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V A C U U M  G A U G E S  
The most comprehensive range in the world - 

including VACUUM LEAK TESTING 

Only a few examples o f  the SPEEDIVAC range o f  all-electric vacuum measuring instru- 
ments are shown . . . . standard and miniature McLeod gauges, manometers, barometrically 

compensated dial gauges . . . . in fact every type of vacuum gauge is supplied 

THERMlONlC IONIZATION (10-2 t o  10-8 
mm. Hg) - An electronic gauge for  the highest 
vacua. . . automatic controlling of the filament 
emission. 

KNUDSEN (10-4 t o  10-7 mrn. Hg) -Available 
for the first time as a robust and precision gauge for 
GENERAL laboratory and factory use.. . no fila- 
ment t o  burn out. 

COLD CATHODE IONIZATION (Phillips' 
Type) (5x  10-3 t o  10-: mm. Hg) -Normally 
associated with the more elaborate thermionic 

gauge, but possesses robustness for more arduous 
duties. 

COMBINED GAUGE (0.5 t o  10-5 mm. Hg)-Corn- 
bines the best features of the two most popular 
laboratory and industrial gauge - the Phillips' and 
Pirani type. lntegral leak detection facilities. 

THERMAL (Pirani-type) GAUGE (70.0 to  10-4 
mm. Hg) -The most generally useful gauge 
for low gas and vapour pressures. Models in- 
clude direct indication . . . multipoint recording.. . 
battery-operated. Integral leak detection facilities. 

FOR PARTICULARS PLEASE WRITE TO : 

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

- - 
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:is part of their espansion programme, the Indian Iron 
& Steel Co. Ltd,  have installed a t  their Burnpur Il'orks a 
conventional, modern banded-bosh furnace of the Freyn 
design, with a capacity of 1200 tons; the furnace operation is 
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WARD'S 
MINERAL SPECIMENS 

ANDESITE PORPHYRY FROM ONTARIO 
Sharp euhedral feldspar crystals show zoning 

Since 1862, WARD'S NATURAL SCIENCE EST. INC., Rochester, 
U.S.A., has dedicated itself to the aim of  increasing interest in 
mineralogy and the geological sciences. Ward's is  the out- 
standing source for rare and beautiful minerals, for student and 

museum specimens, and for geological materials and supplies. 

Accredited Agents 

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

SAVOY CHAMBERS, WALLACE STREET, BOMBAY I 
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QUALITY TESTING INSTRUMENTS 
for Metal, Textile, Paper, Rubber, Leather & 

Plastic Industries 

BURSTING STRENGTH TESTER 

A light type motor-driven tester, the pressure being developed by a 
special can which operates the plunger 

by 

Messrs KARL FRANK GmbH, Germany 

Sole Agents: 

TOSHNIWAL BROTHERS PRIVATE LTD. 
198 JAMSHEDJI TATA ROAD 

BOMBAY I 

Branches : 
14-B/4 N.E.A. 

NEW D E L H l  5 
171 D H A R A M T A L A  STREET 

C A L C U T T A  13 
9 BLACKERS R O A D  

MADRAS 1 

i6 I s.I .R.-  JUNE I 



4 
4 A MUSCLE RELAXANT , 

with a 

wide range of indications 

( B.P.C. ) 

3-( 2-Methyl-phenoxy ) Propane- 1 : 2-diol 

Manufactured by 

BENGAL IMMUNITY I I 
COMPANY LIMITED 

CALCUTTA 13 
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PLATINUM ELECTRODES 

W e  present different types of  Platinum 
Electrodes which have increasing demand 
since electrochemical methods of ana- 
lysis have proved t o  be more economi- 
cal, speedy and accurate. 

W e  have a number o f  Platinum Elec- 
trodes most commonly employed in  
laboratories. There is a wide range o f  
electrodes t o  suit different purposes. 
W e  would welcome your own specifica- 
tions t o  enable us t o  manufacture 
your requirements. However, we would 
recommend using the standard Platinum 
Electrodes described in our catalogue 
which are generally held in stock. 

W i r e  gauze cylinders for electrodes are 
the most satisfactory since they provide 
larger surface area than an equal weight 
of plain o r  perforated sheet. In spite 
o f  this, if desired, we can manufacture 
electrodes having plain o r  perforated 
sheet cylinders. 

A TYPICAL COMBINATION OF WIRE GAUZE 
NOTE : Generally frames o f  these electrodes ELECTRODES IS IN GENERAL 
are prepared f rom pure Platinum. If desired, 
the same can be manufactured from 10 per cent DEMAND. FOR DETAILS PLEASE REFER TO 

Iridium/Platinum alloy t o  make the rings stiff. N,,. R 162 g, R 163 OFOUR ILLUSTRATED 
The stem is usually square but  can be supplied 
in  round wire on request. CATALOGUE SENT ON REQUEST 

RAVINDRA & CO. (PLATINUM) 
63 DHANJI STREET, BOMBAY 3 

A8 J.S.1.R.- JUNE 1958 



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 

*WIRES * CRUCIBLES * DISHES @ * FOILS *TIPPED TONGS * J. LAW- 

RENCE SMITH TYPE CRUCIBLES 

* SPOONS * SPATULAE *WIRE 
e ~ M ~ #  GAUGE * TRIANGLES 
T W f i  MAR& 

ALL ITEMS 
AVAILABLE FROM READY STOCKS 

Al l  items manufactured from 
' Special Platinum ' guaranteed Reshaping of damaged platinum apparatus 

undertaken at Rs. 3.25 per gram. 
99.9% and over 

Replacement o f  damaged platinum appa- 
rat.us at Rs. 4.25 per gram. 

Anv article in ~ l a t i n u m  manufactured and - I 

1 supplied as per'specification. 
- 

ILLUSTRATED CATALOGUE ON REQUEST 



.-a FOR I'VE USED T H A T  

Can be brush, spray or dip 
applied, to  give a full gloss 
protective coat that wil l  



ZEISS 

LARGE 

TOOL MAKERS' 

MICROSCOPE 

FOR LINEAL & ANGULAR MEASUREMENTS & COMPARISONS 

OF PROFILES BY THE SILHOUETTE OR 

SECTIONAL METHODS 

Sole Agents 

GORDHANDAS DESAl PRIVATE LTD. 
PHEROZSHAH MEHTA ROAD 

BOMBAY I 

Branches at : 

P7 MISSION ROW EXTENSION 4/28 ASAF ALI ROAD 22 L INGHI  CHETTY STREET 
CALCUTTA I N E W  DELHI MADRAS I 

.S.I.R.- JUNE 1958 



For 
Scientific - Medical -Industrial 

LABORATORY EQUIPMENT 

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

Refractometers. Spectroscopes, Telescopes 
Metrohm pH Meters & Stirrers 
Mernmert suaho & Incubators 
Palmer's Physiolog Apparatus 

Bosch Balances, BH i Centrifuges 
Summira Calculating Machines 

Blue Seal Microslides and Coverslips 
Magnifiers, Binoculars, Telescopes, 

Microprojectors, etc. etc. 
TIM-India Laboratory Equipment 

CONTACT 

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

BOMBAY I 
Post Box 332 Grams: FACMARE Phone: 35229 

Use SIMCO brand 

Scientific Glass Apparatus 

for 
Accuracy, Quality & Durability 

All kinds of graduated glassware 
* All glass distillation equipment 
* Gas analysis apparatus-Orsat's, Haldane's, 

etc. 
Stopcocks of various types 
Blood, urine and milk testing apparatus 

* Chromatographic chamber and accessories 
Any special apparatus according to  speci- 
fications 

Manufactured by 

SCIENTIFIC INSTRUMENT Mfg. Co. 
( SlMCO ) 

3 SASTITALA ROAD, NARKELDANGA 
CALCUTTA II 

Gram : Meterhome 

SIGCOL I N D E X  
combines three in one? 

Behind every lndex beaker and flask 
you can see long experience backed by 
scientific research. lndex is a symbol 
o f  guarantee for laboratory work. It is 

Resistant t o  chemical reagents 
Resistant r o  mechanical shocks 
Resistant t o  heat (coefficient of 
expansion is only 3 . 4 ~  ) 

Sole Distributors: 

- GHARPURE & CO. - 
P-36 Royal Exchange Place Extn., Calcutta I 

J.S.1.R.- JUNE 1958 
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The New 

handy and 

easy-to-carry 

MICROSCOPE 

MODEL MI1 

suitable for 

field work 

a 

Available as 

* Monocular 
or 

WILD Binocular Research Microscope * Binocular M I  1 BRGL with dust-proof steel hood and 
leather carrying strap 

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

* PROJECTION * PHOTOMICROGRAPHY, ETC. ETC. 

Equipped wi th modern, High Precision Swiss Machines, Tools, Gauges and Collimators 

and w i th  an expert Swiss trained Engineer, our SERVICE DIVISION undertakes repairs 

t o  W i l d  Microscopes and other Optical and Fine Mechanical Instruments. 

SOLE AGENTS 

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

BOMBAY 

Telephone : 261304 Telegram : TECHLAB 

OUR SUB-AGENTS 

VULCAN TRADING CO. 
PRIVATE Ltd. 

38C M O U N T  ROAD 
MADRAS 6 



Dependability Durability Performance 

HIGH VACUUM PUMPS 
and 

V A C U U M  M E A S U R I N G  
I N S T R U M E N T S  

by 

S H I M A D Z U  & 
SEISAKUSHO LTD. 

MODEL s 2-2 J A P A N  

For details wri te to  

SCIENTIFIC EQUIPMENT WORKS 
11777 NICHOLSON ROAD, DELHl 6 

Telephone: 27029 Telegram: CHEMBIO 

ANALYTICAL REAGENT 

Sulphuric Acid 

Sp. Gr. ( Abt. ) . . . . . . . . . . . . . . .  1.84 

Free from Nitrogen 

Maximum amount of impurities 

Non-volatile Matter . . . . . . . .  0.0025% 
Heavy Metal ( as Pb ) . . . . .  .0.0002% 
Iron . . . . . . . . . . . . . . . . . . .  .0.000 1 % 
As,O, . . . . . . . . . . . . . . . . . .  .0-000 1 % 
Chloride . . . . . . . . . . . . . . . .  .0.0008% 

THE INTERNATIONAL CHEMICAL 
INDUSTRIES 

1038 UPPER CIRCULAR ROAD 
CALCUTTA 

INDIAN SCIENTIFIC ACCESSORIES 
COMPANY PRIVATE LTD. 

Head Ojice 
24/2B SAHANAGORE ROAD 

CALCUTTA 26 

Factovy 
8 ABHOY SARKER LANE 

CALCUTTA 20 

Manufactt~revs of: 

Neutral Glass Ampoules, Test 
Tubes, Tablet, Dropper, Slides 

Table Blown Apparatus from Pyrex, 
Index, Sigcol - S/75 Glass Gra- 
duated Apparatus - such a s  

Burette, Pipette, Cylinder, etc. 

Specialist i n  lecture a@$avntus for 
COLLEGES, TECHNICAL SCHOOLS & 

RESEARCH LABORATORIES 

-- 

A l l  
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t 
I i I Features I Jacket overlap. 

T O P P I N G  RUBBER 
seals and protects the  

! I 
I 

I I built 
i t into 
I 

i I I the 
NEW 

VEE Belts 

I 
I 
I 
I 2 JACKET of multilayer 
I rubber impregnated fabric 
I armours the belt against 
I 
I surface wear. 
I 
I 
I 
1 
1 3 FILLER RUBBER holds 
I the cords in correct place, 
I resists d i s to r t i on  and 
I 
I cushions'the cords against 
I sudden starting shocks. 

I I 

Designed to meet the I 
I 

I new Arner  car^ Standard I 
I I 
I H o r s e  Power ratings. I 

I 
I I Wrlre far Technical Hondbook t o  I 

I l ndust r l~ l  Rubber 
I 

I I 
1 Products D~v i r ion  I 

I I The Dunlop Rubber Co. I 
(India) Ltd. I I 

I I 1 570 Free School St.. I 

Calcutta 16 
I >.,..a 

'*U . I 
I -0 ,  *.* I 

I 
ORAC-52 I I-------------------.--. 

4 REINFORCING MEMBER 
o f  h igh s t rength  r u b b e r  
impregnated synthetic texti le 
cords prov ides  adequate 
strength and resistance to 
strain and fatigue, 

5 BASE RUBBER specially 
compounded t o  resist fric- 
tional heat provides an ideal 
foundation for the cords 
and gives a large gr~pping 
surface on the sides 



We ofler 

PHYSIOLOGICAL, 
PATHOLOGICAL, 

BIOLOGICAL & 
PHARMACEUTICAL 

LAB0 RATORY 
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' 128 KELEWADI 

Estd. 1920 GIRGAUM, BOMBAY 4 

B O R O S I L  
LABORATORY GLASSWARE 

such as 
FLASKS, BEAKERS. CONDENSERS, MEASURING 

FLASKS, MEASURING CYLINDERS, PIPETTES I 

A N Y  SPECIAL APPARATUS MADE T O  DESIGN 

and 
PENICILLIN VIALS. VACCINE @ULBS-WHITE 6 

APBER 

A L L  O T H E R  APPARATUS B E Q U I P M E N T  

M A N U F A C T U R E D  T O  CLIENT'S DESION 

INDUSTRIAL & ENGINEERING 
APPARATUS CO. PRIVATE Ltd* 

C H O T A N I  ESTATES, PROCTOR R O A D  
G R A N T  ROAD.  B O M B A Y  7 

Direct Importers 

* LABORATORY CHEMICALS 

* PHARMACEUTICAL 
CHEMICALS 

* FINE CHEMICALS 

* VITAMINS 

* STAINS, etc. 

Please refer t o :  

B. BABULAL & Co. 
71 PRINCESS STREET 

POST BOX No. 2409, BOMBAY 2 

Gram : PRTROLNM Pbome: 28465 
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Details from : 

CHOSE BROS ( Perfumers 
50 E Z R A  STREET, C A L C U T T A  I 

S O L E N O I D  

New Design for Accuracy 

PRIMARY . . . . 200 TURNS 
SECONDAR~ES . . . i00  & 20 TURNS 
WOUND ON INSULATING FORMERS 

ON EBONITE MOUNTS 

Made by: 

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

115 BRODIES ROAD, MADRAS 28 

SClENTlFlC 
INSTRUMENTS 

RADIO LAMP W O R K S  LTD. 
BOMBAY. CALCUTTA ' DELHI ' K.\NPUR ' MADRAS ' INDORE 

WARDHA . GAUHAT~ 



e long ... @ 
and the short of it. I I 

WHATMAN Papers for absorption, chromatography 
and electrophoresis can now be obtained in reels. 

They enable paper to be cut in lengths 
deterl~~iried by experimental needs . . . they are 

more ecorlornical than ready-cut strips 
or small sheets and easier to store. 

Reels are available in lengths of 100 and 
200 metres, and in standard widths ranging 

from 1 cm. to 27 cm. Full details of reel sizes 
and prices are in the \Thatman Price List, 

copies of which are freely available. 
Write for your copy 
of the Whatman 

H. REEVE ANGEL & CO. LTD Price List and of 

9 BRIDElVELL PLACE, LOSDON EC4 the LLBuyers' Guide 
to Whatman Laboratory 

also at 52 Duane Street, New Tork 7 Filter Papers." 

sole distributors of 

WHATMAN FILTER PAPERS 

1.S.I.R.- JUNE 1958 



I1 More than 100 Marconi Instruments I1 
FROM V.L.F. TO E.H.F. 

designed to meet your needs 

AF & FM Signal Generator * Audio & Video Oscillators 
* Frequency Meters * Voltmeters * Power Meters 
* Distortion Meters * Field Strength Measuring Instru- 
ments * Transmission Monitors * Deviation Meters 
* Oscilloscopes * Spectrum & Response Analysers * Meters & Bridges 

MARCONI INSTRUMENTS LIMITED I 
Write for the complete 1957 catalogue to I1 

ASSOCIATED INSTRUMENT MANUFACTURERS 11 
( I N D I A )  P R I V A T E  LTD. 

I N D I A  H O U S E  85 GILLANDER H O U S E  S U N L I G H T  INSURANCE BLDG. 
FORT STREET. P.O. B O X  119 P.O. B O X  2136 26/27 ASAF ALI  R O A D  

BOMBAY CALCUTTA N E W  D E L H l  

] S.1.R.- JUNE 1958 A19 



of B.D.H. Amino ~ c i d s  are now 

\ B o n o ~ .  mallff#e$uPe 
in mrmal regular production as 
a result of development work 

I camed out in the B.D.H. 
I 

Laboratories since 1945. They are available in 
adequate quantities for laboratory use and 
enquiries for larger amounts are invited. 

I T H E  B R I T I S H  D R U G  H O U S E S  L T D .  
U.I).H. LAL30I<ATOI<Y LHIIMI(ALS GHuUP 

Lis ts  and llOOL1i, ENGLANI) 

ftwtker i n f o ~ m u t i o n  or fronz tkc distrib~ilors i n  Indin 
may be obtained fvoqi~ I BRITISH DRUG HOUSES (INDIA)  PRIVATE I J D .  

l'.O. IjOX 1341, l ~ O ~ l l ~ . \ Y  1 
Urnnches a t :  CALCIII'TA - UICLHI - hlAUliAS 

We manufacture 
* 'PINCO' Gas Plant, Burners, Taps 

* Incubators: Hatching & Bacteriological 

* Thermostatic Baths, Ovens & Ho t  
Plates 

* Vacuum Pumps, Ovens & Stills 

* Laboratory Shakers & Stirrers 

* Autoclaves & Sterilizers 

* Automatic Dist i l led Wate r  Stills 

* Glass Density Apparatus 

* Physical, Chemical & Biological Appa- 
ratus, Models & Charts 

etc. etc. etc. 

'PINCO' GAS PLANT We repair 
f o r  Educational, Research and Industrial Laboratories, * A l l  types o f  Optical, Mechanical, Elec- 

Hospitals and also for  cooking purpose trical. Electronic & Survey Instruments 

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

Tele~ram: Telephone: 
P I N C O ,  C A L C U T T A  24-3271 

A20 J.S.1.R.- JUNE 1953 



The century-long experience of Johnson Matthey i n  both the 
manufacture and use of platinum apparatus, coupled w i t h  crafts- 
manship of the highest order, provides a guarantee of quality 
in  all JMC platinum ware. Good design, close attention t o  
dimensional accuracy and the highest standards of finish are 
combined t o  produce units excellently matched t o  their duties 
and of robust construction for long trouble-free service. 

Specialized products of 

~ohnson 
Matthey 

AVAILABLE IN INDIA FROM 

R A M  LABHAYA ARORA & SONS 
16111 HARRISON ROAD, CALCUTTA 

Telegram : "METCHEMIKO ". CALCUTTA Telephone : 33-3256 

] S.1.R.- JUNE 1958 A21 



for 
LABORATORY PORCELAIN WARES 

insist on 

ccM" 
BRAND 

PRODUCTS 

A NATIONAL PRODUCTION TO MEET 

ROUTINE LABORATORY WORK 

Withstands 900°C. without crack 
in glaze 
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A u t o m a t i o n  & S o c i e t y  

0 UR attitude towards the nineteenth 
century and especially towards .the 
Victorian Age is still, for many of us, 

ecluivocal andndec i t l cd .  Two or three 
decades ago, it was fashionable to underrate 
the achievements of the period and of its great 
men, a fashion largely set by Lytton Strachey 
in his amusing and clever caricatures of 
eminent Victorians. Of recent years, we are 
beginning to be rcspcctful: we are beginning 
to recognize that the nineteenth century 
was a periocl of remarkably great men and 
of great advances. Decry as we may some 
of the values of that age, we are driven to 
admitting that it was marked by unusual 
progress, ancl that it has to its credit the 
outstanding achievcrnent of grasping the idea 
of developmrnt and evolution in the physi- 
cal sciences, in the biological world, and in 
human affairs. The thought of Darwin and 
Lyell, of Mill and Spencer, of Engels and 
Marx, is shot through with - is indeed 
largely based upon - concepts of a world 
in the process of becoming rather than of 
a world which had become or had arrived. 

No doubt the majority of people did not a t  
the time see the significance of this advance 
in outlook, and perhaps we may also take 
leave to doubt whether the quintessence of 
the Victorian thought has yet reached the 
man in the street. Nevertheless, all of us 
have to some degree become more and more 
impressed by the moving, changing, and 
dynamic nature of things and ideas. Almost 
automatically we now interpret geology and 
biology, history and politics, religion and 
philosophy with a new awareness - an 
awareness that history in general does ?tot 
repeat itself, and that ideas and affairs have 
to be considered in a dynamic setting, as 
matters of growth rather than of fixedness. 
Science in particular has felt the impact of 
evolutionary or developmental views - has 

in fact been largely responsible for them - 
and in the nature of things engineering 
ant1 technology have not lagged behind. 
Indeed, on occasions they have taken the 
lead; but there have been similar changes 
in outlook in economics and social sciences, 
in ethics and education, in psychology and 
philosophy. 

I t  is to be noted, however, that our philo- 
sophers and thinkers have warned us that 
in the social sciences, and more especially 
in the world of ethics and morals, we are 
lagging dangerously behind: the rate of 
advance is too slow in relation to that of 
our science. The question thus poses itself 
whether some of the difficulties and com- 
plications arising in our social and economic 
life, and also the sense of frustration which 
often clouds the political horizon have arisen 
largely because our social development lags 
behind our technical achievements. The 
study of automation and its economic and 
social consequences is a case in point. Of 
recent years, especially in U.S.A., there have 
appeared numerous papers and books on 
the subject, and endless references to con- 
ferences on such subjects as man and auto- 
mation, the automatic factory, technology 
and human survival and the like. Through- 
out this literature there runs a division into 
two major schools of opinion: one regards 
automation and its consequences as desirable; 
the other considers the whole movement an 
enemy to mankind. The first school, the 
optimists, denies that any major social evils 
will arise: in fact, they claim that the out- 
come will be a better life with more and easier 
jobs and more leisure. The second school, 
the pessimists, considers that automation will 
spellfinis to what remains of the good life - 
and this not only for the factory workers 
but also for the vast majority of human 
beings. 
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A recent work by Frederick Pollock*, 
translated from the German, is devoted to 
the analysis of these proble~ils and opinions. 
The book is one of a series of enquiries into 
changes in society which are being made by 
the Institut Fur Sozialforscliung a t  the 
University of Frankfurt. 

Broadly speaking, automation consists in 
the employinent of machines to control and 
guide other machines: it is a protluction 
technique iri which (instead of men) machines 
are employed to operate and direct otllcr 
machines and to control tlie products of tlie 
process in rcspect of quantity and quality. 
What were formerly separate and unconnect- 
ed operations in prpduction are changed 
into a unified process, resulting in a colos- 
sal output of goods, often of the highest 
quality. Automation, however, is not con- 
fined to the factory or workshop: it extends 
to the office, to machines which undertake 
all calculations, account preparation, and 
book-keeping; and to machines which pro- 
duce all the necessary statistics and other 
office information. Already in America and 
Europe much of the office work formerly 
done by men and women is now performed by 
electronic computers, mechanical shorthand 
writers, punched cards, sorting machines and 
the like -in a fraction of the time, and with 
accuracy. 

Several examples are given by Mr. Pollock 
of the marvellous achievements of automa- 
tion in respect of reduction of labour and of 
efficiency of performance. Thus, in U.K. 
the Lyons Electronic Computer calculates 
and records the wages for 33,000 employees, 
and in doing so it takes account of 20 different 
deductions and extra payments. The com- 
puter also shows the number and kinds of 
notes and coins required, and the insurance 
stamps needed. In U.S.A. a t  the General 
Electric Co.'s works, a computer calculates in 
2 hours the wages of 12,000 men and gives 
information on net payments and the distri- 
bution of wage costs. In another 4 hours, 
it prints the wage cheques for those so paid, 
and the wage sheets for the pay clerks and 
the accountant. I t  performs in 6 seconds 
work which used to keep many clerks busy 
for a week. The machine also supplies con- 
tinuous information concerning the stocks in 
hand and the new materials required. The 

*The Economic and Social Consequences of Auto- 
mation by IT. Pollock (Basil Blacltwell, Oxford), 
1957. Pp. 276. P~ice 25s. 

possible savings in public administration, 
insurance offices, banks and tlie like from 
the use of conip~itrrs are obvions. 

'Tllc inclispci~sable personnel arc the engi- 
nrers who plan antl organize tlic procrsses, 
construct the niachincs, (levclop new ones, 
and co-ordinate and integrate tlic work. 
Certain engineers and the nianagernent are 
thus still found essential: the craftsman's 
part prz~ctically vanislies - antl so does t h ~ t  
of thc ordinary employee. 

Mr. l'ollock's r n i n  objective, howcvrr, is 
not to describe the marvcls of protluction or 
other potcnti:ilitics introcluccd by automa- 
tion: it is to forecast the ecoriomic and social 
ch:~ngcs that are lil;(,ly to result, such as un- 
employment, the concentration of economic 
powcr into a f(5w I~:~ntls, and tlic role of 
management and labour under the new con- 
ditions. 

The simple problem is: what is going to 
happen to those who are thrown out of work 
by the introduction of these new techniques ? 
I t  is pointed out that many of the leaders 
of trade unions consider the situation es- 
tremely grave and likely to give rise to 
social upl~eavals, strikes and extensive un- 
rmployment. Reading between the lines one 
feels that the author is largely in agreement 
with this view. Hut is it true ? The intro- 
duction of machinery in numerous countries 
in the past century was opposed on similar 
grounds; yet was not greatly increased em- 
ployment actually provided through such 
machinery, through factories and workshops, 
through the whole growth of technology ? 
\Vould there liave been any such employment 
7aithout the advent of the machine, without 
technology, without engineering ? 

In U.S.A. automation so far has not created 
any major problem of unemployment: other 
(often new) industries have been able to 
absorb readily the superfluous personnel. 
IVhat therefore are we to conclude ? Does 
not our fear of this new technique arise 
from failure to recognize that it will create 
or generate in due course more employment ? 
In other words, are most of us still early 
Victorians in outlook and have we failed to 
learn the lesson that growth and progress 
are essential ? 

