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69 elements are represented in this range 
of metals and compounds of the highest 
purity, the impurities being known. 

A graded series of copper and aluminium 

. alloys are offered for use as standards 
in quantitative spectrochemical analysis. 
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Oxides and salts of the rare earth group 
of elements can be supplied in various 
degrees of purity. 
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The metals of t l ~ e  iron group and 
metals and compound$ of minor and 
rare elements can be supplied in a state of 
high purity wherever spectrographic 
standardisation is not essential. 

Copies of the appropriate 
publications and price lists are Available in M i a  through: 
available on request. The Andhra Scientific Co.. Ltd.. I 4 BIacker's Road. Mount Road, MADRAS. I Ram I,,,, Labhaya - b r a  & Sons, 

-----r--r------------A-----------. larr~son Road, CALCmA.  
I ON LOAN FROM THE NATIONAL L E Y  DING ~ ~ ~ ~ ~ ~ t g ~ ~ ~ g ~ m ~ f a ~ t ~ r e n  @&a) Ltd., - 
I LIp,;<ARY FOR SCIENCE 81 TECHNOLOGY Toad Extension, NEW DELHI. 
I 
I Ros:n~i Spa. Yorl:sh~re 

r-Kar & Co., 
ssariat Build~ng, Homby Road, 

I Please return cs qu~ck!y as poss ' l~le  and pot OMBAY. 
I !atcr :hog date .ciown beloiv. ~ntific Instrument Co., Ltd., 
! f l  lhadur Sapru Road. ALLAHABAD 1. 
1 

1 23.9.6~3 (tyVLd.J 

j A B 0 7 1 7 9 3  ,, ,,, ,,;, 
I 

J.5 1.R - DECEMBER 1956 



Journal of 

Scientific & Industrial Research 

Vol. 15A, No. 12, DECEMBER 1956 

E D I T O R I A L  B O A R D  

PROF. M. S. THACKER, D.Sc., Director- 
(;~.npral. Scientific & lrid~lstrial Research ( r x  
oficio Chairmail ) 

H. J. BHABHA, D.Sc., I'.R.S.. Secretary, 
Department of Atomic Energy, Bombay 

J. C. GHOSH, D.Sc., F.N.I., Member, 
Planning Commission, Goverli~rlellt of India, 
New Delhi 

S. KRISHNA. D.Sc., F.N.I., Scientific 
Liaison Officer, London 

K. S. KRISHNAN, D.Sc.. F.R.S., Direc- 
tor, National Physical Lahratory, Delhi 

JIVRAJ N. MEHTA, M.D., M.R.C.P., 
F.C.P.S., Minister for Finance, Prohibition & 
Industries, Bombay State, Bombay , 

\ 

D. N. WADIA, F.G.S., F.R.G.S., F.A.S.B., 
Geological Adviser, Ministry of Natural R e  
sources & Scientific Research, New Delhi 

'T 
lL GT SASTRI, M . S . ,  Editor & ex oficio 

Secretary 

C O N T E N T S  

The Making of Free-flowing Table Salt ... 539 
G. I. Finch 

The Ionospheric F, Layer over Ahmedabad, 
Delhi & Tiruchirapalli during the Sun- 
spot Minimum Period (1953-54) ... 543 

Ii. M. ICotatlia 

... Programme for Radio Research in India 550 

Vitamin B,, -- Its Chemistry, Production & 
Assay ... ... ... ... 552 

V. C. Vora 

Nuclear Reactor Instrumentation ... ... 562 

Study of Surface Layers Using Eddy Currents 563 

Antarctic Geology ... ... ... 565 

... Reviews ... ... ... 567 

Notes & News ... ... ... ... 571 

Progress Reports ... ... ... 581 

Indian Patents ... ... ... ... 584 

I'or Contents of Sections I3 & C, see page A 4  
I'or Lntlex to Advertisers, see page A43 

COVER PICTURE 

The JOURNAL OF SCIENTIFIC & INDUSTRIAL RESEARCH is  issued monthly. 

A. KRISHNAMURTHI, M.Sc., Assistant 
Editor 

S. B. DESHAPRABHU, Liaison Oficer 

( -:ion ) 

The Council of Scientific & Industrial Research assumes no responsibility for the statements and 
opinions advanced by contributors. 

Tlle picture on tllc cover sllows a lnotlel of the hifill tempera- 
ture coal carbotlization pilot plant, with byprotluct recovery, 
set  u p  at the l'ucl I<escarch Institute, Jealgora. The model 
was one of thc exhibits in thc ' Science in the Service of Indus- 
t ry  ' Exhi1)ition recently l~eltl in Ncw Dell~i (see page 542). 

The Editorial Board i n  its work of examining papers received for publication is  assisted, in  an honorary 
capacity, by a large number of distinguished scientists working in  various parts of India. 

Communications regarding contributions for publication in  the JOURNAL, books for review, subscriptions 
and advertisements should be addressed to the Editor, JOURNAL OF SCIENTIFIC & INDUSTRIAL RESEARCH, 
Old Mill Road. New Delhi 2. 

ANNUAL SUBSCRIPTION: Rs. 15 ( inland ); 30 sh. ( lorelen ). SINGLE COPY: Rs. 2 ( inland ): 4 sh. (foreign ) 



C O N T E N T S  

SECTION B 

Studies on the Optical Diffraction Patterns of Twisted Fibres . . . ... 
P. K. Kat t i  & M. T. Chiplonkar 

Interface Energy Studies of Some Copper-tin Alloys Containing a Liquid Phase ... 
A. A. Krisl~nan & R. Ifalder 

Ternary Vapour-liquid Equilibria : Part I1 - System : Carbon Tetrachloride-methyl- 
ethyl ~etone-irichloio Ethylene ... - . . . . . . ... ... 

K. V. Kurmanadl~arao. V. V. G. Krislinamurty & C. Vcnkata l iao 
Thiopegan Derivatives : Part X ... G. M. Sharma. H. S. Saclldev & IC. S. Narang 
Thiopegan Derivatives : Part XI ... K. S. Dhami, H. S. Sachdev & K. S. Narang 
Spectrophotometric Estimation of Cerium as Pyrocatechol Disulphonate (Tiron) 

Complex . . . 1%. Sarma 
A Mixed Screened ~ndicator for  itr ration of ' ~ h o s ~ h o r i c  Acid . . . ... . . . 

M. R. Verma & K. C. Agarwal 
Controlled Potential Coulometry in Aqueous & Non-aqueous Solutions . . . . . . 

A. P. Madhavan Nair & S. Hamsath lb ra l~ im 
Some Observations on the Stability of Sodium Hypobromite Solutions ... . . . 

V. 1'. Kulkarni & G. M. Nal)ar 
Studies on the Preparation of Titanium Oxalate ... 1'. 1'. 1311atnagar & T. Eanerjee 
Letters to the Editor 

A NOTE ON THE ~ N T R ~ N S ~ C  VISCOSITY & DEGREE OF ~ O L Y M E R I Z A T ~ O N  OF THE ~'OI.YESTERS 
OF 9: 10-DIHYDROXY-HEXADECANE-1 : 16-D~CARBOXYLIC ACID . . . . . . . . . 

I'romode R. Hhattacharya 
THE GLYCERIDE STRUCTURE OF Myristica canarica SEED FAT ... A. R. S. Kartha 
THE AZELAOGLYCERIDE NUMBER & CALCULATION OF THE GLYCERIDE STRUCTURE O F  NATURAL 

FATS .. . ... ... ... . . . . . . A. It. S. K a r t l ~ a  
EXAMINATION OF THE FIXED 011. OF Lepidium sativurtz SEEDS ... . . . . . . 

Vasudev, lshwar Cliantlra & K. L. Handa  
EXAMINATION OF THE FIXED OIL OF Pwtulaca oleracea SEEDS ... . . . . . . 

K. L. Handa. Vasudev. Visl~wa I'aul & S. S. Choudhari 
EXAMINATION OF THE FIXED OIL OF Ipomoea palmata SEEDS ... ... ... 

K. L. Handa, Vishwa Paul  & Vasudev 
VARIATION IN THE DEGREE OF POLYMERIZATION OF FIBRES DRAWN FROM DIFFERENT REGIONS 

OF A COTTON SEED ... . . . ... .. . ... C. Nanjundayya 
ELECTROLYTIC PREPARATION OF CUPROUS OXIDE USING ROTATING ANODES ... . . . 

S. Sampath, R. Viswanathan, 11. V. I<. Iltlupa & B. 13. Dey 

SECTION C 

Studies on a Riboflavin Excreting Yeast: Part I11 - Suitable Sources of Carbon & 
Nitrogen . . . ... ... . . . K. K. Mitra 257 

Pharmacognostic Study of Root of Ricinus communis'~inn. ... I'ratap Singh 259 
Studies on Indian Medicinal Plants: Curcuma longa Linn.- Effect of Curcumin & the 

Essential Oils of C. longa on Bile Secretion C. Ramprasad & M. Sirsi 262 
Unsuitability of Rana ttgrino in Biological Assay of Guromuscular Blocking Agents 266 

I. M. Chak & J. D. Kohli 
Iodination of Proteins in Phosphate Buffer Medium ... . . . ... . . . 269 

N. R. Moudgal. V. Srinivasan. E. Raghupatliy & 1'. S. Sarma 
Availability of Iron from Palm Gut & Cane Cur ... M. R. Joslii & Kamala Sohonie 272 
Letters to the Editor 

SCREENING OF CERTAIN PATHOGENS FOR HYALURONIDASE ACTIVITY ... Chanan Singh 
POTENTIAL AMOEBICIDES: SYNTHESES RASED ON CINCHONA ALKALOIDS . . . . . . 

S. 1'. I'opli, 1'. R. Hhandari & M. I.. Dhar 
ELECTROPHORESIS OF A PREPARATION OF INTERMEDIN ... J .  N. Karkun & M. M. Dhar 
STUDIES ON THE SWEET EXUDATE FROM INDIAN NEEM ... . . . . . . 

N. G. C. Iyengar & S. Nagarajan 
ACIDS & SUGARS IN Eugenia jambolana ... . . . . . . . . . . . . 

Y. S. Lewis, C. T. Dwarakanath & D. S. Johar 
NATURE OF CARBOHYDRATES IN PALM GUY ... . .. M. R. Joshi & Kamala Sohonie 
MINERALS IN PALM Gur . . . ... ' ... M. R. Joshi & Kamala Sohonie 
RESISTANCE OF CERTAIN UNTREATED INDIAN TIMBERS TO MARINE BORER ATTACK ... 

N. Balakrislinan S a i r  
BREAKDOWN & SYNTHESIS OF SESAMOLIN IN SESAME SEED (Sesamum indicum) . . . 

A. Nagabhushanam, M. Srinivasan & V. Subrahmanyan 



I Bausch & Lomb 

E U S C O P E  

The Rausch & T.o~nb Euscope is an ingenious instrument which 
converts a monocular laboratory microscope with substage condenser 

into a table model micro-projector 

* Individual observation with both eyes 
* Micro-projection 'before small groups 
* Photomicrography with complete simplicity 

Afanufactured by the 

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

Sole Agents 

MARTIN & HARRIS (PRIVATE) Ltd. 
1 SAVOY CHAMBERS, WALLACE STREET, BOMBAY 1 
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PROVED 

cheapest & simplest 

of all 

PLANTS HEATING mediums 
AVAILABLE IN VARIOUS CAPACITIES 

, - - - - - - - - - - - - 

also : for 
............... MAKERS OF I -  , 

I -- 1 , ..&..?\ 
LABORATORY, SCIENTIFIC TESTING, ..... 

SUPERIOR ; ...fi& ' ...... m ' : ASSAY & TEACHING WORK 
LABORATORY ' ":w"U- : 

- - - - - - - - - - - - -  
FllTlNGS & - - - - - - - - - - - - - - -  
EQUIPMENT I I 

viz. : for 
I 

.GAS BURNERS \ INDUSTRIAL PROCESS 
GAS a WATER TAPS : HEATING in FACTORIES 

rn CLAMPS & STANDS : & HOSPITALS 
OVENS, BATHS. HOT 
PLATES, SHAKERS. STILLS, _ _ _ _ - _ - _ _ - _ - - - -  
THERMOSTATS . . . . . . . . . . . . . . . . . . . . . .  

rn ATOMIC ENERGY EQUIPMENT, viz. 
Lead Castles, Isotope Containers, I i for 
Remote Control Tongs, Geiger I 

Counter Stands 
1 

I : KITCHENS in 
I 

rn FROTH FLOTATION CELLS I 
I HOMES, 

rn BALL MILLS, THICKENERS 
I : HOTELS & 
I 

rn PUMPS & BLOWERS : DORMITORIES 
rn STAINLESS STEEL EQUIPMENT . . . . . . . . . . . . . . . . . . . . . .  

APPLY TO MANUFACTURERS 

POST B O X  5576, BOMBAY 14 

DISTRIBUTORS ALL O V E R  T H E  COUNTRY 
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Precision Scientific Co. 

Equipment for the testing of: 

RUBBER AND PLASTICS 

CEMENT, LIME AND SOILS 

PETROLEUM AND 

BITUMINOUS MATERIALS 

METALS 

Temperature-controlled Utilities 

* 

Sole Agents : 

GORDHANDAS DESAI & CO. 
SIR PHEROZESHAH M E H T A  R O A D  

BOMBAY I 
P-7 M I S S I O N  R O W  E X T E N S I O N  12 LINGHI C H E W  STREET 

CALCUTTA I MADRAS l 

SP/CD/59 
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* Glass Lining Chemical Equipment 

Such as Vessels, Evaporators, open o r  closed, Centrifugal 

Dryers, Reactors, Pipes, Rods, Plates, etc. 

* Porous Glass Filter Plates, 9" x9" 

Porous Emery Fi l ter Plates w i t h  bo t tom rests : 12" x 12" 

* Industrial Heaters (Kerosene) as supplied to ID1 

Powerful heating equipment fo r  furnaces o r  pans, t rouble 

free, easily managed 

ENQUIRE OF 

DR. RAO'S LABORATORY 
PATEL COMPOUND,  NEAR NAlR HOSPITAL 

BOMBAY 8 

For 
Scientific- Medical -Industrial 

LABORATORY E Q U I P M E N T  

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

Refractometers, Spectroscopes, Telescopes 
Metrohm p H  Meters & Stirrers 

Memrnert Ovens & Incubators 
Palmer's Physiology Apparatus 

Bosch Balances. BHG Centrifuges 
Kahn Shaking Machines, Calculating Machines 
German Blue Seal Microslides and Coverslips 

lntra Hot-air Sterilizers 
etc., etc. 

CONTACT 

National House, 6 Tulloch Road, Apollo Bunder 
BOMBAY I 

I Post Box 332 Grams: FACMARE Phone: 35219 I 



Tel: 22373 Gram: 'CRUCIBLE ' 

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

PIONEER MANUFACTURERS IN INDIA 

T R A D E  M A R K  

* W I R E S  * CRUCIBLES * D I S H E S  

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

R E N C E  S M I T H  T Y P E  CRUCIBLES,  

S P O O N S .  S P A T U L A E  

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. 

( A l l  Drices subject to fluctuation ) 
\ 9 

Any article in platinum manufactured and 
supplied as per specification. 
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Details from : 

GHOSE BROS (Pe r fumers )  
50 EZRA STREET, CALCUTTA I 

MANUFACTURERS OF 

NEUTRAL GLASS 
AMPOULES 

For further particulars, write to : 

BOMBAY SCIENTIFIC 
GLASS WORKS 

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

B O M B A Y  4 

FLASK SHAKERS 
* 

CONSTANT 
TEMPERATURE OVENS 

* 
VACUUM EMBEDDING 

BATHS 
* 

PRECISION 
THERMOSTAT BATHS 

Ranges : 37°C. to 100°C. 
+S°C. to +IOO°C. 

Variations &O.O I "C. 
f 0. I "C. 

* 
VARIABLE TEMPERATURE 

INCUBATORS 
* 

MOISTURE 
DETERMINATION OVENS 

* 
NITROGEN EST1 MATION 

APPARATUS, etc. 

* 
Manufactured by 

UDAY SCIENTIFIC 
INDUSTRIES 

(PRIVATE) LTD. 
5 BHABANATH SEN STREET 

CALCUTTA 4 
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We offer 

PHYSIOLOGICAL, 
PATHOLOGICAL, 

BIOLOGICAL & 
PHARMACEUTICAL 

LABORATORY 
REQUIREMENTS 

such as: 

AUTOCLAVES, INCUBATORS, 
DlSTlLLATlO N PLANTS, 

OVENS, VACUUM STILLS, 
FILTERS, BATHS & ALL 

SORTS OF GAS, WATER & 
VACUUM TAPS, ANIMAL CAGES 

& BOTTLE FILLING UNITS 

M. RAMCHANDRA & SONS ' RAM DOOT ' I2B KELEWADI 

Estd. I920 GIRGAUM, BOMBAY 4 

METALLURGIST 

required in Bombay: One out- 
standing Metallurgist with high 
academic qualifications and in- 
dustrial experience, preferably 
with a non-ferrous bias. The 
position, which is a senior one, 
is connected with Devclopnlent 
and Research and does not in- 
volve sales or works oper a t' ions 
as such. The salary will be in 
accordance with the status of 
the position. Apply in the first 
instance with full particulars 
to The Advertiser, c/o The 
Editor, Journal of Scientific 
& Industrial Research, Old 
Mill Road, New Delhi 2. 

POST OFFICE BOX 
DIAL YATTEKN 

MINALPHA COILS 

OF ACCURACY 0-1 PER CENT 

PUSH BUTTON KEYS 

I lhdo hy : 

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 



A new Symbol 
of Quality 

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

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

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

R E P A I R S  A N D  
C A L I B R A T I O N  

o f  
INDICATING & RECORDING TYPES 

O F  ELECTRICAL A N D  ELECTRONIC 

INSTRUMENTS & FLUID METERS 

GYRO LABORATORIES I 
PRIVATE LTD. 

b 

t 
i 

TARA BAUG ESTATE $ 
$ 

C H A R N I  ROAD 

BOMBAY 4 
t 
b 
b 

Phone: 31334 t 
4 

. ee .e .~C~~oe~e -~e .@* .e *o*~~  
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The New 

handy and 

easy-to-carry 

MICROSCOPE 

MODEL Mil 

suitable for 

field work 

Available as 

* Monocular 

or 
WILD Binocular Research Microscope * Binocular M,, BRGL wl th dust-proof steel hood and 
leather carrylng strap 

Extra Attachments for : 

* POLARISING * DARK GROUND * PHASE CONTRAST 

* PROJECTION * PHOTOMICROGRAPHY, ETC., ETC. 

Sole Agents Our Sub-Agents 

RAJ-DER-KAR & CO. 
COMMISSARIAT BUILDING 

HORNBY ROAD 
BOMBAY 

Telephone. 26-2304 Telegram TECHLAB 

The Central Scientific Supplies 
Co. Ltd. 

2 Agaram Road, Tambaram, Madras 

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

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

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

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

Plane and concave mirror movable to all sides. 

OPTICAL EQUIPMENT 
Nose-piece for 3 obiectiver: 

Achromatic objectiv? No. 3 ( 10.3~ ) 
Achromatic obiective No. 6L ( 44x ) 
Achromatic oil immersion objective 1/12 ( 1 0 5 ~ )  

Huyghens eyepieces: 6x. lox. 15x 
Total magnificatian 1575x 

Complete, as described above. i n  a mahogany cabinet w i t h  
lock and key 

Price on request 

UNIQUE TRADING CORPORATION 
Grams : UNlLAB 51-53 B A B U  G E N U  ROAD, BOMBAY 2 Phone : 3Wl l 

for laboratory & small scale production . . . 

PASCALL 
E N D  RUNNER M I L L S  

Ideal units for laboratory and small-scale production, 

and for grinding and mixing dry and wet materials. 

PASCALL END RUNNER MILLS are available in 

three sizes : lo", 15" and 20" diameter, and with 

either porcelain or metal mortars and pestles. Sup- 

plied either complete with direct coupled motor or 

with pulleys for driving from an existing line shaft. 

GIDVANI & Co. POST BOX No. 1778 

BOMBAY I 

.. - - 
SPIGIDII 
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1 -  MICRO-FOCUS X - R A Y  UNIT  

This unit, incorporating the Ehrenberg and Spear tube, gives a focal spot of the order 
of 0.04 mm. and a range of easily interchangeable targets giving a wide choice of 
wavelengths as the tube is completely demountable. The X-ray diffraction cameras 
for use with it are of small diameter, and exposure times reduced t o  a minimum. 
Owing t o  the fine focus, full intensity is achieved with a tube current of 400 micro- 
amps. Thls unit is equally suitable for X-ray crystallographic or micro-radiographic 

work. 

HILGER & W A T T S  LTD. 
( HILGER DIVISION ) 

SALES, SERVICE & INSTALLATION 

ASSOCIATED INSTRUMENT MANUFACTURERS 
( I N D I A )  P R I V A T E  L I M I T E D  

INDIA HOUSE BS CLlVE BUILDINGS SUNLIGHT INSURANCE 
FORT STREET P.O. BOX 1136 BUILDING 
P.O. BOX I IT CALCUTTA M I N T 0  ROAD EXTENSION 

BOMBAY NEW DELHl 
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STUDENTS9 

MICROSCOPE 

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 ROWBAZAR STREET, CALCUTTA 12 

Gra~n:  INRELABTRY Phone: 22-7720 

AdvertiseinISIBULLETIN! 

The IS1 BULLETIN i s  the only Standards Journal in  India and, there- 
fore, an excellent medium for advertising goods o f  quality. Its pages 
are at your service. Use them t o  advertise your goods and services. 

- - - - - - -- 

SCHEDULE OF ADVERTISEMENT RATES 

Insertions Full Page Half  Page Quarter Page 
254 x 170 mm 170x 124 mm 124 x 82 mrn 

or  or  
254x82 mm 170x60 mm 

Rr Rs Rr 

Fourth cover page j1 180 105 60 
i 6  900 525 300 

Third cover page and page facing f' 160 90 50 
second cover page i 6  800 450 250 

Other pages i: 140 80 45 
700 400 225 

- -- - - - -- A - -- 

For further particulars please wr l te  t o  : 

INDIAN STANDARDS INSTITUTION 
19 UNIVERSITY ROAD, DELHl 8 
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K J E L D A H L  ASSEMBLIES 
for Nitrogen Estimation 

Distillation 

Condenser 

Co~tsfr t rc f io~l  -1)ouble-wallcd miltl stcc.1 construc- 
tion wit11 2" gap bctwcen thc walls fillctl with 
fibre glass. Outsitle finisllctl in silver-grry 
Ilammcrc~d tonc. sylltl~ctic enamel ant1 insitlc 
1,aintetl wit11 hcnt-resisting aluminium paint. 

Size ( ~c~orfiirlg s/wce) -- 14" x 14" x 14". 

H e a l i r r ~ -  Electrically operated on 230 V., 50 
cycle, A.C. 

dlrlsimrrtt~ fewt~rra1t1r.r~- 250°C. 

l ' em~rra/c~r . r  cotlfrol- 13y mcans of ;L 1)imet;illic 
tl~crmostat. V;u-iatiou not more tllan &l0C. 

1IO'l' A l l <  OI1l<N 
Manufactured by: 

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

I S T  FLOOR, DEVKARAN MANSION, PRINCESS STREET 
BOMBAY 2 
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Short List of Institutions and Other Purchasers 

OF THE 

STANTON RECORDING THERMO-BALANCE 

Atomic Energy Research Establishment 

Atomic Weapons Research Establishment 

Safety in Mines Research Establishment 

School of Mines, Adelaide 

European Research Laboratories, Brussels 

Admiralty Materials Laboratory ( ~ h r e e  Instruments) 

Department of Industrial & Scientific Research, 

Fuel Research Establishment 

College of Technology 

Royal School of Mines 

University of the South-West of England 

University of Glasgow 

University College 

University of Toronto 

University of Leyden 

University of Padua 

University of Munich 

N.V. Philips, Eindhoven 

Royal Dutch Shell N.V., Amsterdam 

Institute Superieur da Sanitat, Rome 

Tata lnstitute of Fundamental Research 

HARWELL, U.K. 

ALDERMASTON, U.K. 

SHEFFIELD, U.K. 

AUSTRALIA 

BELGIUM 

POOLE, U.K. 

GREENWICH, U.K. 

MANCHESTER, U.K. 

LONDON 

EXETER, U.K. 

U.K. 

LONDON 

CANADA 

HOLLAND 

ITALY 

GERMANY 

HOLLAND 

HOLLAND 

ITALY 

BOMBAY 
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STANTON 
RECORDING 

THERMO-BALANCE 

FOR 

CONTINUOUS 

AND 

SIMULTANEOUS 

RECORDING 

OF 

TEMPERATURE 

WEIGHT 

AND 

TIME 

MADE BY 

.Stanton Instruments Ltd. 
LONDON, ENGLAND 

* 
Sole Agents 

Martin & Harris 
( Private ) Ltd. 

SAVOY CHAMBERS, WALLACE STREET 

as' L S 
BOMBAY I 

$5 
- - - 
- - - 

-- - 
- -  - - 
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pH 111 PS contribution in 

NUCLEAR FIELD A 

INSTRUMENT & RESEARCH 8% 

8 Resolving power 3rcC/Sec Excellent High Voltage stability 
8 Predetermined fixed count possibilities 100,300,1000,3000, 
10,000 and 30,000. Free counting by start and stop switch 

8 Built in clock records elapsed time 

NDW PHIHIUPS OFFERS COMPLETE LINE OF NUCLEAR INSTRUMENTS : 

Scintillation counters Pulse height analyser-99 channels 
Various types of G.M. tubes Universal Scalcr 
Liquid counters Single and three decade scaler 

8 Dosimeters Ratemeter 
Recorders Monitors 
Isotopes Decimal Counting units 

For further details write 10 :- 

PHIL IP$  ELECTRICAL CO. ( INDIA) PRIVATE LIMITED . 

Scientific Equipment Division 

Bmnche~: CALCUTTA. BOMBAY. DELHI. KANPUR. LUCKNOW. MADRAS. PATNA. BANGALORE. 

@ contributing today to India's future. 
PSPH 185 
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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  O.S°C. 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 o f  heavy gauge sheet metal with double walls, 29 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. 
W i th  a three heat switch and pilot light. 
Al l  the equipment except thermostat are fitted inside the body of the oven. 

Na. I 2 3 

Size, internal 14 x 12 x 12 in. 18 x 10 x 16 in. 20 x 20x 20 in. 
Wattage 450 650 1000 
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.0. AMBALA CANTT. Gram : HARGOML 

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

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

The following are but a few of our well-known injectables : . RETlCULlN - A  potent Extract of Liver 
HEXOPURIN - An Urinary Antiseptic . CALCITOL - lnjectable Calcium Gluconate 
BEVITAMIN - lnjectable Vitamin BI . CEVlTAMlN - lnjectable Vitamin C . GLUCOSE SOLN. - lnjectable Pure Dextrose 

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

For standard of quality 
always insist  on 

OSTER'S PRODUCTS 
MINERAL ACIDS, Tech., B.P., C.]'., A.R. 

LIQ. AMMON. FORT, all grades 

ACCUMULATOR ACIDS, S.G. 1840 

DISTILLED WATER, Single, Double 
LABORATORY CHEMICALS, ETC. 
DISINFECTING FLUIDS, ' Dingi brand ' 

Mnnirfactured by 

OSTER CHEMICAL & 
PHARMACEUTICAL 

WORKS PRIVATE LTD. 
Reg. ofice 

78B Manicktola Street, Calcutta 6 
Works 

Bagmari Road, Calcutta 
Estd.: 1922 Gram: JABAKHARA 

Gram : PRESGLAKO 

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

CALCUTTA 6 

Stockists for 

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

PYREX, JENA, SIGCOL 
Glasswares, Porcelain Apparatus, 

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

SCHOOLS, COLLEGES, ANALYTICAL 
& RESEARCH LABORATORIES A N D  

DOCTORS 

- -  -- 
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FOR 
RAPID & ACCURATE 
CHEMICAL ANALYSIS 

use 

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

with derivative circuit 

Here are some advantages: 
MICRO ANALYSIS 

HIGH SENSITIVITY 

QUALITATIVE & QUANTITATIVE ESTIMATION 

SIMULTANEOUS ESTIMATION OF SEVERAL CONSTITUENTS 
ON ONE POLAROGRAM 

ADAPTABILITY: ANALYSIS OF METALS -ORGANIC & 
INORGANIC SUBSTANCES 

REPEATED ANALYSIS ON THE SAME SAMPLE 

SIMPLIFIED OPERATION FOR USE BY SEMI-SKILLED STAFF 

ROUTINE ANALYSIS WITH SPEED & ACCURACY 

For furtlrer fiavticulavs, please contact 
Sole Aggnts itz India: 

PIONEER INDUSTRIES 
1 MANGOE LANE 21 FORBES STREET 193 MOUNT ROAD 

CALCUTTA 1 BOMBAY 1 MADRAS 2 
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W e  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 

you use Acids 
you will be interested in 

KESTNER ACID HANDLING EQUIPMENT 

Pumps, Pipe Lines, Valves, 

Tanks, Evaporators, 

Filters, Heaters 

Sole Agents in India : 

KILBURN & CO. PRIVATE LTD: 
CHEMICAL ENGINEERS 

2 FAIRLIE PLACE, CALCUTTA I 
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: E n s u r e  

i e j j e c t z v e  
m e d i c a t i o n  

in 

L E P R O S Y  

D 1 P H 0 N E ( Diamino diphenyl sulphone ) 
- 

: B I P H 0 N E - Oral Tetra sodium 4 : 4'- bis ( 7-phenyl : 
propylamino )-diphenyl sulphone- 

: SOLUPHONE-Inj. tetra sulphonate 
rn 

MANUFACTURED BY 

w BENGAL IMMUNITY . j 
COMPANY LIMITED 

CALCUTTA 13 
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SCIENTIFIC RESEARCH & DEVELOPMENT 
r ' PYREX ' LABORATORY GLASSWARE 

' WESTGLAS ' LABORATORY GLASSWARE 

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

' H ' BRAND LABORATORY PORCELAIN 

' ROTOFIX  ' 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 Importers & Stockists 

B. PATEL & COMPANY 
27/29 POPATWAD I, KALBADEVI ROAD 

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

Bengal Chemical & Pharmaceutical Works Ltd. 
-,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. 

