IN THE CHEMICAL 
structures of viruses has been ac- 
complished for the first time a t  the 
University of California. The rate 
of mutation induced is the highest 
ever achieved by any means and 
the mutants produce mutant off- 
spring. Mutations have been in- 
duced by altering the funda- 
mental structure of ribonucleic 
acid of a virus. Sulphanilamide 
introduced into the virus culture 
blocks tlie formation of thymine, 
normally an  essential part  of the 
nucleic acid of tlie viruses. The 
new virus formed accepted 5- 

bromouracil, added earlier, in the 
absence of thymine. About 10 per 
cent of the offspring were mutants 
containing this chemical. This 
is a rate of mutation about 1000 
times larger than that  occurring 
normally. 

These findings suggest the 
possibility of producing non-in- 
fectious viruses from infectious 
ones with the hclp of chemicals. 
Viruses are now almost immune to 
attack by antibiotics and other 
chemicals. These results are also 
likely to  have an important bear- 
ing on the studies of the genetic 
change among living forms [Sci .  
News Left., 70 (1956), 4021. 

A RADIO-ISOTOPE FARM HAS RE- 
cently been opened a t  the Medical 
College of Virginia, U.S.A., for 
growing medicinal 'and other 
plants in a radioactive environ- 
ment. So far this kind of crop- 
ping is largely a greenhouse ven- 
ture, and the source of radio- 
activity is carbon dioxide made 
from carbon-14. The drugs and 
chemicals obtained from these 
plants are naturally radioactive, 
though only a few atoms of C1" 
appear among the millions of 
ordinary carbon atoms constitut- 
ing the chemicals. This small 
proportion is, however, enough 
for using the chemicals a s  tracers 
and as a source of mild radiation. 

This method of producing radio- 
active drugs and chemicals is 
easier than synthesizing them 
from materials containing radio- 
active elements. 

Lucerne, sovabean. buck wheat. 

through the membrane. The anion 
membrane is constructed simi- 
larly but is selective for anions. 

An individual cell consists of an  
anion membrane and a cation 
membrane separated by spacers to  
permit the flow of saline water 
between them. Multi-cell systems 
have cation and anion membranes 
arranged alternately and connect- 
ed in series between a single set of 
electrodes. When d.c. voltage is 
passed across the terminal elec- 
trodes, the ions migrate so that  
the salt content increases in one 
half of the flow passages and de- 
creases in the other half. The 
basic multi-cell system can sepa- 
rate a multitude of highly ionized 
constituents from non-ionized or 
slightly ionized constituents. 

The selectivity of the membrane 
is high, particularly in the brackish 
water range. The following ap- 
proximate relationship correlates 
the energy, throughput and mem- 
brane area: 

where, Ni and No are p.p.m. of 
total dissolved solids in the feed 
water and product water respec- 
tively; A is the plant membrane 
pair area in sq. ft.; TI is the c1.c. 
energy per unit of water produced 
in kWh./1000 gal.; and I; is the 
production rate of demineralized 
water in thousancls of gal./lir. 
U/(Ni-N,)matl.=2.5 x lo-' kwh. 
per 1000 gal.1p.p.m. and (Ni)mcrx. 
=6000 p.p.m. [Induslv. Chem., 32 
(1956), 5541. 

Atomic inks 
tobacco, poppies and other plants 
have been grown in this way for 
the production of useful radio- 
labelled chemicals, such a s  digi- 
toxin, morphine, nicotine, sugars, 
certain amino acids and proteins 
and vitamins [Chem. Age, 76 . . - - -. - - - 

DRAWING INKS INCORPORATING 
radioactive isotopes developecl a t  
the Louisiana State University, 
U.S.A., have introduced consider- 
able improvements in the ar t  of 
lithography. The inks transmit 
radiations strong enough to  exnose 

(1Y5b). 631. photographic p'iint pzper placed 

Demineralization of sea water 

THE RECENTLY DEVELOPED ELEC- 
tric membrane process for demine- 
ralization of sea water operates by 
the use of selective cationic and 
anionic barrier membranes. The 
plastic cation membrane, opera- 
ting under a d.c, potential, permits 
tlie passage of positively charged 
ions, while fixed negative groups, 
distributed evenly within the in- 
soluble matrix of the membrane, 
prevent tlie passage of anions 

over drawings made with such 
inks. The resulting print is a 
perfect image of the original 
drawing. The reproducible detail 
achieved by this means is almost 
impossible to obtain by any con- 
ventional lithographic work. An- 
other advantage is that thousands 
of copies can he made from the 
same original without loss of de- 
tail. The inks are expected to be 
useful in broadening the range 
of textures and shades in the re- 
production of ar t  works [Atomics, 
7(11) (1956). 3881. 
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Liquid metal fuelled reactor t o  which zirconium or titanium [News from United States Radium 
is added. I t  is probable that  Corpn.]. 

STUDIES O N  THE USE OF LIQUID a protective coating of zirco- 
metals as reactor fuels, carried out nium nitride is formed on the 
a t  Brookhaven in U.S.A. ant1 Har- deoxidized steel surface due to  Cleaning of radio- 
well in Britain, have shown the reaction between zirconium and contaminated metals 
feasibility of constructing an ex- 
perimental liquid metal fuelled 
reactor. 

A liquid fuel element has several 
advantages over a solid fuel; irra- 
diation damage does not alter the 
mechanical or mctallr~rgical pro- 
perties of the fuel, thus avoiding 
frequent replacement of the fuel 
elements; continuous chemical 
processing may be effected to re- 
move neutron-absorbing fission 
products; and, the fuel may act 
as its own heat transfer fluid by 
being circulated continuously be- 
tween the core and the heat ex- 
changer. If highly enriched Uaa6 or 
pure PZa3 is disso1vc:d in bismuth 
(1 per cent by wt. a t  550') the 
l iqu~d has nuclear propertics simi- 
lar to those of natural uranium 
containing 0.7 per cent U236 and 
can be used to  replace solid ura- 
nium fuel elements in a reactor. 
Besides, bismuth, unlike mercury, 
has a low neutron absorption 
cross-section and tloes not react 
with graphite so that i t  can be 
pumped directly through channels 
in the graphite moderator and no 
canning material is required. 

Test loops constructed out of 
steels containing 1-2 per cent 
chromium and molybdenum have 
been found to be most suitable for 
circulating bismuth between zones 
a t  temperatures corresponding to  
the temperature of the core 
(55QO) and the heat exchanger 
reglon (400') of the reactor. Due 
to a high temperature coefficient 
of soluhility of iron in bismuth 
(from 30 p.p.m. a t  550" to 3 p.p.m. 
a t  400°), a plug of crystallized iron 
is formed on the walls of the circuit 
a t  the coldest point which blocks 
the circulation. To prevent oxi- 
dation of the highly reactive dis- 
solved uranium, a deoxidant such 
as magnesium is added to the solu- 
tion and consequently there is no 
protective oxide coating between 
the pipe wall and bismuth and the 
mass transfer continues rapidly 
until the circuit is blocked. Chro- 
mium molybdenum steels were 
most resistant. Investigation 
carried out to study the mecha- 
nism of the protcction indicated 
that  zirconium, with magnesium 
as a deoxidant, inhibits mass 
transfer in the uranium-bismuth 
system similar to that  empiri- 
cally observed in mercury systems 

traces of nitrogen present in the 
steel. This coating not only re- 
tards the rate of solution of iron 
from the hot region but also in- 
hihits tile crystallization of iron a t  
the cold region. The zirconium 
present also forms a layer of 
zirconium carbide on graphite 
preventing reaction between ura- 
nium antl graphite to form ura- 
nium carbide. The technology 
of producing protective coatings 
of other metals like tantalum, 
niobium, molybdenum or beryllia 
is complex. 

Another type of liquid metal 
fuelled reactor suggested uses a 
suspension of very fine particles of 
UZa6 in liquid sodium, seeking to 
avoid the corrosion problems asso- 
ciated with bismuth. In  this case 
also the protection of graphite 
from attack by sodium, the com- 
plexity of chemically processing a 
fine suspension and the engineer- 
ing difficulties of pumping a liquid 
metal slurry are problems which 
have to  be tackled before the 
projected reactor can be built 
[Discocevy, 17(11) (1 956). 4691. 

Commercial phosphor 
markers and signals 

THE UNITED STATES RADIUM 
Corporation, Morristown, New 
Jersey, have announced the first 
commercial high-brightness, safe- 
t y  signals antl markers, specially 
nscfol in installations where power 
and maintenance are limited. 
Treated phosphor crystals excited 
to lr~mincscence by the radioactive 
gas Krypton86 are used. These 
devices, available in a number of 
colours-blue, green, yellow, pale 
orange and orange-red - are 
readily visible a t  distances of over 
500 yd. The sources are enclosed 
in hermetically sealed, transparent 
capsules which are weather and 
tamper-proof. They can be adapt- 
ed to a wide range of signal, 
directional and marking systems. 
Circuit installation, replacement 
of transformers and bulbs or re- 
fuelling or cleaning of oil lamps 
inherent in the existing systems 
are eliminated. The units are 
available in a variety of shapes, 
sizes and brightness and are suited 
for use in mining, transportation, 
marine and heavy industrial fields 

IRRADIATED METALS FROM RE- 
actors can be decontaminated by 
electro-cleaning in a hot elec- 
trolyte containing sodium hy- 
droxide, 4; sodium carbonate, 2; 
and trisodium phosphate, 2 oz.1 
gal. water. The radio-contami- 
nated metal, suspended by an in- 
sulated link into a stainless steel 
kettle containing the electrolyte, 
is connected to  the anode of a high 
amperage source of direct cur- 
rent and the kettle to the cathode. 
High current densities are used 
to ensure vigorous evolution of 
oxygen. 

After 1-3 min.. the material is 
removed and rinsed in water. 
Wire brushing with alkaline solu- 
tion may be necessary a t  this 
stage to remove paints, etc. I t  is 
then dipped in 2N sulphuric acid 
and may be made anodic a t  a low 
current density. Smut, carrying 
radioactive particles, appears on 
the surface a t  this stage, but most 
of i t  may be removed by wire- 
brushing the acid-wet surface. 
The material is again rinsed with 
water and dried with rag or tissue. 
The process has been mostlv au- 
plied*in decontamination of &a&- 
less and carbon steels [Nickel Bull., 
29 (1956). 1561. 

Estimation of gallium 

GALLIUM CAN BE ESTIMATED IN 
the presence of uranium after 
separating the metal from an 
ethereal solution of uranium- 
gallium chloride mixture as gal- 
lium camphorate and igniting the 
precipitate a t  1200°C. to form 
gallium oxide. To effect complete 
precipitation and elimination of 
the sodium salt, a pH of 3.3 was 
maintained, usingsodium formate- 
formic acid buffer. Interference 
from ferric iron was removed by a 
preliminary reduction with hy- 
droxylamine hydrochloride. 

Gallium can also be estimated 
volumetrically after separating 
the metal by ether extraction, 
then titrating against ethylene- 
diaminetetracetic acid (EDTA), in 
the pH range 2.5-3.0. A coloured 
lake produced by gallium with 
gallocyanine is used to determine 
the end point. This method is 
suitable a t  all concentrations of 
gallium, from 0-25 to  50 mg. 
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Microgram amount of gallium 
can be determined absorptio- 
metrically using a fluorimeter. 
This method is based on the red- 
dish violet complex formed by gal- 
lium in hydrochloric acid solutions 
with rhodamine B. which is ex- 
tracted with benzene [Chem. A&, 
75 (1956), 2151. 

Deoxygenation of 
boiler water 

HYDRAZINE IS FOUND TO BE USE- 
ful for deoxygenating boiler water 
without affecting the dissolved 
solids in the water and pro- 
ducing any acidic substances. 
Hydrazine is almost as volatile 
a s  water and so travels round the 
whole system. The result is lesser 
blow-down, purer water and clean- 
er internal surfaces. Corrosion 
from oxygen is controlled through- 
out the system [Overseas Engr., 
30 (1956). 1781. 

Sigmamycin 

SIGMAMYCIN, A NEW ANTIBIOTIC 
announced by the Pfizer Ltd., 
New York, is  a combination of 
two antibiotics, tetracycline and 
oleandomycine. I t  demonstrates 
the phenomenon of synergistic 
activity, that is the action of each 
antibiotic is greater in combina- 
tion than when used singly. The 
new antibiotic is claimed to be 
the answer to  one of medicine's 
ereatand erowinenroblems todav. ". 
VIZ. the >atien?s toleration id 
antibiotic treatment and the 
emergence of microbial-resistant 
strains [Chem. Age, 76 (1956), 
1711. 

