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HEWLETT PACKARD

follow the ieader

Since 1956 oscilloscope users have been able to look to Hewlett-Packard for the major advances in scope
technology, offering from both previously unavailable measuring performance and greater scope value.

From a list of improvements incorporated first in Hewlett-Packard scopes, comes today’s best mea-
suring performance, plus the assurance that when new oscilloscope capabilities are made available
to buyers, they will come from Hewlett-Packard. Count these ““hp firsts”’ available for your measuring
convenience and accuracy today:

¢ To increase measurement accuracy in crt viewing — the no-parallax internal graticule

For fast location of an off-screen trace to save valuable engineering time — the beam finder

For measurement of nanosecond pulse and high-frequency signals — the general purpose sampling scope
with positive feedback gate sampler

¢ For increased measurement accuracy and convenience — the low-capacity high-frequency scope p-robe
o For a larger picture for easier viewing and increased accuracy — the mesh cathode-ray tube
¢ For permanent scope trace recordings, quickly made at one-twentieth the cost of photos—the plug-in recorder

o For testing of coax cables, connectors, striplines, antennas and similar devices — faster and more completely
than ever before — time-domain reflectometry

o For measuring picosecond rise times of millivolt signals in transmission lines— A. 90/sec rise time
sampling scope plug-in with bringing samplers
Among the principal categories of Hewlett-Packard instrumentation are Oscilloscopes, Audio Oscillators,
Voltmeters, Noise and Distortion Analysers, Signal Generators, Power Meters, Electronic Counters and
a complete array of Waveguide and Coaxial Instrumentation for microwave work.

For details please write to:
SOLE DISTRIBUTORS

THE SCIENTIFIC INSTRUMENT COMPANY LIMITED

ALLAHABAD BOMBAY CALCUTTA  MEADRAS., NEw DELHI
Head Office: 6 Tej Bahadur Sapri Road, Allahabac
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TAKE TIME TO FIND OUT

There are three distinctly new Beckman Infrared Spectrophotometers:

IR-10 — a precision instrument with a range of 2.5 to 33.3 microns
IR-11 — that runs survey scans in about 10 minutes over the 12.5 to 300 micron range
IR-12 — the widest continuous range, automatic spectrophotometer ever . .. 2.5 to 50 microns

Take a few minutes to learn about these unusual IR instruments. Call us or write for descriptive literature.

Ex. M/s BECKMAN INSTRUMENTS Inc., U.S.A.

SOLE AGENTS

TOSHNIWAL BROTHERS PRIVATE LIMITED

198 JAMSHED])I TATA ROAD, BOMBAY |

Branches:

“Rival ’, Kacheri Road 85A Sarat Bose Road 3E/8 Jhandewalan Extn., Link Road Round Tana, Mount Rood
AJMER CALCUTTA 26 NEW DELHI | MADRAS 2
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SCIENGE & TECHNOLOGY ==

LATEST ARRIVALS

Only Metric System Used: Popular Prices

Most Soviet textbooks have been prescribed and recommended in
Indian Universities and Technical Institutions

PHYSICS, V. Perishkin and others (pp 192)

This textbook for sixth form gives an
clementary knowledge of physics

TEXTBOOK OF GENERAL
CHEMISTRY, B. Nekrasov (pp 480)

Textbook for students of chemical and
related subjects

PROBLEMS IN MATHEMATICAL
ANALYSIS, B. Decmidovich and others
(pp 496)

This collection covers the maximum re-
quirements of general courses in higher
mathematics for higher technical schools

BRIEF COURSE IN ANALYTICAL
GEOMETRY, N. Ycfimov (pp 251)

This book presents the theoretical founda-
tions of plane and solid analytical geo-
metry
FARM MACHINERY, N. Bushuyev and
others (pp 303)
This book is a guide for farmers, students
and all those concerned with agricultural
machinery
THERMAL ENGINEERING, [. Shvets
and others (pp 483)

Written by a well-known Soviet specialist
on the subject; suitable for polytechnics
REPAIR SHOP ELECTRICIAN
G. Vartanov and others (pp 267)
Handbook for all electricians engaged in
repairing a.c. and d.c. electrical equip-
ment, cte.

Rs

Rs

Rs

Rs

Rs

1.50

6.00

s 6.00

5.00

4.00

6.00

3.00

DEVELOPMENT AND EXPLOITA-
TION OF OIL AND GAS FIELD
I. Muravyov and others (pp 503)
This book sets forth modern scientific
knowledge on the subject

STEEL FOUNDRY PRACTICE

P. Bidulya (pp 320)
The textbook outlines the fundamentals
of the theory and practice of steel casting

METAL PROCESS ENGINEERING

P. Polukhin and others (pp 440)
This course is intended for engineers as
a basis for successful mastery over a
number of special subjects

THE MELTING OF CAST IRON AND
NON-FERROUS ALLOYS
A. Lipnitsky (pp 219)
Textbook dealing with the principal pro-
perties of cast alloys

GAS WELDING AND CUTTING

D. Glizmanenko and others (pp 430)
A comprehensive textbook on gas welding
and cutting

RAILWAY CONSTRUCTION

N. Shadrin and others (pp 335)
This textbook is intended for students of
railway colleges and secondary schools

ELECTRONICS IN INDUSTRY

I. Kaganov (pp 499)
This textbook discusses electronic, iron
and semiconductor devices and circuits
and their applications in industrial elec-
tronics

Rs

Rs

ASK FOR COMPLETE ANNOTATED CATALOGUE OF TEXTBOOKS-1965
WITH DETAILS OF APPROVALS AND RECOMMENDATIONS

Postage extra.