There is of course one all important factor 
to which attention must be paid, namely the 
planning of industrial development so that 
with the aclvent of these new methods and 
new machines there is at  the same time ade- 



M R .  V. C A D A M B E  

quate provision for the transfer or ab- 
sorption of persons from one form of em- 
ploy~ncnt into another. In this rcspcct thcn: 
is a clear ;uncl tlcfinitc: social duty on the 
sl~oultlers of tllc intlustrialists ant1 tlie State: 
but the necessary ;~rrnngcn~cnts nntl provi- 
sion arc ~~nlilicly to prcscnt any illsuper- 
; 1 1 ) 1 t b  prol)l(,ln, ;is in(111stry sooner or latcr 
pro(lr~cc~s morc int111stt.y ant1 ntore wnploy- 
nlcnt. I t  will thus prol,ably 11r nccrssnry 
to ~ll;tlic> sl)c-ci;ll ; ~ r r ; ~ ~ ~ g c ~ n ( ~ n t s  o ~ ~ l y  for very 
lirnitctl trallsitio11;~l pc,riods. 

In a word, our fr;lr to wclco~nc such tlcvo- 
lop~i~cnts  as auto~n;ltio~l scems to arise Iilrgc,ly 
frtrm failarc to apprcxciate thc ~i;ilural growtl~ 
of intlustry which follows upon ncw ideas ant1 

applications; yet the record of history is 
there to see. No doubt in the past there 
may have been, for short periods, distress or 
liartlship; hut it  could surely have been miti- 
gatctl by proper planning on the part of those 
responsible. l'llc conclusion to be drawn ap- 
pears to be that the greater thc industrial 
tlc.vc-lopmcnt, tllc grcntcr is t l ~ c  tentlcncy tn 
create furt l~rr  industry - wit11 grcatcr enl- 
ploymc.nt ant1 :I l~igller standarc1 of living 
ant1 ~~rovitlctl tlliit o w  soci;~l and ethical 
vnlrtcs a.re sountl, tllcrr is little to fear 
fro111 a11toin:~tion. (;xn \vc not malie our 
social vitlues mcxsurc up to our teclinical 
advances ? 

J.W.W. 

Mr .  V. C a d a m b e  

M R. V. Cadambe, Assistant Director, 
National Physical Laboratory of 
India, New Delhi, who was on deputa- 

tion with the Ministry of Defence, has been 
appointed, witli effect from 20 February 
1958, as Director (Planning), Central Mecha- 
nical Engineering licsearcl~ Institute, which 
is to Ire located a t  Durgapur in \Yest Bengal. 

I-lorn on 10 December 1910 in Bangalore, 
Mr. Cadaml~e had his education in the Uni- 
versity of Mysore and obtained his M.Sc. 
(Hons.) degree in hlathematics in 1933. He 
startcd his career as a lecturer in mathematics 
in the University of Rombay ant1 was ap- 
pointed, in 1937, Chief Instructor and Secre- 
tary, Technical Training Centre, Air Services 
of Inclia, a t  Jamnagar. In 1940 he proceeded 
to L.S.;!. for higher studies and obtained his 
J1.S. degree from the California Institute of 
Technology. He served the Hughes Air- 
craft Factory, Los Angeles, as the Structural 
ant1 Aerodynamic Engineer from 1942 to 
1944 ant1 tlie Do~~glas  Aircraft Factory as 
Senior Structural Engineer from 1944 to 
1946. On his return to Intlia in 1946, Mr. 
Cadambe joined the Tata Aircraft Ltd., 
Titaghur. In  May 1948 he was appointed 
Assistant Director (Applied Mechanics Divi- 
sion) in the National Physical Laboratory of 

India, New Delhi. During 
the 8 years of his stay 
in the laboratory, Mr. 
Caclambe took an active 
interest in developing and 
equipping his Division. 

Mr. Cadambe has a large 
number of scientific and 
technical papers to his cre- 
dit. Tlley include contri- 
butions on elasticity, 

ILIR, V. ," ,,h, photoelasticity, vibration 
and structural engineer- 
ing, industrial testing 

and tecllnical education. He is the author 
of a valuable report entitled Engineering Re- 
scrzrclz irc India. 

Mr. Cadambe is a fellow of many scientific 
and learned societies in India and abroad. 
He is an Associate Fellow of the Royal 
Aeronautical Society, London; the Institute 
of Aeronautical Sciences Inc., U.S.A.; the 
Institution of hIetallurgists, London; and thc 
National Institute of Scicnces of India. He 
is a member of the Institution of Struc- 
tural Engineers, London; the Institution 
of Mechanical Engineers, London; the 
Institution of Mechanical Engineers, India; 
the Applied Mechanics Society of India, etc. 



Biosynthesis of Alkaloids in the Plants 
C. L. MADAN & B. MUKERJI 

Central Drug Research Institute, Lucknow 

T HE object of this review is to present 
a critical account of the recent find- 
ings and some of the earlier work on 

the biosynthesis of alkaloids in the plants. 
No attempt has been made in this article to 
cover other aspects of the physiology of 
alkaloids, for which reference should also be 
made to the excellent contributions of Daw- 
son1, Hegnauer2, Iljin3, James4, and Mothes5. 
The review by Mothes was the last on 
the subject and covered the literature up to 
October 1954. The formulation of a general 
theory of the biosynthesis of alkaloids in 
the plants is an obviously difficult task; 
however, a few suggestions have been made 
in this article which can be taken only as 
tentative. 

There is no doubt that the central problems 
in the biosynthesis of alkaloids are the 
characterization of the synthetic mechanisms 
and other physical and chemical systems 
within the plant organism, and the manner 
in which the heterocyclic rings originate in 
the plant. The great majority of alkaloids 
are produced by highly evolved plants posses- 
sing most complex physiological and struc- . 
tural organization. Uptil now it is not clear- 
ly understood whether alkaloid formation 
in the plant is the result of synthetic or 
degradative activities, and whether there 
is some relationship between the alkaloids 
and the general physiology of the plant. 

The theories about the biosynthesis of 
alkaloids in plants are based chiefly on the 
relationship between the amino acids of the 
proteins and the alkaloids occurring in the 
plants. The impression prevalent is that 
alkaloids being nitrogenous must be produced 
parallel with or as a result of some phase of 
the protein metabolism - either protein syn- 
thesis or breakdown of proteinsl~4.~. Amino 
acids have long been regarded as the start- 
ing point in the synthesis of alkaloids in 
plants. All amino acids are not considered 
equally suited for this purpose and specula- 
tion has favoured a few as precursors for 
different types of alkaloids. This has largely 
been confirmed by the isolation of various 

amines in the plant extracts, the amines being 
taken as decarboxylation products of amino 
acids. Jucker7 cites a number of such 
examples. The high merit of work done .by 
Robinsons-lo and Schoepfll-l3 in the develop- 
ment of theories about the biosynthesis of 
the alkaloids under ' pliy~iological condi- 
tions possible in the cell ' is well known. 
This has provided us with an insight into the 
possible ways by which alkaloids can origi- 
nate in the plants, but there is no evidence 
that the type of reactions suggested by them 
take place in the plants. Until such time, 
distinction will have to be made between 
the biosynthesis under ' physiological condi- 
tions', i.e. in the laboratory, and biosynthesis 
in the plant itself. 

Mention may be made here of the chemical 
relationships envisaged amongst the various 
alkaloid groups. Chemically, quinoline, iso- 
quinoline, phenanthridine, quinuclidine, tro- 
pane and lupinane ring structures may be 
regarded as representing the various modi- 
fications of the pyridine ring1. Pyridine 
forms the basic nucleus of the tobacco alka- 
loids showing serial substitutions in the 
3-position by derivatives of pyrrole, pyrroli- 
dine, pyridine and piperidine14. The qui- 
nuclidine nucleus with variously modified 
quinoline or even indole r i n g ~ ' ~ J ~  attached 
through a secondary carbinol bridge would 
make the framework of the cinchona alka- 
loids. 

An increasing amount of evidence is avail- 
able which seems to indicate that the simplest 
pyridine derivative in nature, nicotinic acid, 
is synthesized in a variety of organisms from 
the most universally distributed indole deri- 
vative, the amino acid tryptophane. Estab- 
lishment of biosynthetic relationships be- 
tween tryptophaneand nicotinic acid would 
thus indicate that similar transformations 
can account for the origin not only of the 
pyridine alkaloids, but also those of quino- 
line, isoquinoline, quinuclidine, phenanthri- 
dine, tropane, indole alkaloids and trigonel- 
line. The possibility that other nitrogen 
heterocycles in the plant cells also originate 
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from tryptophane was discussed by Winter- 
stein and Trier17. Tryptophane skeleton has 
been found in several other alkaloid series, 
viz. liypophorine, yohimbine and strychnine. 
The i~nidazole nucleus of histidine is present 
in pilocarpine  alkaloid^'^. Opium alkaloids, 
with a few exceptions, viz. narcotine19, 
papaverine20 and thebaine20, are indole or 
indoline derivatives. Rauvolfia alkaloids 
containing the indole ring belong either to 
tlic yohimbine or to the serpentine and tetra- 
liytlroserpentine groups of alkaloids. Ajma- 
line ant1 ajmalinine are indolinine derivatives 
but their structure is not yet clearly under- 
stood. Stoll et a1.21 have assumed that in 
the biosyntliesis of allcaloids of the yohim- 
binc, serpentine and tetrahydroserpentine 
tvprs, as also those of t l ~ e  indoline type, 
tryptophnne and oxy- or dioxy-plienylalanine 
arc the chief components. Earlier, Wood- 
ward" had postulated these very amino acids 
for t11c formation of strychnos alkaloids. 
Stoll ct (~1.~' have even assunled a relationship 
between Rauvolfia and strychnos alkaloids; 
and this is elucidated by the manner in which 
the indole system in both these alkaloidal 
groups gets substituted. Proline and orni- 
thine have been suggested as possible forerun- 
ners of the tobacco and tropane alkaloids by 
various authors. 

Mechanisms of biosynthesis 

Nicotine - In Nicotiana tabaczcm, Daw- 
sonzLz5 demonstrated by grafting experi- 
mcnts that the synthesis of nicotine took 
place in the root and that upward transloca- 
tion occurs from it through the xylem. He 
has also shown that the leaves of N. glutinosa 
possess some mechanism by which nicotine 
is transmethylated to nor-nicotine and that 
leaves of N. tabaczcm appeared to be void of 
it. I t  has now been shown by Pyriki and 
DIuellerZ6 that in the various Nicotianas, the 
alkaloid content shifted from the root to the 
leaves with the growth of the plant, but 
there are types in which roots possess the high- 
est alkaloidal content. These authors have 
found substantial quantities of nor-nicotine 
in the roots of tobacco plant, and it is 
assumed that in several tobacco types and 
varieties demethylation of nicotine takes 
place in the root. These findings are further 
supported by the work of Rose et al.27 who 
found that their results regarding the syn- 
thesis of nicotine by the tobacco plant did 
not reconcile with those of Dawsonl. Bose 

et al. were able to show that the synthesis of 
nicotine occurred not only in the roots, but 
also in the leaf or stem when ammonium 
sulphate or potassium nitrate was supplied 
to the leaf and stem pieces. They have also 
reported that tobacco leaves probably possess 
some inherent capacity for nicotine syn- 
thesis, but only when inorganic nitrogen in 
the form of ammonium sulphate and potas- 
sium nitrate or some amino acid precursor 
is supplied to the leaves. Nicotine synthesis 
was also observed to occur when the leaves 
of the tobacco plant were cultured in the 
presence of arginine, ornithine, proline, 
tryptophane and anthranilic acid. Maxi- 
mum synthesis was observed in the presence 
of tryptophane, followed by proline, arginine, 
ornithine and anthranilic acid in the order 
mentioned. 

B o ~ d e n ~ ~ ,  by studies involving use of C14- 
labelled tryptophane, found that this amino- 
acid was not converted in toto into nicotine 
and stated that the possibility of pyridine 
ring formation from the indole moiety is not 
excluded. LeeteZ9 found that lysine did not 
act as a precursor in the biosynthesis of nico- 
tine. Bothner-By et ~ 1 . ~ ~  obtained similar 
results and found that neither L (+) lysine- 
e-N15 nor L (+) lysine with all positions 
marked with CI4 were incorporated into 
nicotine produced by the roots of the Turkish 
variety of tobacco cultivated under sterile 
conditions. Tso and JeffreyS1 did not find 
any pyridine alkaloids in the seeds of ' Robin- 
son ' tobacco (N. tabacum) but nicotinic acid 
and nicotine were both found in the seeds of 
N. glutinosa. In the seedlings, in both the 
cases, nicotine was found in the root and a t  
the same time it was found in the shoot or 
earlier. Investigations of Dawson et ~ 1 . ~ 2  
seem to indicate that the pyridine ring of 
nicotinic acid could be the biosynthetic pre- 
cursor of the pyridine ring of nicotine and 
other related alkaloids. This is an impor- 
tant finding because condensation of nicotinic 
acid with pyrrolidine or N-methylpyrrolidine 
gives rise to nicotine. According to Dewey 
et al.33 ornithine could serve as a specific 
precursor from which the pyrrolidine ring of 
nicotine is derived and some symmetrical 
intermediate like it are formed in the conver- 
sion of ornithine to nicotine. Leete34 has 
shown that ornithine can only be an indirect 
precursor in the biosynthesis of nicotines. 

The origin of the methyl or N-methyl group 
in nicotine has received particular attention. 
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Byerrum and Winga5 showed that the methyl 
carbons of choline and methionine could be 
donated to nicotine at  almost the same rate. 
I3yerrum and Hamilla6 observed that carbon 
of glycine could serve as the precursor of 
N-methyl group of nicotine. The incorpora- 
tion into nicotine of glycine was as rapid as 
in the case of clioline or metliionine. Later 
Byerru~il et aLS7 found tliat ' active ' for- 
maldehyde and serine could also be incorpo- 
rated into the N-methyl of nicotine, and the 
same was found regarding the a-carbon of 
the glycolate". The methyl group of be- 
taine could similarly be incorporated into 
the N-methyl of nicotine39, tlie extent being 
the same as in the case of clioline or methio- 
nine. I t  was further found that with clioline- 
methyl betaine-di~nethylglycine appeared. 
These findings have been interpreted by tlie 
authors as an indication of the presence of 
a choline-oxidase system and that some 
choline is oxidized to betaine before methyla- 
tion of nicotine takes place. As glycolate 
is produced in photosynthesis, presumably 
by rupture of the ribose-phosphate, it could 
be an intermediate in the conversion of 
carbon dioxide to methyl groups during 
photosynthesis and thus formate might not 
be the intermediate in the pathway by which 
the a-carbon of glycolate is incorporated 
into the methyl group. 

Iljin"141 lias shown that carbon dioxide 
is fixed both by' the roots and the stem of the 
tobacco plant. Studies with labelled carbon 
dioxide have revealed that fixation of carbon 
dioxide by the root is only partial and 
carbon dioxide seems to enter through the 
root in the biosynthesis of nicotine. Iljin42 
further found that seedlings of N. tabacuvn 
did not synthesize any nicotine in the dark. 

Nor-nicotine - DawsonZ4 has shown that 
nor-nicotine arises from nicotine in the 
leaves of certain species of Nicotiana. The 
overall mechanism involved is talten to be 
an exchange of a methyl group for a hydro- 
gen atom by transmethylation. There is, 
however, no direct evidence for the enzyme 
system involved. The same and 
Smith and Smith43 are of the view that the 
capacity for nor-nicotine synthesis from 
nicotine by the plant is inherited and de- 
methylation of nicotine appeared to be 
bound with the presence of some gene in the 
leaf-cell nuclei. Dawson44 ascribes the for- 
mation of nor-nicotine in the green tobacco 
leaves as being specific of the N-dealkylating 

activity of the leaf tissues and the process to 
be dependent on some general property like 
oxidation-reduction potential of the cell 
contents. Bose et ~ 1 . ~ ~  have shown that t l ~ e  
leaf, stem and roots of nicotine plants, Nico- 
liana tabacu~tz and N. glauca, contain an en- 
zyme system which is capable of demethylat- 
ing nicotine to nor-nicotine. 'rlie clernetl~y- 
lating enzyme appears to be group specific 
because it helps in the transfer of methyl 
group from nicotine to ethanolamine and not 
to guaniclo acetic acid. Demethylation takes 
place not only in the leaves, but also in the 
root and stem provided sufficient amount 
of tlie suitable ~lietliyl acceptor was available. 
The results revealed tliat the dcmctliylating 
system is present in N. tabaculr~ too, and the 
lack of the methyl acceptor might be due to 
some gene. Iljin42 found that in N .  glufi- 
nosa nor-nicotine was synthesized only when 
the roots were present; N .  glauca, however, 
synthesizes it even in the absence of roots. 

Anabasine - Anabasine occurs in traces 
in most cultivated tobaccos. I t  occurs in 
appreciable concentrations in tlie wild Nico- 
tiana glauca and in the Russian weed Anabis 
aphylla (Chenopodia~eae)~ in which, how- 
ever, aphylline and lupinine have also been 
reported4=. I t  is quite probable that ana- 
basine is synthesized in both the root as well 
as the shoot of the intact plant. I)awsonZ3 
lias shown that in tlie excised leaves and 
roots of N .  glauca, light was a factor in the 
increase of anabasine content. The same 
author25 found that anabasine was produced 
by excised leaves of N .  glutinosa fed with 
n~-N-methylene-anabasine and postulated 
a biosyntlietic link between the two. Recent 
investigations by Leete29 Iiave shown tliat 
the a-carbon of the piperidine ring attached 
to the pyridine ring is probably derived from 
lysine. Earlier Robinsong had suggested 
tliat alkaloids of the pyridine-piperidine 
group have their origin from lysine or from 
a progenitor of lysine. The finding of 
A r ~ n o f f ~ ~  that glu~ose-U-C'~ could be used 
as an ultimate precursor of anabasine is of 
interest. 

Trojane allzaloids - Atropine and hyos- 
cyamine are produced by the solanaceous 
plants Atropa, Datura, Hyoscyanws, etc. 
Scopolamine is found in Sco/wlia. Van 
Hagaa8 has found that cuscoliygrine is a 
constituent of the roots of Atrofia, Hyoscya- 
mus, various Daturas, Scopolfa, Physochlai~ze 
and Mandvagova species. ICobiil~on~~ lias 
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postulatetl that the fused piperidine-pyrro- 
lidine ring system of the coca and belladonna 
alkaloids arise by a Mannich-type conden- 
sation of succinaldc.lqde metllyla~ninc and - 
an acetone derivative. Succinaldehyde is 
conceivctl as arising in Nature by the tlc- 
gratlation of ornithine. 'I'lle work of Crom- 
wcll4!' in this connection is of theoretical 
intcrest only, hccause Di;ll)cr rl a/." fo~intl 
no justification for regartling putrescinr: as 
an intermediate in tho biosynthesis of hyos- 
cvamine. 13vans and Partridge"' have shown 
that glycine is not a very efficient starting 
material for the formation of hyoscinc and 
meteloitline in Ilutz~ra ferox. iilycine has 
ljcen, l~owcvcr, fo~und to be an efficient 
carbon source for the tropane ring rather 
than for tropic acitl or tiglic acid. Crom- 
well's finding that ornitlline is an inter- 
mediate in the biosynthesis of tropane alka- 
loids has been partly confirmed by the 
findings of I.cete et al.",s:s in the case of 
hyoscyamine. They found an indication 
that ornithine is the precursor of the ring 
system of tropine, but not of scopine, the 
base present in hyoscine. Hyoscine is pre- 
sunled to arise from a hypothetical hydroxy- 
ornithine. For the pyrrolidine lialf of the 
tropine molecule, ornithine might arise from 
proline which in turn comes from glutamic 
acid arising by transamination of a-ketoglu- 
taric acid, an intermediate in the tricarboxy- 
lic acid cycle of K r e l ~ s ~ ~ .  According to Van 
Hagass, hyoscine or scopolamine is syntlie- 
sized first from ornithine a t  an early stage 
and soon convertccl into hyoscyamine. 
1':spcrirnents with sterile root cultures of 
Atropu hrlludonna seem to  indicate that orni- 
thine is a precursor of both the alkaloids. 
In l)n/ura strai)roniuwt, Marion and Thomas56 
 ha\^ found that methionine could serve as 
the source of the methyl group of hyos- 
cyamine. The earlier suggestion by Traut- 
ner5; that hyoscyamine and hyoscine are pro- 
duced either by the same or similar path- 
ways, from the same precursor ornithine, or 
that liyoscine is the base to be formed 
earlier and gets converted later on into 
hyoscyamine. 

Glutamic acid can also be the common 
source for n number of other amino aciclsw. 
Ornithine ant1 arginine have long been looked 
upon as precursors of hyoscyamine and hyos- 
cine, and both these can arise from glutamic 
acids9. French and GibsonH0 investigated 
the effect of glutamic acid on three weeks old 

root cultures of Datura tatula and found no 
support for the above contention. However, 
there is evidence in support of the suggestion 
put forth hy JamesG1 that the nitrogen of 
I.-hyoscyamine and alliecl alkaloids might be 
derived from the I-amino group of ornithine 
and, therefore, arginine. Also, arginine, 
ornithine, ammonia arginasc and succinalde- 
hyde have been found to occur virtually in 
all plant tissues as a result of the arginine 
cycle of Krebs and Henseleitez and Srb and 
HorowitzG3, but the formation of putrescine 
has been suggested to be an alternative 
pathway of the arginine metabolism1. Thus 
the synthesis of putrescine and hyoscyamine 
is entirely independent of each other. Jin- 
tlra64 found that 'activity of arginase, con- 
verting arginine to ornithine, is influenced 
by various minerals like Mn++, Co~f--i- 
and Fe-I--I-. Andries et al.85 found that in 
Datura slranzoniu~n, tryptophane stimulated 
the formation of nicotinic acid and there was 
evidence that a direct relationship exists 
between the nicotinic acid level and the 
alkaloid content of the plant. Van HagaG6 
has shown that in sterile root cultures of 
AtroPa belladonna, the addition of ornithine 
and arginine resulted in increased alkaloid 
formation. Addition of proline increased 
the formation of cuscohygrine. There is 
indication that the ornithine-proline meta- 
bolism forming the first step in the biosyn- 
thesis of cuscohydrine and tropane alkaloids 
does not seem to deviate very much from 
that prevalent in the micro-organisms; the 
presence of an ornithine transaminase in the 
root juice of Atrofia belladonna has been cited 
in support of this contention. 

Trigonelline and danzascenine - Trigonel- 
line is the methyl betaine of nicotinic acid 
while damascenine is a derivative of 3- 
hydrosyanthranilic acid, both well-known 
metabolites of tryptophane in animals and 
moulds. Trigonelline and nicotinic acid are 
believed to be of general occurrence in the 
plants. Trier17 had postulated the synthesis 
of trigonelline from proline by way of 8- 
amino-valeric acid and nicotinic acid. I<lein 
and Linser"," found that various hydrosy 
acids as well as ornithine could be substituted 
for &amino-valeric acid. Zeijlemakera9 ob- 
served that in cut pea plants the nicotinic acid 
content is normally constant, but above a 
certain level, it is converted into trigonelline. 
Additions of tryptophane, ornithine, citrul- 
line, pyridoxine and pyruvic acid did not 
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increase the content of nicotinic acid. 
Blake70 found in several varieties of corn 
that trigonelline concentration was higher in 
the embryos than in the endosperm and 
there is quantitative evidence that nicotinic 
acid present was converted to trigonelline. 
The proportion of nicotinic acid converted 
to trigonelline during germination is related 
to the proportions in which both were ori- 
ginally present. 

Leete et aL71 found that feeding pea seed- 
lings with radioactive tryptophane did not 
result in the formation of active trigonelline. 
Also Aronoff47 has shown that in soyabean 
leaves, in an atmosphere of labelled carbon 
dioxide, 3-hydroxyanthranilic acid did not 
act as a precursor of trigonelline. These 
results are surprising in view of the fact that 
Tatum et al.72 found in Neurosfiora that 
tryptophane was produced from anthranilic 
acid. The evidence provided by Zeijle- 
makel.Bs and Blake70, however, shows that 
nicotinic acid bears a direct relationship to 
trigonelline formation. 

In the case of mature Nigella damascena 
plants, Leete et aL71 found that feeding of 
labelled tryptophane did not result in the 
formation of radioactive damascenine. From 
their results with feeding of pea seedlings and 
Nigella plants, these authors have concluded 
that tryptophane mechanism in the higher 
plants might be radically different from that 
in the animals and moulds. This, however, 
needs further confirmation. 

Colchicine - B e l l e a ~ ~ ~  suggested that tri- 
hydroxy phenyl-pyruvic acid might be the 
precursor of colchicine, and that this alkaloid 
should be regarded as one belonging to the 
ethylamine group of alkaloids. Santavy74 
has found that the seeds and bulbs of Col- 
chicum contain the highest concentration of 
this alkaloid, whereas its leaves are very poor 
in alkaloidal content. No experiments are 
on record concerning the biosynthesis of 
colchicine. 

Ricinine - Ricinine' is synthesized by ger- 
minating seeds of the castor oil plant, Rici- 
nus contmunis. Dubeck and K i r k ~ o o d ~ ~ ,  by 
feeding germinating castor seeds with radio- 
active methionine, found that the methio- 
nine methyl could be the precursor of the N- 
as well as O-methyl groups of ricinine. 
Bogdaschewskaja76 found that infiltration of 
lysine, often referred to as the starting mate- 
rial for ricinine, resulted in increased ricinine 
formation, particularly in the roots. 