Chlorofluorocarbons 
as lubricants 

STUDIES CARRIED OUT AT THE 
Battelle Institute, London, have 
indicated the possibility of using 
chlorofluorocarbons as lubricants. 
These chemicals exhibit great 
thermal stability, good load- 
carrying capacity and stability in 
oxygen by virtue of which they 
can be used in bearings operating 
under high loads, as lubricants and 
sealants, for bearings and pistons 
operating under severe oxidizing 
conditions and as additives to in- 
crease the load-carrying capacity 
and lubricating ability of natural 
and synthetic lubricants without 
diminishing the stability of the 
latter [Chem. Age, 76 (1956), 3291. 

Protectants for 
pyrethrum potency 

THE TOXICITY OF INSECTICIDES 
containing pyrethrum drops con- 
siderably during the first three or 
four weeks of storage. The addi- 
tion of the antioxidants BHA 
(butylated hydroxyanisole) and 4- 
methoxy-2-propyl-phenol in 0.2 
per cent concentration protects 
pyrethrum dust for eight weeks 
or more [Indian Soap J., 22 
(1956). 1181. 

Ultra-pure silicon 

COMMERCIALLY AVAILABLE SILI- 
con, even of the highest purity, 
contains significant amounts of 
impurities which must be re- 
moved if the material is to be 
used for fabricating semiconduc- 
tor devices. Of these impurities, 
the most difficult t o  remove is 
boron. 

A new method based on the 
reaction of molten silicon with 
water vapour for reducing i ts  
boron content to a very insigni- 
ficant amount (one part in ten 
thousand millions) has been de- 
veloped a t  the Bell Telephone 
Laboratories. This method, when 
used together with the zone 
refining technique IJ. sci. industr. 
Res., 15A (1956), 3811 developed 
earlier by the same laboratories, 
makes possible the production of 
ultra-pure silicon having resisti- 
vity greater than 3000 ohm-cm. 
IJ. Franklin Inst., 262 (1956). ---- 

' Honeycomb ' information 
storage unit 

A NE.W INFORMATION STORAGE 
tube which can store, for several 
minutes, nearly a million bits of 
information has been developetl a t  
the General Electric Research 
Laboratory, U.S.A. I t  is the first 
practical storage tube working on 
the ' mosaic ' principle add having 
sufficient ruggedness and resolu- 
tion necessary for many practical 
applications. At the heart of the 
tube is a thin sheet of glnss,ahout 
one inch sqnarc, in which close, 
small, etched holes have been 
filled with mctal, forming a honey- 
comb structure. Information is 
written onto one side of the honey- 
comb by an electron-beam scan- 
ning method and is picked up from 
the ppposite side by a ' reading 
gun . The spacing between conse- 
cutive holes in the honeycomb is 
about &, in. so that  a square inch 

contains 250,000 individual cells. 
Each cell can recognize a t  least 10 
different levels of intensity from 
the ' writing guns ', thus in- 
creasing the number of informa- 
tion bits that can be stored a t  any 
one time to more than 800,000 
(250,000 times log:,). Each cell 
' remembers by building up 
charge in the capacitance formed 
between the recessed metal plugs 
and the conducting layers depo- 
sited on both surfaces of the glass. 
The glass itself acts as an  insulator 
between the plugs and surface 
layers and between the plugs. 
This design overcomes the ' leak- 
ing ' and ' smearing ' trouble in- 
herent in closely placed storage 
cells. Registration has been eli- 
minated because the surface layers 
and recessed metal plugs are in- 
herently lined-up. The rigidity 
2nd ruggedness of the spacing of 
the elements eliminate problems 
of microphonics. Two methods of 
reading information are available. 
In the first method the electronic 
beam erases the screen as i t  picks 
off stored information and in the 
other the information can be kept 
for re-reading or to be altered or 
added to by the writing beam. 
The new device is expected to 
make possible smaller electronic 
brains wit11 bigger memories. I t  is 
also useful in television cameras 
and 'scan converters ' in which 
scanned information is collected 
and later displayed on an ordinary 
television screen [J. Franklin Inst., 
262 (1956),323]. 

Advisory Committee on 
Marine Sciences 

THE FIRST SESSION OF THE INTER- 
national Advisory Committee on 
Marine Sciences was held during 
22-24 October 1956 a t  Lima, 
I'eru, under the chairmanship of 
Dr. G. E. R. Deacon. Eighteen 
leading marine scientists took 
part in the meeting; Dr. D. V. 
Bal represented India. The chief 
aim of the Committee is to en- 
courage and develop marine 
sciences, especially in regions 
whrre i t  has received little atten- 
tion. 

Tile Committee recommended 
assistance for the following pro- 
jects: joint oceanographic investi- 
gation of China and Java Seas; 
physical oceanography of the 
Indian Ocean; study of water 
circulation of the South-west 
Pacific Ocean and Tasman Sea; 
wave studies on the coast of 
Pakistan; evaluation and use in 
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the North Atlantic Ocean of new 
methods of measuring deep cur- 
rents; study of variations in flow 
of water from the Arctic basin to  
the North Atlantic Ocean; use of 
radium distribution as a measure 
of oceanic circulation; study of 
seiches and long waves in the 
Baltic Sea; and physical oceano- 
graphy of the Mediterranean Sea. 
Some of the proposals under active 
consideration of the Committee 
are: unification of methods in bio- 
logical studies; organization of 
biological work of laboratories 
taking part in the oceanography 
programme of the International 
Geophysical Year; publication of 
regional plankton keys; transla- 
tions of specializetl papers on 
marine research; central labora- 
tory for making standard carbon- 
14 ampoules; co-ordinated study 
of the fertility of the seas round 
South America ; marine science 
exhibition; and building of an  
international research ship. 

The next meeting of the Com- 
mittee will be held a t  Bangkok on 
15, 16 and 18 November 1957. 

International agency for 
fissionable material 

THE SETTING UP OF A N  INTER- 
national agency under the United 
Nations for the promotion of the 
peaceful uses of atomic energy has 
been voted upon by 82 nations. 
According to the terms of the 
agreement reached the so-called 
' non-atomic ' powers may receive 
through this agency fission- 
able material, technical assistance 
and possibly assistance in finan- 
cing construction of power reac- 
tors. The new agency will not only 
be a clearing house for informa- 
tion. but will also act as a research 

produced and despatched from 
the Soviet Academy of Sciences to  
all working scientists in Russia. 
Chemical engineering, mining and 
metallurgical reports receive parti- 
cular attention in this coverage. 
Later the ' express ' articles, along 
with other articles from foreign 
journals, are abstracted for 
Russia's eleven abstracting jour- 
nals which are fairly comprehen- 
sive and fair-sizcd volun~es [Chem. 
Engng. Ndws, 34 (1956), 55881. 

Award of Doctorate Degrees 

THE FOLLOWING HAVE BEEN RE- 
cently awarded the Ph.D. degree 
by the University of Delhi: Viren- 
dranath Gupta [Studies of (a)  
special chemical co?ttponents of 
heartwoods and (b) some reactions 
involving active methylene groups] ; 
Surya Narain Dixit (Morpho- 
logical and embryological sttrdies 
in the Loranthaceae loranthoideae) ; 
(Miss) Anant K. Nanda (Psycho- 
logical needs o f  adolescent girls 
and their hsaring on individual 
arlitcstment) and (Miss) Kamla 
Devi Sing11 (Dijferentinl geometry 
of suhspaces). 

M .  Suryanarayana has been 
awarded the D.Sc. degree by 
the Andhra University (Studzes 
in  analytical chemistry of molyb- 
denum). 

Announcement 

rn The Institution of Chemical 
Engineers, London - Application 
forms for entrance to the 1957 
examination, returnable not 
later than 1 June 1957, may be 
obtained from the General Secre- 
tary, The Institution of Chemical 
Engineers, - - - --- 16 Belgrave Square, 

be investigated in detail by con- 
ventional methods. 

The apparatus incorporates 
several modifications in a circuit 
originally developed in Nether- 
lands (cf. Tijuschrift Van Let 
Nederland Radio Genoot, 1951, 
Chap. 16, p. 49) including the pro- 
vision of a direct recording RT 
meter. 

A variable frequency generator 
feeds sound energy to  a loud- 
speaker through a relay (R,) 
which is periodically switched 
' on ' and ' off' by a suitable 
switching circuit. A microphone 
located in the enclosure picks up 
the sound energy radiated. The 
microphone output after ampli- 
ficat~on is connected through 
another relay (R,) t o  a circuit 
which indicates the instant a t  
which tlie level in the chamber has 
decayed by 40 dh. from the instant 
of switching ' off ' of the loud- 
speaker. The time interval be- 
tween theinstantof trippingof the 
relay R1 anrl that of the relay R, 
is the time taken for 40 db. decay 
which is measured and taken a s  
two-thirds the value of reverbera- 
tion time assuming an exponential 
decay of sound energy. The value 
of reverberation time thus ob- 
taincd is indicated on a direct- 
reading panel meter. I t  is also 
recorded on a waxed paper as a 
straight line whose length is pro- 
portional to the value of the 
reverberation time. A number of 
such lines is obtained automatical- 
ly a t  close intervals each line re- 
presenting the va!ue of reverbera- 
tiou time a t  a frequency slightly 
higher than the one corresponding 
to the previous line. Since all the 
lines have the same zero axis, the 
curve joining the other ends of 
these lines gives the reverberation - - - - - - - - -. 

cen&e especially concerned with LOnd0n S.W'l. time vs, frequency curve. 
peaceful utilization of fissionable 
material. U.S.A., tostart  with, has 
made available 11,000 pounds of 
uranium-235 to the agency [Chem. 
Engng. News, 34 (1956), 54991. 

Literature coverage in Russia 

RUSSIA HAS RECENTLY S T A R T E ~  
an  express information service 
to speed up the circulation of 
foreign (mostly U.S. and Enro- 
pean) scientific literature to Soviet 
scientists. Russia's new litera- 
ture coverage scheme is aimed a t  
the fastest possible circulation of 
western scientific information. 
Long summaries of articles from 
foreign journals are prepared 
subjectwise. These are then re- 

INSTRUMENTS AND APPLIANCES 

An equipment which enables 
quick and automatic plotting of 
the frequency-reverberation time 
curve of a test enclosure, thereby 
eliminating the tediousness in- 
herent in the conventional tracing 
of the decay curves, has been de- 
signed and constructed in the Re- 
search Department, All India 
Radio, Government of India, New 
Delhi. With this apparatus, room 
resonances and other undesirable 
acoustical characteristics can be 
detected and can subsequently 

The measurements with this 
equipment do not hold good if the 
sound decay consists of double 
slopes, flutter or delayed echo. It 
is also essential to establish an  ini- 
tial sound level higher than 40 db. 
above tho noise level, a t  the micro- 
phone pick-up point, necessitating 
the feeding of several high wattage 
amplifiers and loudspeakers in 
phase to efficiently diffuse the 
sound in the enclosure. 

Typica! studio measurements 
showed that  approximately the 
same characteristics could be ob- 
tained with this equipment in 
only 15 min, as against 3 hr. 
required for measnring them by 
the conventional method. The re- 
corder is particularly useful in the 
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low frequency region where pro- 
minent modes and other resonant 
frequencies can be easily located 
[J. Instn. Telecomm. Engvs., 3(1) 
(1956), 121. 

A new in,strument, the 'twinkle 
telescope , developed a t  the Per- 
kins Observatory, Delaware, Ohio, 
U.S.A., makes possible the mea- 
surement, from the ground, of the 
speed and direction of high-alti- 
tude winds. I t s  further develop- 
ment is likely to  result in its be- 
coming a standard equipment for 
the meteorologist in gauging the 
upper atmosphere winds by re- 
placing the present radiosonde 
balloon tracking methods. 

The turbulences in the upper 
atmosphere are responsible for the 
observed twinkling of stars and in 
a telescope image they give rise to 
shadow bands which being very 
transient cannot be recorded by 
ordinary photography. 

In  the new device two telescopes 
are pointed a t  the same star, 
and the starlight is recorded elec- 
tronically. A comparison of the 
intensity records obtained from 
the two telescopes gives an  esti- 
mate of the motion of the shadow 
bands. Observations on this new 
instrument showed that the sha- 
dow bands movement agrees both 
in direction and magnitude with 
that  of the winds a t  an altitude 
of about 40,000 ft. Since this is 
the altitude a t  which jets usually 
fly, twinkle telescopes installed 
a t  airports may assist pilots in 
locating favourable wind zones 
and avoiding areas of severe tur- 
bulence [Sci. News Lett., Wash., 
70(16) (1956), 2461. 