Order from:

PEOPLE’S PUBLISHING HOUSE ( PRIVATE) LTD, Rani Jhansi Road, New Delhi
RAJKAMAL PRAKASHAN (PRIVATE) LTD, Faiz Bazar, Delhi

PPH BOOKSTALL, Bombay 4

MANISHA GRANTHALAYA, Calcutta 12
NATIONAL BOOK AGENCY, Calcutta 12

NEW CENTURY BOOK HOUSE, Mount Road, Madras 2
VISALAANDHRA BOOK HOUSE, Sultan Bazar, Hyderabad

PEOPLE’S BOOK HOUSE, Patna 4

6.00

5.00

6.00

2.50

6.00

6.00

6.00

ADMARK
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Imaginz a world without colcur—a light-and-shadow world instcad of
our multi-hued universe. Colour implies life, vigour, variety...

Primitive man realised the significance of colour and made it very much

a part of his life. He incorporated it in ritual. He used it for adornment or
to make himself fearsome in battle.

Modern man uses colour even mote —to make life varied and joyful—
with bright colour schemes for homzs, offices, automobiies—and beautiful
illustrated magazines, raulti-coloured rubber and plastic articles.

All these and many others need pigments, and more so organic pig:.
such as those manufactured by COLOUR-CHEM.

Textile printers use organic pigment emulsions as well as synthetic binder
materials, both of which COLOUR-CHEM were the first to manufacturce

in India. With the technical knowledge of Germany’s leaders in the field—
FARBENFABRIKEN BAYER AG. and FARBWERKE HOECHST AG.—

and skill born of experience and unceasing research, COLOUR-CHEM
continue to manufacture the finest quality products.

UNQUESTIONABLY

ots

COLOUR-CHEM

Distributed through :
* CHIKA LIMITED, Mehta Chambers, 13, Mathew Road, Bombay-4.
* HOECHST DYES & CHEMICALS LTD.,

Parekh Mahal, Veer Nariman Road, Bombay-1.
* INDOKEM PRIVATE LTD., 221, Dadabhoy Naoroji Road, Bombay-1.

(Backed by 100 years of German experience)
COLOUR-CHEM LIMITED
Fort House, 221, Dadabhoy Naoroji Road,
Fort, Bombay-1.
Makers of Pigments & Binders
in collaboration with
FARBENFABRIKEN BAYER AG., Leverkusen, West Germany; and
FARBWERKE HOECHST AG., Frankfurt, West Germany.

awT.CcC 23
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FOR ADVANCED
RESEARCH

ELECTRO MAGNETS
Type EM 50 (27) 7,500 gauss
Type EM 75 (37) 10,000 gauss
Type EM 100 (4”) 15,000 gauss

MAGNET SUPPLIES
Type EMP-100 D.C. Sunbly
Type EMP - 75 D.C. Supply
Type EMP - 50 D.C. Suppiy
Type CCP-100 Constant -

Current Regulator

ELECTRONIC INSTRUMENTS

LT HT. & EH.Y. Power Supplics, Transistorised Power
Supplies, Temperature Controllers, Timers, Constant Current
Regulators, Electromagnetic Demonstration Apparatus, Photo
Elcctronic Devices, Shortwave Demonstration Apparatus, E/M
Demonstration Apparatus  (with  Cathode-ray tubes), Vaive
Chavacteristic Apparatus.

for electronics, science and technology

@ POLYTRONIC CORPORATION

20A, Shakti Sadan, Junction of Tardeo Bridge, &
Lamington Road, Bombay-7 WB.

mass pc-3
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ELECTROLYTIG
GONDUGTIVITY
EQUIPMENT

Electrolytic Conductivity Solu Bridges, Indicators, Recorders and Controllers s Soil
Moisture, Salinity and Fertilizer Testing Equipment m Concentration Indicators and
Controllers for acids, alkalies, detergents, electroplating rinses, etc = Gas and Steam
Analyzers m Continuous Sugar Detectors = Dissolved Oxygen Analyzers

==

¥

Portable Conductivity Recorder

Industrial Instruments Inc.