Hordegtine and methyltyramine - Horde- 
nine is an alkaloidal amine and its formation 
is restricted to young barley roots during the 
first three weeks. After a steady increase, 
a masimnm is attained and within a fort- 
night it disappears rapidly. Recent invcsti- 
gations on the biosynthesis of hordeninc and 
methyltyramine are based on the suggestion 
put forth by R a o ~ 1 ~ 7 , ~ ~  that hordenine is 
derived from tyrosine which by unctergoing 
decarboxylation forms tyramine and this on 
a single methylation gives N-methyltyra- 
mine and then on a subsequent methylation 
forms N-dimethyltyramine (liordenine). In 
barley, tyrosine is decarboxylated to tyra- 
mine, which is methylated by methionine, 
first to N-mcthyltyramine and finally to 
hordenine'$-"l. Leete and Marions2 found that 
both D- and I*-methionine were equally effi- 
cient as sources of tile methyl groups of AT- 
methyltyramine and hordenine. lbrlier, 
Kirkwood and Marion"," had statctl that 
methylation of tyramine was analogous to 
the synthesis of choline from ethanolamine 
and that the synthesis of choline in barley 
proceeded by a route similar to that used 
in the synthesis of this substance in the 
rats5. Jamess6 quoting from unpublished 
results of Mrs. S. V. Barber states that 
when choline and methionine are acltled to 
excised barley embryos in sterile culture, 
small amounts of N-methyltyramine and 
hordenine are formed. He suggestetl that 
probably hordenine originates from glutarnic 
acid rather from tyrosine. This was in view 
of the fact that attempts to identifv a tyro- 
sine decarboxylasc were not successful, and 
a vigorous glutamic acid decarboxylase had 
already been shown by l3ceve1-s~~ to form 
y-an~inobntyric acid. In a recent communi- 
cation, James and I3utt" Ilave referred to 
the formation of hordenine by a stepwise 
methylation from tyramine which itself 
arises from a first step of a basic or amino 
acid type contained in the endosperm. 
They are of the opinion that there is no 
evidence to prove that tyrosine is the first 
step in the formation of tyramine. A tlif- 
ferent approach has, however, been made 
by Frank and Marionw. They found by 
feeding hordenine-a-C14 to sprouting barley 
that methylation of tyramine to hordenine 
was only partially reversiblc and hordenine 
could not be reverted back to tyrosine or 
phenylalanine. Later Massicot and XlarionYO 
obtained radioactive N-methyltyramine and 



MADAN & MUKERJI: BIOSYNTHESIS OF ALKALOIDS IN THE PLANTS 

hordenine by feeding labelled phenylalanine 
to sprouting barley. Since it is known that 
in animals phenylalanine is capable of being 
transformed into tyrosine!".!'%nd on the 
basis of these findings Massicot and Marion90 
are inclined to accept that tyrosine is derived 
from phenylalanine in the sprouting barley 
as well. 

Gramine - Gramine found in barley is a 
member of the indole group of alkaloids and 
a direct derivative of the amino acid trypto- 
phane. Bowden and Mariong3, by feeding 
labelled tryptophane to sprouting barley, 
found that the amino acid was a precursor 
of gramine which is synthesized in the barley 
plants in top of the leaf04. Leete and 
Mariong5 have presented evidence to show 
that tryptophane is converted to gramine 
without any cleavage of the indole-alanine 
linkage, ancl that L-methionine could be a 
more efficient source than D-methionine for 
the methyl group of gramine from the 
leavesR2, while formate was found to be a 
very poor source for the methyl group of 
gramine. The work of Massicot and Mariong0 
has shown that phenylalanine is not a pre- 
cursor in the biosynthesis of this alkaloid. 

Lzbfiinane alkaloids - By grafting experi- 
ments Moshkov and SmirnovagB have demons- 
trated that lupinane alkaloids are synthesized 
in the roots of the plants. Galinovsky97 
has mentioned that the postulations put 
forth by SclioepfflJVhat lupinane is formed 
in the plant by an aldol type condensation 
of 6-amino-valeric aldehyde derivable from 
lysine and an imino-aldehyde has been con- 
sidered to be the intermediate. The synthe- 
sis of another lupinane alkaloid, sparteine, 
was achieved by Anet et ~ 1 . ~ ~  from &amino- 
valeric aldehyde and an acetone dicarbonic 
acid. Van cler I<uyg9 found lupinine to be 
the chief alkaloid in the sceds of Lufiinus 
kteus, and it disappeared on germination 
and appeared again during flowering and 
fruiting. This alkaloid was never found in 
the root. Sparteine was found in all plant 
organs at  all times. S c l ~ w a n i t z ~ ~ ~  has shown 
by graft experiments that in L. luteus, L. 
angust<folius and L. albus, the alkaloids are 
formed by the parts of the plant above the 
soil, including also the hypocotyl and the 
cotyledons. Van der KuylO1 has reported in 
the ' very bitter ' and ' Bipal ' varieties 
of L. luteus, the occurrence of lupinane and 
hydroxy lupinane in addition to sparteine 
and lupinine. In his opinion lupinine is 

formed from sparteine or lupinane. How- . 
ever, information about the nitrogen and 
alkaloidal metabolism, and about the mecha- 
nism of biosynthesis of the lupinane alkaloids 
is very meagre and no attempt seems to have 
been made to test the validity of Schoepf's 
postulations by feeding the plants with 
lysine or its metabolites. 

Morphine, benzylisoquinoline and related 
alkaloids - Besides morphine and codeine, 
six benzylisoquinoline alkaloids are known 
to occur in opium. Laudanosine isolated 
from opium is regarded as a derivative of 
papaverine - N - methyltetrahydropapaverine. 
Fieser and Fieserls have postulated a chemical 
relationship between the alkaloids of iso- 
quinoline and benzyl tetrahydro-isoquino- 
line series. Laudanosine is related to the 
aporphine series of alkaloids. Glaucine and 
corydine have been suggested as the inter- 
mediates in the general pathways of the 
biosynthesis of these alkaloids and are even 
closely related to papaverine. Schoepf13 has 
drawn structural analogies between mor- 
phine alkaloids and those of the benzyl iso- 
quinoline series (e.g. laudanosine). He has 
postulated that alkaloids of both the series 
might even have a common precursor. In 
the case of apomorphine alkaloids, a mor- 
phine-apomorphine arrangement seems to 
exist, and Fieser and FieserlR have pointed 
out that the apomorphine structure is of 
special interest because it establishes the 
relationship between morphine and benzyl- 
isoquinoline alkaloids. Earlier, Robinson8.9 
had postulated that laudanosine, a compa- 
nion of morphine, might be the possible bio- 
genetic precursor. No doubt the suggestions 
of Schoepf and Fieser ancl Fieser are signi- 
ficant but it has yet to be shown that the 
type of reactions suggested could also occur 
in the plants. Wegner10A103 has studied the 
distribution of morphine in the poppy plant 
(Papaver somn~erum) a t  various stages of the 
vegetative period. The ripe capsules have 
about 70 per cent of the morphine whereas 
in the seedlings morphine is found to occur 
only in the roots, but after further growth 
it is also found in the stem, particularly 
restricted to the upper third of the stem. 
Wegner is inclined to assume that the syn- 
thesis of morphine takes place only in the 
root and from there the alkaloid is trans- 
located t o  other parts of the plant through 
the latex channels. Since it is not known 
whether translocation can take place through 
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latex channels, the matter needs further 
investigation. 

Cinchona alkaloids - Dawsonl concluded 
from grafting experiments that the synthesis 
of alkaloids within the cinchona plant is 
localized, hut there is little information as 
to how quinine synthesis can he related to 
other vital processes in tlle living plant. In 
the cinchona group of alkaloids only quin- 
amine is different from the othcr members, 
because like cinchonine, it does not contain 
the quinoline nucleus along with the usual 
vinyl quinuclidine group, but has a substi- 
tuted lydroindole. Goutarel el alS1O4 have 
stated that the structures of quinaminr and 
cinchonine are of interest because of their 
possible biogenetical relationship to alka- 
loids of the yohimbine series. Prelog et al.los 
have demonstrated that corynanthine, a 
minor yohimbine alkaloid, is structurally a 
link between cinchonamine and yohimbine. 
Earlier, Woodward22 had suggested the fis- 
sion of catechol ring systems such as could 
be obtained from 3 : 4-diliydroxy-phenylacet- 
aldehyde (or 3 : 4-dihydrosy-pl~enylalanine) 
condensation, and which could give rise to 
strychnine on the one hand and the cinchona 
alkaloids on the other. Studies by de Moer- 
loose and RuysscnlOG on the biosynthesis of 
alkaloids in cinchona plants in an atmo- 
sphere of labelled carbon dioxide have shown 
that the synthesis of alkaloids in the root 
and bark is independent of that in the leaves, 
and that the cinchona alkaloids are synthe- 
sized in the root and bark and only stored in 
the leaves. 

Stachyd~ine - This alkaloid is the methyl 
betaine of proline and can be regarded as the 
simplest of pyrrolidine alkaloids which in- 
cludes hygrine and cuscohygrine amongst 
the other important ones. Klein and Lin- 
ser1°7 have suggested two schemes for the 
biogenesis of proline, one from ornitlline and 
the other from glutamic acid via pyrrolidine 
carboxylic acid. StettenlOR has, however, 
found that in animals, glutamic semi-alde- 
hyde, an intermediate in the major pathways 
of proline biogenesis, arises chiefly by a reduc- 
tion of glutamic acid and only to a very small 
extent by the 8-transamination of ornithine. 
The route from ornitlline by a-transamination 
via a-keto-6-amino-valeric acid is of minor 
importance in animals, but in the higher 
plants, this is the only route which has so 
far been experimentally demonstrated. The 
work of Jamesao, and of Leete and Marion"l152 

on tlle biogenesi; of the pyrrolidine ring of 
the tropinc part of liyoscyamine being de- 
rived from ornithine, supports this conten- 
tion. In Mtp.lico sativa and alfalfa, Leete and 
Marion""' found that ornitliine was not a pre- 
cursor of \tacliytlrine or proline. They are 
of the opinion that in this case the minor 
pathways in the scheme put forth by Stetten 
appeared to be blocked and thus for the 
biosynthesis of proline and, therefore, stachy- 
drine, the precursors might be glut;~niic acid 
and glutamic semi-aldehyde. Howrvcr, Mor- 
gan and Marionll", on the basis of repeated 
experiments about the role of ornithine in 
the biogenesis of stachydrine in alfalfa plants, 
are inclined to believe that ornithinc might 
still be the precursor of stachydrine asyuming 
that the transformation to prolinc and 
methylation to the alkaloid occurs at  a later 
stage of growth, possibly a t  seed forin a t '  lon. 

F r p t  alkaloids - Jacobs and Craig1 have 
po~nted out that a combination of lysergic 
acid, proline, phenylalanine, ammonia and 
isobutyryl formic acid with the loss of four 
molecules of water would constitute ergoti- 
nine, one of the ergot alkaloids. They even 
isolated L-phenylalanine and D-proline from 
the non-lysergic acid portion of the ergoti- 
nine. I t  is noteworthy that two amino acids 
enter into composition to constitute the pro- 
duct of the ergot mycelium; it is also inter- 
esting to note that n- and not I--proline was 
isolated. Sim and Youngken"' studied the 
effect of nitrogen provided by supplementary 
feedings with tryptophane, ornithine, indole, 
arginine and ammonium sulphate on the 
growth and biosynthesis of alkaloids in ergot 
mycelium. They found that the three first 
mentioned compounds supported alkaloid 
biosynthesis, but markedly inhibited growth 
while the two last mentioned did not have 
any significant effect on growth or alkaloid 
biosynthesis. Gjerstad and RamstadllV~ave 
suggested that ergot alkaloids arise either by 
the biosynthesis of lysergic acid or a related 
pyridine derivative, or by the fusion of 
tryptophane with citric, citraconic or some 
similar acid. Groegerll4 found that the 
various host plants of ergot did not show any 
differences in compositions of their amino 
acid fractions. ITe observed that by inject- 
ing various amino acids or mixtures of 
amino acids in the internodes of rye, these 
could be detected in increased quantities in 
the sclerotia, but in general no effect on the 
alkaloid content was noticeable, although a 
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slight increase was recorded when the misture 
of amino acids used contained tryptophane. 
Heath and Wildy1I5 have reported that there 
are similarities in the pathways of histi- 
dine and ergothionine biosynthesis because 
labelled acetate was incorporated hy the 
latter too but the glutamate derived from 
acetate via the citric acid cycle was not 
incorporated. IVildy and Heathll%howcd 
that sulphur was taken up by tlie fungus 
tlircct from sulpllate itself and did not neces- 
sarily dcrive its sulplinr reclniremcnts from 
the labelled metliionino. Also histamine, 
though a constituent of crgotllioninc, was not 
utilized in the biosynthcsis of tlie same. 
Whatever relationsllip ergothionine might 
have with the ergot alkaloids is not clear. 

Conclusion 

Considering the present status of our 
knowledge about the mechanisms of biosyn- 
thesis of alkaloids in plants it may be ob- 
served that uptil now it has not been possible 
for the botanist, plant physiologist or the 
biochemist to give an answer to the very 
simple question as to why do the plants pro- 
duce alkaloids, keeping in view that about 
90 per cent of the known plants seem to get 
along very well without them. As regards 
the possible relationship between tlie produc- 
tion of alkaloids and protein metabolism in 
plants, it must be pointed out that a great 
variety of plants which also produce ancl 
consume proteins are seemingly devoid of 
the mechanisms for the biosynthesis of alka- 
loids. liecent work has shown that the pro- 
duction of alkaloids may not be specific for 
a particular plant. The csample of nicotine 
occurring even in thc pteridophytes, Lyco- 
fiodizrwt and Eq~isc iu! t~  must be considered 
as sufficient evidence. The concept that 
alkaloids are produced mainly by the roots 
or untlergrouncl parts of tlie plants from 
where it is translocated to otlier parts needs 
further esperimental confirmation as esperi- 
ments witli csciscd and isolated plant parts 
have a t  times yiclrlecl results quite in con- 
trast to those achieved by grafting esperi- 
ments. I t  might perhaps be best to regard 
that the formation of alkaloids results from 
a series of chemical chain reactions, and that 
alkaloids might be products of comples 
synthesis rather than products of catabolic 
breakdown. The biogenetic schemes put 
forth hy RobinsonH.!', Sclioepf13, Fieser and 
Fieserls, Stoll ef 01.21 no doubt add greatly 

to our knowledge of the subject, but it still 
remains to be shown that such type of re- 
actions, ' physiologically possible in the cell ', 
do really take place in the plant cells pro- 
ducing the alkaloids. Most of the precursors 
have been taken to be the amino acids, about 
the origin of which also we are not very clear. 
In connection with some other work, Madan117 
has brought out the fact that in the plants, 
principally three amino acids, viz. a-alanine, 
aspartic acid and glutamic acid, are impor- 
tant and these should be looked upon as the 
primary amino acids which arise directly 
from K-keto acids via the tricarbosylic acid 
cycle of Krebs"" The other amino acids 
can be derived from these three in some form 
or the other as pointed out by Virtanenlls. 
I t  would be of interest to devote attention 
to the elucidation of the origin of the AT-group 
in the various alkaloids. Through recent 
work some information has been obtained 
about the methylation processes a t  work in 
the plant (cf. also Mothes5) but we still do not 
know about the origin of the amino groups. 
Since processes like carboxylation-decar- 
bosylation, amination, transamination and 
deamination, oxidation-reduction, hydration- 
dehydration are of general occurrence in the 
plant, i t  would be of interest to know some- 
thing about the biosynthesis of alkaloids in 
the contest of these general processes. 
Special attention should be paid to the role 
of phenylalanine, tyrosine, tryptophane, argi- 
nine and lysine in the biosynthesis of the 
various alkaloid groups. References have 
already been made elsewhere in this work 
about the biosynthesis of various alkaloid 
groups with these amino acids as the prime 
intermediates. I t  will perhaps be aclvanta- 
geous to use mistures of two or three amino 
acids witli rartioactive labels at different posi- 
tions, rather than use amino acids labelled 
only a t  the carbon of the methyl group. 
Mothes5 has referred to biosynthesis. of 
melanin and ommochromes from trypto- 
pliane and has laid great stress on this amino 
acid alone. In this connection, it is perhaps 
better to study the metabolism of this amino 
acid in the plant in general and see how it  
deviates from that observed in micro-orga- 
nisms like Neuros+ora. In young plants, the 
seat of active protein synthesis are the tips 
of the root ancl the shoot, and it should be 
seen in the alkaloid producing plants, if 
these also are the zones for the synthesis of 
the alkaloids. Reference might also be made 
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to the relationships which Retills has drawn 
for the cactus alkaloids. The cactus alka- 
loids and some natural bases are biogeneti- 
cally linked to such aromatic amino acids as 
phenylalanine, tyrosine and 3 : 4-dihydroxy- 
phenylalanine. Oxidation of phenylalanine 
to tyrosine and its conversion to 3 :4-di- 
hydroxy derivatives have been experimen- 
tally demonstrated in the case of animalsQ1. 
Bernheim and BernheimerlZ0 postulated that 
this conversion could be regarded as a step 
in normal intermediary metabolism and is 
probably dependent upon some specific 
enzyme system. The general occurrence of 
decarboxylases and tyrosinases as well as the 
melanization phenomena indicate that bio- 
synthesis of p-phenylalanine in plant tissues 
might follow a pattern shown to occur in the 
mammalian tissue by Gurin and Delluva121. 
There is evidently a biochemical relationship 
between tyrosine derivatives and some subs- 
tances of the indole type. Thus, it is clear 
that the problem of alkaloid biosynthesis is 
particularly linked with the origin of the 
aliphatic, aromatic and cyclic amino acids 
in the plants, as well as to the processes of 
amination, deamination and transamination. 
GuggenheimlZ2 is of the view that the alka- 
loids, amino acids and nitrogen-free subs- 
tances probably arise in the plant from some 
common initial materials and then their 
elaboration proceeds along parallel pathways. 
The alkaloids or their precursors might even 
originate first as N-free substances and the 
amino acids might come to be associated with 
them somewliat later. New isotope tech- 
niques being employed in biochemistry and 
plant physiology might throw light some day 
on these aspects. To conclude it can be said 
that the theories put forward on the biogene- 
sis of alkaloids have greatly prompted syn- 
thetic approaches that have proved success- 
ful under conditions ' physiologically possible 
in the cell ', and there are a number of exam- 
ples cited by Jucker7 where the speculations 
about in vitro synthesis of various alkaloids 
have resulted in the synthesis of newer and 
more specific drugs. This in itself is a fine 
contribution to modern drug research. As 
for the biosynthesis of the various alkaloids 
by the plants themselves, it must be ad- 
mitted that our knowledge is rather limited. 
I t  is hoped that modern tracer and other 
improved analytical techniques, particularly 
in the field of enzymology, would help to 
solve this fascinating biochemical problem. 

Summary 
The recent literature on the biosynthesis 

of alkaloids in plants is reviewed. The rela- 
tionships between the various alkaloids and 
the mechanisms of their biosynthesis are dis- 
cussed. The significance of the biosynthetic 
mechanisms under conditions ' physiologi- 
cally possible in the cell ' and the synthesis 
of alkaloids in the plants have been consi- 
dered and a few suggestions have been 
put forward for further investigations in this 
field. 
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Dr. Y. N a y u d a m m a  

D R. Yelavarthy Naynclamma has been 
appointed Director, Central Leather 
Research Institute, Madras, from 

13 February 1958. 
After graduating in Industrial Chemistry 

from the Banaras Hindu University, Dr. 
Nayudamma was deputed in 1946 by the 
Government of Madras for advanced training 
in leather technology in U.K. and U.S.A. 
He obtained his M.S. and Ph.D. degrees in 
leather chemistry from Leheigh uni';ersity, 
U.S.A. After his return to India, Dr. 
Nayudamma joined the Central Lcathcr 
Rescarclr Institute, Madras, in December 
1951. 

Dr. Nayudamn~a is the author of over 100 
research papers on the chemistry and tech- 
nology of leather and has a liumber of patents 
to his credit. 

Dr. Nayudamma is a 
member of the Institution 
of Chemists, India; Sigma 
XI  Society, America; Ro- 
yal Institute of Chemis- 
try, U.I<.; Society of Lea- 
ther Trades' Chemists, 
U.K. ; American Lcather 
Chemists' Association; 
American Chemical Socie- 
ty ;  and Association of the 

Y. N A y U n A h ' L l h A  ljriiicipals of Technical 
Institlitions (1ntIi:i). He is 

Ciiairmnn, 1,c:ltl cr Scctionnl Committee of 
the Indian Stnnclnrds Institution, ant1 a mcm- 
ber of the Esl:ort Promotion Cominittcc of tl:c 
Leatlicr Export Promotion Council. He also 
lrolcls the post of Honorary Profcssor of Lca- 

'LC ras. t l~cr  Teclinology in tl:e University of 31, 1 



Size  S p e c t r u m  of C l o u d  
Particles in Monsoon Clouds over 
Khandala on the Western Ghats 
K. R. BIS\Y:\S & R. C. SRIV.\STAVA 

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

The results of measurements made on cloud 
particle sizes in ground-based monsoon clouds 
at Khandala on the Western Ghats are present- 
ed. In normally raining clouds the size dis- 
tribution o f  cloud particles even at a small 
height above the cloud base is Wide enough to 
initiate cloud droplet growth by collision-cum- 
coalescence mechanism. On the other hand, 
shallow and relatively stable clouds are asso- 
ciated with a narrow spectrum. 

A CCORDING to the present accepted 
theory of rain formation in ' warm ' 
clouds, a certain degree of hetero- 

geneity of particle sizes is essential for preci- 
pitation growth to take place. Under such 
conditions the bigger anlongst thc cloud 
particles fall relative to the smaller ones 
and, on collision with the latter, grow by 
association or coalescence. 'To understand 
c1e;irly how the requirecl inl~omogeneity in 
particle sizes clrvelops in naturally raining 
clouds in different meteorological situations 
and to find out how far precipitation f. '11 '1 ure 
in certain areas is due to non-fulfilment of 
this basic microphysical element in clouds 
theoretical and laboratory studies alone are 
not enough. A con~plete survey of different 
types of cloucls, both raining and non-raining, 
in regard to their particle size spectrum at 
various heights and at  different stages of 
their devclopment is also important. Though 
some data, based on observations from air- 
craft, have been collected a t  a few centres, 
available information is too meagre. Hardly 
any data are available representing the con- 
ditions obtaining in clouds over tropical 
regions, such as India (a large proportion of 
total rainfall in these areas is now definitely 
known to occur from ' warm ' clouds) and 
measurements in this respect are of parti- 
cular interest. 

In the absence of facilities for such mca- 
surements by aircraft in India, some preli- 

minary measurements have becn made in 
ground-based mo,nsoon cloucls from a hill 
top on thc west coast of India. The data 
collected are presented in this papcr. 

Site of observation 

The studies were made during a monsoon 
month (August 1956) a t  Khandala, a station 
situated on the Western Ghats - a chain of 
hills about 500 miles long forming the 
western boundary of the Deccan plateau and 
serving as the main watershed for the rivers 
of peninsular India. Running roughly 
north to south and parallel to the west coast 
of India c. 20-50 miles away from the sea, 
the Ghats rising to an average height of about 
3000 ft. above mean sea level present an 
effective barrier in the path of the direct 
monsoon current during the entire monsoon 
season (Junc-September). Khandala, locat- 
ed on the windward side of the Ghats at  a 
height of about 1900 ft. above sea level, is 
favourably placed for steady development 
of low clouds and almost daily rainfall during 
the monsoon months. 

To facilitate measurements in freely mov- 
ing clouds and under conditions as nearly 
natural as possible, an open site on one 
of the highest accessible spots in Khan- 
dala town, known as Sunset Point, was 
chosen as the observation site. Two ridges 
forming a deep valley to the south-west meet 
at  a narrow point very near this site, from 
where one gets a full and unobstructed view 
of banks of low clouds forming farther to 
the west and drifting steadily towards thc 
station. During the greater part of the day 
time and in relatively fair weather the base 
of the cloud over the station is generally 
about 100 ft. above the ground, but descends 
frequently clown to the surface or even lower 
into the valley below during early morning 
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and late evening or night. Measurements of 
cloud particle sizes were made mostly during 
morning and evening hours; many of the 
measurements related to clouds of a rela- 
tively stable or subsiding nature. When a 
large convective type cloud, in an active 
stage of development, was seen growing over 
the observation site, the cloud base often 
remained higher than the station level, or 
when such a cloud with a very low base 
moved over to the place of observation from 
the west, rain or showers had started already 
a t  the site, preventing accurate measurement 
of cloud particle sizes by the technique 
employed. Also, under the conditions stated, 
measurements made pertained to cloud 
conditions at  or very near the base of 
the cloud and provided little or no clue 
to changes in size distribution picture as 
cloud particles moved up with the ascending 
air. 

Experimental technique 

Two methods are usually adopted for cloud 
particle size measurements. The corona 
method allows determinations being made 
without disturbing the environment, while 
the other, based on method of impaction of 
particles on a treated surface, involves their 
removal from normal suspension. The 
corona method, however, is applicable strictly 
to monodisperse clouds, as it gives only 
average diameter of particles and not the 
entire spectrum. In the second method, a 
suitably coated surface is exposed to the 
natural or artificially induced stream of 
cloud particles. The impressions left by the 
impinging droplets are then measured suit- 
ably and related to cloud particle radii, by 
means of calibrations carried out earlier. 
Different materials have, been used by 
workers for coating the slides, one of which 
is a thin film of MgO deposited on a glass 
slide. The details of the technique used for 
the preparation of the slide and of the cali- 
bration which was followed by us, have been 
discussed fully by Mayl. Slides coated with 
magnesium oxide are easy to prepare and 
keep without undergoing any change for a 
reasonable length of time. Prolonged ex- 
posure to atmosphere, however, brings about 
a gradual transformation of the oxide to the 
corresponding carbonate. Only freshly pre- 
pared slides were, therefore, used, and 
photomicrographs were obtained soon after 
the samples were taken. 