A method is reported for the 
periodic and quick reversal (at 50 
CIS.) of a few amperes of current, 
not satisfactorily achieved with 
normal electro-mechanical con- 
tactors. The method finds ready 
application in modern electroplat- 
ing technique. The circuit used 
consists of a square wave oscilla- 
tor synchronous with the mains 
supply and is arranged to give a 
negative bias for independently 
controllable intervals between 
0.02 and 2 sec. to the grids of two 
opposed pairs of heavy-duty thy- 
ratrons. The technique enables 
the circuit to deliver rectified cur- 
rent up to 10 amp., in either direc- 

tion, t o  the plating bath [Indian 
east. Engv., 119 (1956), 3791. 

An electronic H meter which can 
rapidly measure the ' H ' values of 
permanent magnets has been 
developed. The device consists of 
an  a.c. bridge with two identical 
inductive arms, comprising several 
hundred of turns of wire wound on 
thin Mumetal rods, srrving as the 
probes. The bridge is supplied 
with power a t  a stabilized fre- 
quency of 2.7 kc/s. and is first 
balanced with the probes remote 
from any appreciable magnetic 
field. Later, when one of the 
probes is placed in a magnetic 
field, the partial saturation of the 
Mumetal core produces an out- 
of-balance current, which is recti- 
fied and read on a microammeter. 
The instrument can be operated 
by an unskilled person by incor- 
porating a relay in the indicator 
circuit to give pass or reject sig- 
nals a t  ~redeterrnined magnetic 
limits [fndian east. ~ n ~ r . ,  119 
(1956). 3791. 

PERISCOPES FOR NUCLEAR 
OBSERVATIONS 

P. W. Allen & Co. have designed 
periscopes which can be used for 
observation and inspection, a t  a 
distance, of objects and pheno- 
mena which are not observable 
directly because of their position 
or attendant danger. They consist 
of a tube 1.2 in. in diameter with 
an  objective a t  one end to form an 
image of the scene to  be viewed. 
An optical system and a focussing 
eyepiece transmit the picture to 
the eye. Prisms can be introduced 
in the path of the rays to deviate 
the beam by 90°, if required, and 
permit the operator to be out-of- 
direct line of the object under ex- 
amination. The maximum length 
of the 1.2 in. diameter periscope 
tube, without loss of efficiency, 
can be up to 23 ft. A magnifica- 
tion of 8 is possible with a 6O field 
of view. The normal angle of view 
with reduced magnification can be 
45". The field of view is increased 
by attaching to the instrument a 
scanning prism which turns within 
the objective tube or which can 
move towards or away from the 
objective. The objective head can 
be made water or airtight. Special 
materials including cerium-stabi- 
lized radiation resistant glass 
lenses are available for use when 
the remote end of the periscope 

has to reach radioactive areas. 
The precise optical specifications 
of the system permit the use of a 
photographic recording attach- 
ment [Atomics, 7 (1956). 4201. 
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Progress  Repor ts  

INDIAN STANDARDS INSTITUTION 

THE NINTH ANNUAL REPORT OF THE INSTITUTION 
for the year 1955-56 records considerable expansion 
in its activities. The Agricultural and Food Pro- 
ducts Division Council was created during the year 
and it  was decided to set up two more Divisions, 
viz. the Electrochemical Division and the Struc- 
tural and Metals Division. In addition, a Branch 
Office of the Institution was opened at  Bombay. 
The number of subscribing members of the Insti- 
tution rose from 1032 during the previous year to 
1181 and the financial contribution from the 
members increased from Rs. 2.69 lalcl~s to 12s. 3.02 
lakhs. 

One hundred and forty-four Indian Standards 
including two revisions were published during the 
year and another 27 were under print, bringing the 
total number of Indian Standards published and in 
the press since the inception of the Institution to 
760; 77 per cent of these have been adopted by one 
or more of the purchasing departments of the 
Government. In all, 234 proposals were received 
for formulating standards during the year and of 
these 187 were accepted. 

Under the IS1 Certification Marks Scheme, 66 
applications for grant of licences to use Standard 
Marks were received during the year; licences were 
granted in respect of 8 of these while 27 more were 
still under consideration. 

A comprehensive programme involving an ex- 
penditure of Rs. 1 crore has been drawn for the 
Second Five-Year Plan period. The programme 
envisages an increase in the butput of standards 
from about 140 to 200 per year against an esti- 
mated demand of about 300 standards per year. 
About 300 licences to use Standard Marks will 
bc issued under the Certification Marks Scheme. 
The plan also aims a t  the opening of 3 branch 
offices a t  Calcutta, Madras (or Bangalore) and 
Kanpur. 

An account of the activities of thc various Divi- 
sions is given below. 

Engineering Division - Among the 41 Standards 
published were those on dry battery operated and 
a.c. mains operated radio receivers; community 
radio receivers; a.c. whole current electricity 
meters; PVC insulated cables and flexible cords; 
varnished cambric insulated cables for electricity 
supply; bicycle components, such as rims, frames, 
handle bars, chains, hub assemblies, etc.; copper 
bars and rods for electrical purposes, electrical steel 
sheets; and aluminium and aluminium alloys, sheet 
and strip. Another important publication brougllt 
out was the Code of Practice for General Engineering 
Drawings. 

The Committee of the Division set up 6 new 
Sectional Committees to deal with sewing machines, 
optical and mathematical instruments, cargo mark- 
ing, ball and roller bearings and boilers. 

The 76 new subjects accepted for the formulation 
of standard specifications include radio and auto- 

mobile lamps, air circulators, transformers, standard 
community radio receivers, preferred sizes of fire- 
bricks, coal dust and raw sands for-foundry pur- 
poses, optical and mathematical instruments and a 
number of internal combustion engine and auto- 
motive vehicle components. 

Investigations conducted under the auspices 
of the Refractories Sectional Committee have 
revealed that moderate heat-duty firebricks can 
replace high heat-duty firebricks in several appli- 
cations. 

Building Division - The Council of the Division 
accepted 75 new subjects for formulation of stan- 
dards which include water fittings, methods of test 
for natural building stones, items of hardware, 
wood products, gypsum tiles, boards and plaster 
finishes, fire-fighting equipment and soil engineering. 
Two new Sectional Committees were set up to deal 
with the last two subjects. 

Fifteen new standards were p~bl i sheddur in~  the 
year which included those on Indian Standard 
sand, unreinforced corrugated asbestos cement 
sheets, salt glazed stoneware pipes and fittings, 
sheet linoleum, wire products, such as mild steel 
wire nails and mild steel and brass cup, rubber and 
square hooks and screw eyes, refrigeration and air- 
conditioning, such as safety codes for mechanical 
refrigeration, construction and safe operation of 
cold storages, metal air ducts and air-condition- 
ing wood separators, for plywood and blown type 
bitumen. 

Textile Division - During the year, 3 new Sec- 
tional Committees were set up to deal with the 
following: Jute bags for packing sugar, cotton weav- 
ing machinery components, and cotton spinning 
machinery components. Among the 45 new stan- 
dards published, 24 related to handloom fabrics 
and 12 to colour fastness tests. Two important 
standards were published for the National Flag of 
India, one for silk khadi and the other for wool 
khadi. 

Chemical Division - The Council of the Division 
accepted 42 new subjects including bleaching 
earths, phenolic urea, polystyrene and cellulose 
acetate moulding powders, phosphatic fertilizers 
and rubber gloves. The 46 new standards pub- 
lished included those on rectified spirit, ortho- 
phosphoric acid, soda ash, caustic soda, super- 
phosphate, common salt, rubber products, essential 
oils, drawing inks, transparent toilet soap, etc. 

Agricultural and Food Products Division - Fifteen 
new standards were formulated during the year. 
These included bukhavi, kothav and movai types of 
rural foodgrain storage structures, foodgrain struc- 
tures suitable for trade and government purposes 
for the eastern, southern and coastal regions and 
improvement of existing structures used for the 
storage of foodgrains. 

One hundred and twenty-five research projects 
sponsored by the Institution were being investigat- 
ed a t  various research institutes, university labora- 
tories and national laboratories. 



SCIENTIFIC & INDUSTRIAL RESEARCH IN 
AUSTRALIA 

THE EIGHTH ANNUAL REPORT OF THE COMMON- 
wealth Scientific & Industrial Research Organiza- 
tion, Australia, for the year ending 30 June 1956, 
records the research activities of its 17 Divisions 
and the results of researches undertaken on a co- 
operative basis with industry and other establish- 
ments. A number of conferences were orga- 
nized during the period under review, the most 
important among them being tlie International 
Wool Textile Research Conference, the first of its 
kind ever held. The Division of Soils and the 
Division of Plants were expanded during the year 
with the establishment of a Soil Mechanics Section 
in the former and a Biophysics and yiocllemistry 
Section in the latter. 

The following is an account of the important 
research activities of some of the Divisions of the 
organization. 

Soils - On the basis of the results of the che- 
mical study of the interrelationships of terra rossa 
and rendzina soil of South Australia, i t  has been 
suggested that all profiles having shallow to mode- 
rately shallow solum with no marked textural 
differentiation throughout, and overlying calcareous 
material, should be designated terracal. 

Spectrochemical investigations on the distri- 
bution and variation of the elements between soil 
profiles showed that on the basis of decreasing 
mobility, the six elements which have so far been 
studied can be arranged in the order: cobalt, 
copper, gallium, vanadium. molybdenum, manga- 
nese. The techniques for spectrocl~emical analysis 
of soils and plant ash have been perfected. A 
method for the determination of extremely small 
amounts of phosphate has been developed. Geo- 
chemical work on soil profiles of the alpine humus 
group has revealed interesting differences in 111ti- 
mate weathering of felspatllic minerals proceeding 
from higher to lower levels of the landscape follow- 
ing a progression to podzolic soil types. 

Plants - In the newly established section of 
Biochemistry and Biophvsics, studies on the nature 
of pink pigments in root-nodules and ' oestrogenic ' 
substances in subterranean clover (Trijolium sub- 
terraneum L.) have been initiated. The.presence of 
a new amino acid akin to 5-hydroxy-pipecolic acid 
has been detected in soluble nitrogen fractions of 
Leucaena glauca. 

Animal Health and Nutrition - The general and 
chemical pathology of some non-infectious diseases 
such as those following ingestion of poisonous plants 
or the grazing of pasture plants under natural con- 
ditions have been investigated. Investigations on 
the use of radioactive sulphate (S35) as an inert 
marker for measuring the rate of passage of small 
particles through the sheep's rumen, and on the 
use of radioactive iodine (1131) for the study of the 
pituitary hormones concerned in wool growth have 
been undertaken. 

The role of trace elements in animal nutrition has 
revealed some interesting results. Soluble sulphides 
were found to be well tolerated by rats, but if the 
intake is high the symptoms of copper deficiency 
appear. Enzootic ataxia was apparent a t  birth in 
the lambs born to all the copper-deficient groups 
of ewes, except those that were treated with 
molybdenum. Zinc deficiency impaired nitrogen 
metabolism in rats. Similarly, cobalt deficiency 

retarded the growth of vitamin B,, producing 
microflora in sheep. 

Wool - Inbred flocks of Australian Merinos 
manifested a slight decline in fibre diameter a t  
levels of inbreeding of 0.25 and above. Detailed 
comparative studies of the fleeces of 10 mosaic sheep 
have indicated that, a t  a given nutritional level, 
wool production per unit area is the result of the 
interactions of fibre number, fibre length and fibre 
diameter, and the interrelationship of length and 
diameter. From these observations, it  is apparent 
that the relationship of fibre number to unit area 
wool production varies with nutritional level and 
that thcse are density-dependent and density- 
independent components. 

A sensitive apparatus for measuring the gain or 
loss of water by wool has been designed which 
records a change of 1 part in 1000 in the weight of 
a single fibre. 

Food - Preliininary studies on the effects of 
freezing on proteins have indicated that there is no 
change in the viscosity and optical rotation of 
ovalbumin and a-casein on freezing and thawing. 
Loss of soluble protein and skimmed milk is appa- 
rently connected with changes in the casein micelle 
rather than changes a t  a molecular level. The 
cause of mortality of some organisms during re- 
hydration of dried micro-organisms has been 
d~agnosed to be due to their susceptibility to varia- 
tion in the conditions of rehydration, whereas 
most organisms are unaffected by these variations. 

A technique for staining bacteria in very thin 
sections has been developed. Physio-chemical 
studies on the drying of vine fruits showed that the 
heat transfer from the air stream to the grape is an 
important factor in the drying operation. This 
heat transfer is required to supply the heat of 
evaporation of water and to heat the fruit to 
equ~librium drying temperature. The relative 
thickness of the cuticle, caused by a contraction of 
the skin decreases the permeability of water. Per- 
meability increases approximately twofold for a 
10' rise in temperature. 