Get complete details from BLUE STAR offices at®
U.s. A Rl 0

Connaught House, Connaught Circus, New Delhi 1
Band Box House, Annie Besant Rd., Bombay 18

Sold and serviced in India exclusively by 7 Hare Street, Calcutta 1

2324 Second Line 3each, Madras 1

1B Kaiser Bungalow, Dindh Read, Jamshedpur
14/40 Civil Lines, Kanpur
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HONEYWELL
VISICORDER
OSCILLOGRAPH

world’s most versatile instrument
for the simultaneous recording of
a number of fast changing variables

: 7
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W
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MODEL 1406 MODEL 906

N\

N

Available in several models, from 6 to 36 channels
DC to 5000 c/s response, over 50,000"[sec
writing speed. The 36-channel 1012 & the 1612
are the most sophisticated instruments in the line.
The 1108 is a highly capable 24-channel model.
The 1508 is a compact 24-channel instrument
that takes only 7" of vertical space in a relay rack
and is also suitable for bench use. The 906 handles
either 8 or 14 channels and the 1406 provides
upto 6 channels at the lowest cost per channel.

Honeywell

Sold and serviced in India exclusively by

Get complete details from BLUE STAR offices at:

Connaught House, Connaught Circus, New Delhi 1
Band Box House, Annie Besant Rd., Bombay 18
7 Hare Street, Calcutta 1
23/24 Second Line Beach, Madras 1
18 Kaiser Bungalow, Dindli Road, Jamshedpur
14/40 Civil Lines, Kanpur
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TO COMBAT
PROTEIN MALNUTRITION

insist on
HYDROPROTEIN
(Oral & Injection)

e Rich in Essential Amino Acids

e Biologically Adequate

Lysine
Histidine
Arginine

Threonine

Proline
Tryptophane
Methionine

Valine

Phenylalanine
Iso-leucine
Leucine

——————————> WEIGHT GAIN IN GMS
o
L

[} é 12 18 24
Chromatogram
DAYS
rom
J ) Weight response of protein depleted rats to
Hydroprotein

feeding of Hydroprotein.

BENGAL IMMUNITY Co. Ltd.

153 DHARAMTALA STREET, CALCUTTA 13

Al10
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BOROSIL

NOW OFFERS

®

CORNING

BRAND
Machine made
GLASS TUBING
for
apparatus in heavy, medium
and
light  wall
CAPILLARY TUBING
of
various bores
and
GLASS RODS
of
different  sizes
Manufactured by :

BOROSIL

BOROSIL GLASS WORKS LTD.
CHOTANI ESTATES,

PROCTOR ROAD, BOMBAY-7
Phone: 71166

Grams: '‘BOROSIL®

Branches

8/9 THAMBU CHETTY STREET,  19/90 CONNAUGHT CIRCUS 4 CANAL WEST ROAD,

MADRAS-1. NEW DELHI-1 CALCUTTA-15
Phone: 23775 Phone: 42176
Grams: '‘BOROSIL Grams: ‘BOROSIL’

()OR’“"\‘Go is Registered Trade Mark of Corning Glass Works, New York U.S. A,

SP/BORO.65-1
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‘LAB-CHEM’

ANALYTICAL BALANCES &
WEIGHTS
for

INDUSTRIAL, RESEARCH & COLLEGE
LABORATORIES

Manufactured by
LAB-CHEM BALANCE WORKS

BOMBAY 1|1

Contact Sole Selling Agents:

INDIA SCIENTIFIC TRADERS

DEALERS IN LABORATORY EQUIPMENT
OF EVERY DESCRIPTION

PEERBHOY MANSION
460 SARDAR VALLABHBHAI PATEL ROAD
BOMBAY 4 (BR)

Phone: 76336 Gram: ‘Esvijack’

FOR. CHEMICAL

EXPER'MENTS
AND ANALYSiS

USE ANALYTiCAL Al
REAGENTS |
MANUFACTURED y
BY. ® o \

)
ey

/\\
THE INTERNATIONAL
q’% CHEMICAL INDUSTRIES

103-B. UPPER CIRCULAR ROAD
(ACHARYA PRAFULLA CHANDRA ROAD)
CALCUTTA-9
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Over twenty years’ proved
performance
(INDIA MADE)

X-RAY DIFFRACTION
APPARATUS

complete with

MACHLETT Shockproof Beryllium
Window Sealed Tubes of different
Target Materials

Single-valve Half-wave Rectified or
Two-valve Full-wave Rectified

MACHINE already incorporates voltage com-
pensator to compensate plus or minus
15 volts supply change

Electromagnetic, Electronic, Servomechanical
or Chemoelectric STABILIZER can be added
to the filament circuit or to the entire
MACHINE for further STABILIZATION

CAMERAS of various types can also be
supplied for the MACHINE

also

X-RAY PLANT FOR BIOLOGICAL
RESEARCH & INDUSTRIAL RADIO-
GRAPHY & HIGH TENSION
TESTING SETS

DELIVERY EX-STOCK
NO LICENCE REQUIRED

Further details from

RADON HOUSE

PRIVATE LIMITED

7 SARDAR SANKAR ROAD
CALCUTTA 26

RADIOTONE
RECTIFIER UNITS

For all your requirements in rectifier units
write to us giving your exact requirements

We Design and Build

= Rectifier units, DC units = Battery
Chargers, Eliminators and other types of
HT and LT units

for various specifications up to 1000 volts
5000 amperes

We have been supplying these as well as

different types of transformers, selenium metal

rectifiers, waveband switches, etc., for different

specifications to Industry, Trade and Govern-

ment Departments for over 20 years past. A
trial will satisfy you too.