Appamtus - A simple camera-like ar- 
rangement, consisting of a box, about 5 in. 
cube, made of bakelite sheet, was used for 
giving the desired short-time exposure to 
MgO slides. On one side of the box, a t  the 
centre, is an opening, about f in. diameter, 
through which the stream of cloud particles 
enters the box and impinges on the coated 
slide within. A camera shutter with ad- 
justable aperture is fitted on this opening, 
permitting accurate control of exposure 
time. The slide (3 x 1 in.) is held vertically 
with two clips, with the treated surface facing 
the shutter. With this arrangement, the 
distance between the slide and the shutter is 
about 4 in. A toy motor operated by dry 
cells and working a small exhaust fan 
fitted behind the slide at  the back of the 
cloud box helps adequate inflow of cloud 
particles, especially under conditions of 
weak wind. On the rear side of the box, 
there is another circular opening, about 3 in. 
diameter, to help proper circulation of cloud 
air through the box during exposure of a 
slide, but it is otherwise kept closed. 

The equipment is light and can be con- 
veniently operated by holding in hand. 
During our measurements, however, this was 
generally placed on a stand, with the camera 
shutter normal to the direction of the wind. 
Photomicrographs of slides were taken at  a 
magnification of 100 mostly on 35 mm. 
films, each photograph covering approxi- 
mately 0.7 sq. mm. of the slide. The subse- 
quent measurement of the crater diameters 
from the photographs was carried out with 
the help of a suitable projector or microfilm 
reader. 

A total of 183 slides were exposed at  dif- 
ferent times on different dates spread over a 
period of 15 days (9-19 and 21-24 August 
1956) and the particle sizes were determined 
from the crater diameters. 

Results and discussion 

Microscope examination of the exposed 
slides showed that the number of craters 
formed on central portions was much larger 
usually than that in the peripheral regions. 
Photomicrographs were, therefore, mostly 
taken of the central parts of the slides. In a 
few instances when a number of slides had 
been exposed in quick succession in one and 
the same cloud, it was seen that the numbers 
of particles caught on different slides differed 
appreciably, suggesting variations in concen- 
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tration of droplets in different portions of 
the cloud. The same feature has been ob- 
served by workers carrying out aircraft 
measurements within a cloud by flying 
through it a t  the same level. Table 1 gives 
the total number of particles, together with 
their size distribution, caught on different 
slides exposed successively between 12.35 
and 12.40 hours on 17 August 1956, when 
the observed mean wind speed was 2 ft./sec. 
Exposures in these cases were made without 
applying any suction. Differences in the 
number of particles as shown may also have 
been due partly to fluctuations in wind speed 
and, consequently, in the rate of flow of 
cloud through the box. 

Cloud particle sizes have been determined 
on the basis of measurements of crater dia- 
meters, multiplied by a constant factor of 
0.86. Application of a uniform correction 
factor over all size ranges is not strictly 
correct. However, considering the order of 
accuracy aimed a t  in the present series of 
measurements, this does not materially 
affect the results. 

Tabulations of sizes of the particles and 
their distribution under various size groups 
have been made in respect of those slides on 
which about 100 cloud particles or more 
were caught over an area of 0.7 sq. mm, in 
their central portions, on exposure for 3 sec. 
From a study of the size distribution curves 
obtained in different cloud situations it is 
seen that the nature of particle size sepctrum 
may be broadly classified under three main 
categories: (a) narrow spectrum with particle 
diameter ranging from 6 to 24 y and peak 
concentration at  or near 12-14 y; (b) relatively 
broad spectrum with particle sizes extending 
up to 36 p or more, showing rather a flat 
maximum instead of a peaked distribution; 
and (c) spectrum of an intermediate type. 
Representative examples of each of the 

three types of spectra are presented in the 
form of histograms, showing the percentage 
number of cloud droplets in each 2 p diameter 
interval. The three patterns are discussed 
below. 

Narrow s$ectrum (a type) - This type of 
distribution is shown by the histograms 
(A-D) shown in Fig. 1. The striking feature 
of this type, apart from the narrowness of 
the spectrum, is the occurrence of a peak, 
mostly at  12-14 y diameter. Of these, histo- 
grams A and B (Fig. 1) are representative of 
situations in which stratus type cloud of 
small depth continued to drift over the 
station for a time, but there was no rain 
within three-quarters of an hour before or 
after the observation. Histograms C and D 
(Fig. I ) ,  on the other hand, relate to an 
occasion when, following a heavy shower for 
10 min., clouds lowered down to the ground. 
The cloud sampled in this case was apparently 
freshly formed fracto-nimbus below the 
main raining cloud which had its base ori- 
ginally a t  a height of 100-200 ft. above the 
ground. Both the histograms C and D 
present practically the same distribution 
picture, although the latter representing 
conditions 3 min. later shows a tendency 
of a slight increase in concentration of 
particles with diameter 14 p and more, and 
a decrease in number of particles smaller 
than 12 p. 

Broad s@ectrum ( b  type) - One example of 
this type of distribution is shown in Fig. 2 
(histogram E). Observations in this case 
were made shortly after the cessation of rain 
which was in progress for about 50 min. 
Even after rain stopped the station remained 
engulfed in a heavy cloud, whose base appa- 
rently was well below the level of the obser- 
vation site. A few minutes later rain 
showers started again. This was one of the 
very few occasions when cloud particle size 

TABLE 1 -SIZE SPECTRUM ANALYSIS OF THE PARTICLES COLLECTED ON DIFFERENT SLIDES 

(Date of observation, 17 August 1956; mean wind welocity, 2 f!./sec.) 

TIME TOTAL N I I M R L R  NUMRLR OF PARTICLES I N  THE SIZE R A N G E  
OF P A R T I C L E S  7 L -7 

8-10 p 10.12 p 11-14 p 14-16 p 16-18 p 18-20 p 20-22 p ?2-24 p 24-26 r 26-28 r 28-30 8 

12-33 hr. 

1 I!) 40 6 4 2 - - - - 
12-40 hr. 1 28 87 7 6 1 - - - - - 

2 1% 88 25 12 4 1 - -  - - 
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n~casnrcments were possible distinctly above 
the cloud base, and in a cloud which at  the 
timc appeared to be in an active stage of 
vcrtical development. The histogran1 (E) 
in this case covers a fairly wide size range 
fro111 8 to 38 11, and has no pronounced peak 
but a flat top over the interval 20-26 p. 
Histograms 1' and G (Fig. 2) are two other 
examples of this type of spectrum. 

Intermediate type sfiectncm (c  type) - The 
four histograms H, I, J ,  K in Fig. 3 are 
rryresentative of the spcctrum of this type. 
Size spectrum is not as broad as in type b, 
but is sliglitly wider than in type a. Also, 
in most cases, ~nnxinlurn concentration tcntls 
to occur at  or near 12-14 [L, althougll the 
histogrtims do not sl~ow a sharp pcak but 
rather a flat top as in h-type spectrum. 

The histograms J and K shown in Fig. 3 
relate to measurements in the same cloud, 
the lnttcr representing conditions about 20 
min. later. During this period the cloud 
drifted very slowly over the observation site 
and shortly after exposure of the latter slide, 
rain started a t  the station. A comparison 
of the two histograms shows a relative shift 
of the spectrum towards higher size group, 
and a change from a flat top distribution 
with a weak maximum at 12-14 p, to a some- 
what peaked distribution with a peak at  
20-22 p. 

In none of the samples discussed above 
was collected any clourl particle smaller than 
6 11. The smallest particle shown by any 
sample was in the diameter range 6-8 [L. 
lailurc to detect very small cloud particles 
has been due apparently to low collection 
efficiency of our impaction arrangement 
relative to particles of such sizes. The 
largest size detected by us is c. 40 p. there 
being only two cases in the whole series of 
measurements in which a droplet of diameter 
48-50 p was collected on a slide. Judging 
from the trend for the large size range, and 
considering that our measurements related 
mostly to conditions very near the cloud base, 
the observed size limit of largest droplet 
may be taken as reasonably correct. Mea- 
surements made by Weickmann and Aufm 
Kampeqave shown that, even well within 
a cumulus cloud a t  heights of 500-900 m. 
above base, concentration of droplets of 
diameter 60 p or more is of the order of only 
1 particle per 10 cc. of air. Also, Murga- 
troyd3 has found that at  300 m. above base 
in a cumulus cloud mean droplet radius is of 

the order of 10 p only, and that only at  
heights above this one finds a very small 
proportion of droplets as large as 50 p in 
radius. In the measurements reported by 
Squires and Gillespie4, which were made in a 
cumulus cloud at 400 ft. above the base, 
maximum size of cloud particle caught on 
most slides was limited to about 60 p. Con- 
sidering the small height above the base 
where our measurements were carried out, 
and the limited volume of air sampled in 
each case, our not being able to detect any 
cloud pzirticle larger than 50 11, even if these 
were present in s~nall concentration, is 
understandablr. 

The exact rate of flow ol cloud air through 
the sampling box being not known, no 
attempt has been made to estimate liquid 
water content, in clouds, on the basis of 
number and sizes of cloud particles. How- 
ever, from calculations made relating to one 
sample (histogram C in Fig. I), in which 
sampling was done without any suction by 
the small exhaust fan, and for which speed 
of impaction was taken as half the observed 
speed of wind outside (4 ft./sec.), the value 
of estimated liquid water (w) comes to about 
0.12 g./cu. In., which appears to be of the 
right order. Zaitsev5, from his observations 
in cumulus congestus, found the mean value 
of .ZEJ to be less than 0.1 g./cu. m. near 
cloud base, about 0.5 g. at  600 m., about 
0.9 g. at  1000 m., decreasing to less than 
0.9 g. at  higher levels. 

Conclusion 

Despite limitations, due mainly to 
measurements being restricted to conditions 
a t  or very near the cloud base only, and 
that low collection efficiency of the impac- 
tion arrangement did not allow correct 
determinations of size and concentration of 
cloud particle smaller than 8 p in dia- 
meter, some useful information has been 
obtained in regard to the nature of par- 
ticle size spectrum of clouds of different 
types. I t  appears that in the normally 
ralnlng monsoon clouds over Khandala, 
the particle size spectrum even a t  a short 
height of some 100-200 ft. above the cloud 
base is wide enough to enable the collision- 
cum-coalescence mechanism to come into 
operation for the growth of giafit cloud 
droplets to raindrop size. On the other 
hand, relatively shallow and stable type 
stratus or fracto-stratus clouds are associated 
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E l e c t r o l y t i c  R e c o v e r y  of 
Antimony from Battery Wastes 
13 B. DEY. V. ARIZVI\MII'I'II.ZN Rc 1'. I<. Ili\J.Z(;OI'XL.ZN 
Central JJlcctro-Chcmical Resc;ucl~ Institute, Karzulcudi 

(ilInrzrcsrvrpt vecervcd 8 Novri~lbrv 1957) 

A method for the electrolytic recovery of 
antimony from battery wastes is described. 

The lead-antimony alloy obtained by melting 
battery wastes is first subjected to  electro- 
refining in a fluoborate bath to yield anode 
mud containing 85-90 per cent antimony and 
10-15 per cent lead. The anode mud is then 
treated with sulphuric acid to remove lead 
as  lead sulphate. The insoluble basic antimony 
sulphate produced is  dissolved in a mixture of 
hydrofluoric and sulphuric acids to give the 
electrolyte. 

Electrolysis is  carried out with the addition 
of clove oil and P-naphthol to the electrolyte 
and using monel metal cathodes and Acheson 
graphite a s  anode. Best deposit was obtained 
by carrying out the electrolysis a t  a current 
density of 10 amp./sq. ft. and a t  a voltage of 
1.6 V. for 4 hr.; the current efficiency was 89 
per cent. Under optimum conditions, energy 
consumption is  0.58 kWh./lb. of antimony. 
The deposits obtained under these conditions 
are  bright, adherent and of high purity. 

T HE two important secondary sources 
of antimony in India are (1) battery 
wastes containing 8-12 per cent anti- 

mony and (2) cable sheaths, containing up to 
1 per cent antimony. The antimony reco- 
vered from these sources can be reused but 
the recovered product should be pure and the 
cost of recovery should not be excessive. 

An efficient method for the extraction of 
antimony employing suitable mixtures of 
sulphuric and hydrofluoric acids has been 

developed and found to be suitable for the 
rccovcry of the metal from battery wastes 
on a large scale. By this procedure lead is 
eliminated as insoluble lead sulphate and 
could subsequently be processetl to obtain 
high purity lead or lead monoxide by an 
electrolytic method. The antimony in the 
wastes is completely extracted and the re- 
generation of the solvent by subsequent 
electrolysis is also possible, so that the extrac- 
tion can be carried out in a cyclic process. 
The ccll voltage for obtaining very pure 
antimony from this mixed antimony fluoride- 
sulphuric acid solution is low (1.7 V.). 

Raw material 

The lead-antimony alloy, obtained by 
melting battery wastes a t  low temperatures, 
was subjected to electro-refining in a fluo- 
borate bath, when an anode ' mud ' contain- 
ing c. 85-90 per cent antimony, 10-15 per cent 
lead and its oxides and other impurities was 
obtained. This anode mud was employed 
as the starting material. 

The preparation of electrolyte from the 
anode mud is not a one-stage process in the 
sense that the requisite electrolyte composi- 
tion cannot be obtained by simply reacting 
the anode mud with the spent electrolyte 
(mixture of sulphuric and hydrofluoric acids) 
a t  the ordinary temperatures. For preparing 
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the electrolyte, the lead in the mud is first 
converted into lead sulphate, insoluble basic 
antimony sulphate being formed simulta- 
neously. Tlle insoluble mixture is then 
treated with a misture of hydrofluoric and 
sulphuric acids (spent elcctrolyte), for the 
production of soluble antimony fluoride con- 
taining sulphuric acid, which is suitable for 
use as the electrolyte for the deposition of 
antimony. For the elimination of lead, a 
minimum of 0.27 lb. of concentrated sul- 
phuric acid per pound of anode mud was 
found necessary. 

Elecirolytic cell - A lead-lined wooden tank 
of 7 x 6 x 6 in. (internal dimensions) consti- 
tuted the cell. Two anodes (6 x 4 x in.) 
were hung from copper busbars. The single 
cathode (5 x 44 x & in.) was suspended 
between the anodes. The cathode was well 
polished and degreased with trichlorcthylene. 
I t  was also given a dip in a solution of 2 per 
cent sodium silicate prior to its introduction 
into the electrolytic cell. Tlle inter-electrode 
distance (which was maintained at  1.5 in, in 
all the experiments) clid not affect the cell 
voltage since the electrolyte contains a large 
excess of sulphuric acid. Power was drawn 
from a 12 V. accumulator. 

Using the above experimental set-up, the 
influence of various factors on the efficiency 
of deposition was studied. 

Composition of electrolyte 

Two compositions of electrolyte were tried. 
The composition of the electrolyte in the first 
bath was: antimony, 60; free hydrofluoric 
acid, 20 and sulphuric acid, 300 g./litre. In 
the second bath the concentrations of the 
different ingredients were doubled. 

Since the amount of sulphuric acid used 
was in large excess, the cell voltage was not 
affected by changes in current density for 
antimony concentrations - above a critical 
value. The critical concentration of anti- 
mony under the experimental conditions 
adopted was found to lie between 45 and 50 
g./litre, and in all the experiments, deposition 
was carried out a t  antimony concentration 
at  or above 50 g./litre. 

Addition agents 

Antimony deposition is influenced by the 
presence of addition agents in the bath. In  
the present study, clove oil (0.3 ml.) and 
$-naphthol (0.05 g.) were employed as addi- 
tion agents for 3.5 litres of the electrolyte. 

Excess of clove oil was avoided since it 
has a deleterious effect on the deposit (dark 
coloured deposits are produced). 

Choice of insoluble anode 

Of the many insoluble anodes available, 
Acheson graphite gave the most satisfactory 
performance. In the case of lead-antimony 
alloy (5 per cent antimony), there was some 
gas evolution and a white film was fonned on 
the anode accompanied by a sharp increase 
in voltage. 

Selection of cathode 

Since the electrolyte is a mixture of hydro- 
fluoric and sulphuric acids, the selection of a 
suitable material for the cathode is difficult. 
Several single metal and alloy cathodes were 
tried and monel metal was found to be the 
most suitable. 

In Germany, copper sheet has been em- 
ployed for antimony refining. Copper sheets 
have also been employed in the present study, 
but they were not found satisfactory as the 
electrolyte used by us attacked them. More- 
over, copper did not withstand many strip- 
pings. 

Good deposits were obtained with stainless 
steel (1818) sheets as cathode but its corro- 
sion resistance was rather poor. In the case 
of electrolytic lead, antimony got plated with 
the result that the stripping efficiency was 
very low. 

Monel (k) does not get corroded by the 
electrolyte and has good tensile strength. 
Hence, a monel cathode and two Acheson 
graphite anodes were employed in all experi- 
ments. 

Current density 

At current densities greater than 15 amp./ 
sq. ft., only dendritic, black powder was 
obtained. Hence the experiments have been 
conducted a t  current densities below 15 
amp./sq. ft. The initial concentration of 
antimony was 60-120 g./litre and the final 
concentration was 50 g./litre in both the 
cases. The electrolysis was carried out a t  
room temperature and the volume of the 
electrolyte varied from 3 to 4 litres. The 
results are given in Table 1. 

Duration of electrolysis 

Continuous electrolysis for more than 5 hr. 
was found to be unfavourable. This is 
mainly because there is no circulation of leach 
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TABLE 1 - ELECTRO-DEPOSITION OF ANTIMONY 
UNDER DIFFERENT CONDITIONS 

CURRENT D~JRATION VOLTAGE CURRENT NATURI: OF 
DENSITY OP PLBC- V .  EFPICI1.NCY ULI'OSIT 

antp./sq. fr. TROLYSIS 50 
hr . 

14.4 4 1.8 58 Black dmdritic 
loosely adherent 
ponder 

19.0 5 1 . 7  R7 Adherent and 
bright dcpusits 

12.0 6 1.7 81 (lo 
12.11 li 1.7 i 7  110 
10.0 4 1 .6  81) (lo 

liquor and deposition cannot be continued 
at concentrations of antimony below 50 g./ 
litre. 

Under the optimum conditions, the energy 
consumption was found to bc 0.58 kWli./lb. 
of antimony. 

The samples of electrolytic antimony pre- 
pared under these conditions were spectro- 
scopically analysed by the National Physical 
Laboratory and found to be of very high 
purity; they werc also free from traces of 
lead. 

Col. Amin Chand Trust Prizes, 1958 

THE INDIAN COUNCIL OF MEDICAL RESEARCH, medical sciences including clinical research. 
on behalf of the Col. Amin Chand Trust, has The last date for submission of papers (10 
decided to award in 1958 four prizes of the reprints) is 1 August 1958. Full details can 
value of Rs. 300 each, to graduates of not be had from the Director, Indian Council of 
more than ten years' standing (counting from Medical Research, C-I1 Type Flat Nos. 14, 
the date of graduation) for tlie best published 15 and 16, Medical Enclave, P.O. Box 494, 
research work in any subject pertaining to New Delhi. 
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THE P ~ ~ s 1 0 1 . 0 ~ ~  O F  FISHES: V01. I - 
~ ~ E T A B ~ L I S M .  Edited by Margaret E. 
Brown (Academic Press Inc., New York), 
1957. Pp. xiii + 447. Price $ 12.00 

While estensive investigations on the physio- 
logv of higher vertebrates, particularly 
mammals, have been undertaken, our know- 
ledge of fish pliysiology is deplorably poor. 
Though fishes are of great economic im- 
portance, numerous technical difficulties 
have proved a stumbling block in pursuing 
this aspect of fish life. We, therefore, welcome 
the metabolism volume of fish physiology, 
comprising reviews compiled by competent 
authorities. Judging by the titles and 
authors of the volume on Bellaviour to come, 
we expect that it will also be analytically as 
comprehensive as the volume under review. 

Aquatic respiration of fish has been 
described in a very elementary manner in 
most text-books; that the cyclostomes do 
not conform to the respiratory mechanism 
noticed in other fish is well known. Even 
in teleosts, as discussed by F. E. J. Fry, 
many a time the operculum may be put 
out of action without impairing normal 
branchial respiration. In discussing the 
respiratory surface, it is recorded that the 
vascular fins of Le9idosiren allow oxygen to 
escape to the eggs in the burrow \vhere its 
content is low. The body surface in the 
incubating male Symbranchus (Synbranchus) 
behaves similarly. In the gills also the flow 
of blood is always opposite the current of 
water ant1 thus maximum oxygenation is 
ensured. Increase of temperature appears 
to have a deleterious effect on growth; the 
embryo does not appear to get its quota 
of oxygen and the development is slowed 
down. 

Somc fish go on short excursions on land, 
leaving temporarily their natural habitat; 
there are others who on account of depleted 
oxygen in the water are unable to use their 
branchiae. These adventurers have cleve- 
loped the faculty of breathing air and this 
aspect has been admirably described by C. S. 
Carter. Among marine fish, air-breathing 
is rare; Aclrirtts and two species of Chiloscyl- 
liu~n are known to indulge in this method. 

Fishes frequenting tropical pools and puddles 
where oxygen content falls considerably have 
developed this accessory mode. In Anguilla 
(eel), I-'erio$hthalmus and Boleophthalmus the 
vascular skin aids in respiration. In Gymnar- 
chus, it is noted by the author that the 
arterial supply to the lung-like air-bladder 
is from the fifth and sixth aortic arches. 
This probably is not so. In the early stages 
of Gynlnarchus, the gas-bladder receives not 
only from the aortic arches (posterior) but 
also from the caeliac artery; in the adult, 
it is from the aorta. 

J. C. Mott reviews the cardiovascular 
system. The veins of fish do not have any 
valves in them and could be easily drained 
of its blood if the tail is cut and is held with 
the head upwards. In some antarctic species 
there is no haemoglobin in blood. Discussing 
the alimentary canal and digestion in fishes, 
E. J. W. Barrington notes that the develop- 
ment of stomach in fishes was dependent on 
the evolution of jaws and the consequential 
macrophagous habit. Excretion and osmo- 
regulation form the subject matter of Chapter 
IV by V. S. Black. Among the dipnoi, no 
excretion of urine takes place during aesti- 
vation and uremia is overcome after the 
return to water. Ability of fresh-water fish 
to survive in sea water depends on a number 
of factors like structure of gills, permeability, 
oxygen consumption, etc. In the marine 
fish, glomeruli of the kidneys have no function 
so that they may degenerate or completely 
disappear (Myxoce$halus, Lo$hius, Opsanus). 
In these fish the arterial supply to the glo- 
merulus is also poor. The skin and scales 
are reviewed by J. Van Oosten. In this 
connection, the dual origin of the placoid 
scale is emphasized which is rather clebat- 
able. A good account of the usefulness of 
scales in systematics and life-history studies 
is given. 

Chapters VI and VII are devoted to the 
endocrine glands, and gonads and reproduc- 
tion in fishes respectively by W. S. Hoar. I t  
would be no exaggeration to say that of all 
the vertebrates, we know the least about the 
piscine endocrine organs and their physiology. 
While mammals have received most atten- 
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tion, literature discloses a few accounts on 
fish endocrinology. The mutual gonado- 
trophic actions of the fish and mammal 
groups are even today controversial; Hoar 
states in two places (pp. 249 and 271) that 
fish do not react to mammalian gonadotro- 
phins and, therefore, the futility of using 
them for spawning fish. I t  has been now 
found, however, that the catfish react suc- 
cessfully to mammalian chorionic and pitui- 
tary gonadotrophins. The existence of a 
corpus luteum in fish is another vexed 
problem; while in the viviparous cartilaginous 
fish, a structure simulati~ig the mammalian 
corpus luteum has been described, whether 
i t  also functions in the same way is not yet 
established. A growth hormone in fish is 
now definitely known; hypophysectomized 
fish do not increase in size, and scales and 
otoliths also stop their growth characteristics. 
The fish thyroid is not a growth-promoting 
hormone and probably functions along with 
somatotrophin. However, thyroid treat- 
ment brought about an amphibious life in the 
blenny which started breathing air. 

In describing the appetite of fishes being 
one aspect of the cause of growth, M. E. 
Brown notes that environmental factors like 
temperature and crowding also play a part 
and that they could be taught to expect food 
a t  regular intervals. R. hl. Love tells that 
the biochemical composition of fish is a 
vexed problem and the results that are avail- 
able at  present should be taken cum grano 
salis. 

There is a singular printer's devil on page 
66 where crossopterygian has missed a 
vowel. The volume under review is a mine 
of information on different aspects of fish 
physiology and the reviewer gladly reconl- 
mends the book to every student of fishery 
biology not only because it furnishes critical 
reviews but also for the relevant literature a t  
the end of each chapter. The volume is 
moderately priced. 

L.S.R. 

REPORTS ON THE PROGRESS OF APPLIED 
CHEMISTRY - Vol. XLI : 1956. Edited 
by H. S. Rooke (Society of Chemical 
Industry, London), 1957. Pp. 795 

No single reviewer can critically assess all 
the contents of a volume covering the entire 
field of applied chemistry. However, no 
review of individual chapters of these 
Annual Reports, which provide a compre- 

hensive coverage of the year's literature and 
are written by specialists chosen largely from 
industry and from appropriate Government 
organizations, is really necessary. With few 
exceptions the contributors have made no 
attempt to produce readable stories, and tlie 
general object, fulfilled adequately, has been 
to present briefly a summary of most of the 
appliecl chemical work publislied during the 
year. The Review of Textile Progress is 
planned differently and is easier to read; 
incidentally the chapters on Textiles in the 
Applied Chemistry Iieports might well be 
omitted in future, since the Review of 
Textile Progress gives a much more satis- 
factory account of every aspect of textile 
chemistry and technology. A similar sug- 
gestion may be made regarding the chapter 
on Colouring Matters in the Review of 
Textile Progress. 

The thirty-eight articles in the volume are 
grouped into (1) Fuel and Fuel Products, 
(2) lnorganic Chemistry, (3) Metals, (4) Or- 
ganic Chemistry, (5) Biological Products, 
(6) Textiles, Plastics, Adhesives and Paints, 
(7) Chemical PSngineering and Hazards, and 
(8) Agriculture and Food. The classification 
and arrangement are not particularly logical; 
examples are the treatment of leather and 
antibiotics in neighbouring chapters, the 
grouping togetlier of Chemical Engineering 
ancl Hazards ant1 the inclusion of industrial 
uses of radio-isotopes in this group, and the 
treatment of enzymes under Agriculture and 
Food rather than Biological Products. 