Industrial Chemistry - A study of methods of 
separation based on adsorption processes has led to 
a new chemical engineering development, the ' resin- 
in-pulp ' process, whicll eliminates a costly filtration 
step in the recovery of uranium from ore pulps. 
l'ronounced embrittlement in the electrodeposited 
copper has been found to be due to small amounts 
of molybclenum in the electrolyte. 

A method of separating hafnium and zirconium 
has been evolved in which aluminium or zirconium 
is used to reduce the crude mixture containing 
hafnium and zirconium tetrachlorides. Since the 
zirconium trichloride formed is involatile the 
unreduced hafnium chloride is removed by sublima- 
tion. 

Studies on the intercalation of metals in graphite 
as chlorides have led to the discovery that certain 
paraffin-soluble, metal-organic compounds are effec- 
tive as additives for suppressing the smoking of 
hydrocarbon fuels. 

The development of a novel beneficiation method 
in which flotation is coupled with hydraulic sizing 
has enabled 65 per cent of cassiterite to  be recovered 
in a concentrate analysing 50 per cent tin. 

A new process using jigged beds of ion-exchange 
resins has been devised for direct extraction of 
uranium from an ore pulp. 



Fabrication of Multicavity Magnetrons - 
AMARJIT SINGH & NAGESH C. VAIDYA 

National Physical Laboratory of India. New Delhi 

(Manuscript received 21 January 1957) 

Techniques have been developed for the 
fabrication of magnetron tubes. Operating 
magnetrons have been prepared and tested. 

T H E  study of the techniques for the 
fabrication of vacuum tubes, parti- 
cularly of recent types, has been taken 

up in this laboratory and, as the first step, 
magnetrons usecl as transmitter tubes in 
radar have been constructed. 

A magnetron consists of a cylindrical diode 
with a magnetic field parallel to its axis. 
The type of magnetron developed for radar 
has an anode consisting of a number of 
cavities opening into the central cavity. 
Various modes of oscillation are possible for 
this structure. In the one commonly used, 
adjacent cavities oscillate x radians out of 
phase. Electrons emitted by the cathode 
are acted upon by (a) the radial electrostatic 
field, (b) the axial magnetic field, and (c) the 
r.f. field which is built up from the noise level, 
when certain relationships between the vari- 
ous parameters are satisfied. Under these 
conditions the net effect of the movement of 
electrons is to take energy from the electro- 
static field and give energy to the r.f. field. 

A part of the energy stored in the r.f. field is 
coupled out for use. 

Initial difficulties regarding equipment 
and component parts have been overcome. 
Techniques have been developed for the fabri- 
cation of magnetrons, starting from raw 
materials. Performance and operating tests 
have been carried out. These facilities are 
now being used for the development of a new 
type of wide tuning-range magnetron. 

Fabrication of parts 

The various parts required in a typical 
multicavity magnetron are shown in Fig. 1. 

Anodes - The anodes can be fabricated by 
machining, hobbing or brazing with the help 
of jigs, etc.l. Machining, which is suitable 
for small-scale manufacture and works parti- 
cularly well for obtaining anodes of hole 
and slot type, was the method adopted. Fur- 
thermore, this methocl does not require 
additional facilities beyond those normally 
available in a workshop. 

The material most commonly used for 
making the anodes is oxygen-free high- 
conductivity copper (OFHC copper). If the 
material is not completely free from oxygen, 
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the oxide gets reduced during subsequent 
heating in hydrogen, rendering it porous. 

Cathodes -- Various types of cathodes are 
used in magnetrons. These include the oxide- 
coated cathode, thoria cathode, L-type 
cathode, e t~ . l -~ .  Where very high powers 
and frequencies are not involved, an oxide- 
coated cathode is suitable. In the present 
study this type of cathode was used. 

Pure nickel is commonly used as a core 
metal for the oxide-coated cathodes. Alloys 
containing small quantities of reducing agents 
such as aluminium, magnesium, silicon and 
titanium are superior to pure nickel as regards 
ease of activation. However, where long 
life is the primary consicleration, ' passive 
cores ' made of pure nickel or platinum are 
preferable0.7. ' 0-nickel ' was used for the 
cathodes fabricated in this laboratory. 

Just before the core metal is coated, it 
should be heated in hydrogen at 1000°C. 
for c. 30 min. 

The coating applied to the nickel tube by 
spraying consists of a suspension of alkaline 
earth carbonates in organic solvents. During 
evacuation and processing of the tube, the 
cathode is heated, resulting in the conversion 
of carbonates into oxides. There is no 
uniformity regarding the proportions of 
barium, strontium and calcium carbonates 
so far. The mixture* used in this laboratory 
contained these carbonates in the following 
molar proportions : Ba : Sr : Ca : : 47.5 : 46 : 
6.5. 

The degree of purity of the carbonates, and 
the method of preparation exert considerable 
influence on the results obtained. It  is pre- 
ferable to prepare the carbonates by co- 
precipitation from a solution of the mixed 
nitrates, rather than by mixing already 
precipitated carbonates. The precipitate is 
obtained by adding sodium or ammonium 
carbonate to the nitrate solution or bubbling 
carbon dioxide through it. The temperature, 
the strength of the solutions, the rate of pre- 
cipitation and the degree of stirring influence 
the particle size, and consequently the emis- 
sion. For preparing the solution of mixed 
carbonatess, solutions of the mixed nitrates 
and sodium carbonate (10 per cent) were 
separately prepared in equivalent quantities 
and maintained at 40". The nitrate solution 
was made alkaline by adding a few drops of 

*Suggested by D. A. Wright. Research Labora- 
tories, General Electric Co., Wembley, England. 

aqueous sodium hydroxide. Sodium carbo- 
nate solution was then gradually added 
to the nitrate solution at the rate of 500 
ml./niin. with constant stirring. The preci- 
pitate was filtered, washed repeatedly (c. 10 
times) with warm distilled water and dried 
(at 100"). 

The suspension is usually prepared in 
organic solvents. The exact composition of 
the solvents and binder is not very critical. 
The composition of the suspension used was: 
mixed carbonates, 1000 g.; nitrocellulose 
(Pyroxiline), 25 g.; amyl acetate, 1800 ml.; 
methyl alcohol, 900 ml.; and diethyl oxalate, 
150 m1.2. 

The suspension was first ball-milled at 
100 r.p.m. for c. 24 hr. and rolled for c. 1 hr. 
before use. It  was then sprayed uniformly 
on the nickel tube held in a jig and rotated. 
Care was taken that during application the 
coating was neither too wet nor too dry. 
After coating, the cathode was heated in an 
oven at c. 100" for 1 hr. to drive off the 
organic solvents and make the coating firm. 

Between operations, parts should prefer- 
ably<be kept in vacuum desiccators to avoid 
contamination. This is particularly impor- 
tant for the cathodes. I t  is also not desirable 
to keep cathodes for too many days before 
final assembly. 

Heater for the cathode -The heaters re- 
quired for the indirectly heated cathodes are 
prepared from tungsten wire1J6. The wire is 
wound on a stainless steel mandrel and its 
ends secured. While still on the mandrel, the 
coil is annealed by heating in hydrogen at 
1000" for c. 5 min. When the ends of the 
coil are released, it unwinds slightly, increas- 
ing the diameter slightly, depending upon 
the exact annealing procedure. Thus the 
required diameter of the- mandrel has to 
be determined by trial and error. 

The prepared coil is cut into suitable 
lengths, cleaned by boiling in aqueous sodium 
hydroxide (10 per cent) for 5 min. and coated 
with an insulating emulsion. 

The composition of a suitable insulating 
emulsion is: alundum (particle size 10-20 p), 
1000 g.; amyl acetate, 1800 ml.; methyl 
alcohol, 1250 ml.; and nitrocellulose, 50 g. 
The suspension is prepared by ball-milling 
and is applied uniformly on the heater coils 
by spraying. The coated heaters are baked 
at 100" for 1 hr. and later on in hydrogen at 
1600" for 5 min. This makes the insulating 
coating sufficiently hard. 
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Insulators for the cathode - The heater coil 
is supported at its ends by insulators resting 
in the openings at the two ends of the nic- 
kel sleeve. The insulators can be formed 
by machining a material such as Lavite. 
Alternatively, they can be pressed out 
of steatite (soapstone) powder by a suit- 
able die and punch. In either case they 
are baked in hydrogen at 1000" for 1 hr. 
when they shrink slightly. The tempera- 
ture should be raised and lowered gradually, 
otherwise the insulators are likely to dev- 
elop cracks. 

Glass to metal seals - The different tech- 
niques of making glass to metal seals have 
been described in literaturel.fl,o-11. The seals 
can be divided into two broad categories, 
namely matched and unmatched seals. In 
the former case, the metal and the glass are 
so chosen that the expansion of the two is 
closely matched up to the softening point of 
glass. Several combinations are possiblefl,@. 
Where the degassing of metal parts is to be 
done by ovening at a uniform temperature, 
as in the present case, it is desirable to choose 
a type of glass which can be heated to com- 
paratively high temperatures during ovening. 
Borosilicate glass is the best for which match- 
ing alloys are available. Its safe ' ovening 
temperature ' is 450" as against 350" for lead 
glass and 300" for soda glass. Glass which 
seals to tungsten can be ovened at a tempera- 
ture even higher than 450". But its use is 
confined to applications where the metal is 
in the form of a rod or wire, since tungsten 
is not easily available in the form of tubes. 
Among the matched seals with borosilicate 
type glass, Telcoseal I or Kovar to B.T.H. 
type C40 or Corning type 7054 have been 
used successfully. Other conlbinations found 
suitable were molybdenum to R.T.H. type 
C40, or Coming 7052, tungsten to R.T.H. 
type C9, Vacovit 501 to Schott and Jenaer 
type 16 111. 

In the case of unmatched seals, the metal 
is usually copper, in the form of a thin sheet, 
or a tube tapering into a ' feather edge '. It  
can be sealed to different kinds of glass. The 
bond between the metal and the glass is not 
broken by differential expansion or contrac- 
tion, because copper 'yields ' before large 
stresses build up. However, this type of 
seal is more liable to leak in the final assembly 
procedure involving heating in a hydrogen 
atmosphere, than is the case with matched 
seals. 

Silver solders - In making vacuum-tight 
brazes between various metal components of 
the vacuum envelope, silver solders with low 
vapour pressure at the degassing temperature 
are used. A number of compositions melting 
at different temperatures are required, so that 
brazes at later stages of the assembly may 
be at lower temperatures, leaving the earlier 
ones undisturbed. A large number of such 
conlpositions are already listed in literature1s6. 

Two compositions which have been used 
successfully in the present case are: (a) Ag, 
72; Cu, 28 (copper silver eutectic, melting and 
flow point 779"); and (b) Ag, 60; Cu, 25; 
Zn, 15 per cent (m.p. 682", flow point 718"). 

They were prepared in the laboratory in 
the hydrogen furnace. The metals were 
melted in a silica crucible and stirred with a 
silica rod. 'The pellet of silver solder thus 
formed was rolled into a sheet or drawn into 
a wire. 

Assembly 

The parts to be assembled have to be 
thoroughly cleaned as unclean parts lead to 
brazes which are not vacuum tight, and also 
spoil the vacuum later through vapours. 
The cleaning methods used have been dis- 
cussed in literaturel.1°.12.1fl. Kovar parts 
have to be annealed in hydrogen at 1000" for 
30 min. before brazing them to other parts. 

To start with, the side tube sub-assemblies 
are prepared. The copper tubes (a) are 
brazed with Kovar tubes (b) and the latter 
are sealed toglass tubes (c). R.F. decoupling 
chokes (d) are brazed on the heater-cum- 
cathode leads (e). The leads (e) are then 
sealed into the glass tubes (f) which in turn 
are sealed to glass tubes (c), provision being 
made for connecting the magnetron to the 
vacuum pump subsequently. I t  is also 
desirable to join a glass side tube (not shown 
in the figure) containing a getter flag, to one 
of the tubes (c). This side tube, along with 
the getter, is sealed off after ageing, and does 
not form a part of the finished tube. In the 
case of the output side tube sub-assembly, 
the inner conductor consists of a copper wire 
(g) to be formed into the coupling loop, a 
tapering copper section (h) for matching pur- 
poses and a Kovar rod (i) for the glass to 
metal seal. These three parts are brazed 
together. The glass to metal seal is made as 
before. For making the final seal, a jig is 
used to hold the inner conductor coaxial with 
the outer conductor. 
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The straps ( j )  are brazed on the two sides 
of the anodes (k) making contact with alter- 
nate segments through the strips (j'). The 
side tubes having the cathode leads are in- 
serted into the anode. The cathode sub- 
assembly consisting of the coated cathode (I), 
the coated heater (m) and the insulators (n) 
is prepared. A tab spot welded to the 
cathode is also spot welded to one of the 
heater leads, thus establishing an electrical 
connection. The cathode is held coaxial 
with the anode by means of a centring jig. 
The jig consists of two discs which can be 
inserted at the two ends of the anode. The 
discs have holes in the centre for the heater 
leads, and have certain portions cut away 
to accommodate the electrodes of the spot 
welder. Using the jig as reference, necessary 
adjustments are made in the main leads so 
as to hold the cathode coaxial with the anode. 
I t  is advisable to spot weld two small nickel 
strips to each main lead, so as to form a Y 
at  the end. The heater lead from the cathode 
sub-assembly can thus be sandwiched be- 
tween these two strips; any small adjust- 
ments needed can be easily made in these 
strips. 