RADIO ELECTRIC PRIVATE LTD.
Manufacturers of RADIOTONE Products

2C Lamington Chambers, Lamington Road
BOMBAY 4

GRAM: : ‘ASHACOM' PHONE : 22855

SUPERIOR LAMP BLOWN

PYREX GLASS APPARATUS;
ASSEMBLIES ACCESSORIES
OF ALL TYPES

é Manufactured by

SCIENTIFIC EQUIPMENT
MFG. CO.
An associate of

ASHA SCIENTIFIC CO.

DIRECT IMPORTERS & MANUFACTURERS' REPRESENTATIVES,
503, GIRGAUM ROAD, BOMBAY 2.

Interchangeable Laboratory

A
Glassware ‘Our Speciality
HHH

WE SUPPLY COMPLICATED RESEARCH APPARATUS

ISIR—OCTOBER 1965
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) MANTEACTURERS OF

HEAT RESISTANT AND
SCIENTIFIC
GLASS VARES

BLOOD TRANSFUSION ANDJ
GLUCOSE SALINE BOTTLE |§
A SPECIALITY. ND-
CAN TAKE UP THE
FABRICATION OF ANY

TYPE OF WHITE BOTTLES

O

BOMBAY OFFICE
Co-operative Insurance Bldg.,
2nd Floor, Sir P. Mehta Road,

Bombay |

Phone : 251791
Gram : HUTRALGL_AS

EHRMOLAB LA PRODUCTS

PVT.LTD. POONA

WORKS =

Phone: 83311
Bombay Poona Road, AKURDI Phone: 88/312
CHINCHWAD, Poona’ |9.
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Gansons // PLANTS

Electrical &
Non-Electrical Models
Efficient, Economic

Clean & Hygienic

FOR INDUSTRIES - Textile, Glass, FOR HOME AND CANTEEN ETC~
Engincering and all other industries for Cooking & heating in Kitchens,
controlled & efficient heating. Dormitories, Hospitals & Hotels.
FOR PLANTATIONS - Drying and Makers & Designers of : Gas Burners, Laboratory

Roasting of Tea, Coffee and Cashew Nuts. Equipment, Water Stills, Water Baths, Shakers,

Ovens and Incubators, Equipment for handling and
FOR LABORATORIES- storing Isotopes, Stainless Steel Fabrication,
College, Research, Industrial, Ore Dressing Equipment.

GANSONS PRIVATE LIMITED

P.O. Box 5576, Bombay |4

RAW MATERIALS FOR
RESEARCH AND INDUSTRY-7

ALUMINIUM WALZWERKE
SINGEN GMBH.

optical instruments (West Germany)

a"d Aluminium and aluminium alloys in
strips, sheets, circles, pipes and wires,
etc. REFLECTAL super purity alu-

a"ied compone"ts minium for art jewellery and industrial

uses.

For further particulars contact:

GHARPURE & CO. K. S. HIRLEKAR

P-36 INDIA EXCHANGE PLACE EXTN. Western India House
CALCUTTA | Sir Pherozshah Mehta Road
BOMBAY |

3 Phone:22-2061
GramiMEENAMO. @ L Gram: INDBUREAU, Bombay ® Phone: 251931/252073
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Not really, dear passenger! It only signifies the final moment of readiness for action. The
shrill whistle pierces through the familiar din, the flag is waved and the train steams out, with
you init. Have you wondered what goes on behind the scenes, to keep the train moving ?

Operating details have to be conveyed quickly to men at Headquarters who think on their feet.
Different stations have to be fed continuously with information about train movements.
Goods trains have to be marshalled and, in the case of breaches or cyclones, on-the-spot
communications have to be established for rapid restoration of through-running.

For these vital tasks, reliable communication networks are indispensable and, the Railways

get from BEL exactly what they want — Multichannel Radio links and a range of high quality
communication equipment. BEL helps the Railways to heip you.
%Q

GEARED UP TO MEET THE NATION'S NEEDS

REGD. OFFICE : JALAHALLI-BANGALORE

Al6 JSIR—OCTO3ER 1965



JANETIKI

TYPE T 24

JANETZKI
CENTRIFUGES

a synonym for quality!
for medical, chemical and
biological laboratories
Laboratory sugar centrifuges
Type TZ |

Rot
Field of gravitation

2900 r.p.m.
520 g

ing speed

Micro-haematocrite centrifuges
Type TH |

Rotating speed of

Haematocrite rotor max. 16,000 r.p.m
Microrotor max. 20,000 r.p.m.
Field of gravitation

Haematocrite rotor max. 18,500 g
Microrotor max. 18,000 g

Laboratory table centrifuge
Type T 4

Rotating speed max. 3200 r.p.m

Field of gravitation max. 1200 g

Laboratory table centrifuge
Type T 20
Rotating speed
Fieid of gravitation max. 4500 g

max. 6400 r.p.m.