O m e  6 GANESH CHUNDUR AVENUE, CALCUTTA 13 

Factories C A L C U T T A  B O M B A Y  K A N P U R  
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I N D I A ' S  N A T I O N A L  P H A R M A C E U T I C A L  C O N C E R N  
Chemical lndustrial & Pharmaceutical Laboratories, Ltd.. briefly 

known as C l  P L A  is one o f  the foremost Pharmaceutical 

Manufacturing Concerns of India. Constant research, analytical 

control and strict supervision by highly qualified staff has 

enabled Cipla to manufacture drugs and medicines o f  highest 

quality and standard. 

Every Product made by l C I  P L A Y  has the Seal o f  Quality. 

EQUAL TO THE WORLD'S B E S T .  

Chemical, Industrial & Pharmaceutical Laboratories, Ltd., 
B 0 M B A Y - 8 .  
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TEDDINGTON CHEMICAL FACTORY PRIVATE LTD. 
(Biological & Pharmaceutical Lo5~ra t ) r i : ; )  

S U R ~ N  ROAD, ANDHERI, BOMBAY 

Sole Distributors : 

W. T. S U R ~ N  L CO. PRIVATE LTD.. P.O. Box 229, BOMBAY I 

Branches : CALCUTTA: P.0. Box 672 MADRAS: P.O. Box 1286 

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

DIRECT IMPORTERS OF WOVEN WIRE MESH 
AND PERFORATED METALS 

STANDARD METAL CO. 
Props.: B. C. GUlN & CO. LTD. 

101 NETAJI SUBHAS ROAD 
CALCUTTA I 
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ROUTINE CHEMICAL 
BALANCE 

This balancc 11as heen designed to mcet 
the normal wcighings of chemicals with 
speed and accuracy. Its use has been 
wide in dyes laboratory where propor- 
tional weights have to be determined. 

I t  is made from properly selected mate- 
rials. 

Beam & Stand - Gunmetal 
Edges & Planes - Agate 
Case -Teak wood and glass 

As usual it c;lrrirs our guarantee with 
it for our good workunansl~ip and service 
after sale. 

For further particulars 
please write to : 

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

PROSPECT HOUSE 
29 RAGHUNATH DADAJI STREET 

BOMBAY 1 

' PYREX ' Beakers and 
Flasks last longer . . . 
because they are stronger 
, . I heir basic strcngth dcrivcs frvln the borosilicate 
glass of which thcy arc niadc, thc coefficient of 
expansion of which is three poi:~t two times tcn t o  
the minus sis, ufhich is so loaf that it gives thc 
gl:lss an aillazing rcsistancc t o  sudden hcat changes. 

'I'his mcans th ~t ' PYREX ' llc.llicrs aqd Flasks can 
he rnadc much thickcr, hcavicr and nio1.c robust, 
thus ptotccting t h a n  apainst hrcakngc through 
carclcss h.~ncllin~ or clurns!. \vastling. 

1lcnkcr.i and l;l.islis arc thc items you usc mostin 
your la!,. 'l'hcv may sccm alniost co~nmonplacc, 
but thcy cost mimey, and if you can save tifty per 
ccnt o n  your hrcakages hy using ' PYREX ' and 
no thin^ I,ut ' I 'YR~:~  ', then this hcst o f  all labora- 
tory glss;warc hcconics a real invcstrncnt. 

).oII'// , / ; I / ( /  ' 1) \'-I< l:.Y ' r t ~ r ~ ~ ~ i t  L~ert,  f rom the schoof 
t o  thr r : r i r ; n / ~  i ~ ~ s / i / r t / e .  1;rrry:)'body r r r . q ~ ~ i s c s  the 
' 1) 1i.Y ' ([11a/i!y, ~ I I I ~  d / /  apprrr.iflIc the h a n 4  
L.I~. /OII  poLk.r. 1ttsi.rt 011 ' 1' ).I< EX ' t o  cut down 
J'OII~ b r ~ ' ( ~ k a ~ r s  and r c d ~ r e  j'oztr costs. 

JAMES A JOBLING & CO LTD 
Wear  Glass Works  Sunderland England 

THE ONLY MAKERS OF 'PYREX' BRAND GLASS IN THE 
UNITED KINGDOM. 
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POCKET l NTERCHANGER 
SIEVE 

MANUFACTURED BY 

ENDECOTTS FILTERS 
LIMITED 

also 
Laboratory Test Sieves as per 
B.S.S. & A.S.T.M. Specifications 

' Endrock ' Test Sieve Vibrator 

Accredited Agents : 

UNION SCIENTIFIC 
SYNDICATE 
Devkaran Mansion 
71 Princess Street 

P.O. Box 2484 
BOMBAY 2 

Gram : ' PETROLIUM ' Phone : 18465 

Use SIMCO brand 

Scientific Glass Apparatus 
for 

Accuracy, Quality & Durability 

* All kinds of graduated glassware 
* All glass distillat[on 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 1  

Gram : Meterhome 

EMIL GREINER CO. 
NEW YORK, U.S.A. 

* 
World's leading manufacturers 
of Petroleum Testing Equipment 

for 75 years 

* 
SOLE REPRESENTATIVES 

IN INDIA: 

LABORATORY 
F U R N I S H E R S  

D H U N  M A N S I O N  
V I N C E N T  ROAD, DADAR 

BOMBAY 14 

Branch : AHMEDABAD 
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zras 
E L E C T R O N  M I C R O S C O P E  D 2  

Electrostatic type, beam voltages up to  50 kV. 

Resolving power to 2 mu 

Seven fixed magnification stages: 2000: I, 3000: I, 6000: 1 ,  12000: I ,  20000: 1 and 30000: 1 
Photo-air lock for plates, 6 . 5 ~ 9  and 35 mm. film magazinelbright field, dark field, 

stereo and diffraction images 

Auxiliary microscope 5x 

V E B  C A R L  ZEISS J E N A  
Sole Agents in India 

G O R D H A N D A S  D E S A I  & CO. 
P H E R O Z E S H A H  M E H T A  R O A D ,  B O M B A Y  I 

Branches : 
P-7 M I S S I O N  R O W  E X T E N S I O N  22 L l N G H l  C H E T T Y  STREET 

C A L C U T T A  I MADRAS I 



The century-long experience of Johnson Matthey in  both the 

AVAILABLE I N  INDIA FROM 

manufacture and use of platinum apparatus, coupled wi th 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 

RAM L A B H A Y A  A R O R A  & SONS 

Specialized products of 

A 

Johnson ye 

161/1 HARRISON ROAD, CALCUTTA 
Telegram : " METCHEMIKO ". CALCUTTA Telephone : JORASANKO 3156 

and of robust construction for long trouble-free service. Matthey 
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' \N I L D ' HEERBRUGG ( Switzerland ) 

The manufacturers of 

Highest Class Precision Optical 

and Mechanical Instruments 

iot 
WORKSHOPS 

LABORATORIES & 

WlLD THEODOLITE T3 

SURVEY 

* Microscopes for colleges and research 

* Microscopes for angle and thread 
measuring 

* Testing instruments for plane surfaces 

* Drawing instruments of stainless steel 

* Levels, theodolites and aerial cameras 

* Distance measuring instruments, etc. 

WlLD LEVEL N1 

SOLE AGENTS : 

RAJ-DER-KAR & COW 
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 11 

AMBER 

a 

ALL OTHER APPARATUS 6 EQUIPMENT 

MANUFACTURED TO CLIENT'S DESIGN 

INDUSTRIAL & ENGINEERING 
APPARATUS CO. PRIVATE Ltd. 

CHOTANI ESTATES, PROCTOR ROAD 
GRANT ROAD. BOMBAY 7 

A R V I N D  
for 

@ 
QUALITY FABRICS 

Sanforized-preshrun k 
SHIRTINGS . POPLINS . COATINGS 

and 
Multi-coloured prints 

VOILES . CAMBRICS 0 POPLINS 

THE ARVIND MILLS LTD. 
NARODA ROAD, AHMEDABAD.  2 

WHEREVER 
YOU NEED,,. 

Wherever you need glare -free 
light-and that's everywhere - 

depend on Radio Softlite Lamps t o  
give it to  you! Freedom from eye- 

strain, better vision and greater 
-ctors efficiency are contributing f- 

which make RADIO 'SOFTLITE' 
LAMPS the outstanding choice 

for every lighting need. 

RADIO LAMP WORKS LTD* f 
BOMBAY . CALCUTTA. DELHI . KANPUR . MADRAS. INDORE 
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PROGRESS IN 

CHROMATOGRAPHY 5 

ANALYSIS BY THE WEISZ "RING-OVEN" TECHNIQUE 

In this brief monograph we are stepping 
outside the limits of the series to discuss 
an entirely new microanalytical tech- 
nique which is not basically chromato- 
graphic. U ~ ~ l i k e  chromatography, the 
Weisz "Ring-Oven" method of cstima- 
ting inorganic substances is indcpcndc~~t 
of the rate at which ions migrate. 011 the 
other hand, the technique does i~lvolve 
the migration of ions itt rather than across 
the plane of a filter papcr: it thus conl- 

precipitate certain of the ions as insoluble 
sulphides (ii) in the "Ring-Oven" the 
spot is washed with solvent to extract 
soluble ions into a sharply defined ring 
zone (iii) after drying, the ceutral spot is 
punched out, suitably treated to redis- 
solve the precipitated ions and then trans- 
ferred to the centres of first one, then 
anothcr filtcr paper for further solvent 
cxtmctions. T o  identify the ions the discs 
arc cut into segments and treated with 

pares closely with chromatography. appropriate reagents to give characteristic 
The Apparatus-simple in design colourcd arcs. For some ions quantitative 
TheWcisz "Ring-Oven" is an clectrically 
heated hollow cylindrical alu~ni~liun~ 
block which supports the filter papcr. 
The heat precipitates in a narrow ring 
the ions extracted from a drop of the tcst 
solution. The paper recomlnendcd is a 
Double Acid-Washed Paper (Whatman 
No. 40 or 540) i~lcorporating an absolute 
minilnutn of soluble inorga~~ic material. 
The technique-speedy and precise 
It has bee11 show~l that as cnany as 14 ions 
from a single drop (1.5 PI) of tcst solutio~~ 
placed in the centre of the filter papcr can 
be resolved and identified in about 15 
minutes. Only a few sinrplc operations 
are required:-(i) gaseous H2S is drawn 
through the drop on the filter papcr to 

methods are applicable. 
Wlde scope for microanalysis 
The Weisz " Ring-Oven" Technique is 
being used for investigating the composi- 
tion of ceramics, bronzes and pigments 
from paints. It is alsoused for assaying 
precious ~nctal specimensand determining 
trace ~netals in organic materials or in 
biological spccimens. Although the tech- 
niqne has mostly been applied to the 
analysis of inorganic substances in dilute 
solutio~~, there seems no reason why. 
with judicious choice of solvents, re- 
agents and filter papers, it could not be 
used for organic substances as well. It 
has also been adapted for the extraction 
of minute quantities of solid test material. 

Forfirrtlier it1/;1rmatio11 on tl~e npplicataliorr 4th 
Weisz "Ritg-Oven" Techwiq~re write to- 
H. R E E V E  ANGEL & C O  LTD 
9 BRIDEWELL PLACE LONDON E C 4  

Sole Distributors of 



Prolongs life of refractories up to six times 
Preserves new or old brickwork 
Glazed surface reflects heat 
Prevents cracking and spalling 

a Affords protection up to 3600F 
a Increases boiIer and furnace availability 

BRICKSEAL 
I S  IN A CLASS BY ITSELF 

and is extensive- 
ly used by Ship- 
ping Companies, 
also the Royal Navy 
and the United States Navy 
Department, Power Stations, Rail- 
way Locomotives and has numerous applications in 

Industry where refractory furnaces are employed. 

FULL DETAILS FROM SOLE AGENTS & STOCKISTS I 

Post Box 405 101. PARK STREET. CALCUTTA- !6. Telephone 44-4766 (Two Lines) 

b Branch (Mice : 21, Hamam Street, Fort, Bombay. 
d 
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PINCO GAS PLANT 
For Schools, Colleges, Research 
Laboratories, Hospitals and also 
for Cooking Purposes 

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

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

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

LABORATORIES - RESEARCH AND INDUSTRIAL 

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

Telegram: Telephone: 
PINCO. CALCUTTA 14-3171 

JOURNAL OF THE ZOOLOGICAL SOCIETY OF INDIA 
Published bi-annually, containing original papers and reviews in all 

branches of Pure and Applied Zoology 

Annual subscription per volume of two issues 

FOREIGN: Rs. 22 INLAND: Rs. 20 

A few back numbers are also available, subjcct to prior sale. 

A few pages are reserved for advertisements a t  rates available from the Honorary Treasurer. 

Reprints of a few papers of the Indian helminthologist, the ( late ) Dr. G. D. Bhalerao, 

Indian Jouvnal of Helminthology 6. Pvof. Thafav sixtieth birthday Conznzemoration Volztme, 1953 

could also now be had from the OfRce of the Honorary Treasurer, Dr. B. S. Chauhan, 
34 Chittaranjan Avenue, Calcutta 12, India. 

All orders, remittances and communicatioils regarding above should be addressed to the 

Honorary Treasurer. 
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The answer to vour 
I 

al 

engineering problems 
FERRY* 

Wherever materials havc to withstand extrcmes of 
temperature, corrosion, osiclation or mechanical stress, 

there's probably a \\'isgin high-nickel alloy to solve your 
difficulties. Our periodical ll'iyin Nickel A1loy.s contains fully- 

illustrated articles to show how sl~ch problcms about materials are 
being solvcd in all types of industry-perhaps yours is one of 

them. W'iggitr Arickcl A l l q s  is supplied free of charge to 

all who arc intcrestcd. Why not write for a copy? 

HENRY WIGGIN AND CO. LTD 'R68bkrrdTradcMark \ 
BIRMINGHAM ENGLAND 

SOL Cortn .s~rr ,nni rcs  fur I ,tdict : - 
I+'/ 1 .A/ I 

Greaves Cotton & Co. Ltd., 1 Forbes St., Fort, Bombay 1. Branches at :Calcutta, Ahmedabad, Madras, Kanpur. New Delhi 
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PHILIPS ELECTRICAL CO. (INDIA) PRIVATE LTD. 
INDUSTRIAL DEPARTMENT 

CALCUTTA Madras - Bombay. Delhi . Lucknow. Kanpur . Patna . Bangalore 
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AUTOMATIC BOTTLE FILLERS I 

FREDERICK HERBERT 1 
BOMBAY 5 1 

I 
M A D E  I N  I N D I A  

HIGH VACUUM 

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

Suitable for laboratory use 
and similar in pcrforlnance 
to  tl~osc made in Germany, 

ICngland and U.S.A. R 

All Indian materials and constructiorl 

BASIC & SYNTHETIC CHEMICALS, 
PRIVATE LTD. 

I P.O. Jadavpur College, Calcutta 32 

From 

A MICRO 

to 
A PHYSICAL BALANCE 

you may depend on 

BROY B A L A N C E S  
for their 

SENSITIVITY, CONSTANCY & 

DURABILITY 

Manufactured by 

Keroy I;actory /9g;a~/ Limited 
S?rl,icc Sldion 6 O$cr 

335 NADESHWAR, BANARAS CANTT. 32 LATAFAT HUSSAIN LANE, CALCUTTA LO 

1.S.I.R.- DECEMBER 1956 A41 



the liead is  90° 

- w- 5 They are made to  last long and give 
5 eficient service. & ACETYLENE CO., LTD. 
!? 8. DALHOUSIE SQUARE EAST, CALCUTTA-! 

Direct Importers 

for 

* LABORATORY CHEMICALS 

* PHARMACEUTICAL 
CHEMICALS 

* FINE CHEMICALS 

* VITAMINS 

* STAINS, etc. 

Please refer to: 

B. BABULAL & Co. 
71 PRINCESS STREET 

POST BOX No. 2409, BOMBAY 2 

Cram : PETROLIUM Phone: 28465 

Back issues wanted 

SCIENCE & CULTURE 

Vol. I ( Complete ) 

Vol. II I. 

Vol. Ill I *  

Vol. IV I #  

Vol. v 9. 

Vol. Vll l  .. 
Please write to : 

THE CHIEF EDITOR 
PUBLICATIONS DIRECTORATE 
COUNCIL OF SCIENTIFIC & 

INDUSTRIAL RESEARCH 
OLD MILL ROAD 
NEW DELHl 2 

A42 j.S.I.R.- DECEMBER I956 



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

AND MANY OTHER ITEMS ALL MADE IN INDIA BY 

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

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

INDEX TO ADVERTISERS 
PAGE PAGE 

ARVIND MILLS LTD., AHMEDAIIAD ... ... A36 JOURNAL OF THE ~ O O L O C ~ C A L  SOC~ETY OF INDIA, ... .. ... ... ASHA SCIENTIFIC CO., BOMBAY ... ~ 2 8  CALCUTTA ... A38 ... ... ASIATIC OXYGEN & ACETYLENE Co. LTO., J.  T. JACTIANI, BOMBAY ... AS ... ... ... CALCUTTA ... ... ... A42 KEROY ( PRIVATE ) LTD., CALCUTTA A41 
ASSOCIATED INSTRUMENT MANUFACTURERS ( INDIA ) KILBURN & Co. PRIVATE LTD., CALCUTTA ... A24 ... ... PRIVATE LTD.. CALCUTTA ... A15 LABORATORY FURNISHERS, BOMBAY ... A30 
BASIC & SYNTIIETIC CIIEMICALS, PRIVATE LTD., MARTIN & HARRIS (PRIVATE) LTD., BOMBAY A5,18,18,46 ... ... CALCUTTA ... ... ... A4l ,  48 ~ I O N D  NICKLL CO. LTD., BOMBAY ... A l l  ... B. UABULAL & CO. I%OMRAY ... . AgL hl. RA~TCI IANDRA & SONS. BOMBAY ... A l l  
BENGAL CIIEMICAL h PHARMACEUTICAL WORKS LTD., hlvson~: INIJUSTHIAL & TESTING LABORATORY LTD., ... ... ... ... ... ... CALCUTTA ... ... A26 UANGALORT; A22 
BENGAL IMMUNITY Co. LID., CALCUTTA . A.25 OSTER-CHEMICAL & PHARMACEUTICAL WORKS ... ... BOMBAY SCIENTIFIC (;LASS WORKS, BOIBAY ... A10 I'RIVATE LTD., CALCUTTA A22 ... .. ... B. PATEL & CO., BOMBAY ... AS(; P I O N I ~ E R  INDUSTRIES, BOMBAY A23 
BRITISH DRUG HOUSES ( INDIA ) PRIVATE LTD. PHILIPS ELECTRICAL CD. ( I N D I A )  PRIVATE LTD., 

. .  ... ... ... BOMBAY ... ... ... A12 CALCUTTA A20, 40 
CHLMIVAL. INDIJSTRIAI. & I'IIARUACI!IITICAI. I,ARORA- PRECISION INSTRUMENT CORPORATION ( INDIA ) ... ... TORIES LTO., BOMBAY ... ... , ,  A27 PRIVATE LTD., CAI.CUTTA A38 ... C R A ~ T S M A N  ELECTRONIC C D R P O ~ A T ~ ~ N  LTD., BOMBAY A45 PREMIER SCIENTIFIC GLASS CO., CALCUTTA ALL2 ... ... ... C.S.I.R. N1.w I)I:LHI ... ... AQ2 RADIO LAMP WORKS LTD., BOMBAY A34 
DR. l i ~ b l s  LABORATORY, UOMBAY ... . AX RAJ-Den-KAR & CD., BOMBAY A13, 33 
FREDERICK H~:RBF.RT, UOMIIAY ... ... A41 R A M  LABHAYA ARDRA & SONS, CALC;~TA ... A32 ... GAXSONS ( PRIVATE ) LTD., BOMBAY ... ... A6 RAVINDRA & CO. ( PLATINUM), BOMBAY A9 ... GHARPURE & CO., CALCUTTA ... A12 SAPLE'S SCALES MFC. CO. ( PRIVATE ) LTD., ... ... ... ... CHOSE BROTIIERS ( PERFUMERS ), CALCUTTA ... AIO BOMBAY A29 

, ,  ... ... GIDVANI & CO.. BOMBAY ... A14 SCIENTIFIC INSTRUMENT MFG. CO., CALCUTTA A30 ... ... GORDI~ANDAS DESAI & CO., BOMBAY ... A7 S. H.  I<ELKAR & CO. ( PRIVATE ) LTD., BOMBAY A24 ... ... GRIFFIN & GEORGE ( I N D I A )  PRIVATE LTD., STANDARD METAL Co., CALCUTTA A28 
... ... CALCIJTTA ... ... ... A44 STANDARD SCIENTIFIC INSTRUMENTS CO., MADRAS A l l  ... GYRO LABORATORIES PRIVATE LTD., ROMRAY A12 STKAM & MINING EQUIPMENT ( I N D I A )  PRIVATE 
,.. ... HARGOLAL & SONS. AMHALA CANTT. ... A"I LTO., CALCUTTA ... ... A36 ... ... H E N R Y  \VIG~:IN & Co. LTI).. H I R M I N G ~ I A ~ I  A:l!l TATA IRON & STEEL Co. LTD., CALCUTTA A37 

H. R ~ n v a  ANGEL k CO. L.ru.. LONDON ... A35 TEMPO INDUSTRIAL CORPN. ( PRIVATE ) LTD., ... ... , ,  ... ... INIIIAN STANIIARUS INSTITUTION, I~ICLIII  A16 BOMBAY A17 
INDUSTRIAL R: ENGINEERING APPARATUS CO. UDAY SCIENTIFIC INDUSTRIES ( PRIVATE ) LTO., ... ... ... ... ... ... PRIVATE LTD., BOMBAY ... A34 CALCUTTA A10 ... INSTRUMENT RESEARCH LABORATORY LTD., UNION SCIENTIPIC SYNDICATE, BOMBAY A30 ... ... ... CALCUTTA ... ... A16 UNIQUE TRADING CORPORATION, BOMBAY A14 ... ... JAMES A. JOBLING CO. LTD., LONDON ... AS!) VEB CARL ZEISS, JENA ... A31 ... ... JOHNSON,  MATTIIBY & CO. LTD., LONDON A2 W. T. SUREN & CO. PRIVATE LTD., BOMBAY A28 

J.s.I.R.- DECEMBER 1956 A43 



A new laboratory 
grinding mill .  . . 

THE 

MICROID ATOMILL 
A NEW LABORATORY GRINDING MILL 

FOR USE IN THE REDUCTION TO 
POWDER OF A WHITE VARIETY 

OF FRIABLE, CRYSTALLINE, 
FIBROUS, RESINOUS AND 

OTHER MATERIALS 
TO AS FINE AS 

300 B.S. 
MESH 

WRITE TO 

GRIFFIN & GEORGE ( I N D I A )  P R I V A T E  LTD. 
B-5 CLIVE BUILDINGS INDIA HOUSE 17 MOUNT ROAD SUNLIGHT INSURANCE BUILDING 

P.O. BOX 2136 FORT STREET MADRAS MINT0 ROAD EXTENSION 
CALCUTTA BOMBAY 1 NEW DELHI 

A44 J.s.I.R.- DECEMBER 1956 



The Making of Free-flowing Table Salt* 
G. I. FINCH 

Kational Chemical 1.aboratary of India, Poona 

T HE following is an illustration, in terms crystal surfaces should be coated with a 
intelligible to the layman, of how even substance which can absorb or give off mois- 
a simple technical problem should be ture, according to atmospheric conditions; 

attacked and solved. or, better still, with a thin layer of a moisture- 
The empirical approach does not pay. repellent material. 
The first step is to restate the problem in 5. I t  might be supposed that this is the end 

scientific terms and to dissect it into its com- of the matter, but this is far from being the 
ponent parts, with clue regard to all known case. 
relative facts; next where information is miss- 6.  The smaller the crystal size the greater 
ing, it must be sought by experiment and is the specific surface exposed to hygroscopic 
critical observation. attack and surface contamination. On the 

Once these steps havk been taken, the other hand, too large a grain size is, for 
technical solution will follow, in most cases obvious reasons, not acceptable. Hence the 
almost as a matter of course. crystals of a free-flowing salt should in size 

approach to the largest acceptable. The 
Restatement and usual dispensing orifice consists of a short 

scientific Of the cylindrical channel, the diameter of which is 
1. To be free-flowing a table salt should be not likely to be less than 1.5 mm. The 

non-hygroscopic and have a low critical angle masimum particle size diameter which can be 
of repose. relied upon not to jam in such a channel is 

2. Pure salt is itself hygroscopic. I ts  about 1 mm. 
hygroscopicity is, however, much increased 7. A wide clistribution in crystal size 
when impurities such as magnesium salts or reduces the ease of flow and increases the 
other inherently hygroscopic compounds are specific hygroscopicity. The crystal size 
adsorbed on the surface of the salt crystals; should, therefore, be reasonably uniform; it 
and also, though to a lesser extent, when can be shown that a linear size distribution of 
the impurities are occluded within the salt about 3: 1 has relatively little effect on the 
crystals. critical angle of repose or on the specific 

3. I t  follows that the primary require- hygroscopicity, provided the mean crystal 
ments of a free-flowing salt are that it should size is not too small. This desired crystal 
be pure, or nearly so, and that the crystal size and degree of uniformity in crystal size 
surfaces should not be contaminated with should be achievable by controlling the rates 
magnesium or other hygroscopic salts. of seeding and growth of the crystals, followed 

4. The next requirement is that, in view of by removal of the crystals from the crystalli- 
the inherent hygroscopicity of pure salt, the zation zone at the appropriate time. 
- - . - -. - - -. . - - 

*In this paper tlre author outlines, step by step, the lines along wlriclr he proceeded towards the 
solution of a fairly simple teclinical problem, namely the making of free-flowing table salt, which had 
defied solution for over two years, because it had not been attacked in a scientific manner. The prob- 
lem yielded wit11 surprising ease to a simple scientific analytical approach. The emphasis is on the 
method of approach to the problem rather than on the result itself [Editor]. 
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8. The sharp edges and corners of the 
normal salt crystal are sites of high potential 
energy and thus favour the adsorption of 
water vapour and the formation of disconti- 
nuities in any hydrophobic coating. Also, 
sharp corners and edges resist easy flow, and 
large flat crystal surfaces promote caking 
through coalescence of vicinal faces (Pig. 2b). 

9. I t  follows from the above that, in addi- 
tion to freedom from hygroscopic contami- 
nants and a suitably limited range of grain 
size, the salt crystals should have no sharp 
corners or edges. 

10. This last requirement is equivalent to 
saying that the most favourable crystal habit 
is one which approaches spherical shape. 
This is the shape which minimizes the inhe- 
rent hygroscopicity of the salt itself, requires 
the least amount of protective coating and 
has the lowest critical angle of repose. 

11. The crystals in the commercial'brands 
of free-flowing salts which I have examined 
are of cubic habit. They retain their free- 
flowing properties sufficiently well for most 
practical purposes, provided the relative 
humidity of the atmosphere is below about 
50 per cent; but with higher humidities 
associated with temperatures well above 
30°C., such as are frequently encountered in 
India, they cake so rapidly that they soon 
cease to flow readily. 

12. A consideration of the nature of the 
ionic field distribution on the surfaces of a 
salt crystal indicates how the crystal habit 
can be changed from the normal cubic form 
to one approximating to spherical shape. 

13. On the cube faces each anion is closely 
screened by the strong repulsive field of four 
nearest-neighbour cations, and each cation 
by the repulsive field of four anions; conse- 
quently, growth on the cube faces is slow. 
On the other hand, the octahedral faces, 
which truncate the corners of the cube, con- 
tain when perfect only negative ions or posi- 
tive ions, but not both; thus, the rate of 
growth on the octahedral faces is rapid. 
Consideration of the ion distributions in all 
other possible crystal faces, and which can 
be read out of the atomic model of the sodium 
chloride crystal, leads to the conclusion that 
all crystal faces must grow faster than the 
cube faces. 

14. The normal crystal habit of salt is 
cubic because, owing to their more rapid 
growth, the octahedral and other faces of the 
salt crystal soon become extinguished, with 

the result that only cube faces remain. On 
the other hand, if by some means growth on 
the octahedral faces is sufficiently strongly 
inhibited, the cube faces will eventually be 
extinguished and the final crystal habit will 
be octahedral. 