The cathode sub-assembly is spot welded 
in position. The end hats (0) are also spot 
welded on to the main leads. They can be 
centred in a manner similar to the one des- 
cribed earlier. 

The output sub-assembly and the face 
plates (p) are then inserted into the anode. 
Silver solder washers are placed at all the 
five joints at the time of insertion. Brazing 
is performed in an atmosphere of hydrogen. 
The tube is then ready for evacuation and 
final processing. 

Spot welding -The two metal pieces to 
be joined are held togetherbetweenelectrodes 
(usually of copper). Alcohol is applied as a 
flux, and a heavy current of controlled magni- 
tude and duration is passed through the 
pieces. The resistance at the contact be- 
tween the metal pieces is comparatively 
high. The heat generated there softens one 
or both of the metals which are thus weld- 
ed together. 

All combinations of metals do not give 
good spot welds. Different combinations of 
metals giving good, fair or poor spot welds 
are reported in 1iteraturel3. In some cases 
where two metals do not easily spot weld 
together, good results can be obtained by 
interposing another metal in between. For 

example, tungsten and molybdenum can be 
spot welded easily by including nickel or 
platinum in between. 

A spot welder of power rating 1-2 kW., 
with automatic timer, is suitable for this 
type of work. 

Brazing - Brazing is usually carried out 
in a reducing atmosphere of hydrogen, or a 
mixture of hydrogen and nitrogen. Hydro- 
gen has a cleaning action on metal surfaces. 
Thus there is no need for any other flux, 
which would otherwise be necessary for 
making the silver solder wet the metal sur- 
face. Traces of the flux if left in the vacuum 
envelope are a continuous source of vapours 
and are thus disastrous for the tube. 

Hydrogen gas commercially available in 
cylinders contains oxygen and water vapour 
in small quantities. For most applications 
it is desirable to remove the water vapour 
and oxygen. 

Removal of oxygen is effected by passing 
the gas either over copper chips heated to 
about 600" or over palladium black at room 
temperature. Water vapour is removed 
either by passing over chemical drying 
agents, such as phosphorus pentoxide, or by 
refrigeration. 

Dry hydrogen is not, however, used when 
tungsten wire is heated in an atmosphere of 
hydrogen. The tenacious layer of graphite 
on the wire surface has a tendency to form 
tungsten carbide at high temperatures which 
makes the wire brittle. This is avoided by 
using hydrogen saturated with water vapour 
(by bubbling it through water). The water 
vapour reacts with carbon at high tempera- 
tures to give hydrogen and carbon monoxide, 
leaving the wire clean and ductile. 

For laboratory work, a simple but versatile 
arrangement for heating in hydrogen has 
been described in literature'J6. A ' hydrogen 
bottle ' set up in this laboratory is shown in 
Figs. 2 and 3. 

For the final assembly operation, two 
pancake-shaped coils which are in contact 
with the face plates of the magnetron are 
used for heating. They are electrically in- 
sulated from the magnetron by a coating of 
alundum, applied in the same way as for 
cathode heaters. The coils and the tube are 
held in a jig. Plates of fired steatite are 
inserted between the coils and the jig to 
minimize conduction of heat to the jig. The 
jig is spring loaded, so that when the 
silver solder washers between the face plates 
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1 ' 1 ~ .  2 - ~ ~ Q U I P I I E N T  FOR HEATING I N  HYDROGEN AThlOSPHERE 

MOLYBDENUM 
HEATER COIL 

( I  TO 3 M M  DIA-WIRE) 

COPPER ELECTRODES 
(INSIDE HYDROGEN) 

B O T T L E  

0 0 COM. 
5 ~ 0  ~ K V A  ~ K V A  

VARIAC TRANSFORMER 
P I G .  3 - ELECTRICAL CIRCUIT FOR ' HYDROGEN BOTTLE ' EQUIPMENT 

and the anode melt, the face plates are 
pushed in. 

The heat transfer between the coils and the 
tube is so efficient that the final braze is com- 
pleted a t  an input power level of 1100 \$I. 

as against 2700 W. needed when the usual 
method of heating by radiation is employed. 
Due to this, the glass to  metal seals are not 
subjected to a very high temperature, and 
the risk of their developing leaks is far less. 
The risk is eliminated completely by directing 
the incoming stream of cool hydrogen on the 
seals and by using a mixture of hydrogen 
and nitrogen (3 :  I ) ,  instead of pure hydrogen. 

The two pancake-shaped coils are operated 
in parallel and are so designed that the lower 

one receives more current. This compen- 
sates for the cooling of the lower face by con- 
vection and makes the rise in temperature of 
the tube uniform. 

For large-scale work, hydrogen furnaces 
of continuous operation type are required. 
These usually consist of a tube of refractory 
material, through which hydrogen is kept 
flowing. The central portion of the tube is 
heated to the required temperature, and the 
two end regions serve as the loading and 
unloading chambers respectively. The latter 
are usually water-cooled. 

The equipment for heating in hydrogen 
atmosphere can be used not only for brazing 
without additional flux, but also for anneal- 
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ing and baking. Another advantage of 
heating the parts in hydrogen is that at the 
time of evacuation they are degassed com- 
paratively easily. 

Evacuation and final processing 

After the tube has been assembled, it is 
sealed on to the vacuum system. The tube 
is evacuated and degassed, the cathode is 
' broken down ' and activated, the getter is 
flashed and the tube is sealed offla. Finally 
the tube is aged and the getter side tube 
sealed off. 

The different vacuum systems evolved and 
their components have been described in 
literature1°.13J4. The system used by us is 
shown in Fig. 4. The vacuum ' reservoir ' 
makes it possible to shut off the fore pump 
for long intervals. I t  also enables the same 
pump to be used for lowering the mercury in 
the McLeod gauge between successive read- 
ings. This gauge was included to act as a 
standard for calibrating the ionization gauge. 
The latter enables continuous readings to be 
taken when the pressure is below 10-4 mm. 
of mercury. The Pirani gauge was included 
to monitor the release of carbon dioxide 
during the 'cathode breakdown' process, 
when the pressure rises above 10-4 mm. of 
mercury and the ionization gauge has to be 
shut off. The latter two gauges were also 
used for leak detection when necessary. 
The three-way stopcock No. 1 enables the 
evacuation of the tube with the fore pump 
alone in the initial stages, with the diffusion 
pump in the final stages, and isolation of the 
tube for leak detection, or when otherwise 
necessary. 

After initially evacuating the tube to a 
pressure below lC4 mm. of mercury, the 
degassing oven is lowered on it. The tem- 
perature is gradually raised, frequently 
observing the pressure. The highest safe 
temperature for borosilicate type of glass is 
450". The oven is maintained at this tem- 
perature for c. 3 hr. (the temperature can be 
conveniently read on a nitrogen-filled mer- 
cury thermometer). The rest of the vacuum 
system is also degassed with a Bunsen burner 
flame. At the end of this period, the pressure 
should be below mm. of mercury. 

In the case of tubes having glass envolopes, 
degassing can best be done by induction heat- 
ing of the electrodes. The temperature can 
be raised up to red heat without softening 
the glass. The same process is applied to 
the getter in the side tube after completion 
of the main degassing operation. Alter- 
natively, the getter can be enclosed in a 
tungsten coil and heated by passing a current 
through the latter. 

The breakdown of the cathode is carried 
out in the following stages. The cathode 
temperature is raised gradually to 900". 
The ionization gauge is then turned off, the 
temperature raised in one step to 1100" and 
maintained there until the pressure indi- 
cated by the Pirani gauge falls below 10-3 
mm. The temperature is then lowered to 
950" and maintained at that value until the 
pressure falls below 1C6 mm. I t  is impor- 
tant that liquid air should not be applied 
to the vapour trap before the breakdown 
of the cathode is completed. Otherwise 
the carbon dioxide released by the cathode 
solidifies in the vapour trap and the pressure 
does not fall below mm., as the vapour 
pressure of solid carbon dioxide at liquid air 
temperature is of that order. 

During the breakdown process the tem- 
perature of the cathode can be measured by 
a ' disappearing filament pyrometer '. Alter- 
natively a control experiment is performed 
beforehand to correlate the heater power and 
the cathode temperature. 

After the pressure has fallen below 1C6 
mm., the cathode is activated by drawing 
emission current. Anode voltage is gradual- 
ly raised from zero, in several minutes, mak- 
ing sure after each rise in voltage that the 
emission does not have atendency to fall. The 
emission may fall if the voltage is raised too 
rapidly, due to the release of residual gas 
from the anode by electron bombardment. 
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The residual gas can deactivate the cathode 
by combining with its free barium, and can 
also cause damage to the cathode surface 
through ionic bombardment. Anode volt- 
age is raised until an emission current density 
of c. 25 ma./sq. cm. is obtained. 

In the final stages of activation, the getter 
in the side tube is gradually degassed again. 
Finally the anode voltage is removed, the 
cathode temperature brought down to c. 600" 
and the tube sealed off. In this process care 
has to be taken to heat the thick-walled 
pinch uniformly and slowly, allowing time 
for the gases that are released to be pumped 
away. 

After the seal-off the cathode temperature 
is again raised to 900" and the anode voltage 
is gradually applied. Emission current is 
drawn for several hours. This improves the 
stability of the cathode, and generally 
increases the emission. At this stage, the 
cooling fins (r), the coupling flange (s), the 
mounting brackets (t) and the mounting 
plate (u) are added. 

The final ageing is done under actual 
operating conditions. Test bench set-ups 
for magnetrons1J5 include equipment for 
applying the magnetic field, the heater power 
and the anode voltage (pulsed or continuous 
as the case may be), and for measuring the 
power output and frequency under various 
load conditions. Protective circuits are pro- 
vided for preventing damage to the magne- 
tron or the power supply due to overloading. 
After the final ageing process, the getter side 
tube is sealed off. 

Conclusion 

Magnetron tubes of the type 2 J32 have been 
fabricated and tested at pulse voltages up to 
9 kV., which could be produced by a pulser 
available in the laboratory. (This is actually 
a part of radar set AN-TPS-2, modified to 
give negative pulses of variable pulse height 
and of duration 2 microseconds.) At this 
pulse voltage a magnetic field of only 1100 
gauss can be used. The power output and 
efficiency are thus lower than the values for 
normal operating conditions of the tube 
(18 kV., 1800 gauss). The values obtained 
with the tubes fabricated were compar- 
able with published data for similar tubes. 
For a case taken at random, the operating 

conditions were defined by a magnetic field 
strength of 1050 gauss, peak input voltage of 
8.2 kV. and peak input current of 4-55 amp. 
The observed efficiency and power output 
were 22.3 per cent and 8.3 kW. as against 
the published values of 21 per cent and 7.8 
kW. respectively a t  the above-mentioned 
operating point. 

The development of a tunable inverted 
intercligital magnetron is now in hand. 
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Methods have been described for varying 
the range and sensitivity of the electronic 
wattmetter using suitable combinations of 
the series and cathode biasing resistances 
with a double-triode valve connected in 
push-pull. The instrument has been cali- 
brated with an electro-dynamometer type 
of wattmeter with resistive as well as reactive 
loads at power frequency. 

T HE electro-dynamometer type watt- 
meter is not suitable for measuring 
low power a t  high or low frequencies. 

Consequently efforts have been made in the 
past to develop suitable electronic wattmeters 
for such measurements. Several investi- 
gators'-' have designed electronic wattmeters, 
using thermionic valves for this purpose, but 
most of the wattmeters are useful for only 
a limited range. To construct a simple 
double-tube electronic wattmeter working 
in the square-law region, a preliminary study 
has already been made in this laboratory on 
the adjustment of balancing resistances and 
cathode voltage and the results have been 
reported earliers. The present communica- 
tion deals with the studies on the conditions 
under which the range and sensitivity of 
such a wattmeter can be altered. Although 
the instrument can.be used at high frequen- 
cies also it has been calibrated a t  power 
frequencies, for comparison of the results 
with a standard electro-dynamometer type 
wattmeter. 