TYPE S 60

Laboratory table centrifuge

Type T 22

Rotor freely swinging
Angle rotor

Field of gravitation
Rotor freely swinging
Angle rotor

max.

max.

max.

max.

3400 r.p.m.
4800 r.p.-m.

2000 g
3250 g

Laboratory table centrifuge

Type T 23

Rotating speed

(4 - 100 ml)

(6 - 100 ml)

Field of gravitation
(4 - 100 ml)

(6 < 100 ml)

max.

max.

max.

6000 r.p.m.

. 6500 r.p.m.

5600 g
5800 g

Laboratory table centrifuge

Type T 24

Rotating speed
Field of gravitation

max.
max.

16,000 r.p.m
21,500 g

Stand centrifuge Type S 60

Rotating speed

Rotor freely swinging
Angle rotor

High speed attachment
Field of gravitation
Rotor freely swinging
Angle rotor
High-speed attachment

Messrs Heinz Janetzki K.G.

Engelsdorf

max.
max.

max.

3500 r.p.m.
4500 r.p.m.
16,000 r.p.m.

. 2600 g
. 4000 g
. 21,500 g

AGENTS :

TYPE VAC 60

Cooling centrifuge Types K 60 and
K 60 S (similar to Type S 60)

Type K 60 with cooling
aggregate
Type K 60 S with cool-
ing aggregate
Minimum temparatures
Rotor freely swinging
41000 ml

4250 ml

Angle rotor

8 - 250 ml and

6 - 500 ml

High-speed attachment
Rotor 6 <20 and
1210 ml

Rotating speed

Rotor freely swinging
Angle rotor
High-speed attachment
Fie'd of gravitation
Rotor freely swinging
Angle rotor

High speed attachment

500 cal'h

1250 cal’h
K 60 K60S

+0°C —15°C
—-2°C -22°C
-5°C —25°C

o°C -8C

max. 3500 r.p.m.
max. 4500 r.p.m.
max. 16,000 r.p.m.
max. 2600 g

max. 4000 g

max. 21,500 g

Preparative ultracentrifuge

Type VAC 60

Rotating speed

Field of gravitation
Vacuum in the rotor
chamber

Minimum temperature
in the rotor chamber

max. 60,000 r.p.m.
max. 300,000 g

5x10* Torr

-20°C

MESSRS K. LAL BHAKRI
P.O.B. 487, New Delhi
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Available from Stock

* METROHM pH-METER E 350

e Measuring range 0-14 pH; —5004-500 mV  Accuracy of reading: 0.05 pH, 5 mV e Absolute
accuracy: 0.1 pH, 10 mV

* KUSTNER ANALYTICAL BALANCE, with and without air damping from Germany.
Models AL 49 and AF 48 with weight box

e Maximum load: 200 gm. « Sensitivity: | mg.

* EDWARD VACUUM PUMP, Model RB 4 ‘Speedivac’ Combined Vacuum
Pump and Compressor

* ENDECOTT’S STANDARD TEST SIEVES

Contact:

PHARMA TRUST

114 PRINCESS STREET, BOMBAY 2

Al8 JSIR—OCTOBER 1965
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J. T. JAGTIANI

NATIONAL HOUSE, 6 TULLOCH ROAD, APOLLO BUNDER, BOMBAY-I.

¥
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Current

Project Oriented Research
Programmes in CSIR Laboratories

I.\' 1955, the Special Committee set up by the

Governing Body of the Council of Scientific &
Industrial Rescarch (CSIR) under the chairmanship
ol late Dr ]. C. Ghosh reviewing the scientific effort of
CSIR laboratories made the following basic recom-
mendation in regard to the rescarch programmes
of the laboratories. *“ We are of the opinion that
at present scientific effort in the national laboratories
is spread over too large an arca.  To produce concrete
results it is essential that cach laboratory (apart from
a very small number of ad Jioc problems or what
can better be called opportunity problems) should
take up only a few projects of basic importance
and concentrate on them. The major research
progamme  of cach laboratory should be for-
mulated in terms of projects and not in terms of
divisions.”  The Third Reviewing Committee of
CSIR (1964) in its report has also observed “ that
the programmes of the CSIR laboratories should be
mainly concerned  with applied rescarch and its
related basic research.  They should be framed in the
context of the country’s plans for industrial and
economic development.  The programmes should be
made up of well-defined projects with clear objectives
and the applied research projects should be time
targeted and should not extend beyond a period of
3-5 vears.”

In pursnance of these recommendations the Govern-
ing Body of CSIR directed the CSIR laboratories
to orient their rescarch programmes with specific
objectives and time targets.  In accordance with this
directive the CSIR laboratories have drawn up a
list of projects keeping in view the present national
emergency and the needs of defence requirements
in particular. The acute foreign exchange position
and the need to make the country self-sufficient
in food have also been taken into consideration
in formulating the rescarch projects. The projects
numbering 1536 have been grouped under the
following heads: Defence oriented  (96); Import
substitution/climination (158); Industrial technology
(877); TFood and agricultural products (180); and
Basic objective (225). Pilot plants numbering 170
are listed and grouped under the first four heads,
the break-up being 5, 68, 82 and 15 respectively.