Perhaps the time lias come for a complete 
reappraisal of the scope and contents of the 
Refiorts 012 the I'vogvess of Ahfilied Cl1enlistry. 
The present compilation may be replaced, 
at  least in part, hy a critical and readable 
survey of the major advances in chemical 
technology made during a period of three to 
five years. In their present form the Iieports 
undoubtedly fulfil a very useful purpose, 
but it is becoming increasingly difficult to 
see the wood for the trees. Thus one may 
fail to note tlie importance of the Ziegler 
catalysts or the Procion dyes or the cumene- 
hydroperoxide process for the production of 
phenols and ketones; the 1955 Report drew 
attention to Natta's work on isotactic or 
stereospecific polymerization as a major con- 
tribution to the prospects for polyhydro- 
carbons, and a fuller account in the 1956 
Report would have been valuable. 

K .IT. 
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THE MEASUREMENT OF COLOUR by W. D. 
Wright (Hilger & Watts Ltd., London), 
Second Edition, 1958. Pp. ix + 263. Price 
52s. 

This is the second edition of the well-known 
book by Prof. Wright on the measurement of 
colour. Evcn though several books on this 
subject are now available, a second edition 
of the earlier book by an author who has 
contributed much to the development of the 
principle of colour measurement is welcome. 
Owing to the increase in the range of appli- 
cation of the C.I.E. system of colour mcasure- 
ment, the author has taken the opportunity 
of enlarging the book by rewriting several 
chapters. 

The first chapter consisting of 24 pages 
describes the properties of radiation in the 
visible range. This is followecl by a chapter 
on the functions of the eye. Chapters 111 
and IV discuss in considerable detail the 
principles of photometry and colorimetry. 
Full account is given of the earlier work by 
Guild ancl also by Prof. Wright himself on 
the determination of the relative amounts of 
three specified radiations required to match 
the colours of the spectrum. The manner in 
which this data and the concept of the stan- 
dard observer have been incorporated in the 
evolution of the present C.I.E. system of 
colour measurement is described in detail. 
The background of the principles of the 
C.I.E. system of colour measurement is 
discussed in a language which can be under- 
stood by a reader with average knowledge of 
physics and mathematics. 

In Chapter V are described various 
instruments available for colour measurement, 
both visual and photoelectric. 

Among the important fields in which 
principles of colorimetry have been applied 
are three-colour reproduction and colour 
television. Though there are several methods 
of reconstituting a picture in colour television, 
the basis essentially remains the same- 
utilization of three primary colours. An 
interesting account is given of the present 
position in the development of colour 
television in U.S.A. 

The last chapter is on practical applica- 
tions. Some of the industries discussed are 
lighting, food and agriculture, chemical ancl 
pharmaceutical, paint, paper and signal 
glasses. One of the recent applications is the 
study of the colour of aurora. There is a 
concluding section on a new determination of 

colour matching functions. In a subject of 
so wide a scope as colour, i t  is inevitable that 
emphasis varies and that some topics receive 
less attention than the others. One would 
have liked more information about the photo- 
metric properties of the eye, such as recogni- 
tion of colours a t  low levels of illumination, 
dynamic visual acuity and colour blindness. 
In the section on railway signal glasses, 
there is no reference to the work of 
McNicholas a t  the National Bureau of 
Standards, U.S.A., in 1936. Nor is there 
any discussion of the principles laying down 
the limits for signal colours. Measurement 
of whiteness is another omission even though 
it is of importance in many industries such 
as textiles, laundry, cement and sugar. In 
the section on lighting, measurement of 
colour of fluorescent tubes is not described. 
Morcover, descriptions of instruments avail- 
able for automatic evaluation of colour, 
such as Nickerson-Hunter cotton colorimeter 
or colorimeter manufactured by American 
Optical Co., appear to be rather brief. 

W. M. VAIDYA 

WORK SAMPI-ING by Robert E. Heiland & 
Wallace J. Richardson (McGraw-Hill Book 
Co. Inc., New York), 1957. Pp. x + 243. 
Price $ 6.00 

Work sampling is defined by the authors as 
a measurement technique for the quantitative 
analysis, in terms of time, of the activity of 
men, machines or of any observable state or 
condition of operation. This technique con- 
sists in observing the different parts of the 
system a t  random points of time. This may 
be used, among other things, to aid in 
economic analysis of equipment needs, in 
planning manpower requirements and in 
determination of time standards and 
allowances. This will be of much help in 
providing basic data for effectively solving 
esecutive problems. 

This hook is descriptive in nature and is 
written in non-technical language. The 
various stages of work sampling have been 
discussed in detail and practical hints for a 
number of situations have been given. The 
exposition of the $ and c control charts is so 
lucid that even a beginner in statistics can 
easily understand the implication of these 
charts. The chapters on preparing for and 
performance of work sampling are expository 
and make interesting reading. A number of 
case studies dealing with the problems like 
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'office activity in preparation of data pro- 
cessing ', ' plant maintenance and construc- 
tion ' and ' loom utilization ' arc presented 
in a systematic manner. These case studies 
should go a long way in selling this tcc!lniqne 
to tlir management. 

As the authors rightly point out, work 
sampling is particularly useful in the analysis 
of non-repetitive or irregularly occurring 
activity \vlicre' no cbmplcte methods and 
frequency description are available. In a 
case study dealing with engineering design 
and drafting, this technique has been suc- 
cessfully applied to such a situation. The 
problem was whether to stick to the plan 
of having the design section groupcd into 12 
functional units like architectural unit, 
equipment unit, etc., or to reorganize the 
section with a view to increase its output. 
Work sa~r~pling revealed that a large per- 
centage of time of each of the groups was 
spent in consulting another group. On tlie 
evidence of this result, the design section 
was reorganized to form composite groups 
to reduce the travel to special groups. 

It has been repeatedly stressed in the book 
that the workers should be informed of the 
objective of the study beforehand and that 
they should be taken into confidence. This, 
no doubt, would be the best approach if one 
is sure that this would not influence their per- 
formance. But, in practice, this approach 
is likely to lead to a study of the situation 
as it is supposed to be and not as i t  exists. 

In the chapter entitled ' Some Theory of 
Sampling in General ', some statements have 
been made which are likely to mislead the 
uninitiated in the field of sample surveys. 
I t  is difficult to agree with the authors 
when they imply simple random sampling 
or equal probability sampling by ' random 
sampling ', and when they state that strati- 
fied or selective sampling consists in draw- 
ing a sample from a portion or portions of 
the entire mass of items. Usually by random 
sampling is meant probability sampling and 
it is more general than equal probability 
sampling. Further the term ' selective sam- 
pling ' is generally used to denote ' purposive 
sampling '. 

While discussing sampling for estimating 
proportions, it is stated that the standard 
deviation of tlie sample proportion is 

where fi' is tlic population proportion and 11 

tlie sample size. But, in fact, the standard 
error of the sample proportion is 

In Appcndis 2, Table I3, it \;~oulcl have been 
better if values of ll.\/rt instead of those of 
din corresponding 'to different values of 11 

were tabulated. 
On the whole tlie book makes interesting 

reading and sliould be read by all persons 
interested in analysis of systems or opera- 
tional research problems. 

M. N. ~ I U R T H Y  

FUNDAMENTALS OF ELECTRON DEVICES - 
McGraw-Hill Electrical and Electronic 
Engineering Series by Karl It. Spangenberg 
(McGraw-Hill 13oolr Co. Inc., New York), 
1957. Pp. xii + 505. Price $ 10.00 

The advent of transistors has led to a rapid 
expansion of horizons in the field of electron 
devices. I t  is important to the research 
worker, tlie designer as well as tlie user of 
these devices to have an overall picture that 
covers both vacuum tubes and transistors. 
This book gives an integrated treatment of 
the basic theories, the manner of functioni~lg 
and the applications of transistors as well as 
vacuum tubes. 

The first five chapters give a r4sum6 of the 
behaviour of electrons in electric and mag- 
netic fields, and inside the atoms. The 
fundamentals of electromagnetic, atomic 
and quantum theories are also given, but 
the treatment of these is necessarily rather 
sketchy. 

The nest tlirce chapters deal with conduc- 
tion in solids, junction effects and electron 
emission. Topics sucli as energy bani1 
structure, energy distribution of electrons, 
nature of equilibrium phenomena l)et\veen 
carriers across a junction, and varioris types 
of emitters, are very clearly explained. 

The operation of diodes, multi-electlntle 
tubes and transistors is described in the 
following three chapters. T l ~ e  valur ~f 
treating solid state devices and vacuum 
devices side by side, in giving an integrated 
picture, is strikingly obvious here. 

Tlic following five c11al)ters briefly discuss 
small and large signal applications and the 
methods of analysis. In the circuits given as 
examples, vacuum tubes figure more promi- 
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nently than transistors, just as the reverse 
is true in the rest of the book. 

A chapter on photoelectric devices and 
another on noise in electron devices conclude 
the book. The main test is followed by 
problems for eacli chapter, and a combined 
bibliography. The latter is exhaustive and 
ingeniously indesed, but is not as easy to 
consult as when the references are given as 
footnotes, or at  the entl of each chapter. 

The introductory chapter, as well as the 
introduction to most topics, give the historical 
backgrouncl. In many cases the treatment 
leads up to very recent developments, su'ch 
as in cathodes and in transistors. The 
test thus provides a continuous link between 
theoretical interpretation of natural pheno- 
mena, and development of practical devices, 
which is conducive to a proper understanding 
of their interrelationship. Interrelations are 
further brought out by mentioning devices, 
which, though outside the field of electron 
devices, perform similar functions, such as 
rectification or amplification. 

All this provides a panoramic effect. How- 
ever, the picture is not quite complete, as 
a large gap is left by the exclusion of gas- 
type electron devices and the phenomena 
of electrical discharge in gases. Another 
group of devices not mentioned is micro- 
wave tubes. 

The text is lucid and easy to follow. The 
book is made all the more readable by the 
fact that there is an emphasis on physical 
explanation of phenomena, and that most 
of the matherriatics has been put in appen- 
dices. However, in some cases, for example 
regarding injection of minority carriers into 
semicontluctors, the brief descriptive es- 
planation is inadequate to convey a clear 
impression. The phenomenon is so basic 
that at least an appendis, dealing with the 
ratio of currents carried by the two types of 
carrier at a junction, woulcl have been 
desirable. 

All in all, this is an escellent test-book 
for students starting a study of electron 
devices, and a refreshing review for more 
advanced workers in the field. 

A~IARJIT SINGH 

CELLULOSE RESEARCH (Conncil of Scientific 
& Indnstrial Kesearch, New Delhi), 1958. 
Pp. vi -1- 150. Price Rs. 6.00 

Cellulose industries are of great importance 
to India's economy. The annual contri- 

bution of these industries to the national 
income is about a thousand crores of rupees. 
Recognizing the importance of research aimed 
a t  i m ~ r o v i n ~  the utilization of cellulosic raw 
mateha~s, Gie efficiency of processing in- 
dustry and the quality of the end-products, 
the Cellulose Research Committee of the 
Council of Scientific & Industrial Research, 
during its existence of 17 years, has been 
sponsoring a number of valuable research 
schemes at  different research centres in the 
country. With a view to reviewing the 
current status of knowledge in important 
branches of cellulose research and affording 
an opportunity to research workers to 
present the results of their investigations, it 
was decided to hold annually a symposium 
on cellulose research. The present publica- 
tion records the proceedings of the first 
symposium held a t  ATIRA, Ahmedabad, 
during 4-6 February 1957. 

Nineteen papers presented at  the sympo- 
sium are published in this volume. In the 
introductory paper, the progress of cellulose 
research in India is traced, with particular 
reference to research sponsored by the 
Cellulose Research Committee. Suggestions 
for promoting research in certain defined 
fields have been made and the present posi- 
tion of cellulose industries in India and the 
possibilities for their development discussed. 
The technical papers are arranged under the 
following heads: Structure and mechanical 
properties of cellulose (3); Chemistry of 
cellulose (7); Pulp and paper (3); Rayon (3); 
and Jute (2). 

LA DIFFUSION DANS LES .MET.%UX - Pro- 
ceedings of the Symposium on Diffusion in 
Metals held at  Eindhoven on 10 and 11 
September 1956. Edited by J. D. Fast, 
H. G. Van Bueren & J. Philibert (Biblio- 
theque Technique Philips, Eindhoven), 
1957. Pp. s + 124. Price 37s. 6d. 

The eleven papers on diffusion presented 
at  the symposium highlight the important 
advances that have been made in this field 
in recent years. The proceedings begin with 
an introductory paper by Le Claire on theore- 
tical aspects of diffusion illustrated by ex- 
amples from multi-component systems and 
including discussion on diffusion mechanism 
and experimental techniques. The second 
paper by Compaan and Haven deals with 
diffusion in ionic crystals exemplified by 
the diffusion of radioactive silver in silver 
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chloride. In the subsequent paper, Lacombe 
has dealt exhaustively with the role of grain 
boundaries in diffusion and has included a 
critical evaluation of various experimental 
methods, both direct and indirect. T l ~ e  
paper by Leymonie and Lacombe describes 
an autoradiographic technique which tliey 
have adopted for the stucly of inter-granular 
self-cliffusion in alpha iron a t  low tempera- 
tures. Heumann in his paper has made very 
interesting observations on the role of vacan- 
cies in the diffusion process and he goes on 
to verify his conclusions taking examples 
both from systems exhibiting complete 
miscibility and others exhibiting inter- 
metallic compound formation. The paper 
by Philibert emphasizes the special ad- 
vantages of the Electron Probe Microana- 
lyser for studies in segregation and diffusion. 
This instrument recently developed in France 
enables quantitative estimations a t  sites as 
close as 2 microns apart and this can be 
achieved in a matter of few minutes. Adda 
and Philibert have presented details of their 
findings on inter-diffusion of uranium-zir- 
conium in the gamma pliase. Tlie paper by 
Rolk and Tiedema deals with cliflusion in 
the gold-platinum system. Meijering in 
his paper has given a critical appraisal of the 
diffusion of interstitials while Van Wieringen 
has reported the diffusion of helium in serni- 
conductors such as silicon and germanium. 
The concluding paper by Berghout deals with 
the effect of elastic deformations on the 
mobility of vacancies in copper. 

The coqpilation has special significance 
for those engaged on diffusion research, 
specially of tlie basic phenomena involved. 
I t  would have added to the value of the 
book if the editors had found it possible to 
include discussions on the papers presented. 

The get-up of the book is neat and 
pleasing. 

RRAHM PRAICASH 

SMALI. APPLIANCE SERVICING by P. T. 
Brocku~ell (Jr.) (McGraw-Hill Book Co. 
Inc., New York), 1957. Pp. ix f 180. 
Price $ 4.50 

This publication deals with tlie operating 
principles, construction, testing and servicing 
techniques of basic household appliances 

such as irons, toasters, mixers, coffee-makers, 
waffle-grills, etc. The book embodies the 
results of the author's long experience in 
the trade and its practical litility need not be 
strcssed. The author has explained the 
teclmiques in clear and simple language, so 
that one having elementary knowlcdge of 
electricity would have no tlilficulty in under- 
standing tllern. The set of cluestions at  the 
end of each cliaptcr adds to the value of the 
book as tliey would liclp the studcnt to think 
ancl understand the fundan~entals of tlie 
teclmiques better. Nun~erous photographs 
and circuit diagrams included in the book 
make for easy understanding. However, in 
some cases these are not quite clear and 
further improvement and possibly different 
approach is called for. These minor defects, 
however, do not minimize the utility of the 
book, for it is, on the wliolc, wcll written. 

The small appliances' dealer and the 
srrviccmcn will find t l ~ c  l~ook useful not only 
for the technical information it contains but 
also for the clues i t  provides to make the 
brlsiness a paying one. Tlie book may be 
uscd with 1)encfit as an al)ldinnce service 
primer in vocational scliools; t l ~ e  book is 
eq~~a l ly  wcll suited as a sclf-instruction 
manual. 

S. I<, ~ A S G V I . T . ~  

PUBLICATIONS RECEIVED 

CONFERENCE TI':RMINOLOGY by JCZIII Irc.rl)rrt 
(Elscvicr I'ublisliillg Co. ,  Atnstc~rtl:~m-l,o~~(lon- 
New York-l'rinccton; 1)i.strrblrfors: Cleaver-Hullle 
l'rcss Lid., 1,ondon). 1957. 1'1'. s i v  -1- 117. 
l'rice 12s. 6d .  

ELECTRONIC SEMICONDI;CTORS l ~ y  I?l)crh;lrd Spcnkr. 
Translated by Drs. 11. Jcnlly, I-I. I<rocmer, 17. G. 
Raml~erg & A. H .  Sotnmer (ILlc(;raw-l-lill l3ook 
Co. IIIC.,  New Yorl;), 1958. . 1'1). sxvi  . I -  402. 
I'rice $ 11 .OO 

NX!CLEAR CHEMICAL I ~ N G I N R R R I N G  by Matiso11 
Denedict: & 'fhonlas I f .  I'igford (McGmw-Hill 
Book Co. Inc., New York-'l'oronto-I~oti(lon), 
1957. Pp. xiv .t 594. l'ricc $ 9.50 

PROCEEDINGS O F  TllE ~ N ? . I I R N A ' ~ I O N A L  GENETICS 
SYMPOSIA, 1956 (Science Couticil o f  Japan, Tokyo), 
1957. 1'1). ssi i i  -1- 680 

RECENT ADVANCES I N  GELATIN AND GLUE 
RESEARCH. Edited by G. Stninsl~y (Symposiun~ 
l'ublicatioiis Division, I 'cr~;l~i iol~ T'ress, New 
York), 1958. l'p. 277. T'rice 70s. net 

RAILWAY TRACK 1)y K .  1:. .Alltilt (T11c New Bool; Co. 
I'rivaie S,td., Uotnbay), I'ourth Iiditioli, 1957. 
I'p. xx -1- 447. l'ricc Hs. 16.00 



N O T E S  & N E W S  physics of water and ice 

THE PHYSICAL PROPERTIES OF 

Earth's structure - A new 
geochemical hypothesis 

A NEW CEOCHEMICAI. HYPOTIIESIS 
of the structure of the earth based 
on the new findings relating to  the 
behaviour of matter under very 
high pressures has been put for- 
ward by A. IT. Kapustinsky of 
the Institute of General and In- 
organic Chemistry, Moscow. The 
hypothesis is expected to stimu- 
late further research on the struc- 
ture of the earth and lead to  new 
concepts of Nature. 

Goldschmidt's concept of the 
earth's interior as zonal in 
structure, with each zone charac- 
terized by cert;~in dominant cle- 
mcnts, has recently I)c.en found 
untenal)le by many scientists who 
consider the earth as a chen~ic;illy 
homogeneous, non-zonal globe. 
Neither of these views could be 
accepted on the basis of new 
fitidings relating to the i)ehaviour 
of matter under very high prcs- 
sures and a tilore fttnda~nental 
approach is called for. 

The properties of matter and 
the properties of atoms remain 
constant only in the crust of the 
earth, whereas under pressure of 
hundreds of thousands of atmo- 
spheres, the properties of matter 
change so much that the nature 
and direction of physical and 
chemical processes become quite 
different. With increasing pres- 
sure the outer electrons of the 
atoms are forced into the lower 
qoantum levels ultimately leading 
to the occupation by the electrons 
of all the unfilled positions in 
quantun~ levels. 

Calculations indicate that a 
depth of 60-120 km. marks the 
lower boundary of a geo-zone - 
the ' perisphere ' - in which the 
outer electrons are pushed into 
the lower level. This is followed 
by the ' intersphere ' to  a depth 
of 2900 km.. which is made of 
atoms with ' degenerate chemical 
properties '. At the centre of the 
earth is the ' centrisphere ', which 
is the region of ' squashed ' 
atoms. 

The concept, termed ' periodi- 
city function ', which is based on 
empirical data, shows that a t  a 
pressure of 1,400,000 atm., cor- 
responding to a depth of 2900 

km., all the elements are modified 
to  such a degree as to lose their 
property of periodicity, i.e. all 
atorns will become identical in 
respect of their chemical proper- 
ties. At the high pressure prevail- 
ing in the ccntrisphere all atoms 
will be in a ' metallized ' state, 
in which matter will be made of 
atomic nuclei immersed in a 
homogeneous electronic ' plasma '. 
Having no specific electrons at- 
tached to them, atoms will cease 
to be separate elements with 
definite atomic numbers, definite 
chemical properties and reactions 
in this region of ' zero chemistry '. 
On the other hand, in this state 
matter will be characterized by 
surll a high electrical and ther- 
n ~ a l  coi~dt~ctivity that the tem- 
perature of the whole of the 
' centrisphere ' will remain cons- 
tant. 

'The hypothesis outlined is also 
supported by certain thermo- 
dvnan~ical consider;~tions and seis- 
r&logical data [ Natuve, Loud., 
180 (1957), 12451. 

New particle models 

TWO NEW MATllEMATlCAL PAR- 
ticle models based on Einstein's 
general theory of relativity. have 
been proposed by two groups of 
mathenlatical physicists a t  the 
Syracuse University and the 
Aeronautical Research Labora- 
tory, Dayton. Detailed analysis 
of the models has indicated, 
besides the many hitherto known 
particles, the probable existence 
of some more undetected particles 
which differ completely from 
those so far discovered. 

One model analyses particles 
in terms of the curvature of space- 
time in the surrounding region. 
The other model relates the usual 
observational astronomical data 
to  the individual quantities that  
can be constructed within the 
general theory of relativity. The 
above new models and concepts 
provide for the first time a com- 
plete set of quantities which are 
independent of the observer and 
which together uniquely charac- 
terize a physical situation in 
general relativity [Sci. Newsletl.. 
Wash., 73 (1958), 991. 

water and ice have an iniportant 
bearing on a number of fields like 
glaciology, aeronautics, meteoro- 
logy, etc. A disc~tssion on ' I'hy- 
sics of water and ice' held 
recently a t  the Iloyal Society, 
London, reflects the interest that  
is being evinced in the subject. 
The discussion covered such as- 
pects as the structure of water 
;tnd ice, the nature of hydrogen 
bonds in water and ice, ice-water 
and water-vapour transitions, etc., 
as deduced from studies on 
neutron diffraction, infrared ab- 
sorption spectra, relaxation pro- 
cesses, electrical conductivities of 
ice and water, etc. 

The result of X-ray, electron, 
and neutron diffraction experi- 
ments with ordinary and heavy 
ice have shown that both thc 
forms show some degree of dif- 
ferential contraction along the a- 
and c-axes on cooling, tending 
to makc the intcwnolecular dis- 
tances of the water molecules in 
ice more nearly equal a t  lower 
temperatures. 

Neutron diffraction studies indi- 
cate an almost completely ran- 
do111 position for the protons 
along the hydrogen bonds. Infra- 
red absorption studies of single 
crystals of ice also favour an 
almost isotropic random hydrogen 
bond structure for ice. Infrared 
absorption studies of water ad- 
sorbed on alkali halides were also 
reported. Observed shifts in tlle 
frequencies of the 3000 cn~.-I 
band were interpreted in terms 
of water molecules attached by 
hydrogen bonds to the negative 
ions. With thicker layers of 
adsorbed water, bands were found 
to  .appear in the 2000 an.-I  
regton, corresponding to mole- 
cular deformation plus a libra- 
tion of the molecule against the 
forces of association with other 
molecules. Body-centred alkali 
halides show additional bands 
which suggest attachment of water 
 molecule^ to  positive ions. 