Experimental procedure 

The earlier designs of the wattmeter has' 
been slightly modified so that it can be used 
with a common a.c. supply source. The cir- 
cuit diagram of the wattmeter and the values 
of different elements used are shown in Fig. 1. 
Due to the use of a common a.c. source and 
V.R. tube the plates of the two valves (one 
half of a 6SL7 tube is used for each valve) 
are always a t  a positive potential and the 
cathode varies from positive to negative 
peaks of the a.c. supply. During the positive 

half cycle of the mains supply the cathode is 
a t  a higher potential than the anode, and the 
tubes are inoperative whereas for the negative 
half cycle the anode voltage is higher than 
the cathode voltage, and so, the tubes ope- 
rate only during the negative cycle. The 
components have been selected on the basis 
that, within the range of linearity of the 
instrument, the resulting voltages of the grids 
are capable of operating the tubes only in the 
square-law region. These conditions have 
been verified by actual measurement of the 
voltages by a high-resistance d.c. voltmeter. 
The plate potential has been found to be 
130 V. and the grid voltage varies from -2 to 
-4 V. which lies within the square-law region 
of the characteristics of the valves. 

The range of this type of wattmeters for 
working a t  high frequencies is usually small. 
But in the present investigation the range of 
the instrument has been substantially in- 
creased so that the calibrations can be con- 
veniently made with a standard dynamo- 
meter type of wattmeter a t  power frequen- 
cies. The switch S, (Fig. 1) is kept open 
for some time in the beginning after switch- 
ing on the power, in order to allow time for 
heating the valves. To avoid the small 
power consumption by the standard watt- 
meter during the process of calibration, the 

FIG. 1 -CIRCUIT DIAGRAM OF THE ELECTRONIC 
WATTMETER 



S:\RI<:\R: RANGE & SENSITI\"ITY 01' ELECTRONIC WATThlETERS 

switch S, is kept open and switches S, and S, 
are closed so that only the standard watt- 
meter is in the circuit when its reading is re- 
corded. Switches S, and S, are then opened 
and S, closed, and the corresponding read- 
ing in the electronic wattmeter is recorded. 
At the outset preliminary adjustments were 
made for zero reading of the indicating meter 
XI (Fig. 1) and the cathode voltage was con- 
trolled by r. During adjustments, switch 
S, is kept open and the load circuit discon- 
nected to compensate for any difference in 
the characteristics of the two valves. The 
series resistances R, and R,, which are of 
equal value, are so selected that the range of 
the electronic wattmeter is comparable with 
that of the standard wattmeter. Various 
sets of readings are recorded for tlie range and 
sensitivity of the instrument with tlitferent 
combinations of series resistances I i ,  and H, 
and the cathode biasing rcsist;tnce (C.B.R.). 

The calibration curves with different loads 
are shown in Figs. 2-4. They have been 
limited to the range of linearity between the 
wattage and the reatlings in the indicating 
meter. Up to the limit of the range of the 
instrument, its sensitivity increases as the 
cathode biasing resistance is decreased (Fig. 
2). The sensitivity depends on the magni- 
tude of the difference of the voltages on the 
grids of the two valves V, and V, (Fig. 1) 
produced by a voltage drop across the series 
resistances K, and R, in the load circuit, and 
on the initial voltage applied to the grids of 
the valves due to the cathode biasing rcsis- 
tance r. The terminals of the d.c. indicating 
meter have to be reversed when the cathode 
biasing resistance is raised too high (above 
2950 ohms). This is due to the fact that the 
voltage drop across R, and R, is reversed 
beyond the above limit of cathode biasing 
resistance, as verified experimentally. 

METER READING DIVS. 

IT1G. 3-CALIBRATION CURVES FOR RANGE [I, S C ~ ~ S  
resistance, 20 ohms; C.R.R., 2000 ohms; 11, series 
resistance, 4 ohms; C.R.R., 2000 ollms; 111, series 

resistancc, 2 ohms; C.B.R., 2000 ohms] 

4 5 1 o ~ e a c t i v e  load (peak) I 
40  1 x React ive  load  (average) I 

10 40 70 100 130 160 190 220 250 
METER READING DIVS. 

FIG. 2 -CALIBRATION CURVES FOR SENSITIVITY 
[I ,  series resistance. 20 ohms; cathode bias resis- 
tance (C.B.R.), 1000 ohms; 11, series resistance, 
20 ohms; C.B.R., 2000 ohms; 111, scries resistance, 

20 ohms; C.B.II., 3500 ohms] 

METER READING DIVS. 

FIG. 4 -CALIBRATION CURVES FOR RESISTIVE AND 
REACTIVE LOADS [ I ,  reactivc load (avcragc power), 
series resistance. 20 ohms; C.U.R.. 5000 ol~ms; 
11, resistive and reactive loads (peak power), 

series resistance, 20 ohms; C.B.R., 5000 ohms] 
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The variation in the range of the watt- 
meter as the series resistance is changed, 
keeping the cathode biasing resistance cons- 
tant, is shown in Fig. 3. The range of the 
instrument increases when the series resis- 
tance is decreased and the sensitivity also 
decreases simultaneously, provided the cath- 
ode biasing resistance is kept constant. Fur- 
ther, for particular values of the series re- 
sistances, the range of the instrument is 
limited, as the voltage on the grids of the 
two valves reaches the cut-off value of the 
valves; their proper functioning is thus res- 
tricted beyond a certain limit. 

The same relationship between the deflec- 
tion and the power consumed holds good 
even in the case of reactive loads if the peak 
power recorded by the instrument is con- 
sidered. But as calibration is made with 
the average power consumed, as measured 
by the electro-dynamometer wattmeter, the 
calibration curve for reactive load (shown in 
curve I, Fig. 4) always lies below the peak 
power calibration curve. The peak power 
calibration curve for reactive load coincides 
with that for the the resistive load as shown 
in Fig. 4 (curve 11). 

Summary and conclusion 

The variation of the range and sensitivity 
of the electronic wattmeter of a modified 

design has been studied with resistive and 
reactive loads a t  power frequency. Suit- 
able combinations of series and cathode 
biasing resistances have been determined for 
the above variations. The electronic watt- 
meter works satisfactorily a t  medium power 
up to 200 watts. 
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Fullers' earth occurs extensively at Korvi, 
Chime-idlai, Dastapur and Sulehpeth (Chin- 
choli taluk, Gulbarga district, Mysore State). 
Earths from these places when activated with 
hydrochloric and sulphuric acids have adsorp- 
tion characteristics comparable to those of 
commercial samples. Korvi and Chime-idlai 
deposits being fairly free from grit, sand and 
acid-soluble impurities can be commercially 
exploited. 

T HE bleaching properties of diatoma- 
ceous earth from Srirangapur and 
fullers' earth from Gingurti have been 

reported previously1. Of the two, fullers' 
earth from Gingurti was found to be superior 
and compared favourably with imported 
earths. The present communication reports 
the results of investigations carried out on 
the preparation of activated earths from 
Korvi, Dastapur, Chime-idlai and Sulehpeth, 
situated in Chincholi taluk, Gulbarga dis- 
trict. 

The average thickness of the beds of 
fullers' earth at Korvi (17'23': 77'16') is 
about 5 ft., under black cotton soil and 
the product is fairly free from grit and sand. 
At Chime-idlai (17'26': 77'224') three de- 
posits occur; the over-burden varies from 
0.5 to 10 ft. of solid trap rock underlain 
by 2-3 ft. of lithomarge. A major portion 
of the deposit a t  Dastapur (17'25': 77'22') is 
interbedded with hard cherts and calcarious 
clay. A deposit of fullers' earth, greyish in 
colour, is foundnear Sulehpeth (17'24' : 77'21') 
under hard ' murram ' to solid trap. The 
estimated reserves of the fullers' earth in 
each area are given in Table 1. 

The results of analyses of representative 
samples of fullers' earths from these deposits 
are given in Table Z3. 

Experimental procedure 

Sampling and activation - Samples of 
fullers' earth collected from freshly opened 
pits were mixed thoroughly by the usual 
sampling technique and powdered in a pot 

TABLE 1 -ESTIMATED RESERVES OF FULLERS' 
EARTH' 

LOCALITY AREA Av. QUANTITY 
Sq. ft. THICKNESS tons 

ft. 

Korvi, No. 1 300600 4.70 59140 
Korvi, No. 2 227250 5.51 52430 
Chime-idlai, No. 1 39200 4.13 6778 
Chime-idlai, Na. 2 175000 2.28 16700 
Chime-idlai, No. 3 96860 3.12 12660 
Dastapur 117540 2 .24  11020 
Suleh~eth  26770 4.76 5333 

Total 184061 

TABLE 2 -ANALYSES OF FULLERS' EARTHS 

KORVI SULEHPETH DASTAPUR CHIME- 
IDLAI 

Loss on ignition, % 
SiOa,% 
AlaO,. % 
Fe,O*, % 
CaO, % 
MgO % N ~ , ~ + K , o ,  % 

mill to pass through 100 mesh. The sam- 
ples were activated with hydrochloric acid 
by the method described previously1. 

Samples free of grit and sand were acti- 
vated with sulphuric acid. The procedure 
followed was more or less the same as for hy- 
drochloric acid except that in this case, the 
earth (100 g.) was made into a slurry with 
water (200 ml.) and the acid added slowly. 

Adsor#tion tests - Colour adsorption tests 
were carried out on raw filtered groundnut 
oil. About 3 per cent of earth on the 
weight of the oil was mixed with the oil, 
kept constantly stirred at 60'-70" for 30 min. 
and filtered. Colour readings of raw and 
decolourized oils were obtained in red and 
yellow units on a Lovibond tintometer in 
a 1 in. cell, and the total colour calculated 
as yellow plus 5 red units. 

The results of activation of the represen- 
tative earths are given in Table 3. The 
results obtained with some commercial 
Indian and imported earths have also been 
included in Table 3 for comparison. 
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TABLE 3 -BLEACHING TESTS O N  SAMPLES OF 
ACTIVATED AND COMMERCIAL EARTHS 

SOURCE ACTIVATING COLOUR 
AGENT REDUCTION 

% 
Chime-idlai (A) 
Chime-idlai (B) 
Korvi (A) 
Korvi (B) 
Sulehpeth 
Dastapur 

. Korvi 
Korvi 
Korvi 
Commercial (Indian) samplc (P) 
Commercial (Indian) sample (R) 
Commercial (Indian) sample (S) 
Commercial (British) sample 
Commercial (American) sample 
Cornmercial (German) sample 

HCl (SN) 
HCI (5N) 
HCI (bN) 
HCI (5N) 
HCI (3N) 
HCI (SN) 
Haso, (25%b, H,SO, (37.5 ,.) 
H,SO, (50%) - 

TABLE 4 -CHARACTERISTICS OF ACTIVATED 
SAMPLES AND COMMERCIAL EARTHS 

pH OF 10% BULK COLOUR 
SUSPENSION DENSITY REDUC- 
IV WATER I TION 

i" 

Chime-idlai sample (A) 4.7 0.384 53 
Chin~e.idlai san~ple (B) 5 . 8  0.446 56 
Korvi (A) 4.0 0.6% 71 
Korvi (B) 3.4 0.487 68 
Commercial samples (P) 5.6 0.9Y3 56 
Commercial (Indian) (R) 3..5 - 8 2  
Commercial (Indian) (S) 3 .6  - 60 
Commercial (British) 3.2 0.537 70 
Commercial (American) 6.3 0.536 6.5 

pH and bulk density - The bleaching 
activity of the earths has been reported to 
be directly proportional to their acidity4, 
bulk density and particle size2. These pro- 
perties were determined for some of the 
samples. The pH values of the samples 
were determined on a Beckmann direct- 
current instrument, model H2, using 5 and 
10 per cent suspensions of earths in distilled 
water of $H 6.9 a t  room temperature. 

Bulk density was determined by measuring, 
in a graduated cylinder, the volume occupied 
by a given weight of the powdered sample 
(Table 4). 

Results and conclusions 

The deposits a t  Korvi and Chime-idlai 
can be commercially exploited as they con- 

tain approximately i11,500 and 36,000 tons 
respectively of fairly good quality earths 
with comparatively small amounts of grit, 
sand, etc., and possess colour adsorption 
properties comparable to those of commercial 
Indian and foreign bleaching earths. The 
deposits a t  the other places are relatively 
small and are not of good quality due to the 
presence of grit and sand in appreciable 
amounts. 