A careful scrutiny of the projects listed under
various heads indicates that while defence oriented
projects should necessarily receive a high priority,
there is need to work out priorities in the case of
projects listed under other heads. Efforts must be
concentrated on those projects which in general will
help industrial effort, cffect substantial saving in
foreign exchange or earn foreign exchange and help
in the development of products which will find

Topics

immediate use as substitutes for imported products.
For example, under import substitution/elimination,
projects such as manufacture of carbon tetrachloride
and chloroform from methane, manufacture of calcium
hypophosphite, development of different types of
refractories, hard and soft ferrites, substitutes for
imported raw materials for special types of glass
articles, development of light metal alloys, ferroalloys,
nickel-fre¢ alloys, manganese bearing brasses, etc.,
appear to be more urgent than others. Similarly,
in the case of projects under industrial technology,
which form the biggest group, there is considerable
scope for further selection of projects. Many projects
appear to be long-range ones, and it may be worth
while to concentrate on short-term (3-5 years)
projects. The projects listed under the other two
heads also can stand further screening, and even the
basic objective research projects could be made more
selective.  The basic aim should be to select projects
and assign prioritics to them keeping in view the
present national emergency, and the immediate needs
and requirements of the country as will be laid down
in the Fourth Five Year Plan programmes.

Information & Liaison Cell for
Small Scale Industries

N Information and Liaison Cell for Small Scale
Industries has been set up by the Council of
Scientific & Industrial Research (CSIR) as part of
the Industrial Liaison and Extension Services Unit
at its headquarters in New Delhi with a view to
providing technical guidance and help to small-scale
industries in the country in solving their problems
and organizing follow-up of projects taken up by
CSIR on their behalf. This step fulfils a great need
and should promote better and closer liaison between
CSIR laboratories and the small-scale industries.
The main objectives of the Cell are: (i) to compile
information regarding research projects worked out
by CSIR laboratories which are of interest to small-
scale industries; (ii) to strengthen liaison and co-
operation with small-scale industries and organizations
representing them, and assist them in solving their
technical problems for which facilities do not exist
either with the industry or the Small Scale Industries
Service Institutes which may act as a forum for
channelizing such problems of the small-scale
industries to CSIR for solution ; and (iii) in cooperation
with small-scale industries and the organizations
representing them to undertake collection, compilation
and dissemination of technical information which may
interest small-scale industries. Specifically, the Cell
will render the following services to small-scale
industries: (i) it will receive enquiries from small-scale
industrial units or organizations representing them,
and organizations, private or government, dealing
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with small-scale industries; (i) enquiries which are
of a technical nature will be disposed off with the
help of information available with the Cell or the party
will be put in touch with the appropriate laboratory
for obtaining necessary information, and the Cell will
arrange for the follow-up; and (iii) enquiries which
are not of a technical nature will be referred to
appropriate organizations.

The setting up of the Information and Liaison Cell
for Small Scale Industries is a much needed measure
and it should go a long way in making the small-scale
industrial units in the country more research
conscious, and to adopt modern and improved
method not only to increase their production in
qualitative and quantitative terms but also bring
down the cost of production. Feeding of nascent
information on recent developments would also
enable the small-scale industrial units to expand
their production in terms of varicty, and to do this
the Cell should provide such information, carefully
selected and oriented to meet the needs of an industry,
on a continuing basis.

It may be worth while to follow the example of the
Office of the International Cooperation Administra-
tion in USA which handles a sizeable number of
enquiries from small-scale industrial units to en-
courage them to make use of facilities and services
offered by the Cell. All enquiries as far as possible
must be dealt with and disposed off directly by the
Cell itself, and not passed on to some other organiza-
tion for necessary action. The help the Cell provides
must be direct and positive. Above all, every
effort should be made to dispose off the enquiries
expeditiously and the party kept informed of the
progress being made. This is essential to clicit the
response of the industries in an increasing measure.

In handling the enquiries also, the procedure
followed by the Office of the International Co-
operation Administration may be adopted. A limit
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may be set in respect of the cost incurred in dealing
with an enquiry and providing a report which may
involve information scarch and/or laboratory investi-
gation. If the cost involved is below this limit,
no change may be made. If the cost of providing a
project report, involving laboratory work, exceeds the
cost limit set, the party should be given an idea
of the cost. This is necessary if the small-scale
industrial units are to be encouraged and persuaded
to take advantage ol the services and facilities
offered by the Cell and the CSIR laboratories. The
CSIR could even consider establishing a  ‘ research
facility * for groups of related small-scale industries
in appropriate laboratories where the technical
personnel [rom the small-scale industrial units could
go and work under the guidance and direction of
experts and work out solutions for their problems
free of charge. This is being done in a few of the
laboratories but could be extended to other labora-
tories which are not specifically industry  based.
Testing facilities mayv also be arranged for on a
nominal charge or f[ree of charge. In short, the
Information and Liaison Cell must act as a cooperative
industrial research association in respect of small-
scale industries with rescarch facilities in appropriate
CSIR laboratories.  These additional facilities will
not only make the small-scale industries more
receptive to the idea ol making use of the services
offered but also help them to organize themselves
better and in a more rational way than at present.
There are over 80,000 small-scale industrial units
in the country and the services which the Information
and Liaison Cell wants to render them calls for a
tremendous effort in many directions. The task is
indeed formidable in view of the variety of enquiries
and problems that will come up for solution. It is
essential that the Cell is efficiently and properly
organized with suitable and adequate technical staff
to cope with the demands that will be made on it.