15. If, instead of being largely inhibited, 
growth on the octahcclral faces is recluced to 
a rate similar to that of the cube faces, the 
resulting crystal habit will be cubo-octa- 
hedral, i.e. cubes with their corners truncated 
by octahedral faces. Further, by appro- 
priately reducing the rate of growth on the 
dodecahedra1 faces the remaining cube edges 
can be cut off. The habit is then octahedral- 
dodecahedral-cubic. The resulting crystal 
with its 26 suitably developed faces then 
approximates in shape to a sphere. 

16. Since we wish our crystals to approach 
even more closely to spherical shape, all 
possible crystal surfaces should be caused to 
grow at similar rates of outward growth. A 
well-known way of reducing the rate of 
growth of a selected face or faces, and thus 
controlling the habit, of an ionic crystal is by 
adding a suitable impurity to the solution. 
This procedure cannot, however, be adopted 
here as the amount of impurity required is 
too large; furthermore, these impurities are 
either physiologically harmful or impart an 
undesirable flavour or colour to the salt. 
There are, however, reasons for believing that 
a uniform rate of growth of all crystal faces 
can be achieved by a suitable control of the 
rate and manner of crystallization. 

17. The commercial brands of free-flowing 
table salts which I have examined are coated 
with so-called dryers, such as finely divided 
dusts of zeolites, phosphates, carbonates, 
sulphates or stearates. These materials are 
not intrinsically hydrophobic; they act rather 
as reservoirs for water vapour, absorbed 
under conditions of high humidity, and 
which can be readily desorbed when the 
humidity falls. 

18. At first sight, one would expect that 
a hydrophobic coating would afford more 
protection than a dryer. Consideration of 
the surface ionic field distribution and crystal 
habit in relation to the nature of the hydro- 
phobic material reveals that this is not 
necessarily the case. 

19. Well-known hydrophobic materials are 
the normal straight long-chain hydrocarbons. 
Their end-substituted compounds, such as 
alcohols, acids, esters and soaps, are hydro- 
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FIG. 1 - ELECTRON I)IFFKACTION PATTERN OF A 
MONOMOLECULAR I.AYER O F  P A R A F F I N  WAX ON A 
SALT CRYSTAL [pattern sl~ows that the surface is 
covered with a coherent layer of straight long-chain 
hydrocarbon molecules, closely packed together and 
standing vertically uprigl~t on the salt crystal 

sul.face] 

phobic only if their unsubstituted ends are 
opposed to the approach of moisture. But 
the ionic field distributions on the surfaces of 
a salt crystal are such that, depending on the 
nature of the charge at the point of attach- 
ment, the substituted end may be either 
attracted or repelled by the surface. In the 
latter event the hydrophobic end of the chain 
becomes attached to the surface; the hydro- 
philic substituted end is then exposed to 
attack by moisture. 

20. Electron diffraction studies confirm 
these views, but also reveal that although a 
straight long-chain hydrocarbon coating of 
only molecular thickness suffices to protect 
the flat surfaces of a cubic salt crystal, the 
sharp edges and corners are still left open 
to attack by moisture (Fig. 1). On the 
other hand, when the crystals are spherical, 
electron diffraction pattern shows that the 
hydrophobic layer is complete over the 
whole surface and thus affords maximum 
protection. 

Technical procedure 

21. In the light of the above analysis of 
the problem, it becomes a simple matter to 
translate into practice the findings outlined 
above. 

FIG. 2 - (a) RHAVNAGAR SOLAR SALT [note irregu- 
lar crystal shapes and sizes; critical angle of 
repose 4S0] ; (b) BRITISH FREE-FLOWING SALT 
[note cubic crystal habit, relative uniformity of 
crystal size, and coalescence of vicinal faces; critical 
angle of repose 3S0]; A N D  (c) C.S.R.I. FREE-FLOW- 
I N G  TABLE SALT [note the absence of corners and 
edges and general approach to sphericity and rela- 
tive uniformity in size of the crystals; critical angle 

of repose 25'1 
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22. Experiment reveals that a salt purity 
of 99.8 per cent or above suffices for practical 
purposes. The impurities in crude solar salt 
brine can readily be removed to this extent 
by precipitation with lime and sodium carbo- 
nate. 

23. Crystals of the desired size and ap- 
proximately spherical in shape can be obtain- 
ed by evaporation of the purified brine in 
open or vacuum pan crystallizers (Fig. 2c). 
With suitable control of the crystallizing 
conditions, the yield of crystals passing 
B.S.S. 14 and remaining on B.S.S. 72 amounts 
to about 96 per cent. The rejected fines are 
added to the next brine batch. 

24. The crystals are now given a physio- 
logically inert and protective hydrophobic 
coating by warm rumbling in an atmosphere 
containing sufficient paraffin wax vapour to 

form a coherent hydrocarbon layer of mole- 
cular dimensions. 

25. The Central Salt Research Institute 
(C.S.R.I.) is now producing 30-lb. batches of 
free-flowing table salt by this process. No 
difficulty is to be anticipated in converting 
this batch process into a continuous one. 

26. For purposes of comparison, micro- 
photographs ( x 20) showing lthe crystal sizes 
and shapes of (a) Bhavnagar solar salt, (b) a 
proprietary British free-flowing table salt 
and (c) the C.S.R.I. free-flowing table salt, 
as now made in 30-lb. batches, are reproduced 
in Fig. 2. 

The critical angle of repose of (a) is 4S0, of 
(b) 35" and of (c) 25". 

27. The estimated cost of processing Bhav- 
nagar solar salt to the C.S.R.I. free-flowing 
table salt is 3 annas per pound. 

' Science in the Service of Industry' Exhibition 

THE SCIENCE EXHIBITION ORGANIZED BY THE 
Council of Scientific & Industrial Research 
as one of the series of educational, scientific 
and cultural exhibitions in connection with 
the ninth General Conference of Unesco held 
a t  New Delhi was inaugurated by the Vice- 
President of India on 8 November 1956. 
The exhibition was open to the public from 
11 November to 5 December. 

Twenty-two prominent research institu- 
tions, including the National Laboratories, 
participated in the exhibition. The exhibits 
numbering about 300 were displayed in a 
well-planned pavilion with a floor space of 
18,000 sq. ft. Surveys of raw material re- 
sources of the country, evolution of substi- 
tutes and alternatives for materials which 
are imported or scarce, processing and bene- 
ficiation of raw materials, utilization of waste 
products and byproducts of industry, and 
development of improved processes of manu- 
facture were some of the themes covered. 
Arrangements had been made for the demon- 
stration of the technical processes developed 
in the laboratories. Films depicting the 
activities of some of the participating institu- 
tions were shown in the specially built audi- 
torium. An illustrated brochure giving a 

brief account of the activities of the institu- 
tions and the exhibits displayed by them was 
also brought out on the occasion. 

A variety of instruments and testing equip- 
ment developed in the research laboratories, 
e.g. primary time and frequency standard 
including a quartz clock, Finch-type electron 
diffraction camera, a new primary wet cell 
system, conducting sheet analogue computer, 
simultaneous intercommunication unit, ultra- 
sonic tester for testing concrete, cart wheel 
tester, equipment for strain measurement, 
apparatus used in radioactive tracer studies, 
etc., were on display. 

This exhibition was perhaps the first 
attempt made in India to display the 
results of research on a comprehensive scale 
and in a manner designed to convey precise 
information to industrialists, students of 
science and technology, and others. I t  
has succeeded, in a great measure, in de- 
monstrating that science in India has 
acquired both direction and purpose. Much 
thought, labour and time has been spent 
in organizing the exhibition which has fully 
served the dual purpose of furthering liaison 
between research and industry and scientific 
education. 



T h e  Ionospheric F, Layer 
over Ahmedabad, Delhi & 
Tiruchirapalli during the Sun- 
spot 
I<. 31. I<Ur:\DI.\ 
l'hysical liesearch Laboratory, Ahmcdabad 

T HE ionosphere of low latitudes presents 
many interesting special features. 
Appletonl and Maetla et first 

reported on the existence of a minimum in 
the values of I;, noon critical frequencies 
near the geomagnetic equator. Skinner 
ct ancl Osborne4 have described some of 
the features of the F, layer observed by 
them at  lbadan (7"26'N, 3O54'1':) and Singa- 
pore (1.3"N, 103.6'13). In South Asia, the 
ionospheric sounding station at Ahmedabad 
(23'02'N, 72'38'1.1) loc;lted a t  geomagnetic 
latitude 13.6'N forms an important addition 
to the existing chain of stations near longi- 
tude 75'E. Even the first year's observa- 
tions5 showed that Ahmedabad was near the 
ridge of the F, noon critical frequencies on 
the northern side of the equator. 

In the present communication the general 
features of the F, layer over Ahmedabad are 
compared with those of the I;, layer over 
Ilelhi (28"3SfN, 77'05'E) and Tiruchirapalli 
(10°50'N, 78'50'E). The vertical soundings 
a t  Ahmeclabatl were niatle with a recorder of 
the British N.IJ.L. design with a frequency 
range 0.6-25 Mcls. and a sweep time of 5 min. 
The pulse power of the transmitter varies 
from about 1700 to 250 \\I. as the recorder 
sweeps from low to high frcquencies. The 
aerial system consists of vertical rhombics 
and regular observatioris are taken every 
integral hour of 75' E.M.T. Monthly sum- 
maries of the data were previously published 
in the Jotivr~al oJ Scientijic G I~tdi~strial 
I<esemrch, Intlia (1;ebruary 1953 to May 1955), 
and are now included in a separate publica- 
tion of the Iiadio liesearch Committee of the 
Council of Scientific & Industrial Research. 

Diurnal and seasonal variations 

The mean diurnal variations of fol;,, h'F, 
and hpF2 (i.e. h'F, at 0.834 fop,) averaged 

over a whole year for 1953 and 1954 are 
shown in Fig. 1. fol;, and h'l:, are also 
included in the figure. 

As a t  other places, the heights exhibit a 
semi-diurnal variation having minima shortly 
after ground sunrise and sunset and maxima 
a t  about noon and midnight. \\'hereas the 
minimum value of h'F, near sunset is less 
conspicuous than that near sunrise, the 
minima of hpF, are almost equal. The 
difference (hp-hl)F, is largest a t  about 
20.00 hr. and least a t  about 08.00 hr. 

foF, has a pronounced diurnal variation 
having on the average a maximum at  about 

FIG. 1 --MEAN DAILY VARIATION OF I?,-LAYER 
ORDINARY WAVE CRITICAL FREQUENCIES AND 

HEIGIITS AT .~HMEDAB AD 
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15.00 hr. and a minimum at  about 40 min. 
before ground sunrise. The maximum of 
foF, has thus a mean lag of 3 hr. behind that 
of height while the minitnuln in fol;, occurs 
before ground sunrise and corresponds to a 
temporary pre-sunrise risc in the heigllt of 
the layer. It was found from special obser- 
vations made a t  short intervals in mitl- 
summer and midwinter that the early 
morning increase in fol', began about 45 min. 
after tlie layer-sunrise in summer and a t  
almost the same time as the layer-sunrise in 
winter. The effect is always obscrvetl before 
ground s u f ~ r i s e  and not after, in contrast to 
what was observed by \\'ells6 at \\'asIiington. 
The sunrise effect is clearly visible in the 11'-f 
record as a smootlled-out cusp of foli2 and it 
sometimes appears as a forketl cusp. Al- 
though the height continues to fall for a short 
time after the early morning rise, fol', 
strengthens rapidly till about 08.00 hr. and 
the height also increases. Another point of 
interest is that there occurs a ten~porary 
pause in thc rate of rise in fol;, between 
08.00 and 09.00 hr.; this is followed by a 
rapid rise till the afternoon n~asimum is 
reached. I t  is probable that this 08.00- 
09.00 hr. steadiness corresponcls to the fore- 
noon maximum observed near the equator. 

As the relative sullspot numbers during thc 
period 1953-54 werc minimum, the seasonal 
variations in foF2 and in height can bc re- 
garded as truly seasonal without being in- 
fluenced by solar activity whicll otllcrwise 
might be different in the different months. 
In Fig. 2, the mean noon values of lipl;, 
and foF, a t  Ahmeclabatl, 1)elhi ant1 Tiru- 
chirapalli are plotted, together with the 
sunspot variation. I t  is clear that whereas 
foF, shows a semi-annual variation having 
maxima a t  the equinoxes and minima a t  the 
solstices, hpl?, shows only an annual varia- 
tion with a maximum at  midsummer. Thc 
noon foF, during the year 1954 had a t  
Ahmedabad a range of variation of 5 Mc/s. 
while noon hpF, varied by about 125 km. 
Similar curves for 1953 showed higher values 
of foF, and hpF, corresponding to the slightly 
higher sunspot number. The mean noon 
separation of F, and I:, was minimum in 
December- January (about 40 km.) and maxi- 
mum in June (about 170 km.). 

In Fig. 3 are given the diurnal variations 
of h'F, from November 1953 to November 
1954. The base for each curve is shifted by 
100 km. along the ordinate-axis and tlie 
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level of 250 kln. for cacl~ month's curve is 
indicated on the ortlin:tte scale. T l ~ e  times 
of mean sunrise and sunset a t  the level of 
250 km. arc shown by vertically running 
dotted curves. 

I t  is interesting to notc that the two 
maxima in h'l;, in winter occur, one about 
an hour after noon ant1 the other near mid- 
night, the night lnas in~u~n being higher. 
In contrast to this, the maxima in h1F2 in 
summer occur a little before noon and before 
midnight, the former being higher. Tlle 
morning and evening minima are closely 
linked with tlie times of ground sunrise and 
sunset and occur before the separation and 
after merging of I?, and I?,. Resides, there 
are short-period rises in height in the early 
morning ant1 a t  about 20.00 hr. in the winter 
months, the one a t  20.00 Ilr. being similar 
to the characteristic observed a t  equatorial 
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stations in summer (e.g. Huanc;~yo, Singa- 
pore). In both these temporary upward 
motions, hpI;, rises first and thcn 11'1~~. 
This process takes place when the layer has 
already desccncled to the lowest height (as 
low as 200 km.) ant1 contracted sufficiently. 
Apparently, when recombination in the lower 
part becomes rapid, the upper part appears 
as a new stratification a t  a greater height 
and a decreased critical frequency. In this 
process, it has been observed that the 
electron distribution changes from parabolic 
to a nearly straight line characteristic or 
takes the for111 of two boundaries with a 
liui11p or clear ritlgc. (Osbornc calls this a 
thick F, laycr IVIIC~II  the 11'-f tracc SIIOWS a11 
intermediate I~ump). I'urthcr, it is noticed 
that the beginning of the early morning rise 
in height and the time of lowcst fol;, coincide 
with thr layer-sunrise except in summer 
when it is clelayed. Similarly, the evening 
ininimunl of height corresponds to thc layer- 

sunset. Bhargava7 has reported that a t  Kodai- 
kana1 (a = 0.6"N), the old night F, layer dis- 
appears in the early morning and a new 
one appears a t  a great height and then 
descends rapidly. This joins the old one if 
the latter has not vanished. Some instances 
have been recorded a t  Ahmedabad when the 
old completely disappeared and a new one 
appeared a t  a great height. Such an occur- 
rence is only found on some days in winter. 
\Vhether the old layer disappears or not, a 
temporary rise in height is invariably ob- 
served daily in the winter months. Some 
records show that the rise in height is due to 
the wearing away of the lower part of the 
layer, leaving only the ionization a t  a greater 
height which does not disappear. They 
also show that if the F, layer is maintained 
a t  a height greater than 250 km., stratifica- 
tion of the layer and vanishing of the lower 
part do not take place even in winter months. 
This rise in height is not observed in other 
months. 

The critical frequency of the F, layer has 
a secondary maximum at  about 03.00 hr. 
followed by a sharp drop in winter. This is 
probably due to the descending and contrac- 
tion of the layer after midnight. The day- 
time maximum in foF, takes place a t  13.00 
hr. in winter and shifts to about 16.00-17.00 
hr. in summer. In winter, daytime maximum 
in height and critical frequency occur a t  the 
same time in higher latitudes and foF, varia- 
tion approximates to that given by Chapman8. 

As against the irregularities in height and 
critical frequency observed in winter during 
night, very often stratifications in the form 
of clear ridges are observed between 08.00 
and 11.00 hr. in summer and these do not 
seem to be associated with magnetic activity. 
The lower part of the stratified layer descends 
to join F, or appear as I;,., (as some call it) 
and the upper part takes control of the main 
F, layer after this unusual occurrence. In 
Fig. 4b, the mean diurnal variation of the 
occurrences of stratifications for the year 1954 
is given, which shows three peaks, (i) in the 
early morning, (ii) a t  20.00 hr. and (iii) a t  
10.00-12.00 hr., the former two being ire- 
quent in winter and the last in summer. 
Thick layer occurrences in Singapore happen 
to be maximum a t  14.00-15.00 hr. in June 
solstice and a t  10.00 and 14.00 hr. in 
December solstice. Osborne says that the 
diurnal variation of foF, a t  Singapore agrees 
with that a t  Huancayo, but it is significantly 
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different when the thick-layer phenomenon 
is frequent. 

F,-scatter occurrences 

The occurrences of I;,-scatter echoes in 
the hourly records were also analysed. I;, 
scatter occurs in the form of (i) forked h'-f 
curve or scatter near the critical frequency, 
(ii) two or more slightly displaced h'-f traces, 
and (iii) spread echoes with no sharp boun- 
dary or clear critical frequency of the F, 
layer. The results of an analysis of these 
occurrences are given in Figs. 4 and 5. The 
peak frfquency of occurrence is a t  03.00 hr. 
and the echoes are most frequent in summer. 
Rebers has found from an analysis of the 
data in temperate and middle latitudes that 
spread-F occurrences are more frequent in 
winter, but Osborne4 a t  Singapore found them 
to be most frequent in local summer. At 
Ahmedabacl, scatter echoes, usually of the 
first two types, occur in winter, while spread 

FIG. 4 - II'IEAN DAILY VARIATION OF  (a) OCCURRENCE 
OF l T 2 - ~ ~ ~ ~ ~ ~ ~  ECHOES, (b) OCCURRENCE OF STRATI- 
FICATION I N  F2 LAYER A N D  (c) hpFl AND 11'Iiz 

DURING 1954 

MONTHS (1954) 

FIG. 5 - SEASONAL VARIATION OF (a) OCCURREKCE 
OF NIGHT-TIME Ii2 SCATTER (20.00-05.00 RR.) A N D  

(b) k:, STRATII'ICATION (18.00-05.00 HR.) I N  1954 

echoes are common in summer, so that there 
is one major maximum in summer and a 
minor one in winter. \\'ells1o has shown 
that in years of minimum sunspot activity, 
I;,-scatter echoes show two maxima in the 
course of a year, a major maximum in local 
summer and a minor one in winter, but only 
one maximum in summer during years of 
high sunspot activity. Thus Ahmedabad 
falls in the category of equatorial zone so 
far as spread-1' echoes are concerned. I t  is 
an interesting fact that the seasonal varia- 
tion of I;, scatter and of I', stratification are 
in anti-correlation. The former appears to 
be due to irregularities of electron density 
a t  varying heights during night-time when 
there is very little change of electron density 
with height, while the latter is caused by 
downward movement of the layer ancl strong 
height-gradient of the recombi~iation coeffi- 
cient. Tlic sprcad-l' echoes disappear imme- 
diately after sunrise when a well-clcfined 
layer is formed. Although the height is 
great during day, 1', scatter is rarely ob- 
served. Maxwelll1 has suggested that the 
non-appearance of I?, scatter during day- 
tiinc may he due to inhibition of turl)ulence 
by larger rises of temperature with height, 
by lower drift velocities or by increase in the 
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kinematic viscosity. Dieminger12 has dis- 
cussed extensively the various mechanisms 
of scattering. 

Diurnal and seasonal variations 
at different latitudes 

\tre shall now compare the diurnal and 
seasonal variations of fol', and hpl:, at  
Delhi, Ahmedabad and Tiruchirapalli whose 
geomagnetic latitudes are 18*8"N, 13.6"N and 
1-3"N respectively. In Fig: 6 are shown the 
diurnal variations a t  the three places of 
foF2 and hpF, for winter solstice, equinox 
and summer solstice of the year 1954. The 
L.M.T. of ground sunrise and sunset is 
marked by short vertical lines projected on 
the curves of the relevant places. I t  is in- 
teresting to note that the height a t  Tiruchira- 
palli is very great and no tendency is observ- 
able of a semi-diurnal variation as a t  higher 
latitudes. A temporary rise in height a t  
20.00 hr. is observed both at  Ahmeclabad 
and Delhi in winter, but for Tiruchirapalli 
data from 21.00 to 06.00 hr. are not available. 
The early morning rise is pronounced a t  Ah- 
medabad. At both the places, the midnight 
maximum in height is more pronounced in 
winter and the midday maximum more pro- 
ilounced in summer. Retardation due to 

lower layers does not account for these un- 
equal midday and midnight heights. The 
height minima near sunrise and sunset are 
found to be of nearly the same magnitude. 
While the noon value of hpF, has maxima 
in summer and winter near the equator, there 
is only one maximum a t  higher latitudes. 

I t  is further to be noted that the variations 
in foF, in winter at  Delhi which is at  a higher 
latitude than Ahmedabad approximates more 
closely to those of a Chapman layer. This 
variation gets disturbed in summer. A 
point of importance is that the forenoon fall 
in the rate of increase of electron density 
commences a t  a definite time after sunrise 
a t  all these places and in all the seasons. 
This is clear from the difference between the 
times of sunrise and the bend in the foF, 
curve. This feature gets mpre pronounced 
a t  lower latitudes and in local summer. 
That this depression in fol;, is short-lived a t  
higher latitudes and extends for a longer 
duration near the equator is remarkable. 
The subsequent rise takes place most rapidly 
a t  Ahmedabad. This can probably be ex- 
plained as due to circulation in the higher 
atmosphere from equator towards higher 
latitudes and convergence at  a place like 
Ahmedabad. 

WINTER EQUINOX SUMMER 1954 
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From Fig. 2 it is found that in the annual 
variation, two maxima in foF, are observed 
a t  about the equinoxes a t  Ahmedabad, 
Delhi and Tiruchirapalli, those at  Ahmedabad 
having the highest amplitude. In contrast 
to this, there is only one maximum of hpF, 
in June a t  Ahmedabad and Delhi, while there 
are no clearly marked maxima or minima a t  
Tiruchirapalli. Thus near the geomagnetic 
equator, the F, layer follows more or less 
the zenith distance of the sun which is also 
true for the Fl layer. 

Appleton13 has recently shown that the 
midday depression of foF, observed near the 
geomagnetic equator turns into a crest if 
midnight values are considered and the 
anomaly of low foF, belt disappears. A 
preliminary study of the variation of foF, 
with latitude at  Indian and Japanese stations 
of the Asian zone shows that the equatorial 
trough begins to develop at  09.00 hr., reaches 
a maximum in width and depth at  14.00- 
15.00 hr. and turns into a smooth crest rising 
towards the equator after 21.00 hr. This is 
true for all the months in the year. Details 
of this study will be communicated in a 
later paper. 

An idea of the range of variation in foF, 
and h'F, during 24 hr. a t  Ahmedabad is ob- 

tained from Fig. 7 which gives the difference 
between maximum and minimum values of 
the daily variation. The range of variation 
in foF, undergoes a seasonal change. The 
early morning minimum of foF, is lowest in 
midwinter and highest in midsummer. Thus 
the value of foF, swings through about 11 
Mc/s. in equinox against a swing of only 
about 5.4 Mcls. in summer in the course of 
a day during minimum solar activity. As 
against this, the range of variation of h'F, 
oscillates from 160 km. in summer to only 
75 km. in winter. 

The low value of foF, in summer may be 
the result of temperature and inflation of 
the F, layer and the low value in winter may 
be a consequence of the greater zenith dis- 
tance of the sun. Eckersley14 explained the 
equinoctial maxima in foF, as being due to 
the shorter distance of the earth from the 
active areas on the sun which lie between 
7" to 20' north and south of the sun's 
equator and come opposite to the earth on 
5 March and 7 September. 

With a view to give a general picture of 
the variations of foF,, hpF, and h'F, through- 
out the year 1954 (lowest sunspot numbers) 
and for ready use in radio communication, 
Fig. 8a-c has been prepared as contour 
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FIG. 8 -CONTOUR MAPS OF (a) f o P , ,  (b) hplz, AND (c) h'Fx SHOWING SEASONAL AND DAILY VARIATIONS 
AT AHMEDABAD DURING 1954 
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maps. Minimum and maximum values have 
been shown by thin continuous lines. The 
dotted lines give the sunrise and sunset 
times a t  200 and 250 km. levels. All the 
diurnal and seasonal features, the early 
morning effect and the changes a t  20.00 hr. 
are brought out clearly. The line of midday 
maxima of heigh.t seems to follow the line 
of sunrise, although not quite parallel. 

Summary 

The general characteristics of the ioao- 
spheric F, layer over Ahmedabad (India) 
during the sunspot minimum period 1953-54 
are described and compared with those a t  
Delhi and Tiruchirapalli. The geomagnetic 
latitudes of the three places are 13'6'N, 
18'8'N and 1°3'N. The sunrise effect on 
P, a t  Ahmedabad is delayed by about 45 min. 
after the layer-sunrise in summer, and takes 
place almost a t  the time of layer-sunrise in 
winter. Subsidiary maxima of the height 
of the F, layer are observed to occur early in 
the morning, and a t  20.00 hr. in the winter 
months. Analysis of F, scatter shows that 
it is maximum at about 03.00 hr. and in 
summer. F, stratification has maximum 
occurrence a t  05.00 and 20.00 hr. and in 
equinoctial months. Seasonal variations of 
F, scatter and F, stratification show anti- 
correlation. 

The critical frequency of the I;, layer 
shows maxima in equinoxes a t  all the places, 
the amplitude being highest a t  Ahmedabad. 
While the height of maximum electron den- 
sity shows only one maximum in summer 
a t  middle and high latitudes, it  shows two 

maxima near the equator, one in summer and 
the other in winter. The range of daily 
variation of foI;, a t  Ahmedabacl was found 
to be about 11 Mcls. in the equinoxes, and 
only 5.4 Mc/s. in summer. The range of 
daily variation in h'l;, was found to be 160 
km. in summer and 75 km. in winter. 
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Programme for Radio Research in India 

T HE Radio Research Committee of the 
Council of Scientific Rr Industrial 
Research has been developing centres 

of radio research in this country with the 
object of (1) developing radio industry in 
India on a sound basis, (2) conducting synop- 
tic studies of atmospheric phenomena which 
affect radio propagation, e.g. atmospherics 
and (3) carrying out fundamental investiga- 
tions which may have long-range application 

to radio development. The Committee has 
sponsored about 38 research schemes on a 
number of subjects, like ionospheric investi- 
gations, development of radio valves and 
microwaves. Active schools of radio re- 
search have been created in Calcutta, Ah- 
medabad, Waltair, Banaras, Allahabad and 
Lucknow. 

The Committee has been feeling for some 
time the necessity for drawing up a planned 
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programme of radio research in India during 
the next five years on the basis of the present 
research and development trends in the field 
and the requirements of the country, keeping 
in view the commitments of India in regard 
to co-operation with International Scientific 
Radio tinion (URSI), International Ratlio 
Consultative Committee (CCIR) ancl the 
Special Committee for the International 
Geophysical Year (CSAGI). A subcommit- 
tee was, therefore, formed for this purpose, in 
March 1953, consisting of Dr. K. S. Krishnan, 
Mr. B. V. Baliga, Dr. M. B. Sarwate, Prof. 
K. Sreenivasan ancl Prof. S. I<. Mitra. Two 
reports, one by Prof. K. Sreenivasan and 
another by Dr. A. P. Mitra, were drawn up 
and the Committee requested Mr. T. V. 
Ramamurti, Dr. Sarwate and Mr. Baliga to 
prepare a detailed programme of research on 
the basis of the recommendations contained 
in the two reports, which is outlined below. 

The following fields of radio research have 
been assigned first priority in the programme: 
(1) Atmospheric radio noise and atmo- 
spherics, (2) Radio wave propagation through 
the ionosphere, (3) Radio wave propagation 
through the troposphere, and (4) Develop- 
ment of raw materials for radio components. 

Problems which should be taken up next 
are those connected with (1) \!laves, circuits 
and electronics, and (2) Radio astronomy. 

A number of these problems are now being 
tackled by research organizations and uni- 
versities independently or through schemes 
sponsored by the Radio Research Committee. 
In the programme given below, the subjects 
covered by items 1, 2, 5-10 and 14 under first 
priority group and items 3, 12, 14, 16, 17, 20 
and 21 under second priority group fall in 
this category. The remaining items have 
not so far received adequate attention in 
India. The programme outlined is flexible 
and can, if required, be revised a t  a later 
stage. 

First priority problems 

Atmospheric radio noise m d  atmospherics - 
(1) Atmospherics produced by lightning 
flashes located by goniometers; (2) Study of 
the relationship between the enhancement of 
atmospherics on 27 kc/s. and solar chromo- 
spheric eruptions; (3) Lightning flashcounters; 
and (4) Measurement of atmospheric noise 
level. 