Studies on the relaxation pro- 
cesses, particularly dielectric re- 
laxation in ice, revealed that only 
a part of the phenomenon isattribu- 
table to the presence of hydrogen 
ions in the form of oxonium and 
hydroxyl ions. The presence of. 
L- and D-protonic defects in ice, 
in which the oxygen atoms are 
only slightly displaced, is pos- 
tulated. L-Defects consist of 
two neighbouring oxygen atoms 
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between which there is no pro- constant over a wide range of interrelations i t  can be shown 
ton; in D-defects two protons are the momentum. These premises that f = consta11t.p-I$. where n = b 
more or less collinearly arranged are considered improbable. (1 V )  4- 1. l%r the observed 
between oxygen atoms. To derive the power law 1\lf\r611 value of $1 = 2 . 5  comes out as 

X-ray diffraction patterns and assumes that particles which are 0.25 for b = 2 and 0.5 for b - 3 
infrared absorption of water show injected a t  low energies are [ N a l ~ r ~ e ,  L o ~ d . ,  181 (1958), 3301. 
that in the structure'of water pumped up to  higher energies 
there are approximately six mole- by a pump, the speed of which 
cular neighbours a t  distances is a power function of the momen- Spatial asymmetry 
varying from 3.0 to 34A. from tum, there being no considerable in n - p  decay 
any given molecule. loss of particles during accelera- 

I t  has been observed that tem- tion. However, i t  is supposed RECENT oBSERVATIoN~ RV A 
perature alone determines the that  when the particles have group of pllysicists a t  the Insti- 
particular habit adopted by ice reached tlie maximum eliergy tute Atomic I'Ilysics, Bucharest, 
crystals, except a t  high super- which can be stored in the accc- decay of a t  rest in 
saturation when deudritic growth lerator, they leave the accelera- elnulsiolls h;L\,e re\,enled 
occurs. In the temperature tor. Thus, tlie time of dissi- large asylllInetrics in x-!L decay 
ranges from 0" to -3OC., -8" to pation being determined by the phenonlcna. Nuclear clnulsiolls 
-12°C. and -16" to -2S°C., the tinie of acceleration, all the par- were to pions produced 
crystals generally are hexagonal ticles move up through tl!e by the large syncliro-cyclotron a t  
plates. From -3' to -8'C., and energy spectrum in a systematic the Institute of Nuclear Research 
below -2S°C., the predominant way. The time they spend in any near Moscow. x-p decay 
form is either the elongated energy range is inversely propor- were into two 
hexagonal prism or the hollow tional t o  the speed of the pump. groups depending on whether the 
prism which sometimes has a If the magnetic field H in a nlomentllm was directed 
spiral structure. The fern-like certain volume U' increases, the forwards or backwards res- 
dendritic crystals occur only momentum p of charged particles pect to tile pion momentum im- 
between -12' and -16°C. Ex- in the volume increases by Ap,  lnc(liately l)cfore out 
periments on the supercooling and which is proportional to p .  If of 3595 eyellts, 2199 backW;,rd 
freezing of water drops show that the particles are scattered or dif- and 1396 forlvnrd decays \\.ere 
in the absence of nuclei, super- fused out of U' t o  an  adjacent obser,rc~. I\ssuming tilc angular 
cooling of drops as small as 1 p volume wliere I1 is constant and distril)ution to bc of the type 
in diameter can be effected down later the field in U' retllrns to its (1 + b  cosf)), 0 being the allgle 
to  -41°C. and for 1 mm. drops initial value, the net result betweell the two molnenta, the 
down to -33°C. Crystallization would be that a number of par- asymmetry parameter, b, mas 
a t  these temperatures is almost ticles fU' have increased their found to be -0.447 f 0.032, 
explosive [Nature, Lond., 181 momenta by which, differing from zero by 
(1958), 3801. Ap = up lnore than 14 standard deviations, 

could not be ascribed to a statis- 
where u is constant. If tlie process tical fluctuation. Also, tlie lonyi- 

Energy spectrum of is iterated and low-energy particles tudinal polarization of the pi011 
cosmic radiation are injected a t  a constant rate, I)eam would mean non-conser- 

this leads to a power spectrum vation of parity hard to reconcile 
A MECHANISM TO SATISFACTORILY with n = 1. with the observed conservation of 
explain the observed remarkable In the neighbourhood of the parity in nuclear forces. 
characteristic of the spectrum of sun under the influence of varying Various kinds of anisotropy in 
cosmic radiation, viz. that the magnetic fields produced by solar n-p decay have also been report- 
energy of the radiation is given activity tlie value of $2 may be cd by a few other groups of 
by a function involving a power changed for geometrical reasons. worltcrs in this field. In cach case, 
(higher tlian unity) of the momen- Particles that have gained cnougl~ however, thc cxl,eriment has been 
tum, has been proposed by Prof. energy diffuse away from the extended to the electrons after- 
H. Alfven and Ernst Astrom of environment of the sun and fill a wards emitted in p-e dt'c:~).. The 
the Kungl Tekniska Hijgskolan, volume U which may be put angular correlation in tllc 11-e 

Stoclcholm. This new hypothesis equal to U = @.Pb where 8 \is a decay is well known and conil)ara- 
combines the consequences of ttic constant and b=2 or 3 depending tively small in 11uc1ear emulsion 
betatroneffectwiththeassumption on the properties of the trapping (asymmetry parameter, numeri- 
of scattering or diffusion of the field. The rate of acceleration of cally smaller than -0.20). I t  
particles to explain the nature of the diffused particles would follows that the x-c correlaticm, 
of tlie energy spectrum (E = C.p-n be slower as u decreases with in- through two decay processes, 
where E is the energy, C, a creasing distance from the sun. should be much smaller than the 
constant, p the momentum and Hence a depends implicitly on U simple x-p correlations. This \\,as 
a, a constant value of about 2.5 and may be connected by the not found to be true, indicating 
for several powers of ten of p). relation that the effects observed were not 
Fermi's theory to explain this physical but due rather to hitlier- a = n.uV fype of relation between energy to unsuspected distortions or 
and the momentum requires that IYhen an equilibrium is attained scanning biases in riuclear eniul- 
the time of acceleration 7 and the the number dl? of particles possess- sion work. 
time of absorption (T) should be ing a certain momentum p should An asymmetry in the r - I L  
of the same order of magnitude be independent of 9, and thus decay could mean that the pion 
and their ratio (TIT = n) should be UfAp =constant. From the above has a finite spin, most probably 
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2 units of l1/2x. l'llis contradicts 
prcrvious concepts ; ~ b o r ~ t  pion 
1111c-no111ena i~itc~rprctcd on the 
11;~sis of zero sl)in for tlie pion. 
,\Itern;~tivrly tlie cff'ct could 
Invan that prclscnt ideas ;~l)out 
S~);LCC \vl~icI~ I(,itd to connections 
I1ctwcc.11, i111g11l;lr Inonienta ; ~ n d  
slxttial pro11al)ility distributions 
an: not true [Nntuve, Lund., 180 
(1%7), 12451. 

Direct determination of 
velocity of sound 

' l ' r ~ i s  1'.S. S.\TIOX:\I~ I<I.REALI OF 

St;~ntlartl.; 11as rlt~\.c~lol)ctl ;I. s i t~~plc~, 
(111ic.k a ~ ~ t l  l)rrcis(- ~~~t- l l to t l  for 
t l c t c ~ r t ~ ~ i ~ ~ i ~ ~ g  tl~cb \.elocity uf sol~ntl 
in  non-tlispersi1,le liclllitls and 
>()lid III'<~~;I. 'l'11c 11ij$1 ;tcc~~ritcy 
of t11c nirtllod is of sijinilicat~cc in 
the c;~lil)r;~tion of field vcloci- 
mc%tcrs usc%tl in underw;~ter sor~nd 
rr>-;rarch I~ccausc of the large 
discrepancicl (exceeding the accll- 
racy of thr: mrasuring methods), 
in the existing tl;tta ol)tai~~al)le by 
these instrumcnt.i. T l ~ c  new me- 
tllod gives useful data on the 
smootl~ variation of velocity in 
liquids and solids with tempcra- 
ture over considcr;lt)le range.; of 
temperature which is not avail- 
al)le now. The velocity valt~es 
coml~incd wit11 tlcnsity data also 
cnablc dctcrn1in;Ltion of the adia- 
Intic con1l)ressibility and ratio of 
specific 11e;lts. 

Velocity ~~lr:~sr~rcmcnts are 
n ~ ; ~ d c  in a confined tul)c the csntls 
of whicll arc pl;ine parallel 
q ~ ~ t r t z  cryst;~ls which serve as 
elcctro-acoustic transducers. .\n 
extrcmcly short electrical pul3e is 
impreised on a transmitting crys- 
tal; an oscilloscope connected to a 
receiving crystal shows a seric; of 
rcceivcd p111sci arising from the 
rctlection of the imprejsed sound 
pulse between the two tmns- 
ducers. The received pulses are 
seprtratcd by the travel time of 
t l ~ e  pulse over twice the length of 
tlie tank. 'The tm\.cl tinlc divided 
by the total path length is the 
velocity of sound. 

.I sine-wave oscillator gene- 
rates the exciting ~,ulscs and ;tp- 
plies rcl~etitively to tlle transn~it- 
ting crystal by ;t \)locking oscilla- 
tor. 15y varying the freclucncy of 
the sine-wave o.;cill;~tor, a coinci- 
dence is obtained between the 
first received pulse correspond- 
ing to a particnlnr electrical 
pulse ;~nd  the first ecl~o of the 
preceding pulse. .liter amplifica- 
tion, this coincidence is c~bserved 

on an oscillograph screen. At 
coincidence, the frequency, which 
C;LIL be measured wit11 all clectro- 
nic counter, is the reciprocal of the 
triivel t in~e.  Knowing the travel 
time and thc path length fron~ the 
di~ucnsions of the tube, the vclo- 
city of sol~rid is easily c;tlculable. 

'The method has been used to  
calcolatc t l ~ e  values of vt.locity 
of sound in watcsr a t  83 tempera- 
tures bctwecn 0" and 100°C. with 
an accuracy of 1 in 00.000. ?'he 
values are fitted into a fifth- 
dvgrcc polynomial [ l ' r t h .  Nctr~s 
IJ~r l l . ,  U.S. Bur. Slar~tl., 42 (1958), 
3x1. 

Extension of kinetic 
theory of gases 

i\ WIDE-RANGE INVEST1G:ITION ON 
the statistical mechanics of time- 
clcpcndent 1)lienomen;l undertaken 
a t  the thermodynamics laboratory 
of the U.S. National Bureau of 
Standards has led to an extension 
of the lcinctic theory of gases to 
imperfect gases. 

Though 13oltz1na1in's hypothe- 
sis, derived with the help of a 
statistical postulate, is highly 
plausible and a nu~iiber of its 
consequenccswerc supported by 
exl)eri~nental vcrific;ctions, there 
had not hccn available a simple 
way of deriving the hypothesis 
from the princil)les of statistical 
n~ecl~anics. The recent efforts 
of Icirkwood, Green, Bogoly~~bov 
and other workers to provide a 
more satisfactory treatment are 
lunited to t l ~ c  domain of non- 
quantum dynamics. The present 
study represents a significant 
conceptual difference from any 
of the earlier treatments which 
took into account only the effects 
of collisions involving a pair of 
particles. The new treatment 
introduces additional terms which 
talce account of simultaneous col- 
lisions among three or more par- 
ticles. 

In the case of time-dependent 
phcnomena, the motion of an iso- 
lated system of mass points, i.e. a 
statistical mechanical model, is 
explained by mcans of dynamical 
erlu'ttions whose solutions are 
known to have ;I repetitive if not 
periodic character. On the other 
I~ilnd, time-dependent processes 
in bulk matter. e.6. fluid motion, 
chemical reactions, heat condoc- 
tion, diffnsion, etc., lead, through 
a series of ever-decreasing oscilla- 
tions to an equilibriun~ state from 
which there is no tendency to  

repeat the initial state. Thus. 
an apparent paradox presents 
itsclf, viz. llow time-dependent 
phcno~nen;l in the statistical- 
mechanical model of ;in itnperfect 
gas, which is of the same type as 
the solar system, c ;u~ ncvcrtheless 
exhibit the approach to cquili- 
brinnl, characteristic of all ltind? 
of 1)ulk rnattcr includi~lg iniperfcct 
gases. One of tlle most promising 
and satisfactory solutions offered 
by various nrathcmaticians and 
physicists is as iollows: Irrever- 
s~blc behaviour, like many of the 
laws of cquilibriu~u statistical 
n~echanics, is :III apl)roximation 
that holds strictly only in tlie 
limit of Iargc volumes and ntun- 
bcrs of particles. \Vhen tlie nnm- 
ber of istllated mass points is as 
large as it is in b~illi matter (LC. 
in portions 1;trgc enough to be 
conveniently observed) the times 
of repetition arc cxtren~cly long. 
For a system containing as many 
particles as a drop of water, the 
time intervals between recurrences 
of similar states are enormously 
longer than the time scales of 
ordinary experience. Thus, the 
statistical-mechanical model of an 
imperfect gas need not exhibit 
repetitive processes for all prac- 
tical purposes. The consequences 
of the derivation of the Boltzmann 
equation evolved a t  the Bureau's 
laboratory support the above 
interpretation. 

Having thus rationalized the 
situation, it becomes possible to  
employ concepts used in treating 
states of equilibrium in gases in 
the case of time-dependent phe- 
nomena. For instance, in such 
phenomena, the virial expansion 
of the equation of state can be 
obtained bv working out the suc- 
cessive coefficients of the power 
series of the expansion employing 
statistical-mechanical methods 
from the interaction energy of 
groups of 2, 3 or more molecules. 

Similarly, in the time-dependent 
theory of imperfect gases, expan- 
sions in powers of density can be 
set up for properties like mole- 
cular velocity distribution and 
ultimately the transport pro- 
perties like viscosity, heat conduc- 
tion, etc. In this case, the succes- 
sive coefficients are determined 
not only from the energy of inter- 
action but also from an analysis 
of collisions involving 2, 3 or more 
molecules. This procedure is in- 
herently more difficult than the 
analogous problem for the eqna- 
tion of state. The effect of in- 
creased pressure (or density) on 
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the transport properties of mon- 
atomic gases is being carried out 
a t  present on the ahove basis. 

The results of such aninvesti- 
gation have applications to the 
theory of other effects in gases 
brought about by or involving 
intermolecular collisions, e.g. the 
pressure broadening of lines in 
microwave and other spectra, 
particularly in the pressure range 
extending up to a few hundred 
atmospheres. At still higher 
pressures such an analysis is not 
possible in terms of multiple 
simultaneous colli4ion$ [Tech. 
hrcws RILZI., U .S .  I ~ z ~ Y .  Stand., 41 
(1957), 1451. 

Samples for 
infrared spectroscopy 

A SIMPLE TECHNIQlJE IS DES- 
cribed by which mulls of a wide 
variety of materials like textile 
fibres, viscous, plastic and rub- 
bery substances can be quickly 
prepared for infrared spectro- 
scopic examination. The material 
is ground between ground glass 
plates. Pairs of glass plates are 
ground together with 220 mesh 
carborundum powder until uni- 
formly rough and then rubbed 
together using a few drops of 
paraffin as lubricant until no iur- 
ther glass powder is produced. 
Most materials in powder or 
crystalline form can be mulled in 
c .  30 seconds by placing a small 
quantity of the material between 
the plates, together with a few 
drops of paraffin or hexachloro- 
butadiene, and rubbing manually 
with a circular motion. Textile 
yarns cut to short lengths (c. 0.5- 
2 mm.) and fabrics cut diagonally 
across the weave to produce 
similar short lengths of yarn are 
mulled a little a t  a time, adding 
more yarn and paraffin a t  inter- 
vals. Plastic and rubbery mate- 
rials require the addition of so- 
dium chloride to the mull to act 
as a mild abrasive and diluent. 
The glass plates are cleaned by 
mulling a small quantity of sodium 
carbonate and water, and washing 
them under a tap and drying. 
This technique has enabled a 
satisfactory infrared spectrum to 
be made of any material [Chem. 
G. Ind., (1958), 951. 

A new phospholipid 

A NEW PHOSPHOLIPID, PHOSPHA- 
tidy1 glycerol, has been identified 

by research workers a t  the De- 
partment of Agricultural and Bio- 
logical chemistry, University of 
Pennsylvania. This phospholipid 
is reported to  occur in a wide 
variety of plants (leaves), in ani- 
mal liver fats and in algae. Be- 
cause of its simple structure, this 
phospholipid eluded identifica- 
tion for the past thirty years and 
a clue to its identity was finally 
obtained in green algae employ- 
ing radiocarbon and radiophos- 
phorus-labelled nutrients. The 
identification of this phospho- 
lipid is expected to resolve many 
unexplained facts about phospho- 
lipids and is already reported 
to have provided an explanation 
to some unusual experimental 
observations regarding synthesis 
of sugar by plants. 

l'hosphotidyl glycerol has in its 
molecnle two glycerol molecules 
in contrast to normal fats. I t  has 
two fatty acids and one molec~~le 
of phosphoric acid which holds 
the two glycerol molecules to- 
gether. Although these. com1)o- 
nents are the usual components of 
fats, they exist in such simple 
and symmetrical arrangement 
that their identification by the 
usual chemical methods was not 
possible [Chem. Age, 79 (1958). 
3881. 

Cell-free yeast homogenate 

A SIMPLE METHOD FOR THE PRE- 

paration of cell-free yeast homo- 
genate has been developed a t  
Worcester Foundation for Experi- 
mental Biology, Shrewsbury. Mas- 
sachusetts. Cell-free yeast pre- 
parations have been recently used 
in the study of biogenesis of ste- 
rols. The homogenate is respon- 
sible for the conversion of acetate 
to  sterols. 

Twenty g. of dry baker's yeast 
(Fleischmann) is suspended in 
80 ml. of 5 per cent aqueous 
glycerol solution and stirred vigo- 
rously for 2 hr. a t  room tem- 
perature with a Herschberg wire 
stirrer. The suspension is then 
centrifuged 'at 1000 g. for 30 min. 
in the cold, and the supernatant is 
dialysed against four changes of 
distilled water over a 24-hr. period 
a t  7OC. to remove the glycerol. 
The homogenate (approximately 
60 ml.) contains particulate mate- 
rial but no whole cells or cell-wall 
debris. 

The homogenate remains active 
for a long time. In  several experi- 
ments a small increase in incor- 

poration of C14 into sterols was 
found even after a 96-hr. incaba- 
tion. Since the homogenate is 
apparently not a good growth- 
supporting medium, proper care 
during its preparation is sufficient 
t o  prevent contamination in 90 
per cent of the cases. Passing it 
through a Scitz filter into sterile 
flasks prior to incubation elimi- 
nates the remaining contaminants 
[Scietzce. 126 (1957), 10651. 

Protein analysis 

' ~ W O  RAPID,  RELIABLE A N D  EASY 
methods for measuring true pro- 
tein content of food products have 
hecn developed. These two me- 
thods rcq7lace the expensive, titne- 
consuming Kjcldahl's method. 

The first method is based on 
biurct reaction. I'rotein in alka- 
line solution also reacts with 
copper ions in the same way as 
does biurct to form a violet cop- 
per salt. The reagent cqnsists of 
alkali copper and small amounts 
of glycerine. Glycerine stabilizes 
the copper so that it does not 
precipitate as the hydroxide. 
Freshly ground wheat or flour 
samples when treated with this 
reagent results in the formation 
of the violet colour as a result of 
the reaction between the protein 
and copper ions of the reagent. 
The intensity of the colour is read 
in a colorimeter and the readings 
are converted to protein values by 
means of charts that relate colour 
intensity to protein content. 

The second method is based 
on a reaction between Orange G 
dye (a water-soluble disulphonic 
acid dye) and proteins forming 
an insoluble complex. A known 
amount of the Orange ,G dye is 
mixed with the protein in tubes. 
Tubes are stoppered and then 
agitated to allow complete re- 
action between protein and dye 
molecules. The insoluble complex 
and other insoluble flour compo- 
nents are separated from the solu- 
tion by centrifuging or filtering. 
The concentration of the unbound 
dye in the clear filtrate is mea- 
sured in a colorimeter. The pro- 
tein content of the flour or wheat 
sample is related to the concen- 
tration of the unbound dye. 
Protein content can, therefore, be 
read directly from a table pre- 
viously prepared. 

A single protein analysis can 
be made within 5 min. when 
the agitation step is carried out 
in a semi-micro electric blender 
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container. I t  is ad;lptal)lc to anto- 
matic techniclues and i t  measures 
native protein and not nitrogen 
as in the I<jcld;thl's metl~od 
[CAetn. .Ice, 79 (1958), 2861. 

Determination of 
tungsten in  steel 

h DIRECT PIIOTOMETRIC METHOD 
has been developrd a t  the Na- 
tional Uureau of Standards for 
the precisc tlctcrmination of 
minute quantities of tc~ngsten in 
steel. Thc n~cthc)tl offers several 
adv;tnt;~gcs over othrr chrmical 
~ncthods for the detcr~nination of 
t~ungsten in t l ~ e  prcsvncc of otl~er 
clcn~ents 1111rmn1ly ~ ~ ~ c o r ~ n t e r e d  in 
iron metallurgy. 'I'he n~cthocl in- 
volves the use of tlitliiol rc;lgc*nt 
(I . ,  2 - ditl~iol -4 - mctl~yl l~e~~zet~c) .  
W~tl l  this rc;~gent intcrferc~~cc 
due to othw met;~ls is (-1imi11;~trtl 
as it forms cornl>lexcs with metals. 

In pr;lctice the steel s:ttnl>le is 
dissolved in aqu;a rcgia. .i\ sul- 
phuric-l)l~osphoric-1>crct1Ioric acid 
mixture is then added. The 
resulting mixture is heated until 
some sulplnuric acid fumes are 
given off, siguifying complete 
solution of the steel. When di- 
thiol is added to the solution, i t  
combines with any mo1yl)dcnum 
present to form a complcx which 
is removed by cl~loroform extrac- 
tion. Copper also combines with 
dithiol, forming a black preci- 
pitate and preventing complete 
molybdenum extraction by cl~lo- 
roform. Since this copper preci- 
pitate apparently occludcs some 
of the molybdenum, the solution 
is filtered through glass wool to 
remove the interfering precipi- 
tate. If there is molybde~~um in 
the original sample, treatment 
with dithiol and chloroform is 
repeated. ilIolybdenum present 
must be removed completely, 
otherwise it imparts ;L green 
colour to the final blue solution. 
The solution is then heated to 
remove sulphur dioxide, which 
inhibits tungsten colour develop- 
ment, and to eliminate any re- 
maining chloroform. 

Before the tungsten-dithiol 
complex is formed. tungsten is 
reduced with stannous chloride in 
the presence of hydrochloric acid. 
After this step, dithiol is again 
added, this time to form the 
bright blue tungsten-dithiol com- 
plex, which is extracted in brttyl 
acetate. To check for the possible 
incomplete extraction of molyb- 
denum, the optical absorbency of 

the tungsten-dithiol complex in 
t l ~ c  butyl acetate layer is mea- 
sured in a calorimeter a t  two 
wavclcngtl~s, 635 and 720 mp. 
Any change in the ratio of the 
635 to 720 my absorbency values 
indicates this contaminant. The 
actual tungsten content of the 
sample is then determined by 
reference to a chart or table. 
Experiments using a second ex- 
traction with the acetate show 
that Inore than 99 per cent of 
the tungsten-dithiol con~plex is 
removed by one separation. 

1;ifteen elernents - antimony, 
arsenic, hismutl~, chromium, co- 
balt, lead, manganese, mercury, 
nickel, platinum, rl~cnic~m, sele- 
nium, silver, tin and vanadiurn -- 
were investigated as poteotial 
interfering a.gents in tho deter- 
nlination of tungsten; t h y  neither 
hindered tnolybdenum climin;~- 
tion nor bloclted tungsten colour 
development. 

An accuracy of 0.005 per cent 
was o1)krined for saml~lcs contain- 
ing between 0.5 and 0.05 per cent 
tungsten while an accuracy of 
0.001 per ccnt was indicated for 
sarnples with less than 0.05 per 
cent tungsten. However, as the 
absorbency of the tungsten-di- 
thiol complex varies with tem- 
perature (about 0.2 per ccnt per 
degree), measurements should be 
taken within a 5 degree range to 
obtain this accuracy [Tech. News 
I ~ f ~ l l . ,  U .S .  Buv. Stand., 42 (1958), 
361. 

Disposal of fission products 

IN A PAPER PRESENTED AT THE 
Symposium on Nuclear Energy 
organized by the Institution of 
Chemical Engineers for the Bri- 
tish Nuclear Energy Conference, 
the problem of the safe disposal 
of fission products was discussed. 

The available methods of radio- 
active waste disposal fall into two 
categories: (a) complete contain- 
ment (storage of effluent under 
conditions completely safe to the 
public until all or most .of the 
activity has decayed) ; and (b) dis- 
persion of the activity so that it 
is greatly diluted. Highly active 
waste is given complete contain- 
ment in leak-proof, shielded 
storage. Because of the high cost 
of storage (a) this type of waste is 
segregated to avoid dilution by 
less active waste which would 
increase the bulk to be stored and 
(b) waste is concentrated to the 
maximum prior to storage. 

The separation and separate 
storage of the most long-lived 
fission products, caesium and 
strontium, have been achieved. 
Addition of nickel ferrocyanide 
to the solution gives a dcconta- 
mination factor for caesium of 
300-1000. Similarly additional 
decontamination from radio- 
strontium is obtained by the 
addition of calcium phosphate. 
The sludge formed during the 
scavenging operation settles in 
the storage tank and decantation 
in cascade permits separation of a 
clear snpernatunt of sucl~ reduced 
activity that it can be dealt with 
by ' cribbing '. Further chen~ical 
treatment of the effluent removes 
other eleulents having long half- 
lives. The Windscale process for 
medium-active emr~cnt.; depends 
on the adsorptiou of the active 
materials on alunlina iloc. The 
nlethod removes 92-95 pcr ce t~t  of 
p-y activity and 98 per cent of 
the plutonium [Chctn. G. Ijzd., 
(1958), 1821. 

Antibiotics - 
structure and  activity 

THE ANTIBIOTICS WHOSE STRUC- 
tures have been established re- 
present a large variety of diverse 
chemical compounds and i t  is 
difficult to evolve any guiding 
principle useful to the synthetic ' 

chemist in the development of 
new drugs. From simple cyclic 
compounds like sarkomycin con- 
taining only carbon, hydrogen 
and oxygen, the range extends to 
cyclic polypeptides like the micro- 
coccins containing nitrogen and 
s~ilph~ir in addition. The variety 
presumably derives from the 
multitude of ways in which a 
drug may interfere with bacterial 
metabolism. The polypeptide 
antibiotics probably act as sur- 
face-active agents on bacteria, 
whereas the simpler compounds 
block various stages of bacterial 
metabolism. Moulds, mostly 
Penicil l ium species, produce the 
antibiotics of the penicillin group. 

The majority of other anti- 
biotics come from actinomycetes; 
among others, streptomycin, neo- 
mycin, the tetracycline group, 
erythromycin, viomycin and nys- 
tatin. Lichens provide a few 
antibacterial compounds like usnic 
acid. Basidiomycetes tend to 
elaborate highly toxic antibiotics; 
grifolin is an exception. Both 
usnic acid and grifolin are com- 
paratively simple compounds with- 
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out nitrogen or sulphur. Usnic 
acid, from which a nurnber 
of experimental chemotherapeutic 
agents have been made by con- 
densation with various amino 
compounds, is a diphenyl oxide 
derivative which can be greatly 
simplified without sacrifice of 
antibacterial potency. 

The penicillins have a thiazoIi- 
dine-beta-lactam nucleus: 

in which the radical R can be 
modified and the carboxylic group 
used for salt or ester formation. 
By using various precursors in 
the culture medium, other radi- 
cals can be iritroduced into the 
penicillin structure, some of the 
resulting penicillins losing the 
power to  provoke allergic re- 
actions in patients, sensitized to  
benzylpenicillin. The desire to  
avoid frequent injections of solu- 
ble penicillins led to the manu- 
facture of depot preparations, for 
example the procaine salt of 
benzylpenicillin in oily or aqueous 
suspension. The N, N'-dibenzyl- 
ethylenediamine salt (benzathine 
penicillin) serves the same pur- 
pose. Preparations intended to 
reduce the inactivation of soluble 
penicillin salts in the stomach 
incIude the aluminium and N, 
N'-bis-(dehydroabietyl) ethylene- 
diamine salts. The latest addition 
to  this group is phenoxymethyl 
penicillin (penicillin-V). 