Organization & Management of Industrial Research*

aspects of organization and management of

industrial research. My emphasis is on indus-
trial resecarch and not on rescarch in general. It
is true that it is no longer possible to make a rigid
distinction  between  pure or  {fundamental and
applied or industrial rescarch. Al fundamental
rescarch in course of time finds application and
industrial rescarch itself throws up problems neces-
sitating fundamental rescarch.  Thus essentially the
difference between the two is in respect of the
time lag — how soon the results attained find
application in processes or products of industrial
or agricultural development or human welfare.

IN my talk today, I am dealing with some

Expenditure on Research

The role of scientific and indnstrial research as
an instrument of industrial and cconomic develop-
ment is universally recognized. To be effective
the quantum of research must have a minimum
threshold potential.  Unless investment in research
is at least of this minimum order, it will not he
able to make an impact on the economy. In the
case of India, we estimate that an investment of
1 per cent of the national income must be made

industrial research coming next (24 per cent), and
then defence (12 per cent). Expenditure on agri-
cultural research including veterinary and animal
husbandry was 14 per cent and geology and mine-
ral surveys accounted for a bare 7 per cent of the
total expenditure.

The distribution of expenditure in various sec-
tors? is shown in Table 2.

It is obvious from Table 2 that mineral surveys
and agricultural research would need greater re-
sources and effort.

Planning of Industrial Research

I do not agree with those who say that research
cannot and should not be planned. Planning is
more or less cqually necessary for both types of
research, pure and applied. Whereas greater free-
dom of operation, greater free-play of ideas and
investigations to satisfy intellectual curiosity are
possible in the case of fundamental research, applied
research must be directed to goals set for attain-
ment of specified objectives without digressing too
much to what may look as promising offshoots.
Applied rescarch is also required to provide answers
and offer solutions within specified time limits

TasLe 1 — Prr Carvrra RiesgarcH EXPENDITURE AND PER CAPITA NATIONAL INCOME IN Various COUNTRIES

Country Year Expenditure Population Per capita Per capita Research
on scientific millions rescarch national expenditure
rescarch expenditure income per cent
million rupees Rs Rs of national
income
USA 1961-62 71580 174 410 14190 2:9
UK 1961-62 8467 52 162 6010 27
Sweden 1961-62 1088 7-4 146 8649 17
China 1960 2000 669 300 — ==
Australia 1958-59 400 9:9 40 5780 0-70
Norway 1958 124 35 35 4540 0-70
Yugoslavia 1958 76 18 4-20 1810 022
USSR 1938-59 20700 209 99 3303 3-:00
India 1961-62 469 440 1-07 334 0-32

on civilian research. In 1960, China spent almost
four times on scientific rescarch as compared to
India and may be spending much more at present.
Comparative position of the expenditure on scienti-
fic rescarch in various countries in terms of per
capita research expenditure and per capita national
income! is given in Table 1.

Distribution of National Research Effort

It is worth while examining how the national
investment in India on rescarch is distributed.
In 1962-63, out of Rs 42 crores spent on research,
the largest percentage of investment (about 26
per cent) was on atomic energy, scientific and

*Talk delivered by Dr S. Husain Zaheer, Director General,
Scientific & Industrial Rescarch, New Delhi, at Srinagar
on 15 July 1965 at a mecting of the All India Management
Association.

TABLE 2 -— PERCENTAGE DISTRIBUTION OF CENTRAL
GOVERNMENT EXPENDITURE ON DIFFERENT SECTORS OF
SCIENTIFIC RESEARCH DURING 1962-63

Sectors Million Percentage
rupees

Agricultural research 4690 11-06
Veterinary and animal husbandry 12:63 298

research
Medical and public health research 24+37 575
Scientific and industrial research 101-82 24-02
Geological survey and mines 29-06 6-85
Atomic energy 109-79 2590
Irrigation and power 15-36 363
Economics and statistics 20-52 4-84
Archaeological exploration, archi-

ves and anthropological surveys 337 0-79
Railways 773 1-82
Defence 52-40 12-36
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to meet user demands and to avoid being outdone
by rival competition. The examples of war-time
developments such as nuclear power, missiles, etc.,
show that more rapid achievements can result
from definite objectives than years of scientific re-
search without definite goals, though the results
could be applied years after. This is particularly
significant in revolutionizing a nation’s industrial
economy.