Ionospheric radio wave #ropagation - 
(5) Measurement and interpretation of iono- 

spheric data; (6) Co-ordination, analysis and 
publication of ionospheric data; (7) Short- 
term and long-term predictions; (8) Iono- 
spheric absorption measurements, using pulse 
reflection methods and radio star scintilla- 
tions; (9) Study of fading; (10) Ionospheric 
drift measurements ; (1 1) Ionospheric pro- 
pagation at  frequencies below 1500 kc/s. ; 
(12) Ionospheric propagation in the band 
30-300 Mc/s.; (13) Pulse transmission a t  
oblique incidence; (14) Solar terrestrial 
relationships; (15) Propagation paths be- 
tween U.S.A. and India, Hawai and India 
using WWV and WWVH transmissions; and 
(16) Scattering of radio waves. 

Tropospheric radio propagation - (17) Tro- 
pospheric propagation well beyond the 
horizon in the frequency range 30-400 Mc/s.; 
(18) Effect of meteorological conditions on 
tropospheric propagation; and (19) Use of 
radar for weather observations and fore- 
casting with special reference to clouds, rain 
and storms. 

Developmeilt of raw materials jor radio 
comjonents - (20) Investigations on cera- 
mics; (21) Improvement in mechanical pro- 
perties of low-loss low-permittivity dielectrics; 
(22) Increase of dielectric constant; (23) Low- 
loss thermosetting materials; (24) Nature of 
effects of water on dielectrics; (25) Magnetic 
materials; and (26) Semi-conductors. 

Second priority problems 

Waves, circuits aand electronics - (1) Anten- 
nas and transmission lines; (2) Radiation 
from (a) dielectric cylinders, (b) dielectric 
cones, (c) linear arrays of dielectric cones, 
(d) linear arrays of dielectric cylinders and 
(e) slot radiators; (3)  Dielectric properties 
of substances in the microwave region; 
(4) Characteristics of microwave lenses a t  10 
cm. ; (5) Electric semi-conductors, crystals 
diodes and transistors; (6) The manufacture 
of germanium diodes and diodes using other 
semi-conductors; (7) Study of silicon and the 
manufacture of silicon p-n junctions; (8) Pro- 
perties, uses, circuitry and manufacturing 
processes of transistors; (9) Effect of dis- 
continuities in microwave transmission lines 
and waveguides; (10) Power measurements 
at  microwavelengths; (11) Microstrips, their 
circuitry and manufacture; (12) R.C. coupled 
P.M. oscillator; (13) Properties of magnetic 
materials in the ultra-short and microwave 
regions; (14) Magnetic amplifiers; (15) Micro- 
wave spectroscopy; (16) Millimicrosecond 
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pulse study; and (17) Development of small- and radiation from discrete radio sources; 
scale electronic computer. (20) Ionospheric absorption using cosmic 

Radio astronomy - (18) Study of the solar radio noise a t  vertical and oblique incidence; 
radio frequency radiations a t  3000 Mcls. and and (21) Ionospheric drifts using extra- 
a t  lower frequencies; (19) Cosmic radio noise terrestrial radio noise. 

Vitamin BIZ- Its Chemistry, 
P r o d u c t i o n  & A s s a y  
V. C. VORA 

Central Drug Research Institute, Lucknow 

N 0 single substance in the post-war 
period has evoked as much interest 
as vitamin B,,. Its importance in 

health as well as in the treatment of certain 
diseased conditions of human beings cannot 
be over-emphasized. Further, its usefulness 
in animal nutrition has given an added 
impetus to its manufacture. 

Investigations on the possibility of pro- 
ducing vitamin B,, by fermentation processes 
employing vitamin B,,producingmicro-organ- 
isms have been initiated in some laboratories 
in the country. I t  was, therefore, considered 
of interest to review the existing literature 
on the subject. 

Historical 

The usefulness of whole liver in the dietary 
treatment of pernicious anaemia was estab- 
lished in 1926 by Minot and Murphy1. The 
isolation of the active principle responsible 
for the anti-anaemic activity was, however, 
not possible till 1948 due to lack of a suitable 
experimental animal or a biological technique 
for assaying the haemopoetic potency of 
liver extracts. Earlier attempts to prepare 
various liver concentrates and to isolate this 
anti-anaemic factor have been summarized 
by Subba Row et ~ 1 . ~ .  

The anti-pernicious anaemic factor was 
isolated in a pure form in 1948 simultaneously 
by Rickes et aL3 of Merck Laboratories Inc., 
U.S.A., and Smith et ~ l . ~ , % f  the Glaxo 
Laboratories, U.K., in 1948. The U.S. group 
of workers was aided by an important obser- 
vation of ShorboJ that there was a linear 
relationship between the amount of growth 

factor for Lactobacillus lactis Dorner in liver 
extracts and the potency of the latter for 
curing patients suffering from pernicious 
anaemia, while the British workers made an 
exclusive use of clinical assay in their work. 
The newly isolated deep-red crystalline sub- 
stance, designated vitamin R,,, was found to 
give response in the clinical treatment of 
pernicious anaemia in a daily dosage of 0.5- 
5 micrograms. 

Isolation 

I t  is not known whether the first isolation 
of vitamin B,, was made from liver or from 
fermentation liquors. The multi-stage puri- 
fication procedures used in U.K. and U.S.A. 
cannot be compared due to lack of details 
in published literature but it is certain that 
chromatographic adsorption technique must 
have played an important part in the isola- 
tion of vitamin B,,. The active principle, 
from liver or fermentation liquor, can be ad- 
sorbed on activated carbon or fullers' earth 
and eluted with 65 per cent ethyl alcohol, 
aqueous phenol or an aqueous pyridine mis- 
ture. The active principle can be recovered 
by diluting the phenol solution with an inert 
organic solvent like ether and extracting it 
with water. Partition chromatography on 
damp silica using n-butanol containing 11- 
12 per cent water has also been successfully 
utilized for purification. In the fractionation 
by these methods the pink colour of vitamin 
B,, is helpful. 

Starch columns have 'been tried with some 
success. More recently, kieselguhr has been 
employed in isolating factors related to 
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vitamin B,, and its hydrolytic products8. 
Paper chromatography with n- or sec-butanol 
has also proved valuable. In GermanygJo 
cellulose columns have been used. 

Charcoal has been largely displaced by 
synthetic resins. Amberlite IRC 50 (car- 
boxylic acid resin) can, for example, be used 
in the acid stage of the cycle and vitamin 
B,, can be recovered from the resin by wash- 
ing it with dilute alkali8. Crude vitamin is 
crystallized first from aqueous acetone and 
subsequently from hot water. 

While liver extracts were being investi- 
gated for the isolation of the anti-pernicious 
anaemia factor, it was reportedl1slVhat rats 
required, for normal growth, an unidentified 
factor present in casein, liver extract, dried 
skim milk, eggs, etc. An active factor 
capable of influencing chick growth and 
hatchability of eggs was also reported. This 
factor was designated 'Animal Protein 
Factor ' (A.P.F.). Its presence was reported 
in whey, meat scraps, distillers' dried solu- 
bles, milk powder, fish byproducts, alfalfa, 
cow manure and hen faecest3. Crystalline 
B,, was later found to exhibit similar pro- 
perties for chicks~J~~%nd ratsle. Hence, it 
was suggested that A.P.F. and B,, were either 
identical or closely related to each other. 
However, it is not yet conclusively proved 
that B,, can completely replace animal pro- 
tein from natural s o ~ r c e s ~ ~ ~ ~ ~ .  Supplementa- 
tion of feed with antibiotics'g.?O and vitamin 
B,, has, however, become a well-established 
practice in the feeding of poultry and other 
animals. 

The presence of vitamin B,, has been 
reported in the culture broths of Mycobac- 
terirtm smegmatis, Lactobacillus arabinosus, 
B.  subtilis and of several actinomycetes, viz. 
Stveptomyces rosecoch~omogenus, S. antibio- 
ticus, S .  aureojaciews, S. erythrelzs, etc. Vita- 
min B,, was isolated in a crystalline form 
from the culture broths of S .   riseu us and this 
proved to be identical with the material iso- 
lated from liver. In view of the difficulties 
involved in the isolation of vitamin B,, from 
liver, its isolation from the culture broths of 
several micro-organisms, particularly S.  gri- 
sezis, has become a commercial practice. 

Microbial production of vitamin B,, .- 
Micro-organisms capable of vitamin B,, 

production have been isolated from soila, 
chicken faecesz2 and bovine faecesa. In 
1948 Stockstad et al., for the first time, 

reported the production of vitamin B,, as a 
fermentation product from l;lavobacterium 
so2areZ9, a rod-shaped non-motile bacterium 
isolated from chicken faecesz2. Successful 
production of vitamin B,, by bacterial fer- 
mentation was reported by SettyZ3. Merck 
& CO.'~ announced the same year produc- 
tion of vitamin B,, by primary and secon- 
dary fermentation in large fermenters. 
Subsequently, production of vitamin B,, 
from primary bacterial fermentation was 
a n n o u n ~ e d ~ ~ .  

An extensive search for vitamin B,, pro- 
ducing micro-organisms was undertaken at  
the Northern Regional Research Labora- 
tories, U.S.A.26, and recently in Indiaz7. In 
this process some 5000 micro-organisms in- 
cluding moulds, yeasts, actinomycetes and 
bacteria were screened. Of these isolates, 
Flavobaclerium devoraws was found to be the 
most productive while none of the moulds or 
yeasts were found to produce vitamin B,,. 
Several hundred actinomycetes collected and 
screened for  antibiotic^^^,^^ have also been 
screened for vitamin B,, production. Of 
these a considerable number showed B,, 
activity; in some cases the yields of vitamin 
B,, were as high as 2 y/ml.29. Micro-organ- 
isms reported to produce vitamin B,, are 
recorded in Table 1. 

Also, quite a large number of antibiotic 
producers have been found to produce 
vitamin BIZw. In another survey of actino- 
mycetes, four isolates grown on a soyabean 
meal medium supplemented with cobalt 
were found to give yields of >1 ylml. of 
vitamin B1t1. 

Though vitamin B,, has been isolated from 
fermentation broths during the production 
of other antibiotics, e.g. G r i ~ e i n l ~ ~ ~ ~ ~ ~ O J 7 ,  
Streptomycin24~G3~67~71-73,76 A~r~omycin52-55,82 
and N e o m y c i ~ ~ ~ ~ ~ ~ ~ ,  the optimum conditions 
for the production of antibiotic and vitamin 
B,, are not identical59. Hence, it is of inter- 
est to note that in a combined fermentation 
reported by Sakai and T s u n ~ d a ~ ~ ,  the curve 
for vitamin B,, production was found to run 
parallel to that of the antibiotic production. 

Chemistry of vitamin B,, 
Vitamin B,, crystallizes from water or 

aqueous acetone solutions as bright red 
needle-shaped crystals which darken at 21O0- 
20°C. but fail to liquefy below 350°C. I t  
normally contains 12 per cent moisture and 
is odourless and tasteless. Electrometric 
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TABLE 1 - 

No. 

1 
> 
J 
4 
5 

2 
A 

1 0  
11 
1" 
13 
14 
15 
16 
1 i 
18 
19 
no ;: 
23 
24 
2.5 
eci 
O i  
28 
"!I 
YO 
51 
5'1. 
35 
5 4 
35 
36 
3 i  
38 
51) 
4 0  
4 1 
Qr 
43 
41  

-VITAMIN B,2 PRODUCING MICRO- 
ORGANISMS 

Acrobacfrr acro~e:r,1cs'0J' 
Ashbya gossypiitl~~'~" 
B. mrgatheria~n"-~' 
8 .  s~hl i l i , '~~"~'*  
(~loslridiurn , b r r f ~ ~ r i r r r ~ ~ ~ " ~ ' ~  
CI, cochIdarlaar"~'" 
Cl. p a b r l l i f ~ ~ ~ ~ m " ~ ' ~  
CI. telanonorphsms'~"." 
Ermothec~trrn species" 
Ermothccium ashbyii" 
I,'sclrericl~ia c o l ~ J 0 ~ 3 7 ~ 4 e ~ "  
Flasobaclnium acelyli~urn'~ 
Flarobacferitlnr aqrrafilr" 
Flat~ebaclcrin~n arbor~scms'~ 
F'lar~obarlerism der'orans'* 
FI. ~slrrourornafica~~r'~ 
I:!, pa~~e.wens'~ 
FI. sol are"^" 
1;l. srra~~zolrns'~ 
Laclobacillus arabinosusa' 
Z.nc4obacill11s case?' 
Mycohaclerium pklei" 
Mycobacrerium sme~malis" 
Mycobaclcrium luberct~losis"~~" 
Nocardia sp." 
Propionibaderi~rm sp." 
Propionibarlerium frrudcnrrichii"." 
I'ropionihaclcritim sherntanii" 
I'ropionibaclerirr~n rear" 
I'rolrrrs hp.&O 
Psc~rdom~nndacmc"~"~'~ 
Srrratiu alarscscessa' 
5,  a u r r ~ r a ~ ~  
Slrrptoco~crrs faecalis" 
Slrrpfomyces albid~flasus"~'~ 
Slrrplomycrs anlibi~licus"~"~~' 
Slrrplo~nyccs aurcofacirns"'" 
Slreplomyces / r ~ d i a r " ' ~ @  
Slrrplomycrs oliea~eous'~ 
Sfreptomycrs colombiensis"~" 
.51rrplomgrrs griserrsl'.".'O'"."'"l"-" 
Slreplotnyces roseochr~mogcnns"~~'~~ 
Rkizohiurn ~pecirs '~~" 
T-ruin sptc ic~"~'~ 

titrations do not reveal any basic or acidic 
groups in it but in acetic acid it behaves as a 
polyacidic base. The molecule is moderately 
large having molecular weight of 1350 for the 
anhydrous material. I t  is a cobalt co-ordi- 
nation complex with a replaceable cyano 
group which can be removed by photolysis, 
catalytic reduction or treatment with sul- 
phurous acid. These replacements, either 
with acid radicals or by a hydroxyl, give rise 
to a number of cobalamins, e.g. nitrito- 
cobalamin (vitamin B,,,) and hydroxocobal- 
min (vitamin PiIPb). The cobalt atom has 
also been co-ordinated with ammonia, amines 
and some amino acids giving rise to a series 
of ' Cobalichroms '83. 

Early in the chemical investigation of B!,, 
modifications of this molecule were dls- 
covered. B,,,, first obtained as a result of 
catalytic hydrogenation and reoxidation of 
vitamin B,,, was later isolated from culture 
broths of S. griseus; Pillb has been obtained 
from liver and culture broths of S. aureo- 

j a c i e ~ r s ~ " - ~ ~ ;  and B,,, by Anslow el ~ 1 . ~ '  from 
S .  griseus. 

By heating vitamin B,, with concentrated 
hydrochloric acid for several hours, ammonia 
(5-6 mols per mol of vitamin) phosphoric 
; d d ,  a red gummy mass containing cobalt, 
a base which gave blue colouration with 
ninhydrin and which was later itlentifiecl 
as D-1-amino-2-propano1 (1 mol per mol of 
R,,), and 5-6-dimethyl benziminazole, were 
obtaineda4. 

Milder hydrolysis of the vitamin gave 
the nucleotide 5-6-dimethyl benziminazoleaj 
which was isolated and identified as 5: 6-di- 
methyl-1-(a-D-ribofuranosyl) benziminazole- 
3-phosphate. The unusual a-configuration 
of the riboside is noteworthy~*". 

Addition of excess cyanide to vitamin B,, 
results in the formation of a dicyano complex, 
and it was shown by ultraviolet absorption 
studies that the second nitrogen of the 
benziminazole ring is connected to the cobalt 
atom by a co-ordinate boncls4. 

On the basis of this evidence, the following 
partial structure for the vitamin was for- 
mulated: 

CH CHOHCH CHCHlOH 

I \ 

The red resinous mass containing cobalt, 
obtained as a result of acid hydrolysis of the 
vitamin, was shown by electrophoresis to be 
a mixture of acidss5. This mixture was 
shown to contain two series of acids - one 
lacking the nucleotide and containing one to 
seven carboxyl groups (derived from Factor 
B) and.the other retaining the nucleotide and 
containing one to six carboxyl groupsa4. A 
mixture of penta and hexacarboxylic acids 
obtained by the hydrolysis of the vitamin 
with 30 per cent aqueous sodium hydroxide 



at 150°C. was subjected to anion-exchange 
chromatography and a pure hexacarboxylic 
acid, as its monochloride monocyanide and 
lacking in the nucleotide (C4~H6001SN.C~CI. 
2H,O), was obtained and crystallizeds6. The 
structure of this molecule has been deter- 
mined by X-ray analysisa7. Once this struc- 
ture was established, the electron density 
patterns for vitamin B,, crystals became 
easier to interpret. And based on the X-ray 
analysis and the chemical evidence collected 
over the past few years, the complicated 
structure of vitamin B,, was determined 
except for few minor aspects which need 
some clarification88. 

Other factors related to vitamin B,, 

I t  was observed by Coates et al.17 that the 
vitamin BIZ activity of natural products by 
the chick assay methods gave values higher 
than those obtained by microbiological assay 
which, according to them, may be due to the 
growth-promoting effect of other consti- 
tuents of the animal protein factor present 
along with vitamin R,,. However, when the 
gut contents and faeces of ruminants were 
tested, higher values were obtained by micro- 
biological assay as compared with the chick 

growth assaysg. \%'hen chromatograms of 
these materials were tested microbiologically, 
zones of activity were observed for subs- 
tances other than vitamin B,, as well, indicat- 
ing the presence of substances to which only 
E. coli and Lb. leichmanni respond. Subse- 
quently, following the same procedure as 
that adopted for the isolation of vitamin B,, 
from liver, Factors A and B were isolated in 
addition to B,, from calf faeces and rumen 
contentss0. Later on, a third substance, 
Factor Csl, was also isolated. These factors 
could not be converted to cyanocobalamin 
by treatment with ~ y a n i d e ~ ~ ? ~ ~ .  Other vita- 
min B,, factors, e.g. vitamin BlZmg4 from the 
faeces of pigs, cattle and horses, Factor W.R. 
from liver, and pseudo-vitamins B,, and BlZb 
from a rumen anaerobeg61g6, have also been 
reported. 

As a result of a thorough analysis of all the 
reported B,,-like factors Ford et al.B7 con- 
cluded that the established vitamin BIZ-like 
compounds were only Factor A (vitamin 
BIZ,), Factor B, Factor C and pseudo- 
vitamin B,,. However, since then many 
more have been included in the list of vita- 
min BIZ-like factors. As can be seen from 
Table 294, these vitamin BIZ-like substances 
differ in their nucleotides and in their non- 
convertibility to cyanocobalarnin on treat- 
ment with cyanide. 

Factor B -This is the fundamental subs- 
tance of B,, vitamin and related products 
characterized so far and links the cobalamin 
series with vitamin BIZ-like factors. It was 
first reported by Ford et al.BO in 1951. The 
removal of nucleotide from cyanocobalamin 
has been reported to yield Factor Bn5. I t  has 
been found in sewage ~ l u d g e l ~ ~ ~ ~ ,  marine algaee9 
and S. aureofaciens fermentation brothloo. 

TABLE I - CHARACTERISTICS OF VITAMIN B,: 
AND RELATED PRODUCTS 

ANCE NVCLEOTIDE RETIC 
MOBILITY 

(sq. em. x V-' 
X set.-' x lo-') 

Factor B Amorphous nil 6.0 
Pseudovitamin B,: Crystalline Adenine 1 . 5  
Factor A do %Methyl adenine 3.9 
Factor C, ? 3 1.4 
Factor C ? i ? 
Factor d ? ? 0.0 
Factor F Crystalline ? 0.3 
Factor G do Hypoxanthine - 
Factor H do 2-Methyl - 

hypoxanthine 
Vitamin Bl2iii do ? nil 
Cyanocobalamin do 6: 6-Dimethyl nil 

benziminazole 
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PseutEovitamin El, was isolated as a pro- 
duct of anaerobic fermentation by an un- 
identified organism isolated from rumen con- 
tentss5 of sheep. I t  was shown to contain 
adenine as the nucleotideBs. On hydrolysis 
pseudovitamin B12 yields Factor BIO1. 

Factor A was detected by Ford et ~ 1 . 8 ~  in 
1951 simultaneously with Factor B. I t  has 
been shown to be same as vitamin B,,, iso- 
lated by Wijmengas4 as a crystalline subs- 
tance from pig manure. I t  has been shown 
to contain 2-methyl adenine as the nucleo- 
tidelo2Jo3. This structure has been confirmed 
by biosynthesis of the factor from Factor 
B and 2-methyl adeninelo4. According to 
Pfiffner et aZ.lo3, there are two Factors A, 
which they call pseudovitamins B,,, and 
BIZ*, both containing 2-methyl adenine but 
differing in refractive indices and also in the 
response of L. acido~hilzcse4. Factor A has 
also been obtained from sewage s l ~ d g e ~ ~ ~ ~ ~ ,  
from S. a~reofaciens~~~ fermentation broth 
and marine algaesB. 

Factor C (C, and C2) was first noticed by 
Ford and Porters1 in 1952 as the slowest 
moving electrophoretic zone of bioautogra- 
phic activity in extracts of calf gut contents 
and faeces, and was also obtained by these 
authors when E. coli was grown in a medium 
containing Factor B. These two have been 
shown to have different ionophoretic mobi- 
litys7J01. I t  has also been isolated from 
sewage sludges8 and from marine algaess. 

Factor E was isolated from extracts of calf 
and pig faecedol. 

Factor F was obtained in a crystalline form 
from pig faeces by Brown et al.lol in 1955. 

Factor G was obtained by deamination of 
pseudovitamin B1,101-103. I t  has also been 
isolated in minute amounts from calf and pig 
faeces in a crystalline form. 

Factor H - Deamination of Factor A 
yields this product. I t  has also been isolated 
from calf and pig faeces. 

Factor I was isolated from pig and calf 
faeces by Brown et al.lol and has been found 
to be identical with vitamin BIziii of Fried- 
rick and Bernhauers. 

Production of vitamin B,, 

Improved yields of vitamin B,, have been 
obtained by the modification of the growth 
medium, selection of optimum conditions for 
the fermentation process and use of high 
vitamin B, yielding strains of micro-orga- 
nism. The majority of the investigations 

reported in the literature are those dealing 
with submerged aerated fermentations which 
distribute the growth of the organism evenly 
throughout the medium. However, ana- 
erobic f e r m e n t a t i o n ~ ~ ~ J ~ ~  and the use of 
different kinds of branse4sa have also been 
reported. Equipment and procedures for 
industrial fermentations by submerged me- 
thods have been described in a number of 
publi~ations~~6-~1~. 

Selection of high yielding strains is im- 
portant in industrial fermentation processes 
employed for the production of vitamin B,,. 
Increase in yields from 0.1 y/ml. to 2.0 y/ml. 
and more have been reportedlll by the use 
of improved strains. Different temperature 
ranges have been reported for actinomycetes 
(optimum being in the region of 25"- 

and bacteria (when the 
may be 40"C.)24,35~36~40~49.44,11Oo 

The following carbon sources have been 
employed for vitamin B,, production: Beet 
m o l a s s e ~ ~ ~ ~ ~ - ~ ~ ,  cane r n o l a s ~ e s ~ ~ ~ ~ ~ ,  corn sy- 
r~~z%3540, dextrin43Jl3, de~trose24n28~s5~36~40,43346, 

4s170*7zJ11114, fructoseg6, g l y ~ e r o l ~ ~ ~ ~ ,  
lactose4s, malt extracta3, mal tose24~28~3~36~40~~~ 
115, mannitoP5, mannose", soluble ~ t a r c h ~ ~ ~ " ,  
sorbitolg5~", s ~ ~ r o s e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  and ~ y l o s e ~ ~ , ~ .  

Nitrogen sources reported by various 
workers for the production of vitamin B,, 
are ammonium nitrogen24~2a~34-38~M~44~70, animal 
stick liquor112, a~paragin~~e'~, beef e x t r a ~ t ~ . ~ ~ ~  
43~65.72,11'3, blood meal24*'O, casein and casein 
hydrolysates 24,36,40.4%4Qs65s114-116, copra rneal50, 
corn corn steep I i q ~ o r ~ ~ ~ ~ ~ ~ ~ ~ ~ Z ,  cotton 
seed mea143r50, distillers' s o l ~ b l e s ~ 4 ~ ~ ~ ~ ~ 3 ~ ~ ~ ~ ,  
dried yeast2~,J0s43.50tfi7,11~ fish meal!f17.37.40A3, 
fish press liquid51Jj6e57, fish solublesZ4-40, grain 
alcohol stillageg3, protein hydro ly~a tes~~~3~~4~,  
nitrates43Jl7, oats24.40, peptoneZ6J7~43Jl6, pro- 
tein, meat and bone salmon 
waste mea124p40, skim milk", soyabean mealz4. 
26,40,43.50,79.111.112,110,117, Urea35,43, yeast 
extract24~30~3~-96.40~43~49~116 and yeast hydro- 
lysateZs. 

Precursors of vitamin B,, 
Percursors of vitamin B,, have been in- 

vestigated to a limited extent. The presence 
of cobalt in the proportion of 0.1-2-0 p.p.m. 
of the nutrient medium has been found to be 
an important factor in the production of 
vitamin B,, by fermentation processesm, 
and the add~tion of cobalt to the initial fer- 
mentation medium is now a standard pro- 
cedureZ4B261B~30tS5536144t5B157~5Q,70,114-116, Increased 
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yields of vitamin B,, due to intermittent 
addition of cobalt to a synthetic medium 
inoculated with an unidentified strain of 
streptomyces has also been reportedllO. 

Cobalt-60 has been employed in experi- 
ments on the biosynthesis of vitamin B,, by 
Strefitomyces griseusllB. An increase .of vita- 
min B,, in the faeces of rats fed with diet 
containing higher proportion of cobalt-60 has 
also been demonstrated1*. 

Lactic acid bacteria and some algae which 
require vitamin B!, have been shown to 
respondlZ1 to 1, 2-dimethyl-4, 5-diaminoben- 
zenelZ2, a product of acid hydrolysis of vita- 
min B,,. This product has, therefore, been 
considered as a possible precursoFs of vitamin 
B,,. 1, 2-Dimet hyl-4, 5-diaminobenzene is 
reported to increase vitamin B,, production 
by B. megatherium twofold and also exhibit 
vitamin B,, activity in rats1=. Hendlin and 
SoarslZ4 have shown that 1, 2-dimethyl-4, 5- 
diaminobenzene does not possess any of the 
properties claimed, but on the contrary it 
inhibits the growth of L. lactis (Dorner). The 
growth response reported by earlier workers 
has been attributed to the presence of vita- 
min B,, in traces, sufficient to initiate cell 
growth and neutralize the toxic action of 1, 
2-dimethyl-4, Ediaminobenzene. The vita- 
min BIZ-like activity of l, 2-dimethyl-4, 5- 
diaminobenzene in rats has been attributed 
to its inhibitory action on the B12-dependent 
organisms in the intestines which in turn 
make available greater amounts of vitamin 
B,, for the host. 

Several structural analogues of 1, Zdime- 
thyl-4, 5-diaminobenzene have been reported 
to cause marked decrease in the production 
of vitamin B,, by B. megatheriutn when used 
in concentrations not inhibitory to the growth 
of the bacterium12s. This decrease was noted 
with the analogues which were non-competi- 
tive antagonists as well as those which were 
competitive antimetabolites to 1,2-dimethyl- 
4, 5-diaminobenzene. Growth response was 
noted with Serratia marsescens when the 
organism was grown in a medium containing 
B,, degradation products but the organism 
showed total absence of any such activity 
when grown in a medium devoid of the degra- 
dation product51. 

Addition of cobalt to the medium used for 
inoculum as well as for fermentation has been 
reported to be ~ a d v a n t a g e o ~ s ~ ~ ~ ~ ~ 7 ~ .  S. gri- 
seus inoculum grown in meat extract is re- 
ported to yield more vitamin B,, than when 

it is grown in soyabean-yeast medium; this 
may be due to the presence of precursors 
structurally similar to vitamin B,, in meat 
extract. 

Addition of Paminobenzoic acid, nico- 
tinic acid and pantothenic acid to the fermen- 
tation medium has beep reported to increase 
vitamin B,, production by Flavobacterium 
devoransM. Recently, it has been shown that 
pseudovitamin B,, or BlZb exert the same 
effect1,= as vitamin B,, on the mutant strains 
of E. coli in which the specific effect of PAB 
on the synthesis of B,, has been studied in 
detail. In view of the finding that riboflavin 
helps rats to overcome avitaminosis when 
fed with B,, deficient diet, it has been suggest- 
edla7 that riboflavin may be utilized by the 
microflora of the intestinal tract for conver- 
sion to vitamin B,,. 

Vitamin B,, assay 

Available chemical and microbiological 
methods have been reviewed earlierl28J29. 
The main difficulty with all the assay methods 
reported seems to be the inability of these 
techniques to discriminate between vitamin 
B,, (cyanocobalamin) and other B,,-like 
compounds. 

Of all the methods available at  present, 
the microbiological method appears to be 
the most practical as it responds to minute 
quantities of vitamin B,,. 