Cephalosporin N has an alpha- 
aminoadipic side-chain in place 
of the penicillin side-chain 
R.CO-. This compound, also 
called synnematin B, is sensitive 
to  bacterial penicillinase, but its 
relative, cephalosporin C, is com- 
paratively resistant, and would 
exert a more prolonged activity. 
Cephalosporin P is a tetracyclic 
compound with two reactive 
hydroxyls, and is a monobasic 
carboxylic acid. 

Another sulphnr - containing 
antibiotic, micrococcin P, pro- 
duced by B. putnilus, contains 
eleven sulphur atoms. It has no 
reactive sulphydryl groups but 
the presence of a thiazolidine ring 
is essential. A similar structure 
may be assumed for bacitracin 
(a complex of compounds), with 
one sulphur atom per molecule 
and no free sulphydryl group. 
Bacitracin is rather toxic, like all 
polypeptide antibiotics, particu- 
larly towards the kidney tubules, 

and its main use is in local appli- 
cations, where i t  has low sensi- 
tizing potential. I t  seems fairly 
well established that  antibiotics 
with the thiazolidine ring struc- 
ture come within the clinical 
group of bactericidal compo~~ttds. 
as opposed to bacteriostatic ones. 

Streptomycin is a glycosidc ela- 
borated by StreP10rr~yce.s gvisctts 
and other s!?ccies. I ts  basic por- 
tion, strepttdine, is 1,3-diguani- 
dino-2, 4, 5, 6-tctrahydroxycyclo- 
hcxanc, which is linlccd to :I di- 
saccharide, streptol~iosaniinc or 
streptose-2-( methylamino )-L-glu- 
cose. Its products of hydrolysis 
are all inactive against bacteria. 
The aldehyde group of thc strcp- 
tose moiety, however, can be 
reduced to  the alcohol without 
appreciable loss of potency or 
change in toxicity, the resulting 
compound being dihydrostrepto- 
mycin. The main shortcoming of 
the streptomycin compounds is 
their dual power to sensitize tlie 
patient and provoke resistance in 
the bacterium. Another effective 
anti-tuberculous antibiotic, vto- 
mycin (from S. pttniceus) is ;I. 
strongly basic polypeptide with, 
like streptomycin, a guanidine 
moiety. I t  is more toxic than 
streptomycin. Viomycin has one 
primary amino group, but no re- 
active alpha-aminocarboxyl. 

The characteristic of the 
erythromycin group of antibiotics 
is a many-membered lactone ring 
with glycosidally linked sugar 
residues. Erythromycin, the most 
active and important member, 
has a 14-membered ring, while 
carbonlycin (magnamycin) has a 
17-membered and methymycin 
a 12-membered ring. The anti- 
bacterial spectra of all these 
compounds are similar, and resis- 
tance to  one carries cross-resis- 
tance to  the others. 

Erythromycin has one nitrogen 
atom, probably as dimethylamino. 
Oleandomycin, picromycin and 
hygromycin are other members 
of the series. None is likely to 
become important in medicine 
except as carefully reserved last- 
ditch remedies for resistant sta- 
phylococcal infections. Here they 
may be life-saving. 

Tetracyclines -- The tctracy- 
clines form a compact trio of four 
six-membered carbocyclic ringi, 
differing only in chlorine atom a t  
position 7 (chlortetracycline) and 
hydroxyl a t  position 5 (oxytetra- 
cycline). The three known com- 
pounds differ little in their anti- 
bacterial effect; chlortetracycline 

is apprcciahly more toxic than 
others, and its stability is less. 
These componnds arc amplioteric. 
and thcir complexi~~g power on 
metals explain thcir bacterio- 
static effect. 

Of tlie four kuown stercoisomcrs. 
chlora~nphcnicol D- (-) - threu-2- 
dichloroacetamido - 1 -0 -nitrophe- 
nyl-1, 3-propancdiol is the only 
one with antil);rcterial potct~cv. 
Intctrfercncc with the dichlom- 
acetyl group, variations in the 
length of the side-cltain, subt i -  
tution in thc phrnyl moiety and 
variation of the nitrophcnyl group 
reduce the potcncy to less than 
one-fifth. l ' l~e nitro gn)up is 
rccog~lized as undcsir;~hle, for it is 
responsible for the dcrtructiun of 
bone-marrow and an;lemia. 

The simple antibiotic nlolecules 
seem to be associated. with anti- 
tubercular and anti-tumour acti- 
vity rather than with common 
antibactcrial effect. Sarkomycin, 
a feeble antibacterial but marked 
anti-tomour drug, is 2-methykne- 
3-oxocyclopentane carl~oxylic acid. 
llydrogenation to  the 2-methyl 
acid destroys the antibacterial 
but not the anti-tumour effect, 
while rearrangement of the oxo- 
cyclic double bond destroys both 
activities [Chew Age, 79 (1958). 
2851. 

Symposium on photosynthesis 

A SYMPOSIUM ON PHOTOSYNTHESIS 
organized by British Association 
was held in Dublin on 10 Septem- 
ber 1957. The papers prcsented 
discussed the actual and potential 
yields of carbohydrates, etc., in 
photosynthesis, the chemical na- 
ture of photosynthesis, and the 
photosynthetic bacteria. Conver- 
sion of the son's energy reaching 
the earth's surface to potential 
energy is most effectively car- 
ried out by photosynthesis in the 
green plants. If the radiation of 
utilizable wavelengths alone is 
considered, then a total yearly 
fixation of 5.6 x 101° tons of car- 
bon as carbohydrates corresponds 
to  an efficiency of energy conver- 
sion over the earth's surface as a 
whole of approximi~tely 0.2 per 
ccnt. To obtain higher efficiencies 
under natural conditions i t  is 
tlecessary to find new varieties or 
new crop plant* which are capable 
of utilizing efficiently the natural 
radiation. IJniccllular algae offer 
the possibility of higher yields. 

Consider;rble insight into the 
biochemistry of photosynthesis 



N O T E S  & N E W S  

has 1)een made possible by the 
application of paper chroniato- 
graphy and tracer carbon tecli- 
niques and information has been 
obtained on the nature of inter- 
mediates formed during the syn- 
thesis of carbohydrates. 

rlttempts have rccently been 
made to study the structt~rc of 
thc chloroplast and relate i t  t-t) 

its pl~otochcniical activity. T l ~ c  
ctlectron microscope 113s rc\.ealecl 
a tnulti-layered structure with 
areas of high degree of organiza- 
tivn, tentatively identifietl with 
' gmnn ' seen in the light micru- 
scope. Changes in the structure 
of cllloroplasts occurring during 
greening of etiolated maize seed- 
lings have bectl noticctl. In  tlrc 
etiolated plant the cl~loroplasts 
have an irregular granular ap- 
pearance but as greening occurred, 
the development and organiza- 
tion of a layered structure are 
observed concomitant with the 
development of photosynthetic 
activity. The extensive inter- 
facial area produced by a mnlti- 
layered structure offers a surface 
suitable for the orientation of 
chlorophyll molecules. This would 
result in a concentration of pig- 
ment within the interface, thus 
facilitating energy transfer both 
between accessory pigment mole- 
cules and between chlorophyll 
molecules. Tentative calculations 
show a permissible transfer of 
excitation energy from an absorb- 
ing molecule through several 
hundred other molecules before 
dissipation. It has been shown 
long ago that not every chloro- 
phyll molecule, but about only 
one in every five hundred, was 
capable of producing oxygen from 
a brief intense light flash. This 
would be consistent with a unit 
of 500-1000 chlorophyll mole- 
cules associated with each energy 
conversion centre. Such a unit is 
much smaller than the chloroplast 
or the granum and might be 
identified with a portion of lamel- 
lar interface. The nature of the 
energy conversion centre a t  which 
excitation energy is converted to 
chemical bond energy is still not 
clear. Some consider i t  to be 
an enzymic link between inter- 
mediates of the carbon path 
and certain individual chlorophyll 
molecales. Others favour the view 
that i t  is a physical structure with 
polar character analogous to a 
p-n junction. Excitation results 
In a supply of electrons to one 
surface and depletion from the 
other; the electrons and ' positive 

holes ' then initiate respectively 
the carbon reduction process and 
oxidation of water to molecular 
oxygen. 

Work on photosynthetic bac- 
teria has yielded many interesting 
results. I'hotosynthesis in all 
three major groups of bacteria, 
t llo Chlorobacteriaccae, the Thior- 
hc)daccao and Athiorl~odaceac. 
differs from that in the green 
plant in that no oxygen is pro- 
duced and an additional sub- 
state -- more or less specific to 
the group - is required. There 
arc a number of features common 
to photosynthesis in bacteria and 
the green plant. 

All thrcc groups of bacteria 
cont;rin both chlorophyll and 
c;~rotcnoid pigments and these 
are located in small spherical par- 
ticles, the chromatophores. The 
chlorophyll of the Chlorobac- 
teriaceae appears to be very 
closely related to the chlorophyll 
a of the green plant; the Thiorho- 
claceae and Athiorhodaceae have 
a different chlorophyll which is a 
tetrahydroporphin derivative. The 
action spectra for growth and for 
photosynthesis are similar to the 
i n  vivo absorption spectrum of the 
chlorophylls, indicating that the 
chlorophylls are the primary 
photosynthetic pigments as in 
green plants. 

Specific cytochromes have been 
found in the photosynthetic bac- 
teria and are presumed to play a 
similar part to that of the cyto- 
chromes found associated with 
the chloroplast of the green plant. 
The bacterial cytochromes are of 
the c class with absorption maxi- 
ma for the a-band between 550- 
555 m p  They are not autoxidiza- 
ble and differ in oxidation-reduc- 
tion potential from organism to  
organism, varying, for example, 
from -100 mV. for a compound 
isolated from the green bacter- 
ium Chlorobium thiosulphatophilum 
to +340 mV. for a compound 
from Rhodospirillum rubvum. A 
close similarity is observed in the 
photochemical activity of chloro- 
plasts isolated from the green 
plant and chromatophores isolated 
from the photosynthetic bacteria. 

The elucidation of the reactions 
involving carbon dioxide using 
isotopes and the comparative 
studies of photosynthesis in bac- 
teria and green plants emphasize 
that the basic biochemical pattern 
is essentially similar to that of the 
dark metabolism of other orga- 
nisms, both plant and animal 
[Nature, Lond., 180 (1957), 10831. 

Large-scale production 
of arginine 

SEPARATION OF ARGlNINE FROM 
other amino acids in protein 
hydrolysates has always been a 
difficult problem and ha? hindered 
the large-scale production of the 
amino acid. A new ion-exchange 
proccss developed for effecting 
thc separation of arginine has 
facilitated the large-scale pro- 
duction oI  the amino acid. The 
process has ;tlso been successfully 
applied for the production of 
L-lysioe and can be adapted for 
scveral other amino acids. 

The basic steps in the process 
are the hydrolysis of proteins such 
as gelatin, blood meal or soyabean 
meal and separation of arginine 
from the mixture o f  amino acids 
in the hydrolysate. Arginine of 
99 per cent purity is reported to  
lrave been obtained by this pro- 
cess [Chem. Age, 79 (1958), 3881. 

Recent advances in 
polymer technology 

SOME OF THE RECENT TECHNIQUES 
being employed in polymer tech- 
nology were discussed a t  a con- 
ference on the Advances in Poly- 
mer Technology organized jointly 
by the Institution of the Rubber 
Industry and the Plastics Insti- 
tute in London on 27 February 
1958. These include the methods 
of controlling the internal mole- 
cular geometry of many polymers 
by new kinds of catalysts, me- 
thods of controlling molecular 
weight distribution, new methods 
for the production of graft co- 
polymers and linear block co- 
polymers. The use of high energy 
radiation in inducing polymeriza- 
tion and in modifying the struc- 
ture has passed the laboratory 
stage and is now ready for com- 
mercial exploitation. 

A variety of modified master- 
batching techniques specially 
suited to plastics, resin or elasto- 
mer have been developed. The 
modified method has produced 
significant improvements in tyre 
tread wear and shortened pro- 
cessing ti~rie in the factory. It 
has brought the two components, 
rubber and carbon blaclr, together 
as colloids with minimum physical 
and chemical interference with 
their ultimate union. 

Expanded polyvinyl chloride 
(p.v.c.) products (both unicellular 
and open cell) produced either by 
chemical blowing agents or carbon 
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dioxide gas are finding many uses. 
By varying the p.v.c. plasticizer 
ratio, the hardness of the expand- 
ed product can be varied over a 
widerange. This lcads to the pro- 
duction of diverse commercial out- 
fits varying from upholstery to 
marine and buoyancy materials. 
The papers presented at  the con- 
ference will be published in the 
Transactions of the Plastics Insli- 
lute and in the Tvnnsttrtiorts of 
the Institzttion [,f Rrrbbrv Induslvy 
[Chem. Age, 79 (1958), 4491. 

Leather auxiliaries - 
a symposium 

A svMPosrunt O N  LBATIIER .\ITXI- 
liaries was held at  tho Ccntr;~l 
I,eather I<cse;lrcl~ Il~stitutc, 
Madras. dnring 14-17 hTarcll 1958. 
The symposium was in;~r~gurated 
by Prof. M. S. Thackcr, Director- 
General. Scientific W 111dustri;ll 
Research. Over 180 clelcg:~tcs 
from all over India re1)resenting 
technologists, traders, tannrrs, 
and manufacturers attended the 
svmposinm. Delegates from 
U.S.S.R. and the IJllilippincs 
also attended the symposiu~n. 

Sixty two papers were pre- 
sented and discussed in the 
course of five technical sessions: 
(1) Auxiliaries for prc-tanning, 
(2) Tanning agents, (3) Tilnning 
extracts, (4) I'ost-tanning ausi- 
liaries, and (5) Leather finisllcs. 
[For detailed report see Hes G. 
Znd.. 3 (1958). 123.1 

Bioclimatology 

THE INTERNATIONAL SOCIETY OF 
Bioclimatology and Biomcteoro- 
logy (ISBB) held its first scientific 
congress in Vienna during 23-27 
September 1957. The meeting was 
attended by 137 delegates from 
33 countries. The papers read 
a t  the congress depicted the scope 
of bioclimatology, its methods, 
its concepts, and its problems. 

A positive achievement of the 
congress was the demonstration 
that, in a multi-disciplinary 
science such as biocli~natology 
there was a common ground for 
discussion which would ultimately 
make possible an integrated ap- 
proach to the significant problems 
of human and animal health and 

wclfare. T l ~ e  scope of bioclimato- 
logy has to be enlarged so that it 
not only deals with the physical 
environmental factors i~ffrcting 
living organisms but also deals 
with the ~)liysiolo!;icrrl and 1);~tIio- 
pl~ysiological n~cchanisnls untlcr- 
lying the responses of the organism 
[Science, 127 (1958), 1551. 

Geophysical Journal  

1'111~ NEW ()UARTEKI.Y JOIIHNI\L 
l>ul)lishcd I)y the I<oy;il i\stro- 
~iomical Socictv, I+:ngl;~t~tl, coln- 
~nenccd ~)ul>lication in nlarc.11 
1958. The need h ~ r  ;L se1)nr;cte 
jor~rnal arose fn)tn the inadcbc]u:~cy 
of the Geophysical S~rp~/rrrrrrtt 
to ille Jfor~lh(y Noliccrs of tllc 
1i11y;il Astrononiie:~I Society to 
provide an a d c q ~ ~ i ~ t c  n~c*tlil~rn for 
quick p~~lrlic;ltion a11t1 wider cir- 
culation of the r;rpidly increasing 
amount of rcxmrcll work I,cbing 
done in gc~ophysics ant1 relati~d 
sut~jccts. The new journal is 
in le~~dcd to rep1:rcc the Gn)- 
p!ysical S l r / ~ p k ~ ~ z ~ i z t  ~ L S  well ;LS to 
w~dcn its scope I)y including other 
aspects such as the rcs';~rcl~cs in 
tlie upper atmosphere. 

The new jonr11:ll contains ori- 
ginal papers, short notci ant1 
letters and articlcs on the progress 
of geophysics togcthcr with 1)ooIc 
reviews and reports of gcopl~ysical 
discussions. 

The annr~al sr~l)scription for tlie 
journ;ll is 3 or $ 9 or its equiva- 
lent in other currcncics. Details 
can be ol~taincd fro111 t l ~ e  Assistant 
Secretary, Iloyal Astronomic;tl 
Society, Burlington IIousc, 1.011- 
don W-1. 

Announcement 

Arvavd of Doctornte Degrees - 
The following have been rcccntly 
awarded the Pl1.D. degree of the 
Poonit University for the theses 
noted in brackets agai~ist their 
names: Shri Vinayak Narsinha 
Athavale (-4 study of atmospherics 
i n  the long wave region); Shri 
Chandrakant Gopalrao Kllot (At-  
nzospheric noise interjevence i n  the 
standnvd broadcast i~nwd at Poonn) ; 
and Shri Sharad Chandra Datta- 
traya Ambegaokar (Chronic die- 
tary protein drficiency in experi- 
vnental animals). 

INSTRUMENTS AND APPLIANCES 

FLAME IONIZATION DETECTOR FOR 
GAS CIXROMATOCRAPHY 

A sensitive detector for gas chro- 
niatography has been developed 
which dcpcnds on the ionization of 
the effluent in a hydrogen flame. 
The gases from a column in a suit- 
able inert carrier are mixcd with 
l~pdrogcn, and burned in air a t  the 
tip of B glass jet. If 11ydro:en is 
uscd as tllc carrier ~ ; L s ,   nixing is 
ut1ncccss;rry. l'wo platinr~m clrc- 
tn)tlrs arc arrangrd to be in con- 
tact wit11 the fl:r~ne, tllc spacing 
bring not very critic;ll, formi~~g 
]>art of an electrical circnit con- 
sistil~fi of $1 bal;unced cathode- 
follower i~nped;tnc[: transformer. 
Wit11 a 0-1 milliaml)rrr meter or 
recorder conncctrd to tho out l~ut  
terminals, full-scolc deflection was 
pr~)rlucctl with 1111 injccterl sample 
of 1 ' pl., with a signal-to-noise 
r;ttio of better than 1000 to 1, 
and littlc base-line drift over a 
widc range of operatiug conditions 
has been obscrvcd. The rlectrical 
output appears to depend linearly 
on the sample size (tested up to  
10 ,'.I.). As the detector is cons- 
tructed entirely of glass and 
metal, i t  is well suited to the 
detection of fractions from high- 
temperature columns [Natlcre, 
I-ond., 181 (1958), 1771. 

A new hygrometer with rapid res- 
ponse, stable characteristics and 
provision for easy checking, stan- 
dardizing and remote reading has 
been developed by Messrs J. C. 
Shaw Electronics Ltd., Bradford, 
Yorlcshire, England. The device 
has a small detecting element 
consisting of a capacitor with a 
hygroscopic dielectric, a few 
microns thick, with a 24 carat 
gold electrode. The detector is 
contained in a tiny but strong fine 
wire gauze protector, plugginginto 
a coaxial cable connecting it to the 
recorder. An important use for 
the instrument is in quick estima- 
tion of moisture content in 
hygroscopic materials like urea 
moulding powders correct to one 
part in a thousand [Chem. Tr. J., 
142 (1958). 4361. 



Progress  Repor t s  

THE BOSE INSTI'CUTE 

THE A N N I I A L  I ~ E P O R T  O I ~  T H E  130s~ 1 ~ s r r r 1 r . r ~  FOR 
the year 1956-57 rccortls somt: signilic:~nt ~icliicvr- 
mcnts in the ficlcls of plant chtsn1istry an11 pllysio- 
log!', ant1 mtli;~tion ~c?netics. 'fhr In s t i t~~ tc  is 
participating in the Cosniic I<;iy I'rogmn~~nc o l  
thc I(;Y antl for Illis I)urposc: ttvo srts n r ~ ~ t r o n  
monitoring cqr~ipnirnt IIS~II:: t~nricl~c.~l I31:, pro- 
portional countcrs ha\-cb I)(TII s6.t up. 

A survey of tlic s;~l)o~~i~l-l) t*:lr i~~g 1)l:111ts 01' I t ~ ~ l i a  
has hcrn u~~ilcrlaken with t11(~ r>l)]cct o l  l i ~ ~ ~ l i n g  
out new sapogcnins which mix111 I)(: utili;..c,il for 
the mariulucturc 01 cortisone :uitl stss ho~~~noncs .  
1)uring the year, 8 pl;lnts. \.iz. lictrviirgf~~rtirc ctrlrt- 
ungula Gacrtn., I.tif/tc cyli~~tlvir~i l{oc.ni., I.. ctctrl- 
nngldln, illhizzin lrbhrck, Vignn cfllin?r,q, I'i~lirrw~kes 
tuhevoso, 1'11nseoll~s radintirs anel I.c,it.s crrlirtoris. wt-re 
fount1 to contain saponin. 1Jntlrr ;I I)rogr:uiitnc 
of surveying the alltaloitlal potentialities of t11c 
local ilora, inclutling non-mctlicinal pliints, i~ large 
numhcr of plants wcrc screenctl. Tl~c. foll~)wing 
plants showed the prcscncc of alkaloitls: rllnoorn 
vohitukn, Ucaumontia gvnndijom, Iicilsckmidirc vox- 
burfihiana. Cnnthium parvijlovum, Clitorin ternatia, 
Diplospora singularia, tlz~trlcria ~ovy~nbosu, Jalvopha 
gossipzfolia, nliclrelia clranzpnru antl I'tcvocavpz4s 
indicus. 

.4 r6sum6 of the main rcsearch activities of tlie 
different sections (luring the year is presented below. , 

Cosmic rays - Analysis of the pictures obtained 
with the square cloud chamber installetl a t  Darjeel- 
ing has yieldctl interesting rcsnlts regarding the 
nuclear diameters of 121, Cu ant1 P b  atoms. The 
equivalent square well radii determined from the 
cross-section for nuclear disintegrations (high energy 
transfers) were found to agree well with the equa- 
tion ~ ~ = 1 . 1 9  x A# x 10-l3 em. wherc A is the 
mass number of the material. This indicates tlie 
same matter distribution in Al, Cu ant1 Pb  nnclei 
as that determined from high energy clectron 
scattering, mu-mesonic .X-ray data and high energy 
neutron absorption data. Rut the radii corres- 
ponding to the total cross-sections follow the 
equation RN= 1.34 x A &  x 10-la em. Thus each 
nucleus appears to  be surrounded by an equivalent 
spherical shell of thickness 0.15 x A~ x 10-l3 cm., 
which is chiefly responsible for the nuclear scattering. 

.Vucleav physics - Using a flexible neutron 
howitzer, the scattering cross-sections of protons in 
liquid hydrogenous molecules have been measured 
and applying the Sachs antl Teller theory of neutron 
scattering by bounti protons to  the experimental 
data, structures of tlie scattering molecules tletcr- 
mined. From the measured cross-section for water, 
it has been found that  water is not a linear molecule. 
Experiments on glacial orthophosphoric acid have 
indicated that unlike other oxyacids, hydrogen in 
this acid is loosely bound to the rest of the molecule. 

Chemistry - ?\ colorimetric methotl has been 
evolved for the estimation of compountls contain- 

ing -CH, -CO -CHOH or -CII(OH)CHO groups. 
The method is basetl on the fact that a violet 
colouration is obtained when compounds contain- 
ing these groups arc warmcd with I : 2-dinitro- 
benzene in the prescncc of alkali; the colour turns 
vellow on kceping. The colour intensity can be 
.;lcterminctl using varying anlounts of glucose with 
tlie help of a I3cckmenn spcctropl~otometer. 

I~adiochr~~~istry -- 'fhc path of sull?hate reduction 
by green plants has bevn str~dicd using V5. The 
rt.sults indicate the initial incorporation of snlphate- 
S 3 V n t o  t a u r i i ~ e - S ~ ~  to he non-enzymatic. The 
SO,' ion is reduced to SH tl~rougl~ several steps. 
The following tentative schcnic has 1)ern srlggested: 
SO, ---> HSO, (taurine) --+ HSO, (hypotaurine) - HSO --+ SH. 

The phosphorus metabolism of higher plants has 
bcen stutlictl using radioactive I'3a as tracer. 
I~icorporation c ~ f  fluoritle into the phospho-inter- 
mctliatcs inhihited the rate of total incorporation of 

by c. 40 pcr cent indicating that the fluoride ion 
su~)presscs the utilization of glycolytic breakdown 
along Iirebs tricarhoxylic acid cycle and results 
in thc tliversion of glucose breakdown more towards 
the pentose phosphate pathway. 

Plant physiology - Studies on the problem of 
spontaneous random falling of mimosa leaflets even 
when the plants are kept under constant contlitions 
of light, temperature and humidity have indicated 
that the falls are caused by the flow of plant hor- 
moncs from the growing stcm to tlie young leaf 
systems of the plant, especially during rains. The 
diurnal movement of the mimosa lcaflct with the 
spontaneous evening fall has been found to be 
related to  the change in the volume of the pulvinus 
accompanying the leaf fall, the diurnal record of 
the changes of the pulvinus being a replica of the 
diurnal record of the petiolar movement. This 
indicates that  the evening fall is brought about by 
the increased mechanical movement of the sub- 
petiole. 

Radiation genetics - A long-range programme on 
the mutagenic action of different radiations on 
seeds of economic importance has resulted in 
mutants with improved characteristics. The follow- 
ing general conclusions were arrived a t  regarding 
oil yicld from X-ray irradiation stutlies on sesamum 
seeds: (1) the best selections giving higher yields 
than the control in the first generations continue 
t o  do so in subsequent generations; (2) the best 
qelections giving a higher yicld than the control in 
the first generation may in any subsequent genera- 
tion give lower yield than the control, only to give 
again a higher yield in the subsequent generation; 
(3) the best selections giving lower yield than the 
control in the first generation may in a later genera- 
tion give higher yield, which continues 'in subse- 
quent generations; and (4) the selections giving 
lower yield than the control in the first generation 
continue to  do so in the subsequent generations. 