Activation with hydrochloric acid gives 
earths of slightly better quality than obtain- 
ed by treatment with sulphuric acid. Sul- 
phuric acid, however, gives better results 
if a higher percentage of the acid to earth 
is used and being cheaper is preferable to 
hydrochloric acid. The use of sulphuric 
acid up to 37-40 per cent on the weight of 
raw earth gave activated products of good 
quality with colour adsorption properties 
comparable both to the hyclrochloric acid- 
activated product and to commercially used 
samples. 

pH and bulk density do not appear to be 
correlated with colour adsorption properties. 
The effect of particle size on colour adsorption 
properties is being studied. 
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The antioxidant action of turmeric, dried 
ginger, cinnamon leaves, onions and a few 
other spices has been studied on refined lard. 
A yellow solid material isolated from onion 
possessed the maximum activity which is. 
however, much lower than that of hydroxy- 
chavicol, isolated from betel leaves. 

A NUMBERof spices have been reported 
to be effective in stabilizing vegetable 
oils1. The results of -studies on the 

specific ingredients of red chilli, clove and 
betel leaf, that contribute to this activity, 
have been reported in Part I1 of this series2. 
The results of studies conducted on similar 
lines with turmeric, cinnamon leaves, nutmeg 
fruit, onions and garlic are presented in this 
communication. 

Experimental procedure 

Fresh lard was refined by treatment with a 
mixture of decolourizing carbon and acti- 
vated earth, and stored a t  c. -2°C. The 
stability of treated and untreated lard 
samples, determined by the standard A.O.M. 
test3, was taken as the time required to at- 
tain a peroxide value of 20 m. eq./kg. and 
from this data the stability indices of different 
fractions of the spices were calculated. 

The methods of preparation of extracts 
and active principles of the spices tested are 
given below: 

Turmeric - Benzene extract was prepared 
by cold percolation of the material with the 
solvent and subsequent removal of the latter 
by distillation. From the dark red semi-solid 
benzene extract, the hexane soluble matter 
was removed by repeated washing. The 
yellow phenolic principle of turmeric, viz. 
curcumin, was also tried. 

Dried ginger-Alcohol. benzene and hexane 
extracts were prepared as in the case of tur- 
meric. The phenolic fraction of the alcoholic 
extract was obtained by digesting it with 5 
per cent cold alkali solution and isolating it 
by the usual procedure. 

Cinnamon leaves - The benzene extract, 
essential oil and the phenolic portion of the 
latter were tested for antioxygenic activity. 

Nutmeg fruit - Benzene extract of the 
powdered nutmeg consisted of a large amount 
of fat which was removed with hexane. The 
total benzene extract and its hexane soluble 
portion we're separately shaken with alcohol 
and the isolates were obtained by distillation 
of the solvent. The whole powdered fruit 
was also extracted with alcohol. After dis- 
tillation of the solvent, the residue, on 
cooling, separated into liquid and semi-solid 
fractions which were separated mechanically. 

Onions - Onions chopped into small pieces 
were kept overnight in benzene and the 
residual material extracted with acetone. 
The ether soluble portion of the acetone ex- 
tract was isolated as a yellow powder de- 
composing at 245"-50°C. This product was 
also obtained in a less pure condition by 
shaking the onions with hexane and treating 
the extract with the help of acetone and ethyl 
ether. The hexane soluble portion was re- 
moved from the total acetone extract of 
onions, the residue shaken with ethyl ether 
and the solvent distilled off from the soluble 
fraction. 

Extracts of garlic and black pepper were 
also prepared and tested. 

The extracts and isolates that have been 
found to possess pronounced antioxygenic 
activity are given in Table 1. 

Discussion 

The results given in Table 1 and those ob- 
tained for other extracts and isolates of the 
various spices show that the antioxidant pro- 
perties of turmeric are entirely due to the 
phenolic colouring matter curcumin4; the 
essential oil and the alcohol and hexane 
extracts have very little antioxygenic acti- 
vity. 

Weak stabilizing properties exhibited by 
dried ginger are due to the phenolic consti- 
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isolated from its alcohol extract. The essen- 
TABLE I - A.O.M. TESTS WITH VARIOUS 
FRACTIONS OF SPICES ON REFINED LARD 

SPICES FRACTION A N D  ITS wr. (%) STABILITY 
INDEX 

Curcumin (0.005) 
Curcumin (0.05) 

I Curcumin (0.1) 10.3 
Curcumin (0.1) +citric acid (0.1) 11.0 

Turmeric Curcumin (0.05) +methionine(O.05) 13.4 
Curcumin (0.11Cmethionine 10.09) 18.2 
Benzene extract (0.1) ' . 5.0 
Benzene extract washed with hexane 5.5 

Hexane extract (0.1) 3.0 
Benzene extract (0.1) 3.0 
Alcohol extract (0.1) 3 . 0  

Dried ginger .( Alcohol extract, phenolic portion 2.3 
m.n;\ I &ohdl extract, phenolic portion 5 . 0  
In.,\ 

FBenzene extract (0.1) 2.0 

i Essential oil (0.1) ' 5.6 
Cinnamon Essential oil, phenolic portion (0.05) 3.0 
leaf Essential oil, phenolic portion (0.1) 6 .0  

l?nrmol 10.051 3.5 

rAlwhol isolate of benzene extract 6.5  
(0.1) 

Alcohol isolate from hexane soluble 6.0 
portion of benzene extract (0.1) 

Alcohol extract, liquid portion (0.1) 6.0 
Alcohol extract, solid portion (0.1) 1.5 

Onion 

I Acetone extract after extracting with 
benzene (0.05) 

Ether soluble portion of acetone ex- 
tract obtained after extraction with 
benzene (0.05) I Ether soluble portion of acetone ex- 
tract obtained after extraction with 
hexane (0.05) 

Ether isolate from the residue ob- 
tained after extracting off the 
hexane soluble portion from the 
acetone extract (0.01) 

Ether isolate from the residue ob- 
tained after extracting off the 
hexane soluble portion fro111 the 
acetone extract (0.05) 

tuents present. The non-phenolic portions 
of the alcohol extract and the essential oil 
of the spice have negligible antioxidant 
effect. 

The stabilizing activity of cinnamon leaves 
is due to the phenolic fraction, eugenol 
(70-87 per cent), present in its essential oil5. 
The non-phenolic portion of the essential 
oil and the alcohol and hexane extracts 
of the material have almost no protective 
action. 

The feeble antioxidant action of nutmeg 
fruit is concentrated in the liquid fraction 

tial oil is devoid of any such activity. 
Benzene, acetone, hexane and alcohol ex- 

tracts of onions show almost negligible pro- 
tection. Even the acetone extract of the 
residue of onions after benzene extraction 
exhibited very weak activity. The ethyl 
ether soluble portion of the acetone extract, 
however, exhibits significant antioxidant pro- 
perties. Onions were also successively ex- 
tracted with benzene, acetone and ethyl 
ether. The last extract, after complete re- 
moval of the solvent, separated into solid 
and liquid fractions both of which were found 
to be inactive. The inactive constituents of 
onions mostly remain in the benzene extract 
and the ethyl ether insoluble part of the 
acetone soluble fraction. In the total ethyl 
ether extract some pro-oxidants may be 
present. 

Except for the slight antioxidant property 
of the essential oil, no other fraction of garlic 
exhibited any activity. The anti-rancidity 
principle of black pepper has been found to be 
mostly present in its oleoresin, which is 
known to contain tocopherolse. 

Out of the seven spices studied the ethyl 
ether soluble portion of the acetone extract 
obtained after a single extraction of onions 
with benzene has been found to possess the 
maximum antioxidant property. But it is 
far less than that of hydroxychavicol isolated 
from betel leaf2. Studies are under way to 
prepare this and allied compounds syntheti- 
cally and to evaluate their stability and carry- 
over properties in various edible oils and 
fats. 
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The chemical and physical properties of two 
indigenous brands of open hearth roof quality 
silica bricks have been compared with those of 
some foreign bricks. The indigenous bricks 
compare favourably with most of the foreign 
bricks. Suggestions have been made to im- 
prove their quality further to bring them in 
line with super-duty silica bricks of foreign 
make. 

T HE present investigation was under- 
taken to compare the properties of 
indigenous silica bricks with those of 

some well-known imported bricks with a view 
to determine the drawbacks of indigenous 
bricks, if any, and to suggest improvements 
so as to bring them on par with super-duty 
silica bricks. The chemical and physical 
properties of six foreign brands of open hearth 
roof quality silica bricks - two each from 
England and America, and one each from 
Germany and Japan - have been compared 
with those of the indigenous products. 

Experimental procedure 

The physical properties of the specimens 
were determined by the standard A.S.T.M. 
methods. Permeability to air was tested 
through one skin. Reversible thermal ex- 
pansion up to 6.50' was measured in an NBS 
type dilatometer. Differential thermal ana- 
lysis was carried out with temperature varia- 
tion from room temperature to 600' using an 
alumina holder with calcined alumina as the 

inert material and a chrome1 alumel dif- 
ferential couple. A rate of rise of 8'/min. 
was maintained and the differential e.m.f. 
was recorded on a differential recorder. 
Blank tests were run with inert material in 
both cups and necessary corrections were 
applied to differential thermal curves. Re- 
fractoriness' underload was tested by the 
D.I.N. method using a carbon resistance 
furnace and a load of 2 kg./sq. cm. Reheat 
expansion was determined after firing the 
specimen at 1450' for 2 hr. in a gas-fired kiln. 
Thin section and powder mounts were studied 
under the petrological microscope. 

Results and discussion 

Chemical analysis and refractoriness under- 
load - The refractoriness underload of a 
silica brick is chiefly influenced by its contents 
of deleterious fluxes like alumina and al- 
kalies. The deleterious flux contents of the 
bricks are given in Table 1. The refrac- 
toriness underload values given in Table 2 
correspond closely with the deleterious flux 
contents. While the American super-duty 
brick with the lowest alumina content has 
the highest underload value, the British 
brick No. 11, which has the highest alumina 
content, has the lowest underload value. 
In keeping with their moderate alumina and 
alkali contents, the two indigenous specimens 
(No. 1 and 2) have a fairly high underload 
value and compare well with the German 

TABLE 1 

No. SOURCE Loss ON 
IGNITION 

% 
1 Indian, I 0.08 
2 Indian, I1 0.02 
3 British I 0.23 
4 ~r i t i sh:  I1 0.24 
5 American (conventional 0.30 

type) 
6 Amer~can (super-duty) 0.19 
7 German 0.10 
8 Japanese 0.16 

- CHEMICAL ANALYSES OF SILICA BRICKS 

SiO, A1,O. Fe,O, CaO MgO TiO, ALKALIZS 
"/. % % % % h % 

05.34 1.15 0. 06 2.29 Trace 0.05 0.28 
95.50 1.28 0.44 2.52 do Trace 0.28 
04.74 1.85 0.62 2.04 do 0.05 0.55 
92.81 2.08 1.08 3.16 do 0.08 0.40 
03.88 1.65 0.73 3 -01  do 0.05 0.43 

06.00 0.10 0.38 2.70 do 0.05 0.23 
04.80 1.12 0.35 2.36 do 0.73 0.58 
94.80 0.44 1.76 2.47 do Trace 0.38 
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specimen having approximately the same 
amount of deleterious impurities; the latter 
has a much higher titania content which 
should enhance its spalling resistance as has 
been reported in the case of South African 
silcrete bricksl. 

Pyrometric cone equivalent (P.C.E.) - The 
British specimen No. I1 has the highest flux 
content and consequently the lowest P.C.E. 
The slightly lower P.C.E. of the British speci- 
men No. I as compared to that of the Ameri- 
can,conventional type of brick (No. 5) may 
be due to the higher alkali and alumina 
contents of the former. Compared to the 
normal type of silica bricks, the two indi- 
genous specimens were low in fluxes and 
hence possessed a high P.C.E. The Indian 
specimen I (No. 1) has the same P.C.E. as 
the American super-duty brick though the 
latter has much lower alumina content. 
This may probably be due to the lower lime 
content of the former. 

Specijc gravity, bulk density and apparent 
porosity - The true and apparent specific 
gravities of the different specimens are quite 
close to each other; this was to be expected 
since silica bricks are known to have very 
few sealed pores. The true specific gravity 
is an index of the degree of conversion. The 
bulk density varies from 1.60 in the case of 
American conventional type of brick to 1-95 
in the case of the German and Japanese 
bricks and their corresponding apparent 
porosity varies from 30 to 17 and 15 per cent 
respectively. Though the German specimen 
has a higher apparent porosity than the 
Japanese specimen, both possess the same 
bulk density. This is due to the higher true 
specific gravity of the German bricks. 
Though the British specimen I has an ap- 
parent porosity of 25 per cent, its bulk 
density (1-8) appears to be high due to its 
high true specific gravity (2.418). The bulk 
density and apparent porosity of the two 
indigenous brands compare well with those 
of the normal types of bricks like the British 
specimens I and I1 and the American con- 
ven tional type of bricks. 