Chemicalmethods - (1) Spectrophotometric 
assay (U.S.P. XIV) may be used for concen- 
trated solutions of cyanocobalamin free from 
other interfering substances. The method 
is based on the absorption of vitamin B,, in 
wavelength range 360-548 mp. In the con- 
trol and standardization of vitamin B,, 
during manufacture, where the test materials 
contain only cyanocobalamin, this method 
is speedy and accurate. 

(2) Counter-current distribution assay - 
Distribution coefficient of vitamin B,, in 
water-benzyl alcohol is 1.2. The method of 
assay is dependent on the distribution of the 
vitamin in this solvent system. The utility 
of this method is limited due to the inter- 
ference of other coloured substances. 

Measurement of cyanide liberated from cyano- 
cobalamin by $ h o t ~ l y s i s ~ ~ J ~ ~ -  This method 
is based on the liberation of cyanide radicle 
from cyanocobalamin and its colorimetric 
estimation. 

Another purely chemical method is based 
on the estimation of 5,6-dimethyl benzimida- 
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zole liberated from vitamin B,, on acid 
hydrolysis. These methods are, however, 
limited in their application due to the fact 
that they are not specific for cyanocobalamin. 

Radioactive tracer assay - This ' isotope 
dilution ' method of Bacher et consists 
in adding a known amount of cobalt-60 
labelled cyanocobalamin to the test extract 
which is then subjected to the rigorous puri- 
fication procedure required to isolate cyano- 
cobalamin in pure form. The specific radio- 
activity of this purified extract serves as a 
measure of the cyanocobalamin content of 
the test extract. The method is not useful 
in routine practice. 

Mic~obiological methods : Lactobacilli - The 
first microbiological assay with Lactobacil- 
lus lactis Dorner for vitamin B!, was re- 
ported by Shorb'JJ. However, this test was 
found to be non-specific and required ela- 
borate precautions. The organism his now 
been replaced by a strain of Lactobacillus 
leichmanii (which is employed in the official 
U.S.P. method). This organism also res- 
ponds to thymidine and other deoxyribosides, 
but in general, if the test extract is not rich 
in nucleotides and low in vitamin content, 
interference is eliminated simply by dilution. 
As little as 4 ppg./ml. of the vitamin can 
be measured employing this organism. The 
organism also responds to most of the B,, 
vitamin except Factor B. Berman et a1.133 
have described a method for the differential 
assay of vitamin B,, and pseudovitamin B,, 
based on the difference in the response of 
Lactobacillus leichmanii and Lactobacillus 
acidofihilus to these products. 

A B,, requiring mutant of B. coli No. 113-3 
isolated by Davis and Mingi~ l i l~~  has been 
widely adopted as a test organism for the 
assay of vitamin B,, by cup-plate or serial 
dilution technique. The test is subject to 
interference by methionine. This organism 
responds for almost all the known naturally 
occurring forms of vitamin B,,. With the 
help of this mutant, a number of forms of 
vitamin B,, have been microbiologically 
synthesized by combining Factor B with 
different nucleotidesW4. 

Another interesting method is based on the 
ability of vitamin B,, to reverse the inhibi- 
tory action of sulphanilamide on the growth 
of wild strains of B. coli139 

Euglena gracilis - A highly sensitive 
method based on the B,, requirement of 
E. gracilis var. bacillaris has been reported 

by Hutner et al.138 and has been successfully 
employed by several workersi14J37J38. How- 
ever, in spite of the fact that the organism 
does not respond to deoxyribosides or other 
compounds unrelated to vitamin B,,, it is 
not widely used as the method is time-con- 
suming and the results are subject to wide 
variations. 

Ochromonas malhensis - The main advan- 
tage of using this organism is its high and 
specific requirement of ~yanocobalamin~3~. 
Only cyanocobalamin and vitamin B,, IIIg 
elicit high response in this organism. Assay 
by this organism is also subject to interference 
by methionine. The main disadvantage is 
the long incubation (72 hr.) period required 
in the assay and many workers140 are not 
familiar with this organism. 

Several other micro-organisms have also 
been used for vitamin B,, assay. Among 
these are certain marine organisms which 
facilitate the measurement of the vitamin in 
sea water141J42. 

Cobalt deficiency in sheep 
and role of vitamin B,, 

I t  was recognized long ago that cobalt 
deficiency leads to a serious diseased condi- 
tion in r~minantsl~3.~4~'. I t  has been shown 
recently that in such conditions administra- 
tion of cobalt is effective only when it is 
given by mouth145. The site of action of 
cobalt seems to be in the rumen where it is 
concentrated by micro-organisms148. It  has 
also been reported that for cobalt-deficient 
sheep the amount of vitamin B,, required is 
about twenty times greater than the amount 
used in the treatment of pernicious anaemia 
in man1". Synthesis of vitamin B,, in the 
rumen of sheep has also been reported148. 
The hypothesis of Monroe et ~ 1 . l ~ ~  that vita- 
min B,, is synthesized in the rumen as well 
as the tissues of sheep is not based on suffi- 
cient data. 

Though vitamin B,, cures the cobalt defi- 
ciency condition in ruminants, it has not yet 
been proved that it is the only essential 
cobalt containing compound responsible for 
it, as several other vitamin BIZ-like factors 
have been isolated from the rumen of sheep. 

Intrinsicfactor-From clinical trials carried 
out with patients suffering from pernicious 
anaemia and fed with lean beef, Castlels0 
came to the conclusion that there was an 
extrinsic factor present in beef muscle and 
an intrinsic factor in normal human gastric 
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juice. This extrinsic factor, now identified 
as vitamin B,,, when administered along with 
gastric juice to patients with pernicious 
anaemia",, has been found to be effective. 
As cobalamins are effective when given paren- 
terally it is clear that the intrinsic factor 
helps only in the absorption of the vitamin 
in the intestines. The exact nature of this 
factor is not yet clear. Some workers believe 
it to be a proteolytic enzyme1"JS3, while 
others claim it to be a prolinasels4, an u- 
amyl~peptidasel~~ and l y s ~ z y m e ~ ~ ~ .  But these 
claims have been subsequently refuted since 
various dietary constituents known to con- 
tain these substances proved ineffective in 
the treatment of pernicious anaemia. 

Vitamin B,, in animal metabolism 

In view of the presence of vitamin B,, in 
large variety of foodstuffs, severe deficiency 
of this vitamin is not known. Vitamin B,, 
deficiency in man is generally associated with 
the appearance of symptoms of pernicious 
anaemia characterized by an abnormal or 
megaloblastic type of erythropoiesis. Though 
the haematological symptoms appearing in 
cases of vitamin B,, deficiency are very 
similar to those resulting from lack of folic 
acid, and both are essential for normal ery- 
thropoiesis, only vitamin B,, is effective 
against the neurological conditions often 
associated with pernicious anaemia. Severe 
vitamin B!, deficiency affects different ani- 
mals in different ways. I t  causes kidney 
damage and perosis in chicks and high morta- 
lity rate in rats immediately after weaning. 
Vitamin B,, has been shown to influence the 
metabolism of protein, nucleic acids, carbo- 
hydrate and fat. However, the main func- 
tion of vitamin B,, in animal metabolism 
seems to be the biosynthesis of labile methyl 
groups and reduction of thiol compounds, 
viz. glutathione and homocvstine. Other 

ted with 200 kg. of vitamin B,, valued a t  
~10,000,000. During the same period, 42 kg. 
of the pure vitamin valued a t  $5,559,000 
were used for therapeutic and other purposes. 

In view of our development programmes 
aimed at improving the nation's health and 
increasing and improving the animal wealth 
of the country, special attention has to be 
paid to indigenous production of various 
vitamins, in particular vitamin B,,. With 
this objective in view, the Central Drug 
Research Institute has initiated work on the 
development of an economic process for the 
production of vitamin B,,. 
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Nuclear Reactor Instrumentation 

N UCLEAR reactor technology requires 
a variety of special measuring ins- 
truments. These instruments relate 

mainly to three specific aspects of nuclear 
reactor practice, viz. the control, operation 
and health monitoring. In routine reactor 
operation, the important measurements to 
be made regularly are the fission rate, flux 
distribution and amount of radioactivity. 

The fission rate and its rate of change in a 
reactor must be under control at all times 
from shut-down sub-critical state to full- 
power operating level. A satisfactory direct 
method of measuring fission rates has not 
been found. However, heat output measure- 
ments can be taken as an indirect indication 
of the fission rates; but the two are propor- 
tional only over a small range near the 
maximum operating level. For fission rate 
measurements during shut-down and start-up 
a method which is applicable over a wider 
range is necessary. The neutron flux pattern 
throughout the reactor core does not vary 
greatly with power level. Hence from neu- 
tron flux measurement at one position in the 
core (usually the neutron-sensitive detector 
is located just outside the core) the operating 
power level can be evaluated. This is the 
method employed in all existing reactors. 
This method is suitable a t  full power level 
also and has the advantage of a much shorter 
response time than is possible in calorimetric 
measurements. At high power levels the 
equipment can be calibrated in terms of power 
output against calorimetric determinations. 

For control purposes in reactor operation, 
e.g. to ensure correct fuel element loading 
for satisfactory operation and efficient use of 
fuel, the measurement of the flux distribution 
throughout the core is necessary. Such flux- 
scanning equipment, now being widely manu- 
factured in Britain, usually consists of d.c. 
ionization chambers filled with boron trifluo- 
ride gas or an inert gas but having elemental 
boron deposited on the electrode system. 
With d.c. amplifiers and suitable differentiat- 
ing circuits they can be used to record power 
level and its rate of change by means of pen 
recorders. Suitable electronic trigger cir- 
cuits for automatically shutting down the 
reactor if the power level exceeds a predeter- 

mined safe level, are also usually included. 
The latest type of logarithmic d.c. amplifiers 
cover a range of 7-8 decades of power level. 
At low power levels, the use of pulse counters 
in association with suitable amplifiers, power 
level indicators, period meters, etc., may be 
necessary. 

These neutron-detecting instruments can 
be used for flux distribution measurement. 
But they have a limited life under high neu- 
tron irradiation and so cannot be satisfactory 
for continuous operation. Hence a neutron 
activation technique is employed for flux 
measurement. In this method, a suitable 
material, in the form of a wire, is introduced 
into the core, irradiated for a specified time 
and withdrawn and the induced P- or y-ray 
activity measured by an external counter. 
This method is being used in the Calder Hall 
reactor and is proposed to be employed in the 
U.K. Central Electricity Authority's nuclear 
power stations to be built. 

Sensitive equipment is now available to 
detect and locate faulty fuel elements during 
operation resulting from chemical incompati- 
bility between fuel and the coolant, before 
they become sources of serious contamination. 
The apparatus used involves detecting the 
presence of minute quantities of fission pro- 
ducts in the coolant circuits. For precise loca- 
tion of the fault, an elaborate arrangement 
of sampling is necessary to permit samples 
from each fuel element channel, in turn, to 
be checked by the detector. Geiger counters 
and scintillation counters (as in the latest 
instruments) are employed for this purpose. 

I t  is essential to monitor the working space 
around the reactor, especially during loading 
and unloading operations, to ensure that safe 
radiation limits are not exceeded. Such 
monitoring instruments are of different types 
using radiation detectors which may be 
ionization chambers, Geiger, proportional, 
or scintillation counters and are designed 
according to the detector capabilities required 
for p- , y- , or fast neutron-monitoring. They 
may be either of the stationary type meant 
for remote indication in the control room 
or of the portable kind for personal monitor- 
ing (British Information Service, Release No. 
BFY 7). 



Study of Surface Layers 
U s i n g  E d d y  C u r r e n t s  

T HE effects produced by the eddy cur- 
rents induced in a conducting material 
can be detected by the influence of 

their magnetic field on the impedance of a 
search coil placed on the surface of the 
material. The coil itself may be used as the 
source of the applied field by passing an 
alternating current through it. The distri- 
bution of the eddy currents and hence their 
effect on the search coil depends on the 
electrical resistivity and magnetic permeabi- 
lity of the conducting material and on the 
geometry of the coil/conductor system. The 
form of the coil is important as on that de- 
pends the coupling between the coil and the 
conductor which determines the manner in 
which the changes are reflected in the coil. 
The resistivity and permeability of the 
material, in turn, depend upon a number of 
factors like the physical and chemical pro- 
perties, dimensions of the conductor, and the 
presence of defects in the path of the eddy 
currents. By making electrical measure- 
ments on the coil to determine resistivity, it 
is possible, in simple cases consisting of a 
single variable, to relate them to these pro- 
perties and measure them quantitatively. 
The method is non-destructive as the currents 
are confined to surface layers only and is 
also flexible due to the fact that the depth of 
penetration can be altered to suit particular 
applications by the selection of an appro- 
priate frequency of the applied magnetic 
field. Further, no special preparation of the 
test piece is needed. However, it should be 
ensured that changes in properties being 
measured are not brought about by the 
thermal effects due to the dissipation of the 
eddy currents. 

An experimental investigation was under- 
taken by the Department of Physics of the 
British Iron and Steel Research Association 
[J. Iron St. Inst., 183 (1956), 4151, with a view 
to ascertain the usefulness of the eddy cur- 
rent method for the study of the physical 
properties of metals, measurement of sur- 
face coating thicknesses and detection of 
defects. 

Study of physical properties 
The impedance of a search coil placed on 

the surface of a flat conducting surface 
depends on the properties of the con- 
ductor and the spacing of the coil from 
the sheet and can be made independent 
of the thickness of the conductor by using 
a sufficiently high frequency. The effects 
of spacing and those of properties can be 
separated by employing special circuits. 
Thus, unknown metals can be identified by 
measuring the resistivity, though the surface 
is wrapped in non-conducting material. 
Conversely, thickness of insulating coatings 
on known metallic bases can be estimated. 
Differences in chemical composition and the 
thermal and mechanical treatment of a sur- 
face also affect resistivity and can be studied 
by this method, e.g. the examination of 
cylindrical bar stock for slight changes in 
composition by comparison with a standard 
sample. Resistivity increases with hardness. 
The hardness of a uniformly hardened steel 
can be measured by placing a coil around or 
on the surface of the specimen. The trends 
of variation of both inductance and resistance 
were observed to be closely similar and could 
be represented by the same graph. Dif- 
ferences in carbon content were found to 
produce marked effects, particularly at low 
hardness numbers, on the resistance-hardness 
curves, necessitating a knowledge of the com- 
position for the measurement of hardness. 
I t  is possible to measure the carbon content 
of plain carbon steels in the annealed state 
from the resistivity measurements. 

Another study of the influence of mecha- 
nical treatment on the properties of a metal 
concerns with the extent of cold work needed 
to improve the behaviour of a sheet of metal 
which is annealed after rolling. In this case, 
the inductance was correlated with the per- 
centage elongation produced. The induc- 
tance was found to decrease as the elongation 
increased. Eddy current measurements may 
give a better indication of the temper of the 
sheet than do the percentage elongation 
values. 



Measurement of surface thickness 
The impedance of a search coil placed on a 

specimen consisting of a layer of one material 
on a base of a different material is affected 
by the thickness of the coating, the pro- 
perties of the coating material, the properties 
of the base material and any grease or dust 
on the surface. For good sensitivity, firstly, 
there should be sufficient difference between 
the properties of the coating material and 
those of the base. For a given frequency, 
there is an upper limit to  the coating thick- 
ness which can be measured and a lower 
limit to the thickness of the base which is 
permissible, if the current distribution were 
to be independent of the thickness of the base 
and were to be determined in accordance 
with the coating thickness. The coil is 
wound to suit the form of the specimen 
ensuring a maximum coupling between the 
coil and the specimen. 

Three kinds of specimens have to be con- 
sidered : 

Non-conducting coating on a conducting 
base - This kind of coating acts as a spacer 
between the coil and the base. The induc- 
tance increased and the resistance decreased 
with increasing coating thickness. Either of 
the two components of the impedance, viz. 
resistance and inductance, may be used to 
determine the coating thickness, the choice 
being governed by the nature of the base. 

Conducting coatings on a non-conducting 
base - In this case, the electrical effects pro- 
duced on the coil can be considered to be 
almost entirely due to the coating. Measure- 
ments of resistance with the search coil 
placed on an aluminium foil as the coating 
showed that the resistance-frequency curves 
exhibit a peak in the region of 1 mil thick- 
ness. The actual value of the thickness a t  
which the peak occurred decreased as the 
frequency was increased, so that the peak 
can be made to occur a t  very nearly zero 
thickness by using a sufficiently high fre- 
quency; but this limits the range of measure- 
ment. On the other hand, inductance de- 
creased smoothly with increasing thickness 
and the effect of varying the frequency and 
the coil/specimen spacing is small. ,So, in- 
ductance measurement gives more accurate 
indication and is to be preferred. 

Conducting coatings on a conducting base - 
The main requirement to be satisfied in 
achieving a sensitive measurement is that 
there should be a sufficient difference in the 

properties of the coating material and the 
base. I t  is then easy to measure the thick- 
ness of a non-magnetic coating on a magne- 
tic base. The most widely used magnetic 
material is steel which is frequently given a 
coating of another metal to improve its 
corrosion resistance or to give an attractive 
appearance. Resistance and inductance mea- 
surements on aluminium coatings on a steel 
base gave a variation similar to the one in 
the previous chse and again indicated that 
for obtaining accurate values, inductance 
measurement is to be preferred. Experi- 
ments with a series of mild steels and a sample 
of gauge plate showed that inductance is 
less sensitive than the resistance to changes 
in the base. Using these principles, an 
instrument has been developed to measure 
the thickness of commercial tin coatings 
(which lie in the range of 15-300 microinches) 
on steel. The resistance peak is shifted very 
near zero thickness to avoid any ambiguity 
in the readings, by using a much higher 
frequency than is required for such a thick- 
ness range. The inductance and resistance 
change in the same direction permitting the 
total impedance to be taken as a measure of 
the coating thickness. This resulted in con- 
siderable simplification of the apparatus. 

Detection and measurement 
of mechanical defects 

Mechanical defects such as cracks, in- 
clusions, or a pipe in a conducting material, 
can be detected by the distortion of the flow 
of eddy currents in the neighbourhood of 
the defect. From the effect of these distor- 
tions on the impedance of the search coil, 
the defects can be measured. For sensiti- 
vity, the region of distorted current flow 
should be appreciable compared to the region 
in which undistorted flow takes place. The 
coil should be placed such that a large area 
of the defect is normal to the current flow 
occurring in the absence of the defect. Coil 
dimensions should thus be commensurate 
with the expected size of the defect. A 
small flat circular coil placed on the surface 
is suitable for specimens with large cross- 
sectional areas, to detect and follow indivi- 
dual cracks immediately below the coil. A 
coil wound around the specimen, when its 
cross-sectional area is small, makes rapid 
examination possible, though the indication 
will be an integrated effect of all the cracks 
under the coil. For quantitative measure- 



ment of defects, the flat coil should be used. 
In  ferrous materials crack depths in the range 
0.001 in. to 0.025 in. have been estimated. 
In fault detection what is generally required 
is an indication of the deviation from a 
desired specification. A comparison method 
is commonly used. Two coils, one embracing 
the test specimen and the other placed over a 
standard, are connected in a bridge circuit. 
The bridge is balanced initially using two 

identical standards. Any deviation observed 
is due to the test specimen. Rapid inspec- 
tion is possible in this way if there is no 
interference from other likely sources of 
deviation like differences in shape, dimen- 
sions or physical properties. Care must be 
taken in the interpretation of the results. 
Unambiguous results are obtained only when 
one of the parameters varies while the other 
remains constant. 

A n t a r c t i c  G e o l o g y  

A S part of the programme for the Inter- 
national Geophysical Year (I.G.Y.), the 
Russians have been, in recent years, 

carrying out considerable oceanographical 
and geological research, particularly in the 
Antarctica. The Russian oceanographic pro- 
gramme to be carried out by ship-borne ex- 
peditions includes : study of antarctic atmo- 
spheric pressure as it affects the common 
separation of global weather; geological his- 
tory, geological frontiers and geophysical 
peculiarities of the Antarctica; study of the 
ice-cap and, in particular, glaciological dyna- 
mics. Researches from the sea, now being 
carried out along the Antarctica coast, will 
be continued and extended to other regions 
like the Pacific. Continental traverses to be 
undertaken during 1956-59 are also planned. 
They have established, since the beginning 
of 1956, two Russian antarctic bases, first a t  
Mirney and later at  Pionerskaya. These 
bases are functioning in active co-operation 
with bases established by America, France, 
Australia and other countries by regular 
exchange of meteorological data, geological 
samples and other information and discuss 
prohlems of common interest, e.g. mining 
minerals, gold, etc., in Antarctica. These 
two bases have been established with the 
efforts of the crew and scientist parties of 
two specially built ships, the Ob and the Lena, 
which are well-equipped with research labora- 
tories for polar oceanographical research. 
One more base is proposed to be established 
in future. 

Voyage of the 0 6  

The research ship Oh made a 5000-mile 
cruise in antarctic waters and set up 76 
oceanographic stations. A greater part of 
the voyage was made along the eastern 
coastal regions of Antarctica between 91' 
and 162"E, keeping close to the ice-shelf and 
passed through Knox Coast, Southern Coast 
and the ' Outpost Land of Discovery ' near 
the North Coast. The expedition also visited 
some islands near the South Coast (area near 
llOOE off Wilkes Land) which was reached 
for the first time in history by ANARE party 
only a few weeks before the Ob expedition's 
arrival. The Oh will complete the oceano- 
graphic cross-section through the Eastern 
Sea and return to Leningrad. The material 
collected in this part of the journey will 
be studied in detail at  the Oceanographic 
Institute. 

Expedition's findings 
The echo soundings along the ship's course 

yielded valuable material for the future study 
of antarctic shelf beyond 70°E. Already, 
the observations on one line of sounding 
clearly indicated that, in this region of the 
continental shelf, on the sea-bottom there are 
two ' walls ' which are divided from each 
other by a big fault, trough or graben. I t  is 
thought that these ' sea-walls ' which have 
a tectonic basis, stretch parallel with the 
Ice-barrier throughout the Davis Sea and 
also farther east up to Terre AdClie (13S0E). 
The northernmost of these ' walls ' coincides 



with the position of the extreme end of shelf 
glaciers at those places where there has been 
maximum movement of these glaciers ocean- 
wards. From an analysis of the systematic 
study of ocean-bottom samples and borings 
of sediment core, the presence of rock showed 
a correlation with certain petrographical pro- 
vinces belonging to coastal waters, thus 
pointing to the possibility that there have 
been two main provinces, one in the region 
of the coast from Cape Darnley up to the 
Helen Glacier, the other round the Shackleton 
Ice-shelf. Studies on ice movement sug- 
gested that there are petrographical regions 
belonging to the South and North Coasts. 
The evidence regarding sea-ice movement 
which the collection of rock deposits along 
the Eastern Coast is likely to yield contri- 
butes much to an elucidation of Antarctica's 
continental geology. Examination of the 
bottom cores from the continental shelf of 
the Southern Coast clearly showed the siting 
of the different geological structures. In 
the area from Banzare Coast up to William I1 
Land, layers of gravel-pebble detritus and 
diatomaceous silt have been observed in the 
cores. Irregularities observed in the changes 
of bottom sediment revealed important 
features of the continent's palaeogeography 
during the Quaternary period. Collection 

' of further material should enable a clear geo- 
logical history of Antarctica to be drawn 
up. Analysis of sedimentary material sus- 
pended in sea water using a special ' mem- 
brane ultra-filtration ' method and the map- 
ping of the palaeogeographic sections across 
the ' zone of divergence ' in the Davis Sea, 
Knox Coast and Terre AdClie have also been 
made during the Ob's voyage. Meteorologi- 
cal, aerological and zoological (both quali- 
tative and quantitative) work also formed 
part of the programme of investigations. 
Interesting results have been obtained by 
Russian marine-biologists from dredgings 
down to 4000 m. in deep waters off the 
Balleny Islands. Some new specimens of 

crustacea have been observed in these deep 
sea dredges. 

Conclusions 

The Soviet scientists' preliminary con- 
clusions regarding the ice-cap of East An- 
tarctica seem to confirm the opinion held by 
some British geologists based on the evidence 
provided by soundings, dredgings, moraines, 
perched erratics and topographic, structural 
and tectonic features. This view holds that 
in the past, probably during the Quaternary 
period, the ice-cap extended much farther 
seaward than at present by about 20 or more 
miles. It  is generally agreed that in the early 
Quaternary period there were minor fluctua- 
tions of climate and precipitation, resulting 
in advance and retreat of the ice-cap and 
that the ice-cap is now in a state of decadence. 
The observations of previous expeditions 
that in the past the level of the inland ice in 
South Victoria Land and the level of the Ross 
Barrier were several hundred feet higher than 
at present as well as the results of seismic 
surveys also point to the same conclusion. 

Along various parts of the Antarctica 
coast, particularly in the south-western 
Graham Land (West Antarctica), differen- 
tial recession of the ice-cap due to active 
deglaciation has been found to be evident. 
It  was known that, between 1940 and 1949, 
the ice of the northern and western limbs of 
King George VI Sound and Wordie Ice Shelf 
has receded some 25 miles. The primitive 
ice-caps (formerly submerged beneath the 
ice) of islands which have risen 100 ft. above 
sea level or more are now well exposed. 
Some of these are separated by at least 30-40 
miles from the nearest ice shelves. I t  is be- 
lieved that they served as pegs to hold the ice- 
edge in position. Though the Russian con- 
clusions on the previous extent of the ice-cap 
are not entirely original the means they used 
to ascertain their facts has never previously 
been adopted on so large a scale in antarctic 
research [Discovery, 17 (1956), 3391. 
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REPORT OF THE CALENDAR REFO'RM COM- 
MITTEE (C.S.I.R., New Delhi), 1955. Pp. 
xii + 280. Price : unbound volume, Rs. 9 ; 
bound volume, Rs. 1 1  

This volume has been prepared by the Com- 
mittee in accordance with its terms of 
reference. The report is divided into three 
parts. The first part gives the minutes of 
the meetings, while the second part com- 
prises mainly the reformed calendar for five 
years together with a list of religious holidays 
for the different states based on this calendar. 
The last part is a valuable historical account 
of the calendar in various countries through 
the ages. 

In the introductory chapter we are in- 
formed that " the new solar calendar is 
scientific, applicable to all parts of India and 
follows the Surya Siddhanta in all its essen- 
tial points and is absolutely sound as regards 
its astronomical basis ". While there a p  
pears to be general agreement that the com- 
mencement of the year in the Vedic and 
Vedanta Jyotisha periods was associated with 
the seasons, the question can be raised 
whether that should be the case for the whole 
of India now. For instance, Varsha Ritu 
corresponding to the rainy season is not the 
rainy season in all areas. Similarly Grishma 
Ritu, the hot season, also varies considerably 
from place to place. When this is the case, 
it is essential to associate the commencement 
of the year with either the equinoxes or the 
solstices. Equality of day and night do not 
occur on the same day throughout the 
country and any such fixation can at best 
be arbitrary. 

The Committee recommends the regular 
publication of an Ephemeris but they do not 
seem to be aware of an Ephemeris published 
by Swamikkannu Pillai with the support of 
the Government of Madras in 1922. Though 
this does not deal with each day of the year, 
it gives a planetary almanac at intervals of 
ten days till the year 2000 A.D. This 
Ephemeris is also based on the Surya Sid- 
dhanta but has taken the sidereal year 
instead of the tropical year for its standard. 
An annual publication like the Nautical 
Almanac is, however, desirable. 

There is the remark in the report that, for 
some unknown reason, astronomers in the 
south chose to adopt a different convention 
from those in the north in naming months. 
The method is not unique and should have 
been the practice in North and Central India 
as well. We find in the well-known work 
of the Buddhist lexicographer, Amarasimha, 
Namaliganusasana, a work of the fourth 
century A.D., that Visuvan is referred to as 
the day when day and night are equal, and 
the months are associated in their names 
with the nakshatra on the Pornima day of 
the solar month. The reformed Calendar 
does not bring out this relationship but the 
Calendar using the sidereal year for a luni- 
solar months, as is the practice in Tarnilnad, 
conforms to this picture. 

The Committee's recommendations can, 
however, form a basis for a rational con- 
sideration of the calendar for civil and for 
religious purposes. The report is a useful 
document and the Council of Scientific 
& Industrial Research has done a useful 
service in bringing it out. It  is reasonably 
priced. 

S. V. ANANTAKRISHNAN 

EUROPEAN BREWERY CONVENTION - PRO- 
CEEDINGS OF THE CONGRESS, BADEN- 
BADEN, 1955 (Elsevier Publishing Co., 
Amsterdam; available through Cleaver- 
Hume Press Ltd., London), 1955. Pp. 
xi + 358. Price 55s. 

The publication under review is a record of 
the papers and discussion presented at the 
fifth convention of scientific workers and 
technologists from Europe, England and 
Canada engaged in the fields of brewing and 
malting. Unlike the previous Congresses 
no specific subject was fixed for discussion 
and papers on all aspects were presented. 
These have been grouped broadly under the 
headings: Carbohydrates, Yeasts, Proteins; 
Hops; Barley and Malt; and Miscellaneous. 
The papers in the first group discuss the 
constitution of starch; the barley gum; 
assessment of carbohydrates in malt, wort 
and beer. In the next paper Hopkins sug- 
gests that an enzyme present in certain 
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yeasts, de-branching the outermost branches 
of limit dextrin, allows further action of 
amylase thus accounting for ' super attenua- 
tion '. Factors influencing yeast floccula- 
tion, detection of wild yeasts and yeast 
strains and beer quality are discussed in the 
next three papers. Two interesting papers 
following, treat the purification of barley 
proteins from phytic acid and polysaccharide 
by calcium and cadmium ion precipitation 
and the composition of chill haze. The 
higher cystine content of the haze proteins 
compared to barley protein suggests that 
sulphydryl groups may be involved in chill 
haze formation. 