The maximum increase in yield (75.0 per cent) 
was obtained in X, generation of sesamum type 
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10 of 140 ma./hr. treatment. In 200 ma./hr. treat- 
ment c. 50 per cent higher yields than from t l ~ c  
control were obtained. 

lrradiation was also found to alfcct pollen sterility 
and size. In sesamum types 12 and 16, treatments 
36 and 50 ma./hr. gave greatcr pollen sterility, but 
bigger grains as compared to controls. 

A significant achievement was the Rai selection 
D19/1/3 of 250 ma./hr. treatment which is 25 (lays 
earlier in fo\vcring than the control, c.  4: times 
higher in fruit yieltl ant1 c. 7 times higher in seetl 
weight than the control. In Hai (hrassica) and 
hrown mustard, the oils of the irradiated progenies 
were found to contain greater amount of essential 
fatty acids than the controls ant1 hence their nutri- 
tive value is better. 

In the case of patltly, best results were obtained 
from treatn~ent of I'cttttai, a variety of anzntt patldy 
with 9 5 .  A red huskctl ant1 a small variant were 
ohtained; the former srgrt~gatctl into plants with 
deep retl ant1 light red l~usks, both with or without 
awns ant1 with red or grcen tillers. The small 
seeded variant segregatetl into small seeded and 
normal seeded grains, with or without awns. 

Weed control - Studies have been conducted on 
the destruction of wectls like Cypevus rolzindzis L., 
Vicia sativa L., Zvnperala nvundi~tacca Cyrill, Lud- 
wigia pavvij7ora Koxb., Hollboclia compvessa L. 
and Eichornia cvassipcs Solms using chemicals such 
as 2,4-D, Cornox-U, Dicotox, Fernoxone, Crag 
Herbicide 1, 2, 4, 5-T, M.C.P.A., Cornox-M. Agro- 
xone, Na-T.C.A. The following general conclusions 
have been drawn: (1) the herbicidal chemicals show 
greater lethal or injurious action when sprayed in 
the morning than when sprayed in the evening; 
heat and bright light cause an enhancement of the 
herbicidal action in the plants sprayetl in the 
morning; (2) narrow leaved weeds such as Iwpevata, 
Rottboelia are more susceptible to  herbicidal attack 
a t  the seedling stage than when mature. 

INDIAN CENTRAL COTTON COMMITTEE 

THE ANNUAL REPORT OF THE DIRECTOR, TECHNO- 
logical Laboratory, Indian Central Cotton Com- 
mittee, for the year ending 31 May 1957 records 
considerable increase in its routine testing work. 
The number of samples received for testing was 
3808, as against 3699 samples tested during the 
prevlous year. The Economic and Technical 
Survey of the existing gins in India undertaken by 
the Committee has been completed and the results 
found very useful by the Indian Central Cotton 
Committee. The results of the survey are being 
published as a r ep~r t .  

For facilitating routine testing work, two modi- 
fied apparatuses were developed. The first one 
based on the torsional oscillation method determines 
the rigidity of fibre bundles in considerably shorter 
time than that  required in the conventional method 
in which rigidity of single fibres has to be detern~ined. 
The second apparatus developed is useful for mea- 
suring the frictional force between cotton fibres and 
studying the relationships between frictional force 
and fibre properties. 

In order to  enhance the usefulness of the techno- 
logical bulletins issued from time to  time incorporat- 
ing the results of ginning qualities of representative 

kupas samples obtained from rliffcrrnt anlrccs, it lias 
hcen dccitlctl to include the results of librc tests 
such as lihre weight'antl I'resslcy strength intlcs. 

A numl~cr of improvetl varieties of cotton wcrc 
evolverl which arc suital~le for cultivation in tliffcr- 
cnt rc.gions. Six in~provcil strains, viz. 7036 ,.( \', 
I l l 2  Scl 1-2-1 -2, \'1 (oltl I)ulk), 2205, 1404 ;inti A1 980, 
11avc I~ct:n iountl to yicltl finer staplc anrl give 
significantly I~ettcr spinning ~)crlurmancc. l ' l~e 
results of studies on spacing, sowing (late and 
manurial treatments on two varit-tics, viz. desi and 
13uri 0394, a t  hmravati sllowetl that normal sowing 
gives hctter rrsnlts t l~an pre-monsoon sowing. 
Rlanuring also impl.clvt.tl the yarn strength. l'ost- 
monsoon irrigation hat1 no eflcct on yarn strength. 

Gi181ting-Tcsts on lint samples obtainrrl by large- 
scale ginning in a saw gin ant1 in a tltn~l~le n)llt.r gin 
have let1 to the following co~lclnsions: (1) The saw 
gin gives c. 2 per cent lower ginning prrccntage than 
the roller gin; (2) the saw ginnetl lint is more regular 
than roller ginnctl lint; (3) the saw gi~uirtl lint gives 
a1)out 3 per cent lower waste 1osst.s (luring spinning 
than roller ginned lint; ant1 (4) both saw ginnetl and 
roller ginnrtl lint give yarns having practically the 
same lea strength, though tht: former tends to 
proclucc slightly more neppy yarns. 

Fibre properties -With a view to correlate the 
strength of attachment with fibre immaturity, 
dctailetl tcsts on the work of pulling fibres from the 
seeds and on the fibre maturity on 50 single seeds of 
Jarila cotton were undertaken using the ballistic 
tester. The fibre maturity was fairly high (matu- 
rity coefficient, 0.95) a t  the side of the seecl and did 
not vary much. The maturity coefficient a t  the 
chalazal entl varied from 0.42 to 0.98 and the co- 
efficient between the work of pullin?. tibres and 
maturity index was 0.41 which is sign~ticant. 'I'he 
mean work for pullinfi fibres from the chalazal end 
for 16 seeds in which seed-coat Iragnlcnts were 
removed from the chalazal end was 64.2 ergs where- 
as from the other seeds it was 63.9 ergs. This 
indicates that this factor is not asw)ciatctl with fibre 
immaturity. 

Studies on fibrillar orientation of 38 cottons by 
X-ray diffraction showetl a significant correlation 
of -0.67 between the 40 per cent X-ray angle and 
the Prcssley strength index. 

Comparison of results on iihrc-lcngt11 irregularity 
by different methotls indicates that  values of the 
Balls sorter mean lengths ant1 the upper half mean 
by the fibrograpli are close to each otltcr for Indian 
cottons (upper half mean values are to  he preferred 
to the fibrograph mean). The coeflicient of fihre- 
lcngth variation is strongly correlatetl with the 
fibre-length irregularity, both these parameters are 
not associated to  any consitlerablc extent with the 
uniformity ratio. Hence the uniformity ratio is 
not a dependable statistic for Indian cottons. 

Studies on the fibre properties of 55 cottons have 
led to the conclusion that the mean fibre lcngth. 
the gravimetric fineness and the intrinsic strength 
contribute most to the single threat1 strength for 
both the 20s and 30s counts. The m~tu r i t y  co- 
efficient and the fibre-length irregularity have 
very little effect on the yarn strength. The Press- 
ley strength index could advantageously replace 
the intrinsic fibre strength in the estimation of 
yarn strength, thus saving consitlerable time and 
labour. 



' \N I L D ' HEERBRUGG ( Switzerland ) 

The manufacturers of 

Highest Class Precision Optical 

and Mechanical Instruments 

lot 
WORKSHOPS 

LABORATORIES & 

SURVEY 
I WlLD THEODOLITE T3 I 

* Microscopes for colleges and research 

* Microscopes for angle and thread 
measuring 

* Testing instruments for plane surfaces 

* Drawing instruments of stainless steel 

* Levels, theodolites and aerial cameras 

* Distance measuring instruments, etc. 

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

I WlLD LEVEL N2 I 
I SOLE AGENTS : I 
I RAJ-DER-KAR & CO. / 

COMMISSARIAT BUILDING, HORNBY ROAD 
FORT, BOMBAY 

Telephone : 26-2304 Telegram : " TECHLAB " 
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CRYSTAL MUSEUM 

JARS WITH 
COVERS 

MADE IN CZECHOSLOVAKIA 

For use in the Preservation of 
Pathological and Anatomical 

Specimens 

Each jar is carefully inspected t o  insure perfect finish, free from striations, bubbles 
and waves. Perfect annealing, followed by polariscopic inspection, guarantees a strain- 

free jar t o  withstand any shock or  temperature change encountered in ordinary use. 

Fourteen sizes now available from stock. Latest price list on request. 

LEADING IMPORTERS & STOCKISTS OF SURGICAL & SCIENTIFIC GOODS 

B. P A T E L  & C O M P A N Y  
27/29 POPATWADI, KALBADEVI ROAD 

POST B O X  No. 2040, BOMBAY 2 

I & E H I G H  TEMPERATURE OVEN 

All-metal, Electric, 50" t o  300°C. f 1°C. 

THERMO-LUX I & E INCU.BATOR 

All-metal, Electric, 35" t o  68°C. f 0.5"C. 

I & E PRECISION THERMOSTATIC 
BATH 

Electric, Electronic Control Equipment 
wi th Contact Thermometer, 35" t o  

85°C. 3 0.0 I "C. 

I & E ELECTROPHORESIS APPARATUS 

- - - - - . - 

INSTRUMENTS & EQUIPMENTS 
35 CHITTARANJAN AVENUE 

CALCUTTA I2 

Telegram: LABGOODS Telephone: 23-3259 
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- TEMPO Laboratory Equipment 

' T E M P O '  H O T  P L A T E  
(with three heat controls ) 

(10. x 16" (1 kW.) 
Availn1)le in two sizes 18, 24" (3 klV. 

Construction - Double-walleii milt1 steel construc- 
tion with 2" gap between the walls fillet1 wit11 
fibre glass. Outside finisllctl in silver-gr-cy 
hammered tone spnthctic cn;~mel ;uitl inside 
painted with heat-resistirlg alriminium paint. 

Size ( zaorking sjace ) - 14" x 14" x 1 4 .  

Henling - Electrically oprratt.tl on 230 Tr., SO 
cycle, A.C. 

Temfieratzcre conlrol - By Incans of a 1)irnet:~llic 
thermostat. Variation 11ot morc than & 1°C. 

Manufactured by : 

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

SONAR1 ROAD, PARANJPE 'B'  SCHEME 
BOMBAY 24 
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CHEAP & SIMPLE 
source for GAS 
for all type of  

HEATING 

P LA NTS AVAILABLE IN VARIOUS CAPACITIES 

Also Manufacture 

BURNERS FOR INDUSTRY, LABORATORY, KITCHEN 

LABORATORY FITTINGS, OVENS, BATHS, STILLS, ETC. 

ATOMIC ENERGY EQUIPMENT, REMOTE CONTROL TONGS, 

ORE DRESSING EQUIPMENT, ETC. ETC. 

Stainless Steel Plant and Equipment Fabricators 

GANSONS PRIVATE Ltd., P.O.B. 5576. BOMBAY 14 

For standard of quality 
always insist on 

OSTER'S PRODUCTS 
ACID HYDROCHLORIC, Tech., B.P.. C.P.. A.R. 

* LIQ. AMMON. FORT, all grades 

* ACID SULPHURIC, Tech., B.P., C.P., A.R. 

* ACID NITRIC, Tech.. B.P., C.P., A.R. 

LABORATORY CHEMICALS: Pure & 
A.R. Grade 

Mnnzrjactured by 

OSTER CHEMICAL & 
PHARMACEUTICAL 

WORKS PRIVATE LTD. 
Itegd. Ofire : 

78B Manicktola Street, Calcutta 6 

W o r k s  : 
225 Bagmari Road, Calcutta 11 

Telephone No. 38-2032 

Estd.: 1842 Gram: JABAKHARA 

LARGE OVENS TYPE 
Electrically or Steam Heated 

FREDERICK HERBERT 
POST BOX No. 6055, BOMBAY 5 
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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 O N  THE SAME SAMPLE 

* SIMPLIFIED OPERATION FOR USE BY SEMI-SKILLED STAFF 

* ROUTINE ANALYSIS WITH SPEED & ACCURACY 

* 
For further particulars, please contact 

Sole Agents in Ittdia : 

PIONEER EQUIPMENT CO. PRIVATE LTD. 
DALHOUSIE SQUARE 139 MEDOWS STREET PURSHOTAM BLDG. 

1 MANGOE LANE P.O. BOX 1909 193 MOUNT ROAD 
CALCUTTA 1 BOMBAY 1 MADRAS 2 
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Bi-metal 
THERMOSTAT 

Range up to  250%. 

Sensitivity -L 1°C. 

Range of adjustment k35"C. 

also 
THERMOSTATIC OVENS, BACTERIOLOGICAL & COOL INCUBATORS, 

PRECISION THERMOSTATIC BATHS, WARBURG'S APPARATUS, 

LABORATORY STIRRERS, etc. 

Manufactured by 

UDAY SCIENTIFIC INDUSTRIES PRIVATE Ltd. 
5 BHABANATH SEN STREET, CALCUTTA 4 

Phone : 55-3777 Gr?l11 UDAYINDUST 

We manufacture 

IONONE 100 PER CENT, IONONE ALPHA 
& BETA, GERANIOL & CITRONELLOL 
PURE, METHYL IONONE, HYDROXYCITRO- 
NELLAL 100 PER CENT, EUGENOL, CITRAL, 

GERANYL ACETATE, GUM STYRAX 
and other 

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

and other toilet articles 

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

BOMBAY 2 
Branch : Gram : 

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



Reliable house for 

* LABORATORY GLASSWARES 
(PLA IN  & GRADUATED) 

* THERMOMETERS & HYDROMETERS 

* PORCELAIN & SILICAWARES 

* PLATINUM & NICKELWARES 

* FILTER PAPERS & PRODUCTS 

* SCIENTIFIC INSTRUMENTS, etc .  etc.  

CONTACT: 

UNIQUE TRADING CORPORATION 
221 SHERIFF DEVJl STREET, BOMBAY 3 

Gram : UNILAB Phone : 3001 l 

From 

A MICRO 

to 
A PHYSICAL BALANCE 

you may depend on 

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

SENSITIVITY, CONSTANCY & 

DURABILITY 

Manufactured by 

Keroy /Sd,;,t,/ Limited 
Scri,icc Stntio~t Cr OJice Phone Fadory 

31 LATAFAT WUSSAIN LANE, CALOUTTA 10 24-3840 335 NADESHWAR, VARANASI CANTI. 



Leipzig* 
is worth 
a visit ! 

*(German Democratic Republic) 

7th-14th September 1958 

L E l P Z l G  TRADE FAIR 
International Display 
of Consumer Goods of Every Kind 

Over 7000 Exhibitors from 36 Countries 
Buyers from 80 Countries 

F O ~  details please approach: Leipzig Fair Agency in India 
P.O. Box No. 1993, Bombay I 
D-17 Nizamuddin East, New Delhi 13 
34-A Brabourne Road, Calcutta I 
' Lomond ', 46 Harrington Road, Madras 31 

I CELLULOSE RESEARCH 
Papers presented a t  the symposium held under the auspices of the 
Cellulose Research Committee, CSIR, at  ATIRA, Ahmedabad, during 
4-6 February 1957 

The topics discussed include: 
Structure and mechanical properties of cellulose 
Chemistry of cellulose 
Problems facing pulp, paper, rayon and jute 
industries 
Present position of cellulose research in India 

I 150 pages (with illustrations) Royal 8vo Price Rs. 6.00 

PUBLICATIONS DIRECTORATE, CSIR 
OLD MILL ROAD, NEW DELHI 2 
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SPECTROGRAPHICALLY 

STANDARDISED SUBSTANCES 

69 elements are represented in this range of 

metals and compounds of the highest purity, 

the impurities being known. 

for analysis and research 
STANDARD ALLOYS 

Graded series of copper, aluminium and lead 
alloys are available, with detailed reports 011 

their composition, for use as standards in 
quantitative spectrochemical analysis. 

RARE EARTHS 

All fifteen rare earths are available in various 
degrees of purity. Rare earth salts can be pre- 
pared to order and several metals are also 
obtainable. 

PURE METALS 
AND COMPOUNDS 

The metals of the iron group and metals and 
compounds of minor and rare elements can be 
supplied in a state of high purity for use 
wherever spectrographic standardisation 
is not essential. 

Publications and price lists are 
available on request. 

D, HATTON GARDEN, LONDON, ENGLAND 



Safe & Dependable 

I N J E C T A B L E S  
A wide range o f  parenteral preparations for meeting the growing requirements 

o f  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 o f  our well-known injectables: 

RETICULIN-A potent Extract o f  Liver 
HEXOPURIN-An Urinary Antiseptic . CALCITOL-Injectable Calcium Gluconate 
BEVITAMIN-Injectable Vitamin B, 
CEVITAMIN-Injectable Vitamin C 
GLUCOSE S0LN.-Injectable Pure Dextrose 

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

STUDENTS9 

MICROSCOPE 

kt 
ADVANCED CLASSES 

Manufactured by : 

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

Gram : INRELABTRY Phone: 22-5778 



ANALYTICAL 

INSTRUMENTS 

~>y Perkin-Elmer 

MODEL 21 
DOUBLE BEAM 

RECORDING INFRARED 
SPECTROPHOTOMETER 

The standard instrument 
for rnlrared analys~s. 

MODEL 13-U UNIVERSAL 
SPECTROPHOTOMETER 
A highly flexible instrument 
coverlng complete ultraviolet, 
visible and infrared regions. 

MODEL 137 INFRACORD 
DOUBLE BEAM 

SPECTROPHOTOMETER 
A new instrument for 

routine inlrared analysis. 

MODEL 38-A 
ELECTROPHORESIS 
APPARATUS 
For analysis and separation 
o f  complex solutions. 

MODEL 146 FLAME 
PHOTOMETER 
For rapid analysis of any 
element In solution 
wtth risible emission lines. 

SPECTRACORD 
MODEL 4000 RECORDING 

SPECTROPHOTOMETER 
For ultraviolet, visual, near 

infrared re~ ions.  Features 
double monochromator. 

MODEL 154-B VAPOR 
FRACTOMETER 
A new. low cost p s  
chrornrtotraphy apparatus 
for rnalyr~r of gases and 
ltqu~ds b o l l ~ n ~  upto 300oC. 

Perkin-Elmer is proud to present 
a complete line of analytical instruments 
for the spcctroscopic or chemical laboratory. 
Each embodies the most recent technical 
advances in its particular field-each is 
constructed with Perkin-Elmer's 
characteristically high standard of quality 
and workmanship, and each is backed with a 
complete set of accessories to make it useful 
for the widest possible range of problems. 

The variety of instruments now available 
from Perkin-Elmer permits the equipping 
of a laboratory for practically all types 
of analyses with instruments of a single 
manufacturer. This can result in 
considerable savings in servicing, and 
in inventories of accessories. 

Sold and serviced in  India exclusively by 

BLUE STAR 

BLUE STAR ENGINEERING CO. (Bombay) PRIVATE 
KASTURI BUILDINGS. IAMSHEDII TATA ROAD. BOMBAY I 

Also at CAL&TTA, DELHI, MADRAS 

A 



Gram : PRESGLAKO 

PREMIER SCIENTIFIC GLASS CO. 
16/2A Prosonna Kumar Tagore Street 

CALCUTTA 6 

* 
Stockists for 

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

PYREX, JENA, SIGCOL 
Glasswares, Porcelain Apparatus. 

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

for 

SCHOOLS. COLLEGES, ANALYTICAL 
81 RESEARCH LABORATORIES A N D  

DOCTORS 

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

DIRECT IMPORTERS OF WOVEN WIRE MESH 
AND PERFORATED METALS 

STANDARD METAL CO. 
Proprietors : 

B. C. G U l N  & CO. (PRIVATE) Ltd. 
101 NETAJI SUBHAS ROAD, CALCUTTA I 

Phone: 22-5270 Gram: " PERFOSHEET " 

Associated Scientific 
Corporation 

Manufacturers & Dealers in 
SCIENTIFIC GLASS APPARATUS & EQUIPMENT 

2328 UPPER CIRCULAR ROAD, CALCUTTA 4 

GRAM-ASCINCORP 

Back issues wanted 

SCIENCE & CULTURE 

Vol. I ( Complete ) 

Vol. II 1 )  

Vol. Ill # 

Vol. IV  # D  

Vol. v 99  

Vol. V l l l  .. 

Please write to  : 

THE CHIEF EDITOR 
PUBLICATIONS DIRECTORATE 
COUNCIL OF SCIENTIFIC & 

INDUSTRIAL RESEARCH 
OLD MILL ROAD 
NEW DELHl 2 

I 



THE WEALTH OF INDIA 
Industrial Products : Part IV ( F-H ) 

The fourth in the series, this latest publication 

brought out by the Council of Scientific & 

Industrial Research contains authoritative and 

informative articles on 3 1  industries listed 

below. The articles provide information on 

the present status of the industries, source of 

raw materials and their availability, statistics 

relating to the installed capacity, trade and 

other commercial data. 

Ferroalloys, Fertilizers, Filigree Industry, Film Indus- 

try, Firs Extinguishers, Fish Oils, Flex Manufactures, 

Flour Milling, Formaldehyde, Furfural, & Fuse1 Oil. 

Galvanizing, Gas Mantles, Glandular Products, Glass, 

Glucose, Glue and Gelatine, Glycerine, Gold, Gold 

and Silver Thread, Gubha Industry, Gut, & Guts. 

Handloom Industry, Hides and Skins, Honey, Horn 

Industry, Hosiery, Hydrogen, Hydrogen Peroxide, & 

Hydroquinone. 

P u b l i c a t i o n s  D i r e c t o r a t e ,  C S I R  
O l d  M i l l  Road ,  N e w  D e l h i  2 



STUDENT'S 
CHEMICAL BALANCE 

Stndents need a robust halance which a t  
the same time is accuratc and reliable, no 
matter how it is handled by them. 

The design of this balance is, therefore, 
developed by u4 after maintaining in good 
order for two decades the balances used by 
students in different institutions. 

Following parts make the balance sturdy: 

B e a m  & Stand  - Gunnletal 

Knife edges  -- Steel ( students damage 
agate edges ) 

Bear ings  - V-grooved agate 

Although they are student's balances they 
carry our guarantee with them. 

For full particulars please write to : 

-s& SCALES MANUFACTURING CO. (PRIVATE) LTD. 
PROSPECT HOUSE, 22 RAGHUNATH DADAJEE STREET, BOMBAY 1 

Telegram: ' BISWORKS ' Telephone: 55-2132 

BENGAL INDUSTRIAL & SCIENTIFIC WORKS PRIVATE LTD. 
7 JATINDRA MOHAN AVENUE, CALCUTTA 6 

accepts the challenge of Independent India by manufacturing high quality 
METALLIC APPARATUS, LAMP BLOWN GLASSWARES, ACIDS & 

CHEMICALS FOR LABORATORY USE 

and importers of 

Chemicals - E. Merck's, Dr. Theodore Schuchardt, B.D.H., 
Thomas Tyrer, Redels and Baker Adamson 

Glasswares - Pyrex and Jena 
Stains - Dr. Grubbler and G. T. Gurr 
Culture Media - Difco 

Also stockists of 

Indigenous Scientific Apparatus for School, College and Research 
Laboratories 

A T R I A L  W I L L  BE HIGHLY APPRECIATED 

Show room: Branch : 
115A CHITTARANJAN AVENUE. CALCUTTA 7 MEDICINE MARKET, PATNA 4 , 

: 



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

for 

LABORATORY & PROCESS CONTROL EQUIPMENT. 

O f f e r  

m A COMPLETE RANGE OF PHOTOELECTRIC COLORIMETER FOR CLINICAL, METALLURGI- 
CAL AND BIOCHEMICAL COLORIMETRY - CRAFTSMAN BUILT 

OVENS & INCUBATORS, LABORATORY FURNACES, LABORATORY PYROMETERS, THERMO- 
STATS. ETC., BUILT BY CRAFTSMAN . CRAFTSMAN BOMB COLORIMETERS, E~UIPMENT AND APPARATUS FOR OIL, SUGAR 
AND CEMENT LABORATORIES 

m MICROSCOPES AND ACCESSORIES AND GENERAL LABORATORY GLASSWARE . PYROMETERS, THERMOCOUPLES. p~ METERS, GALVANOMETERS, POTENTIOMETERS, 
FLUX METERS. ETC., FROM CAMBRIDGE INSTRUMENT CO. 

PHOTOVOLT COLORIMETERS AND pH METERS 

Address your enquiries t o  

CRAFTSMAN ELECTRONIC CORPN. 
PRIVATE LTD. 

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

Phone: 42346 

J.S.1.R.- JUNE 1958 



Molecular Weights a $%%& - N ~ W  9 
Designed In co-operation with Mr. C. Heitler of Northampton College f 

Advanced Technology (London) 1, 
Doterminations In 10 minutes 

D Accuracy I per cent with 0.2 g. samples 
m Rapidly reaches equilibrium 

(c3 minutes) 
D Thermistor sensing lor response 

and high sensitivity 

Borosilicate glass parts 

Additional eqdipment P-A re ,ed 

Simple to usa 
Quickly save: i t s  own cost 

in time gained 

Manufactured by A. GALLENKAMP & CO. LTD., London, England I 
ACCREDITED AGENTS i 

MARTIN & HARRIS (PRIVATE) Ltd. I 

SAVOY CHAMBERS, WALLACE STREET, BOMBAY I I 
Printed hv H. JACQVEMOTTE, S.T.. a t  111,. Catholic l'rcss, R ; l ~ ~ c l ~ i ,  Inllin 
Publislied~by tllc Council of ~cici t if ic  S; In(lustlia1 l<rsc;rrcl~, Illclia. Editor: 13. N. SA~TRI ,  hI.Sc, 
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