I-'ermeability of air - The per~ncability 
varies considerably (up to 50 per cent) 
depending upon the axis along which the 
specimen is cut from the brick. This can 
be attributed to the difference in orienta- 
tion of particles in the mould, which gives 
rise to more channel pores in one direc- 
tion than in the other. Specimens from the 
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same batch of bricks, when cut along the 
same direction, gave consistent results. The 
average permeability values for a number 
of specimens cut along the three axes are 
given in Taljle 2. Among the bricks test- 
ed, tlie Japanese specimen 11;1s tlic lowest 
permeability (0.008 C.G.S. unit) ;tntl tlic 
i1meric;~n convcnt ionxl type of brick ill(. 

lligllest (0.205 ('.G.S. unit). TIIP two intli- 
genous brands have perme:~bility v:~lucs 
(0.032 antl 0.023 C.G.S. units) lower tllan 
that of even tlie American super-duty brick. 
Though normally permeability is high if the 
porosity is Iligh, this has not always bee11 
found to  be true2. Silica roof bricks are 
reported to have usually specific permeability 
between 0.03 and 0.06 C.G.S. units3. \Vhile 
there may not be much scope or need for im- 
provement of the permeability of the two 
indigenous br;~nds of bricks, lowering of the 
porosity may bring about some improvement 
in permeability because of tlie squeezing out 
of channel pores by proper grain size packing 
and high pressure forming. 

The flus content of silica bricks should be 
low in order to get good service life in open 
hearth roofs. Even after a few weeks' 
service in the open hearth roof, zone forma- 
tion takes place in the roof bricks due to 
the migration of fluxes. Alumina, titania, 
ferric oside and lime migrate a t  different 

rates and concentrate in different zones in the 
brick depending upon the eutectic melts 
they form with one another and with silica, 
as also upon the temperature gradient set up 
in the brick. \\'l~ilc the amount of liquid 
formctl a t  the working temperature tlepends 
upon tlie flus content, its migration into the 
brick tlepends mostly on the latter's porosity 
and the perrnenbility nntl viscosity of the 
liquid. Hence, it is desir;tl)lc to have low 
porosity and permeability together with low 
flux content to get good service performance. 

Texture o j  the hricks- The texutre of a 
brick is reported to have a direct influence on 
its reheat change values4 antl thermal shock 
resistancc". Cut sections of the brick speci- 
mens are shown in Fig. 1. Specimens 1, 2, 3 
and 8 have coarse grains, the maximum grain 
size being about 5 mm. Specimens 4, 5 and 
6 are more fine grained, the minimum grain 
size being less than 2 mm. 

Cold cr ushitlg strength - The Japanese 
specimen has tlie highest strength (Table 2) 
which may be attributed to its low porosity, 
fairly high (c. 15 per cent) glassy bond 
(Table 3) and goocl texture (Fig. 1). The 
comparatively low strength of the American 
super-duty brick may be due to its low glassy 
bond and rather loose texture. In spite of a 
much Iiigher porosity, the American conven- 
tional brick has a fairly high crushing strength 

5 6 8 

FIG. 1 --CUT SECTIONS OF SILICA BRICKS 
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TABLE 3 -MINERAL CONSTITUENTS OF SILICA 
BRICKS 

(Wt. basis) 

NO. SOIIRCE GLASS QUARTZ TOTAL MAJOR 
% % TRIDYMITE CONSTI- 

A N D  TUENTS 
CRISTO- 
BALITE 

% 
1 Indian, I 13.08 6.13 81.00 Cristobalite pre- 

dominates 
2 Indian, I1 13.60 8.10 78.40 do 
3 British, I 16.33 10.70 65.00 Equal amounts 

oftridymiteand 
cristobalite 

4 British, I1 20.67 5.15 74.18 Tridymite pre- 
dominates 

6 American 17.61 1.05 81.34 Cristobalitepre- 
(conventional dominates 
type! 

6 Amencan 10.66 nil 89.35 Tridvmite Dre- 
(super-duty) dominates * 

7 German 14.82 13.00 72.18 Equal amounts 
of tridymiteand 
cristobalite 

8 Japanese 15.60 8.15 76.25 Cristobalite pre- 
dominates 

which may be due to a higher glassy bond and 
a smooth texture with a fine matrix. The 
crushing strengths of the two indigenous 
brands are slightly less than 2000 lb./sq. in. 

Mineral composition 

Glassy thase - As suggested by Rigby 
et aL6, the glass contents of the specimens 
have been calculated as three times the flux 
contents. The British specimen I1 has the 
highest (20.67 per cent) and the American 
super-duty specimen the lowest glass content 
(Table 3) .  The glass contents of the two 
indigenous brands are 13 and 14 per cent. 

Residual quartz content - The D.T.A. and 
reversible thermal expansion curves of the 
specimens are shown in Figs. '2 and 3 
respectively. From the reversible thermal 
expansion figures for pure quartz given by 
Travers and Galubinoff7 (Table 4) and the 
observed reversible thermal expansion of the 
specimens between 500" and 600" (Table 5), 
the approximate quartz content has been 
calculated by the following relation6: 

LlXV - L2(100-Xv) = y 
100 100 

where L, is (per cent) linear expansion of 
quartz between 500° and 600°C. ; L,, the (per 
cent) linear expansion of cristobalite, tridy- 
mite and silica glass between 500° and 600°C. 
(Table 4); X,, quartz (per cent by vol.) in 

the specimen ; X,, quartz (per cent by weight) 
in the specimen; Y, actual (per cent) linear 
expansion between 500" and 600°C.; do, sp. 
gr. of pure quartz; and Q, sp. gr. of the 
specimen. 

The true specific gravities of the speci- 
mens, the quartz inversion peaks in the 

FIG. 2-DIFFERENTIAL THERMAL ANALYSIS CURVES 
O F  THE DIFFERENT SILICA BRICKS 
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D.T.A. curves and the reheat expansion values 
agree, in general, with the residual quartz 
content calculated from the reversible ther- 
mal expansion values. The British specimen 
I1 has the maximum amount of unconverted 
quartz and the German specimen follows 
next; the two American specimens have the 
least amount. The two Indian specimens 
appear to be fairly well converted, their 

FIG. 3 - REVERSIBLE THERMAL EXPANSION CURVES 
O F  SILICA BRICKS 

TABLE 4 -REVERSIBLE THERMAL EXPANSION 
POLYMORPHIC FORMS OF SILICA 

POLYMORPHIC % LINEAR EXPANSION BETWEEN 
FORM OF SILICA THE RANGE (OC.) 

Quartz 0.17 0.16 0.00 
Tridymite 0.54 0.17 
Cristobalite 0.24 
Silica glass 

1.12) 0.04 
Coefficient of linear expansion 4 x 10-' 

residual quartz contents being 5 and 8 per 
cent respectively. 

Tridymite and cristobalite contents - From 
the linear thermal expansion figures for the 
different polymorphic forms of silica and 
siliceous glass (Table 4), it is clear that the 
reversible thermal expansion due to cristo- 
balite inversion between 200" and 300" is 
much higher than that of tridymite inversions 
between 100" and 200". Hence, mixtures 
having equal proportions of tridymite and 
cristobalite or a higher proportion of cristo- 
balite over tridymite are expected to have a 
higher reversible expansion in the cristo- 
balite inversion range than in the tridymite 
inversion range. But from the expansion 
figures given in Table 5 it is evident that the 
expansion between 200" and 300" is less than 
the expansion between 100" and 200" in al- 
most all the cases. This leads to the con- 
clusion that in all the specimens tridymite 
is the predominant mineral, though the 
D.T.A. curves indicate otherwise. However, 
this apparent anomaly is due to the partial 
accommodation of the cristobalite expansion 
during inversion by the voids presents and 
also due to the influence of the glassy bonde 
in preventing the expansion and contraction 
of the cristobalite during inversion. Such 
suppression in the case of tridyrnite inversion 
is much less. The estimation of cristobalite 
and tridymite in silica bricks from their 
reversible thermal expansion, therefore, is 
likely to lead to erroneous results. 

From the D.T.A. curve it appears that the 
two Indian specimens, the Japanese and the 
American conventional type (curves 1, 2, 8 
and 5) have more cristobalite than tridymite. 
The American super-duty specimen and the 
British specimen I1 (curves 6 and 4) appear 
to have more tridymite than cristobalite. 
The British specimen I and the German speci- 
men show tridymite and cristobalite in about 

TABLE 6 -REVERSIBLE THERMAL EXPANSION OF SILICA BRICKS 

No. SOURCE % REVERSIBLE THERMAL EXPANSION % EXPANSION BETWEEN 

1 Indian I 0.12 0.37 0.65 1.04 1.14 1.20 1.27 1.28 0.63 0.30 0.065 
2 1ndian: 11 0.14 0.36 0.69 0.89 0.09 1.07 1.15 1.19 0.45 0.29 0.080 
3 British, I 0.06 0.26 0.43 0.70 0.82 0.92 1.06 1.09 0.37 0.27 0.140 
4 British, I1 0.11 0.33 0.63 0.80 0.91 0.99 1.05 1.06 0.42 0.27 0.065 
5 American(conven- 0.13 0.39 0.62 0.88 0.99 1.05 1.10 1-11 0.48 0.26 0.015 

tional type) 
6 American(super- 0.14 0.36 0.66 1.20 1.29 1.35 1.38 1.39 0.52 0.54 0.035 

duty) 
7 German 0.12 0.34 0.69 1.00 1.10 1.17 1.28 1.30 0.47 0.41 0.106 
8 Japanese 0-13 0.86 0.60 0.88 0.98 1-07 1-15 1.18 0.46 0.29 0.080 
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equal proportions. The approximate values 
for the combined tridyrnite and cristobalite 
content, obtained by difference, after ac- 
counting for glass content from the chemical 
analysis and the quartz content from the re- 
versible thermal espansion data are given in 
Table 5. 

The study of thin sections and powder 
mounts under the petrographic microscope 
confirmed, in general, the conclusions arrived 
a t  from other data like D.T.A. and thermal 
expansion regarding the mineral composition 
of the bricks. As single grains were com- 
monly made up of two and sometimes all the 
three minerals with a quartz nucleus and 
cristobalite and tridymite in the periphery, 
no attempt was made to assess quantitatively 
the proportions of the different minerals 
present. From the viewpoint of service life 
of silica bricks, especially for the open hearth 
roof, the question whether a high tridymite 
or a high cristobalite brick is preferable, is 
controversial. At operating temperatures of 
the open hearth roof, cristobalite being the 
stable phase, even an all-tridymite brick will 
change over, in the first few days of service, 
to cristobalite a t  the hot zone. The other 
zones change over to the crystal phases most 
stable a t  the temperature gradients within 
the brick. Hence, but for the fact that a 
predominantly tridymite brick can be heated 
more safely in the initial heating up of the 
furnace, it confers no special advantage, and 
this deficiency in the cristobalite brick also 
can be overcome by taking due care in 
heating. 
Quality index - In the absence of actual 

service performance data on the different 
brands of bricks studied in this investigation, 
a rough idea of their quality can be had from 
the quality index calculated according to 
Konopicky's suggestion3 that the overall 
figure of porosity plus twelve times the 
alumina content was usually less than 40 
for normal roof quality bricks and less than 
25 for bricks used in fast operating furnaces. 
From the point of view of quality index, the 
Japanese brick is the best and the American 
super-duty bricks come next; the German 
brick and the two Indian brands I and I1 
fall within the normal silica roof brick and 
the other three are of lower quality. 

Summary and conclusions 

There is very little difference in quality 
between the two brands of indigenous silica 

bricks. They compare well in all respects 
with foreign silica bricks of the conventional 
type and have much lower permeability than 
others except the Japanese bricks. Their 
cold criishing strengths are almost equal to 
the average value for all the samples. The 
Indian specimen I is a fairly well converted 
brick with about 5 per cent residual quartz 
and an apparent porosity of 24 per cent which 
is normal for the conventional type of silica 
brick. The Indian specimen I1 has a slightly 
higher residual quartz content (c. 8 per cent) 
and lower porosity (22.6 per cent). The 
alumina and other deleterious flux contents 
of the two indigenous brands are almost equal 
to the average value for the conventional 
type of silica brick and both have fairly high 
underload values. 

There is scope for improvement in the 
porosity of the indigenous bricks from their 
present level of 22-24 per cent to 15-,6 
per cent. This can be achieved by proper 
grain packing and high pressure forming pro- 
vided the raw material has a low porosity 
after firing. By dense packing the crushing 
strength can be improved further. 

The refractoriness underload can be fur- 
ther improved by more stringent selection 
of low alumina raw materials, more thorough 
washing and incorporation of low alumina- 
high silica sands, especially in the matrix. 
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