The papers on hops are of great practical 
significance. Detailed account of utilization 
of hops during the brewing process, the 
nature of p-soft resin of hop varieties, trans- 
formation of hop constituents on boiling, the 
possibility of using hops to greater advantage 
by oxidation with alkaline water and ex- 
traction of spent hops or by pretreatment 
of hops and finally studies on hop storage are 
presented. 

In the section on barley and malt, factors 
affecting germination, dormancy in barley, 
early evaluation of malting quality of new 

.varieties of barley and the technological 
importance of husk in brewing have been 
discussed. A discovery of practical impor- 
tance reported was the removal of dor- 
mancy in barley by the addition of small 
amounts of hydrogen sulphide to the steep 
water. 

Other papers read were : Balance of sulphur 
compounds from wort to beer; Flavonoid 
compounds in beer; Comparative whole- 
someness of beer and dilute alcohol; Proteo- 
lytic activity and heat stability of malt 
enzymes; Stability of flash-pasteurized beer; 
and Survival of pathogenic bacteria in 
beer. The last paper showed significantly 
that pathogenic bacteria do not grow in 
beer, and that unless a beer has been exposed 
very recently to infection, absence of E. coli 
may be taken as a sound indication of the 
absence of pathogens. 

The book also includes two short com- 
munications on the ' Nature and micellar 
size of beer proteins ' and ' Estimation of 
free terminal groups of hordein ', reports 
of the Analysis Committee and the Barley 
Committee of the European Brewery Con- 
vention, which will be of great value to brew- 
ing industry, and the scholarly opening 

address by Prof. Liiers on ' Research and 
Creative Work '. 

The publication maintains the excellent 
get-up characteristic of Elsevier's publica- 
tions. 

V. S. GOVINDARAJAN 

TRANSACTIONS OF THE AMERICAN SOCIETY 
OF METALS: Vo1. 48. Edited by Ray T. 
Bayless (Published by the Amercian 
Society of Metals, Cleveland, Ohio), 1956. 
Pp. xlviii + 1061 

This volume of the Transactions contains 51 
important research papers and the text of 
Edward de Millo Campbell Memorial Lecture 
on Low Carton Martensites delivered by Mr. 
R. H. Aborn, Director of Fundamental Re- 
search Laboratory, U.S. Steel Corporation. 
The lecture covers a wide field including 
martensite in low alloy constitutional steels 
and type 403 straight chromium and 0.1 per 
cent carbon stainless steels. 

Temper embrittlement of alloy steels has 
been discussed including the loss of impact 
properties at sub-zero temperatures in plain 
carbon alloy steels. The influence of tung- 
sten and molybdenum has been examined on 
temper brittleness in the case of 0.1 per cent 
chromium steels and 1 per cent manganese 
steels after ageing for 1000 hr. at different 
temper-embrittling temperatures. The in- 
fluence of tensile stresses on isothermal de- 
composition of austenite to ferrite and 
pearlite has been reported. The effect of 
boron on the hardenability of alloy steels, 
though as yet unexplained, has been investi- 
gated and it is shown that maximum harden- 
ability is obtained at an optimum boron 
concentration which corresponds to the limit 
of solid solubility. However, in commercial 
steel making, it is difficult to control the 
effective boron content of a steel and bring it 
down to the required optimum level. In 
practice, 0.001-0-003 per cent boron is add- 
ed to steel to give it the decided harden- 
ability but care is necessary to protect boron 
from the action of nitrogen in the steels; 
this is effected by the addition of titanium, 
aluminium, etc. When boron, in amounts 
less than 0.005 per cent, is added to steel, the 
hardenability of steel becomes unpredictable. 
The papers on stress corrosion cracking and 
hydrogen embrittlement of martensitic steels 
are of interest. 

Work on iron-chromium-carbon and nitro- 
gen austenitic stainless steels described in the 
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volume is of special interest as India has no 
nickel resources of her own to produce steels 
of this type, which have so far been made 
with nickel. The work on these steels opens 
up a fertile field for research. The effect of 
cold working on high temperature properties 
of type 347 stainless steels, influence of strain 
rate and temperature on the ductility of 
austenitic stainless steel, and high nitrogen 
austenitic Cr-Mn steel discussed in some of 
the papers make significant contributions to 
our knowledge on alloy steels. 

Rolling textures of tantalum, ductile molyb- 
denum; titanium-chromium-molybdenum al- 
loys; indium-arsenic-antimony alloys; rate of 
diffusion of a- and (3-titanium; metallography 
of titanium; zirconium and zirconium-base 
creep resistant alloys; zirconium-germanium 
alloys ; aluminium and magnesium alloys ; 
notch ductile high-duty nodular iron; beha- 
viour of steels at elevated temperatures; and 
graphitization in steels and its inhibition 
by nitrogen, form the subjects of other 
interesting papers in this volume. 

B. R. NIJHAWAN 

CERTIFICATES OF RATING WITH SPECIAL 
REFERENCE TO SUPPLEMENTARY PROVING 
TESTS OF CIRCUIT-BREAKERS (Association 
of Short-circuit Testing Authorities Inc., 
London), 1956. Pp. 7. Price 10s. 

This is one of a series of publications issued 
by the Association of Short-circuit Testing 
Authorities Incorporated (A.S.T.A.), London. 
The publication has two sections: the first 
one deals with the composition of a Certi- 
ficate of Rating and the second one with the 
Supplementary Proving Tests for various 
types of circuit-breakers. 

Testing of circuit-breakers in respect of 
short-circuit ratings is a highly specialized 
job involving costly equipment. These tests 
are usually conducted in accordance with 
publications IEC-5611 (1954) and B.S.S. 116- 
1952. At times, however, minor deviations 
in testing procedure, necessitated by plant 
limitations, are found necessary. 

The A.S.T.A. have found it desirable to 
include the following supplementary proving 
tests in addition to those specified in the 
existing specifications : 

1. Tests applicable to oil circuit-breakers 
being tested in accordance with B.S.S. 1 16- 
1952. 

2. Tests applicable to oil circuit-breaker 
being tested in accordance with publication 

IEC-5611 (1954) and B.S.S. 116-1952 and 
to Air-Break Circuit-breakers being tested 
in accordance with A.S.T.A. Publication 
No. 16. 

3. Tests applicable to large circuit-breakers 
which cannot be tested with rated making 
current and rated voltage together. 

4. Tests applicable to circuit-breakers so 
constructed that the direct path from the 
contacts through the arc extinguishing 
medium to earth or between phases in oil 
or air is not symmetrical. 

5. Tests applicable to circuit-breakers in 
which the opening may be impeded by 
electromagnetic forces and which have been 
pre-tripped during the 100 per cent sym- 
metrical breaking test duty. 

6. Tests applicable to large circuit-breakers 
suitable for unit testing. 

I t  is hoped that the above supplementary 
tests would be incorporated in the revised 
specifications. 

H. N. RAMACHANDRA RAO 

PROCEEDINGS OF THE INTERNATIONAL CON- 
FERENCE ON THE PEACEFUL USES OF 
ATOMIC ENERGY : VOL. 8 - PRODUCTION 
TECHNOLOGY OF THE MATERIALS USED 
FOR NUCLEAR ENERGY (United Nations, 
New York), 1956. Pp. 627. Price $10.00 

This volume, which is the eighth in a series 
of 16, covers the whole subject of materials 
required for the development of atomic 
energy programmes. The book records 95 
technical papers which were submitted to 
the Conference on this subject and includes 
verbatim reports of the proceedings. 

The treatment of uranium and thorium 
ores and ore concentrates is covered in 27 
papers, the production metallurgy of metallic 
uranium and thoriam in 7, analytical methods 
for raw material production in 31, heavy 
water in 10; graphite and zirconium in 6 each, 
and beryllium in 8. 

I t  is apparent from the proceedings that 
the technology of uranium has absorbed 
many new ideas in recent years. For the 
first time, complete details are given of tech- 
niques such as pressure leaching, cyclic 
electrolysis, ion-exchange and solvent ex- 
traction including R.I.P. (resin-in-pulp) and 
S.I.P. (solvent-in-pulp) processes as applied 
to uranium recovery. The proceedings show 
that although a great amount of study has 
been undertaken towards developing physical 
beneficiation methods for uranium-bearing 
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minerals, the attempts generally have been 
unsuccessful. Flotation of unwanted gangue 
minerals, such as sulphides, has had some 
success. Other possibilities include the flota- 
tion of a carbonaceous uranium concen- 
trate from asphaltic ores, and flotation of 
a calcite fraction from high limestone ores. 
Other physical methods such as wet attrition 
grinding, electrostatic separation, gravity 
separation, etc., have been attempted but 
success, except in a few cases, has not been 
marked. Nevertheless, as has been sug- 
gested in the volume, there is no reason to 
believe that physical beneficiation is not an 
economic possibility and efforts are con- 
tinuing to develop commercially attractive 
techniques. 

The calcio-thermic process for uranium 
production is now well established and the 
volume gives the practices followed in 
United Kingdom, France and Belgium. 
Among the improvements suggested, there 
is an interesting possibility of employing 
fluo-solid technique for the ' dry ' stages in 
the process, namely conversion of uranyl 
nitrate into uranium fluoride, wherein high 
throughputs can be obtained for a small 
plant. The high price of nuclear purity 
calcium is still a deterrent and, therefore, 
the feasibility of using a magnesio-thermic 
reduction of uranium tetrafluoride is dis- 
cussed in great detail. Here the compara- 
tively low exothermicity of the reaction re- 
quires the initial supply of extra heat, and the 
high vapour pressure of magnesium at  the 
operating temperatures necessitates the use 
of sealed bombs. These difficulties have not 
proved insuperable, and it has been de- 
monstrated that the process lends itself to 
commercial production of uranium. 

The production of thorium powder by 
fused-bath electrolysis and the powder metal- 
lurgy of thorium are discussed in two Soviet 
contributions. In assessing the relative 
efficiencies of the alternate extraction pro- 
cesses, a knowledge of the thermodynamic 
properties of the materials involved would 
be essential, and in this context the paper 

by Kopelman (U.S.A.) is an excellent compi- 
lation. 

In the evaluation of radioactive ores for 
their uranium and thorium content, and in 
the opsrative control of the extraction and 
refining processes, entirely new standards 
of accuracy are called for. The demands 
of quality control to rigid and exacting 
specifications have led to extensive appli- 
cation of very sensitive physico-chemical tech- 
niques such as gamma radiation analysis, 
neutron activation, radiochemical methods, 
emission spectroscopy, X-ray spectrum ana- 
lysis, polarography, chromatography, spectro- 
photometry, and fluorimetry, among others. 
These techniques are covered in 31 papers. 
The American contribution on the analysis 
of uranium and thorium raw materials, and 
the Soviet contribution on physico-chemical 
methods of uranium production control are 
the highlights of this section. 

The last four sections of the volume deal 
with the production technology of heavy 
water, graphite, zirconium and beryllium 
which have varied applications in nuclear 
reactors. The major emphasis is on the 
purity of these mzterials from the point of 
view of neutron economy. Information has 
been declassified on (a) the concentration of 
heavy water by catalytic exchange and recti- 
fication, (b) production of reactor grade gra- 
phite, (c) new methods for the separation of 
hafnium from zirconium, and (d) purification 
and sintering of beryllia. Comprehensive 
summaries are presented by Currie (U.S.A.) 
on graphite, by Benedict (U.S.A.) on heavy 
water, by Shelton (U.S.A.) on zirconium, 
and by Kaufmann (U.S.A.) and by Meyerson 
(U.S.S.R.) on the present status of beryllium 
metallurgy. 

Printed on art paper and neatly bound, 
the present volume is an example of tidy 
execution, and considering the wealth of in- 
formation i t  offers, it is very moderately 
priced. There is no doubt that this volume 
will remain a standard book of reference for 
many years to come. 

BRAHM PRAKASH 



The report of the British Atomic N 0 T E S & N E S Energy Organization gives some 
idea of the form such a reactor 

Furfural from Indian gums 

MESSRS K. G. MATHUR A N D  S. C. 
Banerjee of the National Chcmical 
Laboratory of India, I'oona, have 
determined the furfural content of 
some Indian gums and have com- 
municated the results in this note. 

Vegetable gums are rich in pen- 
toszns, which, on hydrolysis and 
subsequent elimination of water. 
yield furfural. The yield of furfural 
from eight lndian gums, obtained 
through the kind courtesy of tlie 
President, Forest Research Insti- 
tute. Dehra Dun, and the Forest 
Range Officer, Taloda, are prescnt- 
ed in Table 1. 

TABLE I -YIELD OF FURFURAL 
FROM DIFFERENT GUMS 

G U M  F U R P U R A L  
CONTENT 
( O N  D R Y  

BASIS) 

Gum arabic (Acacia arabica) 20.1 
Chatty or Ghati (Anogcissrs 28.2 

lnlifolkl  
~ ~ ~ a ~ $ ~ ~ t e r c u l i a  urcns) 12.3 
Siris (Albizzia Icbbck) 16.5 
Carhew(Anacardiumoccidcn~ab) 4 . 2  
Mango (Mangijera indica) 1 . 8  
Bijasal (Pdrocarpus marcipiurn) nil 
Palas (Buten monosperma) nil 

The gums were distillsd with 12 
per cent hydrochloric acid and the 
distillate collectetl a t  the rate of 
3 ml./min. Purfural was estimated 
in the distillate as  pl~loroglucide 
by the A.O.A.C. method. Crude 
gum was used in all cases except in 
the case of gum arabic which was 
a purified sample. 

The results indicate that  ghati 
gum is a richer source of furfural 
than corncobs or oat  hulls wl~icll 
are commonly used in the produc- 
tion of furfural. The yields from 
corncobs and oat  hulls are 23 and 
22 per cent respectively as com- 
pared to 28.2 per cent from ghati 
gum. 

Tl~ermonuclear reactors 

THE SWITCIlING ON OF TIIE 
nuclear power station a t  Calder 
Hall, Cumberland, England, is an 
impressive achievement in the 
history of nuclear power produc- 
tion, but the problems facing tlie 

develapment of a, reactor produ- 
cing power from thermonuclear 
reactions are formidable. New 
fundamental advances and tech- 
nological developments are ueces- 
sarg to achieve it. 

Two recent and new develop- 
ments hold promise for realizing 
the thermonuclear reactor. The 
first is the demonstration of the 
feasibility of bringing about of 
thermonuclear reactions on the 
earth, as  evidenced from the 
s~~ccessful explosion of the hydro- 
gen bomb. The second is the 
disclosure of Academician I. V. 
I<nrchatov7s that  unprecedentedly 
high temperatures, of the order of 
a million degrees centigrade, have 
already been attained. With this, 
a further comparatively small 
increase in temperature would 
enable the detection of thermo- 
nuclear reactions - the next land- 
mark to be reached. If the liberat- 
ed heat is to.be usefullv utilized 
for the generation of electricity, 
the attainment of temperatures' 
about hundred times as great as  
are now achieved is essential. 
This is necessary for the following 
reasms: (1) for such a reactor to  
be practical, the rate of heat 
liberation should far exceed the 
rate of heat loss; (2) the losses 
arising from conduction and radla- 
tion, a t  these temperatures, in- 
crease very rapidly and (3) the loss 
due to  radiation cannot be avoid- 
erl, in spite of all tlie measures 
taken to conserve heat in the 
design. The difficulty of handling 
a temperature of 100 million 
degrees centigrade will be evident 
when i t  is recalled that  tungsten, 
a metal having one of the highest. 
melting points, melts a t  less than 
3400°C. 

Iior producing high tempera- 
tures, the Russian and the Rritisll 
scientists have used pulsed electric 
discharges through gases, yielding 
currents up to 300,000 amp. I t  is 
thought that  the possible limit of 
development of this method has 
been reached with this and new 
methods are being sought. The 
American scientists tried the use 
of shock waves from explosions. 
But  noindication of any significant 
achievement has been reported vet 
and the target of 100,OOO,OOO°C. 
is not even in sight. 

might take. A mixture of deute- 
rium and tritium would he used 
a s  fuel. Deuterium would be 
obtained, 8s a t  present, by separat- 
ing it from ordinary water. The 
method of producing tritium uti- 
lizes an idea used in the design 
of llydrogen bombs. For initial 
' priming ', tritium can be pro- 
duced in existing nuclear reac- 
tors. Working supplies could be 
obtained thereafter by providing 
a ' blanket ' of lithium in which 
more tritium would be formed b y  
interaction with the products of 
the deuterium-tritium reaction. 
Producing and maintaining high 
temperatures is a formidable prob- 
lem, and major advances are re- 
quired in this direction for further 
progress (BIS Release No. BFY 6) .  

Free neutrino 

THE EXISTENCE OF neutrino, A N  
atomic particle postulated by 
Fermi and Pauli to account for the 
disappearance of energy from 
beta-decay, has been established 
experimentally a t  the United 
States A.E.C. Laboratories. 

Since the neutrino interacts only 
very weakly with matter, a detec- 
tor of extraordinary design was 
used. More than 100 gal. water 
containing a dissolved cadmium 
salt serve a s  the target and detec- 
tion was made by a scintillation 
system of over 1000 gal. sensitive 
liquid and 330 photomultiplier 
tubes. Despite the size of the 
target water and the many billions 
of neutrincs from the reactor pass- 
ing through per second, only a few 
neutrino captures were observed 
each hour. Normally, stable pro- 
tons absorb a neutrino, emit a 
positive electron and become nen- 
trons [Chem. Engng. News, 34 
(1956). 32521. 

Electromagnetic 
sodium pump 

AN INVESTIGATION SPONSORED BY 
the Atomic Energy Commission, 
U.S.A., hasresultedin the develop- 
ment of electromagnetic pumps 
for moving liquid sodium and the 
sodium potassium alloy. Opera- 
tion of these pumps is based on the 
high electrical conductivity of 
sodium. The pump operates on the 
same principle as an electric motor, 
but  instead of iron moving in an 
electric field, sodium moves in a 
similar electric field. Thus, the 
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sodium stream acts as the moving 
part of the motor and is pumped 
forward. 

The advantages of an electro- 
magnetic pump are: they can be 
totally sealed; have no moving 
parts; can be mounted in any posi- 
tion and permit easy flow control 
[Industr. Engng. Chenr., 48(6) 
(1956). 76A]. 

Capturing and 
storage of free radicals 

A TECHNIQUE FOR CAPTURING AND 
storage of free radicals has been 
developed a t  the National Bureau 
of Standards. Washington, thus 
facilitating the study and analysis 
of the free radicals by spectro- 
scopic techniques. Possible appli- 
cations of the technique include 
the study of the arrangement of 
atoms and molecules in solids and 
the forces acting on them, and 
following the mechanism of diffu- 
sion of atoms and of reactions be- 
tween atoms and molecules. The 
high reactivity of free radicals 
obtained is also likely to open up 
field for the synthesis of new che- 
mical compounds. 

Gases (nitrogen, hydrogen, oxy- 
gen or water vapour) are passed 
through a high frequency electric 
discharge and then frozen instan- 
taneously to 4.2"A. The discharge 
is maintained in a wave-guide 
resonator by a 2450 Mc. power 
supply. A glass tubing leading 
from the resonator guides the 
molecular fragments of the gases 
into an evacuated metal vessel 
containing a cold surface in con- 
tact with a liquid helium bath. 
On reaching the cold surface, the 
gases freeze into solid form. To 
prevent solidification of the dis- 
charge products at  temperatures 
above 4.2"A, the passage-way is 
kept near room temperature by 
contact with warm helium pas 
[Chsm. Engng. News, 34-(19{6), 
37561. 

Synthesis of vasopressin 

THE SYNTHESIS OF VASOPRESSIN, 
an antidiuretic and blood pressure 
regulating polypeptide hormone 
from the pituitary gland, has been 
carried out by Vincent du Vigne- 
aud of Cornell University, U.S.A. 
Vasopressin exists in two forms, 
lysine-vasopressin and arginine- 
vasopressin, and the difference be- 
tween their chemical structures 
and that of oxytocin lies only in 
the amino acids contained in the 
molecule. 

The method used for the syn- 
thesis of vasopressin is similar to 
that used for oxytocin. 

The use of synthetic vasopressin 
in place of natural extracts of the 
hormone for treatment of condi- 
tions such as diabetes insipidus 
has been found to obviate allergies 
caused by natural contaminants 
in the extracts [Ckern. Engng. 
News, 34 (1956). 27541. 

New synthesis of oxalic acid 

A NEW PROCESS FOR THE SYN- 
thesis of oxalic acid based on the 
irradiation of aqueous solutions of 
bicarbonates with beta or gamma 
radiation has been reported. The 
mechanism of thereaction involves 
the presence of water and possibly 
also oxygen to effect the carbon to 
carbon bondage of the carbon di- 
oxide moiety. 

Solutions of ammonium, cal- 
cium and sodium bicarbonates are 
irradiated at  room temperature in 
polyethylene bags with p-radiation 
from a 2 Mev. van de Graff elec- 
tron accelerator a t  a rate of 2.10 
Mrep. per pass. The total dosage 
to which the samples are exposed 
ranges from 2.10 to 52.5 Mrep. 
The samples are withdrawn from 
the polyethylene bags and the 
oxalic acid which precipitates as 
calcium oxalate regenerated. Irra- 
diation with gamma radiation has 
also been observed to produce 
similar resolts [Science, 123 (1956). 
10381. 

New anti-heparin drug 

A NEW ANTI-CLOTTING DRUG, 
polybrene, has been discovered 
a t  the North-westem University 
Medical School. Like the other 
two anti-clottingdrugs, protamine 
sulphate and toluidine sulphate, 
polybrene counteracts the anti- 
clotting effect of heparin which 
normally occurs in the body and 
prevents the blood from clotting. 
Polybrene is more potent than the 
other two drugs, is stable and can 
be stored for long periods [Science, 
124 (1956), 1131. 

High porosity 
anion-exchange resin 

DUOLITE A-100, A NEW TYPE OF 
higl~porosity,highcapacity anion- 
exchange resin developed by the 
Chemical Process Co.. California, 
is useful for such jobs as mak- 
ing ultra-high quality boiler feed 
water, decolourization of sugar, 
recovery of uranium from acid 

leach liquors and purification of 
pharmaceuticals. 

The' conventional means of 
achieving high porosity in the 
resins, necessary for the complete 
ren~oval of polymeric molecules, 
are based on the use of smaller 
amounts of divinyl benzene in 
the resin phase (usuallv styrene- 
divinyl benzene) therebi reducing 
the degree of cross-linking in the 
resin phase, expanding it and 
increasing its ' apparent porosity '. 
This, however, weakens the resin 
physically. The new product is a 
two-phase resin containing a hete- 
rogeneous labyrinth of micro- 
channelsthroughout. Thisachieves 
true porosity without sacrificing 
physical strength. The resin has 
longer life, greater ability to  
handle large molecules, greater 
resistance to organic fouling and 
gives more reproducible results 
than conventional products. The 
use of the two-phase resin elimi- 
nates ' skin effect ' of hard poly- 
mersurrounding the active interior 
and needs regeneration less often 
than other resins under similar 
conditions. In some cases, sodium 
chloride alone is sufficient for 
regeneration [Chem. Engng. News, 
34 (1956), 3296j. 

New arsenic- 
siloxane compounds 

THE SYNTHESIS OF ARSONO-SIL- 
oxanes possessing the water-repel- 
lent property of silicones and the 
fungicidal properties of the arseni- 
cals has been reported from the 
laboratories of the American 
Smelting & Refining Co. The 
arsono-silouanes (prepared by 
condensation of chlorosilanes with 
arsonic acids) will be of particular 
value for protecting electrical 
insulations, canvas enclosures. 
leather products, etc., from dete- 
rioration due to moisture and 
insect attack under humid con- 
ditions [Chem. Engng. News, 34 
(1956) 36082. 

Smokeless fuels 

Research Association has repbrted 
the production of smokeless fuels 
by solvent extraction of high vola- 
tile coals with coal-tar oils. Pre- 
liminary trials have indicated that 
smokeless fuel can be produced 
economically by this process. 

Finely ground coal is mixed 
with high boiling tar oils contain- 
ing naphthalene, naphthols or 
plienanthrene and heated to 100°C. 
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The mixture is then treated with 
ultrasonic vibrations for a few 
seconds and filtered. The residue 
is washed with low boiling coal-tar 
oil and then with a dilute solution 
of detergent in water and briquet- 
ted. The coal extract, obtained as 
a byproduct on removal of the 
solvent oil, is a valuable binder 
and can be used in the manufac- 
ture of moulded carbon refrac- 
tories [Clem. TY. J., 139 (1956), 
1391. 

N a t u r a l  f lavour i n  
processed foods 

THE ADDITION OF ' FLAVORESE ' 
enzymes is reported to restore 
natural flavour of foods which 
have been processed. The addition 
of these enzymes in the form of 
extracts results in an action 
similar to the natural ripening of 
foods such as bananas and toma- 
toes. 

The natural fresh flavour of raw 
cabbage can be imparted to  de- 
hydrated cabbage by treating the 
latter with an enzyme preparation 
made from m~lstard seeds. How- 
ever, the process is not specific for 
cabbage only. Flavour improve- 
ment has also been achieved in 
such diverse processed foods a s  
peas, bananas, strawberries, car- 
rots and dried skim milk. Mustard 
seed is not the only natural source 
of flavorese enzymes and enzymes 
from botanically related foods can 
be used a s  flavour precursors. 

A major problem to be solved 
is the control of flavour-restor- 
ing reaction. In the same manner 
as natural ripening, the enzy- 
matic reaction can go too far 
thereby causing undesirable fla- 
vour changes, identical to over- 
ripe flavours. Initiating the reac- 
tion is simple but  stopping i t  is, as  
yet, an unsolved problem [Ckenz. 
Engng. News. 34 (1956). 31031. 

O d o u r  control  i n  
chemica l  indus t ry  

THE PROBLEM OF ODOUR IN CHE- 
mica1 industries and the ways 
devised for i ts  measurement and 
control were discussed a t  the 
Eleventh Industrial Waste Con- 
ference held a t  Purdue, U.S.A. 

The first prerequisite for odour 
control is its quantitativemeasure- 
ment in terms of odour units. One 
odour unit is the amount of odour 
necessary to  contaminate 1 cu. ft. 
of clean air to  the barely percept- 
ible or threshold level. The best 
among the methods developed for 

odor~r measurement is the syringe 
technique. Samples are with- 
drawn from a duct in 100 ml. 
hypodermic syringes and taken to  
an odour-free room. Small quan- 
tities of the odorous sample are 
then added to  a syringe into whicl~ 
odour-free alr is drawn. An ob- 
server hol[ls the syringe to his 
nostrils and pushes the plunger to  
drive t l ~ e  mixtnre into his nasal 
passages. The operation is repeat- 
ed until the threshold dilution is 
reached. 

Osmo, another equipment dev- 
eloped for odour measurement, 
is a 100 Ih. unit consisting of a 
cylinder wit11 528 holes and 
covered by an outer cylinder. 
The equipment can deliver 10-20 
cu. ft. odour-free air per min. to an 
operator. An increasing quantity 
of contaminated air gives a direct 
measure of odour intensity. 

Odours can be eliminated by 
any of the following ways: changes 
in operational technique, process 
changes, or treatment with spe- 
cialized equipment. Changes in 
operational procedures and altera- 
tions in existing equipment can 
give reductions in odour a t  negli- 
gible cost. Treatment with spe- 
cialized equipment is, however, 
expensive. Stacks are among 
the most effective and economical 
corrective measures. Other anti- 
odour equipment in use includes 
centrifugal separators or cyclones, 
air filters, activated carhon filters, 
ventnri scrubbers, packed scrub- 
bers, spray condensers, odour fur- 
nace ant1 enclosed vent system 
[Che~ir.  Exgng. News, 34 (1956). 
27941. 

New colour t e s t  f o r  thiols 

A NEW COLOUR TEST FOR THIOLS 
and thiolesters has been reported 
jointly by workers a t  the Institute 
for Enzyme Research. University 
of Wisconsin and Schwarz Labora- 
tories, New York. When the pro- 
ducts of the reaction between 
K-ethyl maleimide and thiols are 
made alkaline, a red colour dev- 
elops wlrich is much more stable 
than that  given with nitroprusside 
and, in contrast to the iodine-azide 
reaction, is not given by disul- 
phides or thioethers. Hydroxides 
and alcoholates of alkali metals 
also produce violet colour with 
N-ethyl maleinimide and other 
unsaturated imides but since the 
colour reaction with thiols is much 
more sensitive than that  with 
alcohols, interference by alcohols 
can be eliminated. 

The reaction provides an excel- 
lent means of identifying sulphy- 
dry1 compound on paper and 
stabilizing thiols during chroma- 
tography. Tt also makes possible 
to combine the advantage of pro- 
tecting the sulphydryl group dur- 
ing cl~romatograpliy wit11 that  of 
identifying the compounds by a 
reaction specific for this group. 
In this way, solpl~ydryl-contain- 
ing amino acids and peptides can 
be distinguished from other amino 
acids and peptides of the same 
Rf, which is not possible with 
niuhyclrin. The reaction should 
serve as a useful tool for distin- 
guishing and detecting sulphydryl 
compounds, especially those in 
which the thiol group is the only 
functional group in the molecule 
[Science, 123 (1956). 9811. 

Technique for  p h a s e  
t ransformat ion  s tud ies  

A HIGHLY SENSITIVE THERYO- 
magnetic apparatus. based on the 
same principles as Akulob's aniso- 
meter, has been used for the 
determination of changes in the 
amount of ferromagnetic phase in 
a standard steel specimen under- 
going martensitic transformation. 
The design of the apparatus also 
permits study of a number of 
phase transformationslike thermal 
dissociation of austenite, trans- 
formation on tempering, disper- 
sion process of ageing, etc. The 
Iligh precision possible with this 
instrument may help in making 
observations which would not be 
possible with the instruments and 
methods now available, and thus 
extend our knowledge of phase 
changes. 

In this apparatus, the specimen 
is hung inside a cylindrical Dewar 
flask by means of a fine metal 
band or wire (which is introduced 
through the wall of the flask, a t  
the top, to reach the inside and 
then sealed off) of an external 
suspension system. The assembly 
is held between the poles of a n  
electromagnet which gives a field 
strength of 4000-5000 oersteds. 
The Dewar flaslc is partly filled 
with liquid nitrogen and can be 
raised or lowered by a movable 
mechanism consisting of a d . ~ .  
motor and a reduction gear. By 
varying the applied voltage to the 
d.c. motor, the degree of reduction 
and the amount of liquid nitrogen 
in the flask, the rate of cooling of 
the specimen can be controlled 
from O 0 l  to 125°C./min. Theform- 
ation or presence of a ferromag- 
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netic phase is revealed by a torque 
on the specimen. Temperatlire is 
measured by a copel-platinum 
thermocouple (made of 0.2 mm. 
wire) placed in a small transverse 
hole a t  the top of the specimen. A 
potentiometer fitted in the ther- 
mocouple circuit and a mirror 
galv+nometer to which the poten- 
tiometer is connected enablevaria- 
tion, within wide limits, of the 
sensitivity with which the tem- 
perature of onset of martensitic 
transformation is detectable. Tem- 
perature and angle of rotation of 
the specimen in the magnetic field 
are photographically recorded con- 
tinuously by connecting the sys- 
tem to a cylinder-type camera 
whose cylinder is kept rotating by 
means of two coupled, synchroniz- 
ed electric motors through a re- 
ductor capable of giving a number 
of speeds of rotation from 2, to 
4 rev./min. Temperature of the 
specimen is measured in terms of 
the deflection of a ray of light from 
the mirror galvanometer to the 
surface of the film, in conjunction 
with an auxiliary precalibrated 
scale on to which a spot of light is 
reflected from the galvanometer 
mirror. 

The sensitivity of the apparatus 
may be enhanced by (1) adjusting 
the optical system, (2) adjusting 
the original angle between the axis 
of the specimen and the direction 
of the magnetic field and (3) in- 
creasing the sensitivity of the 
suspension (sensitivity = amount 
of ferromagnetic phase causing 
deflection of the light ray on the 
scale of 1 mm.). Of these, only the 
third method can effectively in- 
crease the sensitivity. The normal 
expression theoretically derived 
giving the volume V M  of the 
ferromagnetic component is sub- 
ject to considerable error when 
high sensitivity necessary to deter- 
mine very small amounts of the 
ferromagnetic phase is used. After 
incorporating the necessary cor- 
rection, the expression for V,U 
becomes 

where V 1  is the total volume of 
the specimen, 4,, the angle be- 
tween the direction of the mag- 
netic field and the directionpf the 
vector I, (the intensity of magne- 
tization per unit of volume of the 
products of the dissociation of 
austenite a t  magnetic saturation) 
where H (the magnetic field inten- 
sity) is zero. A#, and A#, are 
rt spectively the angle of displace- 

ment of the specimen and that of 
a specimen containing 100 per cent 
ferromagnetic phase. 

Suspensions of different sen- 
sitivities, enabling detection of 
2.5 x to 4.1 x 1V8 g. of the 
ferromagnetic pliase were investi- 
gated, tlie sensitivity being deter- 
mined with specimens of standard 
dimensions (length= 30 mm. ; 4= 
3 mm.) made of paraffin wax (a 
weak paramagnetic) with varying 
quantities of iron powder. By 
comparing the sensitivities of the 
suspension systems with the mass 
of a single martensite crystal 
(assumed to have the shape of a 
round lamella 4x  mm. thick 
and 0-01 mm. in diam.), i t  is 
possible to detect a quantity of 
ferromagnetic phase equal to tlie 
mass of a single lamella of marten- 
site or clusters of martensite crys- 
tals in some suspensions and only 
the total quantityof ferromagnetic 
phase in others. 

The photographic records ob- 
tained showed that the kinetic 
curves a t  the onset of the marten- 
sitic transformation of austenite 
had a stepped appearance in 
accordance with theory. The onset 
temperature is determined by the 
deflection of a ray registering the 
temperature a t  the point where 
the first jump occurs in the kine- 
tic curve. Knowing the deflection 
and emplying a graduated graphic 
representation, the onset tempera- 
ture can be ascertained. The rate 
of cooling of the specimen can also 
be determined knowing the time 
of one revolution of the camera 
cylinder [Researclr, 9 (1956), 302J. 

Transient chemical process 
behaviour and control 

A sYuPosruM ON TRANSIENT CHE- 
mica1 Process Behaviour and 
Control was arranged by the Che- 
mical Engineering Section of thc 
American Chemical Society a t  its 
Twenty-second Annual Meeting 
held during December 1955. Tlie 
integration of the instrument and 
process into a single system for 
process control ultimately leading 
to the completely automatic pro- 
cess plants has been a significant 
recent development. The purpose 
of the symposium was to bring to 
the attention of chemical and pro- 
cess design engineers the advan- 
tages of this new philosophy of 
instrumentation, its techniques 
and its applications. A number of 
papers on various aspects of pro- 
cess control, especially on the 
determination of the dynamics of 

common unit operati )ns and of 
control hardware: control dyna- 
mics of heat excl~angers, distil- 
lation, liquid flow and dynamicsof 
controllers, were presented a t  the 
symposium. 

The automatic control system 
design is, in general, made up of a 
minimum of five parts - the pro- 
cess, tlie measuring element, the 
error detecting mechanism, the 
controller and the final control 
elements. The general procedure 
of system design consists in draw- 
ing a process sheet and a block 
diagram, deriving transfer func- 
tioils for each part of the system, 
writing the system equations, 
selecting the transient and fre- 
quency responses desired, calculat- 
ing the controller parameters, 
determining any system changes 
that will improve the response and 
finally determining the effect of 
additional feedback loops on the 
response. 

A typical example of automatic 
control is afforded by combina- 
tion distillation. The control of a 
radically varying feed composition 
in continuous distillation is pos- 
sible if proper precautionsaretaken 
in the choice of column sampling 
locations, the type of control and 
the magnitude of the controller 
constants employed. In the petro- 
leum industry, automatic frac- 
tionation is employed for the 
separation of liydrocarhons in the 
C, and C ,  fractions of straight run 
and natural gasolines. This sepa- 
rates additional fractions of high 
and low octane number hydro- 
carbons for economic blending of 
aviation, premium and household 
gasolines, as well as for sales of 
hydrocarbon chemicals and sol- 
vents. 

Tlie performance of automati- 
cally controlled process plants de- 
pends on the dynamic interaction 
of all the components in the 
control loop. The methods of 
dynamic prediction are based on 
simple mathematical models and 
passive electrical network ana- 
logues. Applied t o a  specific exam- 
ple from the heat transfer field - 
a concentric double-pipe heat 
exchanger - the dynamic perfor- 
mance of an exchanger may be 
characterized by the solution of 
four simultaneous non-linear par- 
tial differential equations based cn 
the following assumptions: (1) the 
fluid temperatures and velocities 
are uniform across the cross-sec- 
tionnormal tothe direction of flow; 
(2) the thermal conductivity in the 
longitudinal direction of inner wall 
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is coilstant and in thc transverse 
direction is infinite, a condition 
valid for thin metal walls; and 
(3) the thermal conductivity in 
the outer wall in the longitudinal 
direction is zero and in the trans- 
verse direction is finite, a condi- 
tion vali3 for thick insulated walls. 

To obtain products of desired 
purity a t  minimum cost, the rate 
of conversion a t  strategic process 
stages must be monitored and 
controlled. While control instru- 
ments for flow rate, tcmperature, 
pressure and other pliysical pro- 
perties relate their measurements 
to these requirements, they cannot 
always account for basic changes 
or fluctuations. Analytical instru- 
ments like the infrared analysers 
are made to function directly in 
the process stream and provide a 
continuous and automatic com- 
position analysis to mitigate 
against sampling and laboratory 
time delays. They (lo not replace 
existing environmental controllcrs, 
but provide the means for reset- 
ting the controls of temperature, 
flow rate or pressure. 

Frequency response metl~ods for 
determining the dynamic cliarac- 
teristics of systems have recently 
been applied to processing appa- 
ratus and process control instru- 
ments for determining the dyna- 
mic properties of such systems. 
The pulse method employing 
transient response to a known 
input is employcd for dctcrmining 
values for tlic equation cocficients 
for a specifietl set of operating con- 
ditions exactly as prescribed by 
the basic conccpt. l'ulse methods 
for testing system havc been em- 
ployed to test aircraft while in 
flight and also to test military fire 
control systems. The pulse method 
has been sl~own to produce de- 
tailed curves of the experimen- 
tal heat-exchanger frequency res- 
ponse. The control of many pro- 
cesses has been shown to be 
improved by the use of a cas- 
cade control system, the extent 
of improvement depending on 
the nature of tlie process [In- 
dusty. Engng. Chem., 48 (1956),999- 
10791 

Use of radiations in 
chemical industry 

THE use ov RADIATIONS I N  IN- 
dustrialchemical reactions is prov- 
ing a valuable tool in industry 
especially with regard to polymeri- 
zation and cl~lorination reactions 
in plastics and robbers. Tlie cri- 
terion for the rlsefulness of tlie 

application of radiations in a to Iieat than the sull~l~ur-vubaniz- 
particular reaction is the G value ed material. An experimental 
(tlie number of molecules of pro- acrylate rubber showed embrittle- 
ducts formed for each 100 e.v, of ment after 8 hr. a t  175°C. in 
energy absorbed) of the reaction. oil when clicmically vulcanized, 

Polymeritalion - The combina- whereas the same degree of em- 
tion of a number of molecules of brittlement was achieved after 36 
the monomer to form a molecule lir, on irradiation. 
of the polymer is generally initiat- Chlovination - Ultravioletligllt 
ed by short-lived and liighly reac- can initiate chlorination but the 
tive free radicals whose formation commercial exploitation of the 
is usually promoted by a catalyst. photocl~emical process has been 
The general effect of radiation on hindered by the difficultiesinvolv- 
a molecule is to produce free cd in using ultraviolet light on an 
radicals. Radiation can, therefore, industrial scale. Gamma radiation 
initiate polymerization. Unlike is also capable of initiating clilori- 
cl~emical polymerization, free radi- nation and very Iiigh G values 
cals are produced by radiation a t  have been obtained. 
almost any temperature and not Industrial plant - Radioactive 
only in the liquid state but also in isotopes can be used either as 
solids. Since no catalyst is used in packages, which may be taken 
radiation polymerization, instabi- away from the reactor, or as cir- 
lity to heat, widely attributed to culating systems associated with 
the presence of residual catalyst, it. To make a useful package 
will be much less. Emulsion poly- source a radio-isotope should have 
mcrization, used for the production a long half-life so as to provide a 
of many synthetic rubbers includ- steady output and the period of 
ing CRS rubber, has its efficiency irradiation needed to produce 
enhanced by radiation. sources of adequate strength 

A recent development in the shouldnot beexcessive. Cobalt-60 
field of polymerization is graft provides a good compromise be- 
copolymerization: the grafting of tween these requirements and is 
one polymer on to another. This also readily available in metallic 
technique of combining the physi- state. 
cal effects of two different poly- Fission product circulating sys- 
mers may have important impli- tems are possible in conjunction 
cations where extreme ranges of with such reactors as the homo- 
temperature must be met, e.g. in geneous aqueous reactor. In this 
s~ipersonic flight where materials case it might be convenient to  
have to withstand temperatures make use of a circulating reactor 
from 60" to over 200°C. I t  is core to provide a steady source 
possible that a suitable combina- of radiation. Radio-isotopes with 
tion of I~igli temperature fluorine short half-lives are suitable for use 
rubber with a low temperature in circulating systems. The half- 
silicon rubber might be satisfac- life of the isotopes should be long 
tory over the whole range. relative to the circulating time, SO 

Plastics - By irradiation of that the energy of the radiations 
polyetllylene containing antioxi- is not lost before it reaches the part 
dants, a material capable of with- of the circuit in which i t  is to be 
standing a temperature of 15O0C. used. Sodium-24 and indium-116, 
for several days has been obtained, which emit gamma radiation, are 
In general, Iiowever, the effect of suitable for this purpose. 
radiation on (already formed) Protection -To work with sucll 
plastics lias not given encouraging large sources of radiation, fairly 
results. In one case only, that of massive shielding is necessary. 
polycthylenc, an improvement in Suitable shielding materials are 
tlie properties of the product has lead, concrete or water and the 
been observed. thickness of shield required varies 

Rzcbbevs - Thc normal process approximately inversely as its 
of vlilcanization with sulpliur is density. Lead, although conve- 
one of cross-linking, in wliich the 
polymer chains are joined together 
by bridges of snlphur atoms. I f  
unvt~lcanized rubber is irradiated. 
the same process of cross-linking 
takes place, but bonds between 
carbon atoms are stronger than 
tl~ose between solpllur atoms. A 
radiation vulcanized rubber is, 
therefore, likely to be more stable 

nient, is expensive and can be 
used in small operations only. 
Tlie most satisfactory material is 
concrete. The arrangement made 
for protection is such that when 
an operator enters tlie irradiation 
chamber, the source is temporarily 
withtlraan into a massivc sliield- 
ing block a t  the side and later on 
adjusted to its position by a suit- 
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able mechanfcal device [Times sci. nium sulphate solution is pumped precipitate filtered, dried and cal- 
Rev., Autumn 19561. . to a crystallizer or is used in ferti- cined. 

lizer production. In  the case of ores with high 
Production of chlorine dioxide 

OLIN MATHIESON CHEMICAL 
Corpn., New York, have developed 
an improved method for the 
manufacture of chlorine dioxide 
required for bleaching paper pulp. 
At present chlorine dioxide is 
generated by reduction of sodium 
chlorate with sulphur dioxide or 
methanol in an acid medium. In 
the improved process, which is 
covered by a patent, sodium 
chloride is introduced into the 
reaction mixture in the ratio of 
0.06-0.08 lb. per lb. of sodium 
chlorate, resulting in almost quan- 
titative yield of chlorine dioxide 
and the amount of free chlorine is 
reduced from 2 to  5 per cent. Re- 
duction in the cost of chlorine 
dioxide may result in making the 
chlorine-bleaching method obso- 
lete, as the former bleaches the 
cellulosic fibres to a maximum 
whiteness with little or no lgss of 
fibre strength [Industr. Chem., 32 
(1956). 3301. 

Recovery of sulphur dioxide 

THE TAIL GAS SCRUBBING PROCESS 
for the recovery of sulphur dioxide 
from acid plants, also known as 
Cominco sulphur dioxide recovery 
process, is available for use under 
licence from the Consolidated 
Mining & Smelting Co. of Canada 
Ltd. 

Tail gas from acid plants, con- 
taining about 1.0 per cent sulphur 
dioxide, is collected in a steel flue 
which discharges into the base 
of the sulphur dioxide recovery 
scrubbing tower in which the gas 
is scrubbed with 1000 gal./min. 
of ammonium sulphite-bisulphite 
solution, circulated by means of a 
centrifugal pump. As the solution 
leaves the bottom of the tower, its 
relative bisulphite content in- 
creases by the absorption of sul- 
phur dioxide. 

To bring the ratio back to its 
original point, aqueous ammonia 
is added to the solution as i t  
leaves the circulation pump. A 
small stream of solution is conti- 
nuously drawn from the base of 
the tower and pumped to an acidi- 
fier unit where it is treated with 
strong sulphuric acid ' (93 per 
cent) to free the sulphur dioxide 
as a gas and to  convert the am- 
monia to  ammonium sulphate. 
Sulphur dioxide thus generated 
goes to the acid plants. Ammo- 

I t  ii important to keep the tenl- 
perature of the scrubbing system 
as low as possible in order to 
minimize ammonia losses. Even 
a t  low temperatures, ammonia 
loss can increase tenfold or more 
if the incoming gas is dirty thus 
causing the formation of an 
ammonium sulphite fog as a dis- 
persed phase in the tower, which 
is not caught by the scrubbing 
solution [Chem. Canad., 8 (1956), 
1161. 

Hydrogen reduction 
process for iron 

CONSIDERABLE INTEREST IS BEING 
evinced by the American steel 
industry in a process by which 
metallic iron can be produced 
from ores ,by Creatment with hy- 
drogen a t  low temperatures (about 
900°F.) and high pressures. The 
process is applicable only to iron 
ores which contain small quan- 
tities of manganese and iron (e.g. 
Venezuelan ores) and, therefore, 
cannot replace the blast furnace 
process. T l ~ e  metallic iron pro- 
duced by this process is in the form 
of a fine powder [Chem. Tr .  J. ,  
139 (1956). 2561. 

Use of ion-exchange resins 
in atomic energy processes 

THE USE O F  ION-EXCHANGE RESINS 

a t  different stages of release and 
utilization of atomic energy have 
been reviewed j lndustv. Engng. 
Chem.. 48(8) (1956). 30Al. 

Uranium recovery - The ion- 
exchange processes developed for 
the recovery of uranium from ores 
take advantage of the fact tha t  
uranyl ion is capable of forming 
both anionic and cationic com- 
plexes. By absorbing uranium a s  
anionic complex, separation from 
major impurities and concentra- 
tion can be accomplished a t  the 
same time. 

I n  the R.I.P. (resin-in-pulp) 
method clarified sulphuric acid 
leach liquor is passed through a 
column of resin a t  a moderate 
flow rate until the presence of 
uranium is detected in the effluent. 
The column is rinsed and back- 
washed with water. Uranium is 
eluted with a chloride or nitrate 
solution a t  a flow rate consider- 
ably lower than the loading flow 
rate. Finally uranium is precipi- 
tated from tlie eluate with ammo- 
nia or other aikaline agent and the 

limcstone content, leaching is 
carried out  with a solution of 
sodium carbonate and bicarbo- 
nate. The uranium present in the 
leach liquor as UO,(CO,),-' is 
adsorbed on quaternary ammo- 
nium anim-exchange resins like 
Amberlite IRA-400 and eluted 
with a szlt solution. Since uranium 
can be directly precipitated from 
carbonate leach liquors into a 
high purity product, this process 
is specially suitable for ores with 
low uranium content. 

Watev- Water used for strip- 
ping during refining of uranium 
and recovery of radioactive f u e l a s  
coolant in nnclear reactors and for 
generation of steam, has to  be of 
extremely high quality. This is 
achieved by means of deionization 
of raw water with ion-exchange 
resins. 

Radioactive wastes - The radio- 
activity in coolant water is re- 
moved by passage through an 
ion-exchange bed. Ion-exchange 
membranes are finding use in the 
treatment of radioactive wastes. 
The fuel element is dissolved in 
nitric acid and the nitric acid 
rafinate passed into tlie cathode 
compartment of a two-compart- 
ment membrane cell in which a n  
anion permeable membrane sepa- 
rates the anode and the cathode. 
During electrolysis the nitrate ion 
is transported across the mem- 
brane resulting in recovery of 
nitric acid in the anode compart- 
ment, thereby causing the pH to  
rise in the cathode coxpartment. 
Electrolj~sis is continued until the 
aluminium present is precipitated. 
By this time the nitric acid used 
to dissolve the fuel element is re- 
covered in the anode compartment 
and the bulk of the long half-life 
radioactivity is adsorbed on the 
qre~ipitated alumina and this ac- 
t l v ~ t y  can be eluted with water 
and tixed on clay pellets for use as 
a y-radiation source. 

Low pressure 
polymerization of ethylene 

i\ NEW PROCESS IIAS BEEN DEVEL- 
oped a t  the l iVR Academy, 
Bucharest, for the low pressure 
polymerization of ethylene, avoid- 
ing the use of high pressures 
(1000-2000 atm.) necessary In 
other processes. The development 
is based on Ziegler's discovery 
that  ethylene may be polymerized 
a t  normal pressures and lower 
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temperatures by the use of alumi- 
nium alkyls with titanium tctra- 
chloride as activator or cocatalyst. 

In this process, isoamyl chloride 
a t  a temperature of -10°C. is 
added dropwise to finely divided 
sodium under petroleum fraction 
(b.p. 150'-20O0C.) and cooled to 
maintain the mixture a t  the low 
temperature. The temperature is 
raised to 20% and titanium tetra- 
chloride dissolved in petroleum 
fraction is added. The resulting 
solution is transferred to a poly- 
merization vessel, diluted with 
solvent and ethylene introduced. 
The temperature rises rapidly and 
is maintained a t  70°C. by external 
cooling. 

The mechanism suggested for 
the reaction postulates the forma- 
tion of free radicals and a com- 
pound of trivalent titanium by 
thermal decomposition of the un- 
stable titanium compound as 
shown below: 

and gets precipitated as either 
uranium dioxide or as uranous 
phosphate. Precipitation occurs 
in the cathode chamber as the pH 
rises. Sodium ions are transported 
from the anode into the cathode 
chamber in the alkaline system. 
At the same time uranium is re- 
duced and precipitated as UO, or 
as a mixture of UO, and sodium 
diuranate. 

The precipitates are granular, 
fastsettling and are readily filtered 
and washed whereas chemical pre- 
cipitates of uranium are gelatinous 
and difficult to handle jchem. 
Engng. NEWS, 34 (1956). 34961. 

Particle bank 

A PARTICLE BANK HAS BEEN 
established a t  the Stanford Re- 
search Institute, California, to 
supply samples of many types of 
particles ranging in size from 5 to 
100 microns. The bank will have 
in the near future such diverse 

R - T i X ,  -+ R ,  t T i X ,  items as corn smuts, coral, coffee 
R ,  + C H ,  = CHI  --+ roast soot and silica-alumina cata- 

R-CHs-CHz** etc. lyst. When a sample is not in 
[Chem. .4gc. 75 (1956). 1071. stock, the bank will give informa- 

tion about the samples it has in 
Electrochemical recovery 

of uranium 

AN ELECTROCHEMICAL PRECIPITA- 
tion method for the recovery of 
uranium from acid and alkaline 
leach liquors, and from ion-ex- 
change recovery systems has been 
developed in the laboratories of 
Rohm & Haas Co., I'hilaclelpliia. 

Precipitation of uranium is car- 
ried out in permselective mem- 
brane cells which are so constrnct- 
ed and operated that they permit 
the transport of sodium or sul- 
phate ions. While tlie ions are 
being transported, uranium is 
reduced to the tetravalent state 
from the hexavalent state. The 
cells are constructed from Plexi- 
glass and consist of two symme- 
trical half-cells bolted together 
with the membranes clamped 
between them. The membranes 
function as permselective electro- 
chemical barriers and in them 
current is carried by anions in the 
case of the anion-exchange mem- 
branes (hmberplex A-1) or by 
cations in tlie cation-exchange 
membranes (Amberplex C-1). 

In the acid systems, sulphate, 
nitrate ant1 chloride ions are trans- 
ported from the cathode to the 
anode chamber. This transport 
results in a removal of acid across 
the membrane. On electrolysis, 
uranium is reduced a t  tlie cathode 

stock which closely- approximate 
the desired one or where thc re- 
quired sample is available. Sam- 
ples of particles left over after 
finishing the work may be re- 
turned to the bank with the data 
collected. Samples can be had on 
request, the charge being about 
$ 5 to cover handling expenses. 

Indian Oilseeds Journal 

THE PUBLICATION OF THIS NEW 
quarterly Journal by the Indian 
Central Oilseeds Committee should 
be welcomed. 

India. is one of tlid chief pro- 
ducer: of oilseeds in the world and 
this commodity has an important 
place in the economy of the 
country. Oilseed crushing is still 
largely done in the country in 
small units and on a cottage 
industry basis. Cultivation of 
oilseeds and oilseed crushing is 
still carried on with old-fashioned 
methods and not much attention 
is paid to the introduction of 
modern practices and methods. 
This is largely due to the fact that 
the results of researches carried 
out on the cultivation of oilseeds 
and the utilization of oils and by- 
products of oilseed crushing in- 
dustry are scattered over a number 
of technical journals, and much of 
the information is not readily 
available in a form needed by the 

cultivator and the small-scale 
industrialist. The main object of 
the Jouvfial is to remedy this 
handicap by presenting under one 
cover not only the results of 
researches-agricultural and tech- 
nological - carried out in India 
and abroad on oilseeds, in a form 
intelligible to the cultivator and 
the small-scale industrialist, but 
also statistics relating to the pro- 
duction of oilseeds, market rates 
and other information. 

The first number of the Jouvnal 
(October 1956) contains a number 
of interesting articles. The follow- 
ing titles indicate the wide range 
of subjects covered: role of oil- 
seeds in Indian economy; K2, an 
improved strain of linseed; pilot 
plant processing of cottonseed; 
future of oilseeds research; special 
chemical components of sesame 
oil; and village oil industry in 
India. There is a section entitled 
" Oilseed Notes " which presents, 
under four heads, data on area 
and production, exports, export 
control orders, and prices. The 
information is presented largely in 
the form of tables. The issue also 
includes reports of the meetings 
of the Indian Central Oilseeds 
Committee and its activities. 

This attractively brought out 
journal should prove extremely 
useful to the cultivator, the 
trader, the industrialist and the 
research worker. Considering the 
vast volume of research that has 
been done and is being done on 
oilseeds and their products, both 
in India and abroad, it may not 
be lnng before the Indian Central 
Oilseeds Committee will be re- 
quired to increase the frequency 
of the Journal to keep its readers 
posted with up-to-date informa- 
tion. 

The Jountal, which is being 
issued from the Indian Central 
Oilseeds Committee's headquarters 
at  Hyderabad (Dn.), is priced a t  
Rs. 2 per copy. 

Tobacco Science 

THE U.S. DEPARTMENT OF AGRI- 
culture, in association with the 
Land Grant College Association 
and tlie tobacco industry, propose 
to bring out a new journal on 
tobacco entitled Tobacco Science. 
The Journal, which will form a 
part of the trade journal Tobacco, 
will report developments in the 
fields of chemistryj botany, agro- 
nomy ant1 engineering as applied 
to tobacco [Science Newslettev, 70 
(1956), 691. 
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Announcements 

Botanical Research Instit~tte, 
Kashmir - The Governme~~t  of 
Jammu and liashmir propose to 
set up under the State's Second 
Five-Year Plan a Botanical Re- 
search lnstitute to conduct bota- 
nical surveys and investigations 
in the State in co-ordination with 
the Forest, Agriculture and Seri- 
culture Departments. The work 
of the Institute will include inves- 
tigation of diseases of forest trees; 
decay of timber and forest fungi; 
diseases of fruit trees and avenue 
trees; diseases of crop plants; and 
die-back of mulberry trees in plan- 
tations. 

Dr. K. Ragchee has been ap- 
pointed Director. Botanical Re- 
search, in the State. 

All India Plastics Manufac- 
turers' Association - The follow- 
ing office-bearers have been elect- 
ed for the year 1956: hlr. B. D.  
Garware (President), Messrs B. M. 
Thakkar and B. P. Himmatsingka 
(Vice-Presidents), Messrs M. B.  
Gidwani and B. L. Pachisia (Hony. 
Secretaries) and Messrs R. C. 
Shah, R. N. Desai, G. N. I'arikh, 
S. M. Gupta, G. Khemani, S. R. 
Podar and I. M. Mehta (Members). 

The Third Congress on Thsoveti- 
cnl and Applied Mechznics will be 
held in October-November 1957 
a t  the Indian Institute of Science, 
Bangalore. The foll3wing officc- 
bearers have been elected for the 
sessions 1957-59: Dr. S. R.  Sen 
Gupta (Preszdent) ; Shri V. 
Cadambe and Prof. N. R. Sen 
(Vice-Presidents) and Prof. B. K. 
Seth (Secretary-Treasurer). 

Award of Doctorate degree-The 
f3llowing has been awarded Ph.1). 
degree by the University of Poona: 
M. S. Narasinga Rao ( A  study of 
the interaction of metal ions with 
bovine serum albumin). 
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Progress  Repor t s  

RAILWAY TESTING & RESEARCH CENTRE, 
LUCKNOW 

THE FIRST ANNUAL REPORT OF THE RAILWAY 
Testing & Research Centre, Lucknow, for the year 
1954-55 reveals the diverse nature of the research 
problems undertaken by the main institution a t  
Lucknow and the sub-centres a t  Chittaranjan and 
Lonavala, in addition to a large amount of routine 
testing work. At thc Lucknow centre, which was 
established in 1952 under the Railway Hoard, 
problems connected with track, bridges and steel 
structures, mechanical engineering and instrumen- 
tation are investigated. Chittaranjan and Lonavala 
sub-centres deal with chemical and metallurgical 
problems, and concretes, mortars, soil mechanics 
and foundation engineering respectively. 

A notable achievement of the Chittaranjan centre 
has been the development of paints, varnishes and 
enamels based on bhilawan and cashewnut shell 
liquids, which are now being manufactured on a 
pilot plant scale. A variety of testing gadgets, 
such as weighbars and accelerometers, have been 
manufactured in these centres. I t  is also proposed 
to  undertake the manufacture of bearing testing and 
rubber fittings testing machines, and 50 oscillo- 
graphic units. 

.4n account of the important activities of the 
institutions during the year is given below. 

Civil engineering - A sedimentation method has 
been developed for rapid determination of clay 
content of soils in the field based on the well-known 
principle that the settling of clay particles in a 
suspension is accelerated by the presence of an 
electrolyte in t l ~ c  solution. l'owtlcred clay (5 g.) 
and 50 ml. of distilled watcr, to which 1 ml. of N/2 
sodium chloride solution i s  added, are shaken 
together in a measuring cylinder and the volume of 
the sediment is measured. The weight of clay 
corresponding to the volume of the sediment is 
calculated from a standard graph. 

The effect of different types of coarse aggregates 
on the strength of concrete has been determined 
and i t  has been shown that the strength of concrete 
is not a simple function either of the strength of 
the material from wl~icll the aggrcgate is made or 
of the mortar. 

Studies on the laying of foundations on shrinkable 
black cotton ssils have led to the following con- 
clusions on the design of foundations: (1) The 
foundation soil should be loaded up to c. 1 i  tonslsq. 
it. pressure and the foundation should be built 
in dry weather; (2) some light reinforcements 
should be uscd in the foundation concrete of thc 
walls to offset t l ~ c  effects of swelling of the soil; and 
(3) to give flexibility to t l ~ c  structure, lime mortar 
and dry joints sl~oultl be uscd a t  certain vulnerablc 
points. 

Studies on the utilization of loco coal ash, of 
which over a million tons are reported to be avail- 
able per annum, have shown that when it is finely 
ground it forms a good puzzolana and can be used 
to replace cement, up to about 20 per cent, in cement 
concrete mixes for ordinary constructions. 

Mechanical engineering - The results of boiler 
performance and engine indicator tests on the YL 
prototype locomotive, designed for operating light 
passenger and goods services, showed that, besides 
the lap and lead of the valve gear, the ratio of the 
piston value diameter to cylinder bore (steam port 
factor) plays an important part in the efficiency of 
the steam cycle. The YL engine has been found 
quite suitable for hauling a load of 8 bogies a t  
40 m.p.11. 

Chemical - A method has been developed for the 
treatment of loco feed water in which a mixture of 
tannin extract and soda ash (60: 40) is introduced 
into the feed water stream. While soda ash 
coagulates the dissolved lime and magnesium salts 
in the form of a sludge, tannin removes the dissolved 
oxygen and forms a protective coating on the metal 
surface. The adoption of this method of water 
treatment has resulted in cnhancing the washout 
mileage by about 50 per cent. 

A black Japan paint for locomotives and under- 
frames of carriages has been developed which 
compares favourably with imported materials in 
durability and resistance to kerosene and lubricating 
oil. The paint is made up of: coal-tar pitch (hard), 
100 g.; cashewnut shell liquor (CNSL), 148 g.; 
CNSL resin, 71 g.; polymerized CNSL, 8 g.; gilsonite, 
48 g. ; solvent naphtha, 106 g.; cobalt acetate, 1.8 g. ; 
litharge, 7 g.; manganese rosinate (3 per cent man- 
ganese), 10 g,; white spirit, 214 ml.: and vegetable 
turpentinc, 214 ml. 

A quick drying wagon black for exterior protec- 
tion of railway wagon stock, based on cashewnut 
formaldehyde resin dehydrated castor oil gilsonite 
and carbon black, has been developed. 

An anti-corrosive coating composition has been 
prepared for rails from polymerized CNSL, 150 ; bitu- 
men (mexphalte 85/25), 250; manganese dioxide. 
5.3; litharge, 4.0; cobalt acetate, 2.3; and white 
spirit. 600 g. 

The following two products have given good 
performance as cold-setting cements for filling blow 
holes in foundry castings: 

(I) CNSL (heated to 315C. and cooled), 5; Port- 
land cement. 15; manganese dioxide. 5;  and para- 
formaldehyde. 1 part. 

(2) Polymerized CSSL, 10; Portland cement, 20; 
manganese dioxide, 14; and paraformaldehyde, 3 
parts. 

The following Products have been developed as 
general purpose cements: (1) polymerized CNSL, 
20; formaldehyde (40 per cent) 3: 4 hexamine, 2; 
and oxalic acid, 1 g.; (2) polymerized CNSL. 20; 
oxalic acid, 1 ;  paraformaldehyde, 4;  red mud, 4;  
and manganese rosinate (3 per cent manganese), 1.5 
g. ; (3) cashew furfrtral resin, 25; manganese rosinate 
(3 pcr cent manganese) dissolved in a little white 
spirit, 2.5; paraformaldehyde, 4.0; boric acid, 0.6; 
copper carbonate, 1.25; and zinc oxide, 10.0 parts; 
and (4) sulphuric acid polymerized CNSL. 25; 
hexamine, 10; zinc oxide, 5 ;  manganese rosinate 
(3 per cent manganese) dissolved in a little white 
spirit, 2.5; copper carbonate, 1.25; and boric acid, 
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0.5 parts. Compositions (1) and (2) give good 
adhesion between wood, masonite and steel; com- 
positions are good for fixing iron parts one another. 

A Bosch tank mixture prepared for locomotive 
cleaning is free from the drawback of precipitating 
insoluble salts of calcium and magnesium on the 
surface to be cleaned. The composition of the 
mixture is: sodium hydroxide, 100; trisodium phos- 
phate, 200; sodium silicate, 200; wetting agent 
(Teepol or Anisol N), 40 lb. ; and water, 3200 gal. 

NATIONAL PHYSICAL LABORATORY, 
TEDDINGTON 

THE ANNUAL REPORT OF THE LABORATORY, FOR 
the year 1955, records significant contributions in 
the fields of standardization and instrumentation. 
Notable among these is an atomic beam standard 
of frequency and time intervals, which gives values 
to an accuracy of a few parts in one thousand 
million in a period of minutes, a precision never so 
far achieved. This should enable the precision of 
frequency measurements to be increased by 10 
times by eliminating the errors which non-uniform 
rotation of the earth introduces into astronomical 
measurements. A caesium atomic-beam chamber 
incorporating the focusing system of Rabi is used 
in the standard, and electromagnetic waves generat- 
ed by a highly stable oscillator of a frequency 
capable of very fine adjustment are fed into the 
chamber. The frequency is observed a t  which the 
atoms show transitions between two ground-state 
energy levels, associated with the interaction be- 
tween electronic and nuclear spins. This frequency, 
being characteristic of the structure of the caesium 
atom, serves as a primary reference standard for all 
measurements of frequency and time intervals. 

A project has been initiated in the I'hysics Divi- 
sion for the distribution of liquid helium, prepared 
in the Collins liquefier, to other laboratories which 
do not have liquefying plants. 

The main research activities of the different 
divisions during the year are summarized below. 

Aevodynawaics - Investigations on high-speed 
flow and low-speed studies on swept-back wings and 
methods of boundary layer control to provide 
increased lift form the greater part of the work 
carried out in this Division. Studies on boundary- 
layer separation in supersonic flow have revealed 
that the pressure gradient a t  separation is not 
greatly affected by heating or cooling the surface. 
However, cooling has a beneficial effect which 
appears as an increase in the pressure ratio a t  the 
separation point. Calculations of subsonic pressure 
distribution on a series of two-dimensional aerofoils 
have indicated that changes in thickness to chord 
ratio, Mach number and incidence can be taken into 
account by approximate methods based on calcula- 
tions for one aerofoil a t  zero lift in incompressible 
flow. 

A polyester resin has been used successfully for 
the insertion of surface-pressure leads in model 
wings of aircraft. The process employed in giving 
this resin coating is rapid and gives exceptionally 
smooth surface linishes. Work is in progress on a 
new technique for high-speed wind tunnel liners 
made of a reinforced resin. The resin is reported 

.to be highly suitable for this application. 
Electronics - The work of this Division is mainly 

concerned with the development of computers and 

data deduction devices. The design of the A.C.E. 
(Automatic Computing Engine) has been completed. 
The computer will use mercury delay lines circulat- 
ing a t  1.5 million pulses per sec. for its high-speed 
store. Twenty-four delay lines having a maximum 
access time of one millisec, will store a total of 768 
words of 48 binary digits. Another 20 short delay 
lines storing one, two or four words each will have 
a total capacity of 40 words. In addition 32,000 
words will be stored in magnetic drums with an 
access time of less than 10 millisec. 

Eleclricily - A new secondary coil for the original 
Campbell primary standard of inductance has been 
completed. The new coil differs from the old in 
being wound on a former built up from plate glass, 
instead of being turned in marble, and in having 
the turns spaced with mica strip into uniform layers, 
instead of being bedded into the formation giving 
closest packing. The special advantage of the new 
arrangement is that it permits inspection and mea- 
surement of the internal layers after winding, in 
addition to the detailed measurements made during 
the winding operation. 

A method has been worked out for the calibration 
of voltmeters a t  radio frequencies. A basic reading 
near 0.5 V. is first obtained by reference to a vacuo- 
junction of measured impedance (100 ohms), practi- 
cally free from capacitance and inductance, carrying 
a measured current (5 mA.). The relative values 
of voltage required to produce any two readings on 
the voltmeter scale a t  any radio frequency are then 
determined by the use of a comparator incorporat- 
ing a linear frequency mixer followed by a calibrated 
attenuator, an amplifier and output voltmeter, all 
working a t  a fixed intermediate frequency. The 
attenuator is always adjusted to give a fixed reading 
on the output meter, so that the ratio of the two 
voltages under comparison is dctermined as the 
ratio of two attenuator readings. 
Light - Research on the properties of the average 

eye, to re-establish the basic data for all measure- 
ment of light and colour, has been the main work 
of this Division. Work on another basic project, 
i.e. finding objective criteria for assessing the per- 
formance of image-forming instruments, has resulted 
in the development of a new method of interfero- 
metry, particularly applicable to gas analysis and 
process control. From studies undertaken to ob- 
tain an exact comparison of the direct and indirect 
colorimetry of fluorescent lamps, it has been estab- 
lished that the maximum uncertainty in the results 
by direct colorimetry is equal to about two-thirds 
of the smallest chromaticity difference that is just 
perceptible in the Donaldso~~colorimeter field (about 
10"). 

Two types of thin-film bolometer have been 
developed to meet the industrial need for sensitive 
non-selective detectors of infrared radiation. One 
of these, in which the sensitive element is a narrow 
strip of thin gold film evaporated upon a plastic 
pellicle, is robust enough for monocllromators used 
is chemical control. The otl~er makes use of tliiclc 
and stable films of amorphous or glassy antimony 
having a very high resistivity and large temperature 
coefficient 'of resistance, as the thermally sensitive 
material. 

A modified Jamin interferometer, in which the 
percentage of trichloroethylene delivered by an 
inhaler for inducing anaesthesia in patients is indi- 
cated directly on a screen, has been developed. 



P R O G R E S S  R E P O R T S  

New methods of replication in plastics have been 
developed which make possible the preparation of 
accurate diffraction gratings up to several feet in 
length for engineering instruments. A theoretical 
and practical study of the production of moire 
fringes by crossed gratings has led to important 
tlevclopmcnts in the llse of gratings for linear 
mrasi~rrmrnt and automatic control of machine 
tools. 

AIelallrrrg~~ - Tnvestigations have been under- 
taken to verify the theory regarding the nature of 
fatigue failure in crystals, i.e. that repeated slip 
within the crystal causes the production of vacant 
lattice sites and these vacancies come together to 
produce small cavities which eventually develop 
into fatigue cracks. Since the presence of an 
abnormal number of vacant lattice sites increases 
the speed of diffusion processes taking place within 
the metal, the rate of self-diffusion in silver in the 
unstressed state and when exposed a t  the same 
temperature under alternating stresses sufficiently 
high to produce repeated slip leading to fracture 
by fatigue was determined. An increase in diffu- 
sion rate much smaller than demanded by theory 
was observed. A high resolution auto-radiographic 
method developed has shown that accelerated 
diffusion takes place principally a t  the grain 
boundaries and not equally a t  all boundaries since 
no exceptional diffusion took place a t  twin boun- 
daries. This clearly indicates that production of 
vacancies a t  slip bands is not the cause of the 
accelerated diffusion. 

Studies on notch sensitivity in fatigue have shown 
that the ability of a material to deform plastically 
under cyclic stressing results in reduced notch 
sensitivity. 

An approximate but quick method for determin- 
ing the latent heat of transformation of titanium 
(and other metals) has been evolved. The method 
is based on the constancy of the products of the 
rates of heating and the times of transformation 
ant1 requires a knowledge of the specific heat near 
the transformation temperature. 

A calorimeter suitable for the determination of 
endothermic and exothermic heats of alloying a t  
high temperatures has been constructed. A powder 
compact of two different metals such as iron and 
chromium is enclosed in a steel shell which is heated 
and then held a t  constant temperature. Reaction 
is allowecl to proceed to completion a t  a convenient 

rate (in about 2 hr.). The temperature difference 
between the shell and the compact is measured as 
the reaction proceeds. The calorimeter is then 
allowed to cool to room temperature and the outer 
shell again electrically heated in such a way as to 
follow the same temperature, time sequence. In 
the latter case, there is no heat absorption due to 
the reaction, and the heat energy equivalent to the 
area between the two curves is the required heat of 
alloying. 

Metrology - An instrument for rapid measure- 
ment of the pitch of the serrations on the ' fir-tree 
roots ' of gas turbine blades has been constructed. 
The design centres on a special strut which provides 
a fine adjustment between a measuring stylus and 
an indicating mechanism permitting the use of a 
motorized turret, in one revolution of which the 
errors of pitch of all the serrations on one side of 
the blade are measured. Stylus points carried by 
the turret engage the serrations in turn and the 
pitch errors are read on a single measuring indicator 
to an accuracy of f 0.00005 in. (f 1 p). 

A method of measuring the progressive errors of 
a screw to an accuracy of a few millionths of an 
inch (c. 0.1 p) has been devised. The advance- 
ment of the screw is measured interferometrically 
when i t  is rotated through angular intervals mea- 
sured by means of a calibrated steel polygon and 
an auto-collimator. 

Accurate bore measuring machines and apparatus 
for measuring fine wires have been developed. 
These devices, which work on the principle of auto- 
collimation, are proving very useful in industry for 
standardizing reference ring gauges and for measur- 
ing the thickness of lamp filaments. 

Physics - A new method for precise determina- 
tion of high pressure has been evolved. The 
method depends on the use of a principle of similarity 
as applied to the distortions under pressure of two 
piston-cylinder assemblies of the same dimensions 
but of materials having different elastic constants. 
With this, it is possible to establish the effective 
areas of pressure balances with an accuracy of few 
parts in los over a wide range of pressure. 

Ground mufflers for use in pre-flight and main- 
tenance testing of jet-engined aircraft have been 
devised. The muffler works on the principle that 
the jet is directed into a sound absorbing diffuser 
and from there it is discharged to the atmosphere 
a t  comparatively low velocity. 

INDIAN PATENTS - continued from pagc 586 

Miscellaneous 
53369. Solar heating device: Consisting of a 

reflector of mirrors inclined one to another to 
produce coincident image from the mirrors, tlre 
~iairr,ors mounted on portable framework and the 
focal length of the reflector is at least twice the 
maxiinitm dimension of the reflector surface aitd 
the reflertor provided with the szipport stich ns a 

hinged leg to adjust the reflector to maintain the 
image at a jxed focal position - COUNCIL OF 
SCIENTIF~C & INDUSTRIAL RESEARCH 

54040. Composition for testing of wool: Consisting 
of a solution of Lactophenol cotton blue prepared 
by mixing phenol, lacfic acid glycerine, water 
and cotton blue - COUNCIL OF SC~ENT~FIC & 
INDUSTRIAL RESEARCH 



INDIAN PATENTS 
[A few of the Patent Applications notified as accepted in 
the Gazette of India, Part 111, Section 2, 29 September to 
27 October 1956, are listed below.] 

Chemicals, plastics, rubber, paints and allied products 
53541. Conchiceine compounds: A1k,ylthiocolchiceines 

are produced b.v reacting an alkjl mercaptan with 
a conchiceine or an isocolchiceine - UCLAF 

54026. Heterocyclic compounds containing nitrogen 
and sulphur and compositions containing such 
compounds: By reacting a 1 ,  2 or a 1, 3 substi- 
tuted or unsubstituted amino alcohol with carbon 
disulphide - DIAMOND ALKALI CO. 

54209. Production o f  substituted 1.2-diphenyl-3.5- 
dioxo-pyrazolidines: 1-Hjdroxyphenyl-2-oxy or 
unsubstituted phenyJ-4-hydrocarbyl pyvazolidones 
are prepared by usual methods - J .  R. GEIGY 
A.G. 

54896. Manufacture of I-nitrophenyl-2-acylamino- 
propan-1, 3-diols and their Ox- or 03-monoacyl 

' derivatives - C. F. BOEHRINGER & SOEHNE 
G.M.B.H. 

55155. Production o f  alcohols: Producing primar?, 
alcohols by autoxidizing an aluminium hydro- 
$arbon containing aluminium bound to the 
group -CHI-CHR'RY, where R' and R" are 
selected,fvom hydrogen and hydrocarbon vadicals- 
ZIEGLER 

55397. Monoethylenically unsaturated ethers and 
homopolymers and copolymers thereof: -4 n 
aminovinyl ether of the formula CHs= 
CHOANHR ( R  = hj~drogen or hydrocarbon 
radical) is reacted with an alkyl allophanate and 
the product is polymerized - ROHM & HAAS CO. 

55753. Liquid oxygen explosives: The explosive con- 
sists of a combustible material consisting of 
starch - L'AIR LIQUIDE,  SOCIETE ANONYME 
POUR 1- & ETUDE ET L'EXPLOITATION DES 
PROCEDES GEORGES CLAUDE 

55869. New composite antioxidants: Treating n- 
butyraldehyde with 2: 4 and 2 :  5 dimethyl phenols 
i n  firesence of acid condensing agent - I.C.I. - ~ 

LTD. 
55949. N-arylkyl-N-(2-carbamyl-a1kyl)-halogenated- 

alkanamides: A compound of the formula, AY- 
X-NH-Y-CONHR is reacted with Ac-kalc- 
gm or (tlc)pO, AY, X ,  Y ,  R and Ac being avjl 
alkyleae, alkylene, h3~drogen or hydrocarbyl, and 

. halogenated alkanoyl respectively - STERLING 
DRUG I N C .  

56122. Fertilizers: Comprising a fertilizer admixed 
with an antibiotic compound - FISONS LTD. 

57167. Novel pentachlorophenol compositions: The 
composition comprises up to 30 per cent of 
pentachlorophcnol, 1-15 per cent of aliphatic 
alcohol, 3-20 per cent of folar organic substance, 
3-20 per cent of an emulsifier of the group of 
polyoxyethylene sorbitan fatty acid esters and 
aromaiic hydrocarbon mixture as base oil- 
N.V. DE BATAAFSCHE PETROLEUM MAATS- 
CHAPPIJ 

53486. Synthesis o f  steroids: 9P. llp-Oxido-18, 21- 
rrnsubstituted steroid is treated with hydro~en 
halide and, if desired, the 11-hvdrox.v compound 
is oxidized to the keto devivative - OLIN M A T H I E -  
SON CHEMICAL CORP. 

54332. 1. 4-Di-caffeyl-quinic acid: A decoction liquor 
of the acid is treated with an excess of soluble 
barium or lead compounds and the acid is liberated 
from the resulting precipitate - FARMACEUTICI 
I T A L I A  S.A. 

54394. Roron-free ground coat enamels: Comprising 
a composition of one or more vefvactor.v oxides, 
one or move jluxing oxides and ,fluorides, m e  or 
more adherent oxides, wherein harium oxide is 
incorporated-COUNCIL OF SCIENTIFIC& I N D U S -  
T R I A L  RESEARCH 

54682. Water-soluble high molecular weight con- 
.densates and coating o f  materials therewith: 
Comprising condensate of mixture 2 :  1 o f  formal- 
dehyde and 3 : 5 : 1 of dicarbamate having viscosity 
of 2-25 poises at 25'6. at concentration of 60 per 
cent in water - ROHM & HAAS CO. 

54094. Optically active alkylcolchiceine compounds: 
By oxidizinp a thio derivative of the chlochiceine 
s>ies to pioduce the corresp&ding sulphoxide 
and separating the two isomers resulting thereby - 
UCL AF 

54714. Preparation o f  higher alkenes or.mixtures 
o f  alkenes, or their derivatives, particularly 
surface-active alkylaryl sulphonates suitable 
for detergent compositions: Cracking heavy 
cycle oil, obtained by fractional distillation of 
product of catalytic cracking of hydrocarbons, 
from which aromatics are removed by solvent 
extraction - N.V. DE BATAAFSCHE PETROLEUM 
MAATSCHAPPIJ 

55591. New phenothiazine derivatives and their 
preparation: Substituted phenothiazine is treated 
with an amine of the formula Q-B-NR,R,. 
Q representing all halogen atom or acid residue 
or the group N-R,R, (R ,  and R ,  being alkyl), 
B representing a divalent I8ydrocarbon chain and 
R, and R, representing hydrocarbyl group - 
SOCIETE DES ~ T S I N E S  CHIMIQUES RHONE- 
POULENC 

55777. Pheuothiazine derivatives and process for 
their manufacture: N-(piperidyl-ethyl)-diphenyl- 
amine is reacted with sulphur dihalide and the 
isomers are separated - SANDOZ A.G. 

56115. New diarylmethane derivatives. their manu- 
facture and application : One molecular pro- 
portion of $-ethyl phenol is combined with one 
molecular pr@ovtion of an alkylcyclopentene or 
an alkylcyclohexane and two ' molecular $YO- 
portions of the product are condensed with one 
molecular proportion of formaldehyde - I.C.I. 
LTD. 



I N D I A N  P A T E N T S  

53488. New 5 :  6-dihydro-benzo (C)  cinnoline deri- 
vatives and their preparation: Reacting cinno- 
line derivative with malonic acid - HACO 
CESEI.LSCHAFT A.G. 

53964. Manufacture of halogen-pregnanes and de- 
halogenation products thereof: A 3 : 20 diketo- 
pregnane compound, which contains i n  21 -position 
a free or functionallv colrverted hvdroxvl group, 
i n  17-position a hrdroxrl group esferifiid with a 
perhalogenated alzphalic carboxylic acid, or a 
corresponding 3-enol or 3-keto-2-halogen14 Ilalogea 
derivative thereof with a halogenating agent - 
CJBA LTD. 

54262. Preparation of phenothiazine derivatives: 
A phenothiazine i s  reacted with a nitvogen-con- 
taining heteroc?rclic bromide or iodide i n  the fire- 
sence of a basic condensing agent - CHE~IISCHE 
FABRIK I'ROMONTA G.M.B.H. 

54433. Enamel compositions for use on coppermetal: 
Comprising 15-25 per cent Na,O + K,O; 10-20 
Per cent one or more of BaO, CaO, 11.lgO. Z n O ;  
0-5 per cent PbO; 2-6 per cent A1,0,; 0-5 per cent 
AS# ,  ; 30-45 per cent SiO,; 0-8 per cenl TiO,: 
0-8 per cent SbYO,; 5-10 pev cent I;; and 0-15 
per cent ByOS - COUNCIL OF SCIENTIFIC & 
INDUSTRIAL RESEARCH 

55292. Esters and process for their production: An 
a l k ~ l  reserpate with a free hvdroxil group i s  
col;verted into a diester of ihe 0:(Of-carbox? 
s.vingo?l)-vesevpic acid or an  acid addition salt 
thereof - CIBA LTD. 

55301. New unsaturated ureido ethers and homo- 
polymers and copolymers thereof: B y  reacting 
a n  isocyanate (R 'NCO) with a n  aminoalkyl 
vinyl ether (CH,: CHO..INHR), and subjecting 
the product to polymerization, {f desired - ROHM 
& HAAS Co. 

56076. Tachysterol and dihydro tachysterol: T o  a 
neutral or weak alkaline solulion of a precalciferol 
or. an  ester thereof i s  added a catalyst, iodine 
or eosine under the action of light and i f  desired 
Ilre producl i s  redrtced - S.V. PHILIPS' GOEI- 
LAMPENFABRIEKEN 

571 97. Di-imidazole derivatives: Condensing aro- 
matic orthodiamine wit11 thiomalic or aspartic 
aiid - CIRA LTn. 

Cbernical processes, en$lneerin& end equipment 
55740. Improvements in treatment of flexible cellu- 

lar material: Tret~t ing cellular slructure formed b y  
castilrg liquid mixture of active hydrogpn coa- 
taining polynreric m(tteria1s polyisocyaizc~te and 
roalr?r wilh nmmorria - THE COOBYEAR TIRE & 
RUHBER Co. 

56774. Process for halogenating cvmpoun~is having 
a trtram-pnrphin structure: The compound i s  
heated i n  a n  anlr~'drous halogenating agent which 
contains a com$ound oJ the Friedel-Crafls type 
and SO, or anhvdrous H,SO, or a compound of 
the formula R-50,-halogen, R being an  -OH ~r 
-0-metal group or a n  organic radical-CIBA LTD. 

56956. Treatment of wood pulp to render it resistant 
to fungal attack: Incorporating therein halo- 
gen subslituted 1-halo-4: 6-dinitrobenzene-I.C.I. 
LTD. 

56970. Magnetic separator: Consisting of a rotor 
which i s  rotatable between magnetic poles and a 
table on to which a slurrv of the material to be 
treated i s  fed, a section of said table passing be- 
tween the rotor and one of the poles - SVIRSKIS 

57209. Apparatus for the lubrication of machines 
or other equipment driven by compressed air: 
A hollow member embraces a n  oil container so 
arranged therein that oil i s  drawn from container 
into the stream of compressed air - BECKMANN 

53528. Pyrccliemical process for the metallization 
of non-conductors: Wherein the binder employed 
consists of a com#ound slable u p  to 3C0°C., name- 
1,v iricvesvlphospkate, triethanol amine oleate or 
castor oil - COUNCIL OF SCIENTIFIC & INDUS- 
TRIAL RESEARCH 

57130. Improvement in or related to the separation 
of sulphur from sulphur ores, flotation con- 
centrates or originally refined pure sulphur 
contaminated by waste: Sulphur i s  treated with 
calcium chloride solution - ELLIOTT 

54264. Process for the preparation of new desiccants 
and dehumidifiers: Preparing an  ion-exchanger 
product and activating i t  by heating - COUNCIL 
OF SCIENTIFIC & INDUSTRIAL RESEARCH 

55773. Vacuum pans: Having a discharge valve i n  
which the valve member i s  operated bv a piston 
working i n  a j u i d  pressure cylinder - GEORGE 
FLETCHER & CO.  LTD. 

Physics - penernl 
5 531 1. Magnetic devices for controlling electric 

signals: Magnetic bodv having two apertures 
which provide at least two flux paths which 
have a common portion and separate portions and 
means being provided adjacent the respective 
apertures for providing magnetic jzcx i n  the 
resfiective Paths - RADIO CORPORATION OF AME- 
RICA 

5581 1. Improvements in or relating to goniometers: 
One of the movable members has ferromagnetic 
core with two mutually perpendicular windings 
wound round the section, each winding composed 
of winding portions i n  magnetic opposition and 
constituting means for producing a magnetic 
field diametrically across the core and threading 
the two halves of said core i n  opposite directions - 
MARCONI'S WIRELESS TELEGRAPH CO. LTD. 

56016. Methods of making anisotropic permanent 
magnets: Hardened i n  a magnetic field and 
containing up to 42 per cent of Co, 10-20 

. ~ G Y  cent N i ,  6-10 per cent of A l ,  2-8 per cent 
of C u  and 4-10 per cent of T i  and Fe - N.V. 
PHILIPS' GLOEILAMPENFABRIEKEN 

57961. Improvements in electromagnetic relays : 
Knife  edge provided by a member which serves 
also as a retaining clip - AUTOMATIC TELE- 
PHONE & ELECTRIC LTD. 

54091. Improvements in or relating to magnetrons: 
Of the kind having a n  anode structure defining 
a n  even plurality of cavity resonators spaced 
round, and opening on to, a cylindrical electron 
or bit space within which i s  located the cathode - 
THE M-0 VALVE CO. LTD. 

Drugs and pharmaceutlcds 
54064. Improvements in processes of fungi or 

mushroom-like cultures and industrial fermen- 
tations: Fermentation an one or more primary 
vats and one or more secondary vats i s  charac- 
terized by choosing the total volume offlow i n  uni t  
t ime into the primary vats, the total volume of the 
contents 01 the secondary vats, and modifying the 
ratio of the volume of flow and each of the othev 
volumes - LEFRANCOIS, MARILLER & MEJANE 
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