Industrial Research and the User

Industrial or applied research by its very nature
has to have a close relation with its user. In UK,
USA, Germany, etc., a large number of industries
do their own research. In Britain nearly 60 per
cent of the total expenditure on research is met
by the industries themselves. In India and the
less developed countries, in general, where industry
is yet to come into its own and develop rescarch
consciousness, the responsibility for research cffort
and expenditure primarily lics with the State. In
the seminar organized in Beirut in 1964 by the
United Nations Centre for Industrial Development
dealing with industrial research institutes in the
developing countries, it was universally recognized
that unless the governnients in these countries bear
the major share for financing industrial research,
both research and development would suffer.

It is a peculiar paradox that creative rescarch
of high quality can only be carried out when it is
not encumbered or pressurized by the day-to-day
demands from the user. Hence most of the indus-
trial enterprises which undertake research make
deliberate efforts to insulate their rescarch insti-
tutions from the day-to-day demands of their pro-
duction departments.  On the other hand, industrial
research must be in close contact with the user in
order to have impact on itsell of the industry’s
needs and requirements and to help speedy utiliza-
tion. The government-sponsored research institutes
and laboratories have the requisite conditions for
creative research but lack close contact with the
user industries in the public or private secctors.
That is where nced arises for closer liaison and
collaboration in various forms with the departinents
responsible for industrial development and planning
and with the industrial sectors themsclves.

Industrial Research and National Planning

India has accepted planning as a technique for
balanced industrial and economic development.
Unfortunately, research up till now has had no living
contact with the processes of industrial develop-
ment or planning. The departments responsible
for research and industrial devclopment and plan-
ning have functioned more or less independently
without any relation to each other’s existence.
Till recently the Directorate General of Technical
Development and the Ministry of Industry had
very little contact with the Council of Scientific &
Industrial Rescarch (CSIR) or its laboratories.
The research programmes of laboratorics hardly bore
any impact of the plans for industrial develop-
ment or the needs or requircments of the indus-
tries. The programmes in the laboratories were
based upon what the scientists or the directors
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considered to be useful and not on any reliable
data from the planning departments or the industry.

The Third Reviewing Committee of the CSIR
under the Chairmanship of Dr A. Ramaswami
Mudaliar, while referring to this major lacuna in
the organization of industrial rescarch in  this
country, drew attention to the lack of contact with
the departments of planning and those responsible
for industrial developments as follows:
“ Fortunately India has a highly developed
organization, the Planning Commission and a
number of government departments to put its
Plans into action. The ficld of work covered
by the Council of Scientific and Industrial
Research would benefit in many ways by a
closer liaison with the Directorate General of
Technical Development and  the Ministry  of
Industry. There are many directions in which
CSIR can closely cooperate with other organiza-
tions, but the links with the departments and
ministries  responsible for planning and  setting
out, and exccution of policies for industrial de-
velopment are of paramount importance.  The
extent of effort required, purposeful direction of
industrial rescarch as an aid to industrial develop-
ment and the long-range planning of rescarch
in national perspective would need  the  close
association of CSIR with these departments in
the framing of its programmes.”
Industrial Research Organizations
Council of Scientific & Industrial Research and
the National Laboratories

In India, the major cffort (about 90 per cent) for
industrial rescarch is by the State-sponsored insti-
tutes which derive almost  their entire  finances
from the Central Government sources. The States
have invested to some extent in agricultural re-
search and animal hushandry but have not interested
themselves in technological and industrial research.
Private industry has also not taken up industrial
research as a means of its advancement and growth,
and has depended far too much on rescarch carried
out in the laboratories of their foreign collaborators.
Indircct!y the indigenous industry  finances, and
quite heavily, rescarch effort of forcign interests
and becomes inereasingly more dependent on them.
There are some notable exceptions like the Shri
Ram Institute for Industrial  Rescarch, Tata
Rescarch Enterprises, Atul Drugs, Amar Dyve-Chem.
and Kelkar & Co. Subsidies of some  foreign
companies also take up some developmental re-
scarch, such as the Hindustan Lever, Associated
Cement Companies, Metal Box of India, CIBA,
Tmperial Chemical Industries and Firestone Rubber
Co., but the effort is far too little to be significant.

The State effort has been in the shape of major
national laboratories, some thirty in number, in
important ficlds, such as drugs and chemicals,
leather, metallurgy, cengineering, [uels, petroleum,
glass and ceramics, roads, buildings, mstrumenta-
tion and clectronics, occanography and biology, and
public health engineering.  All the laboratories are
well equipped and staffed with highly qualified
scientists and technical personnel and have exten-
sive laboratory, pilot plant, instrumentation and
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TaBLe 3 — GrowTH OF CSLR AcTiviTiES: LABORATORIES AND INSTITUTES

Ycar Research Muscums Scientific and Budget Staff strength
institutes technical million
organs rupees Scientists and Total
technologists employecs
1954-55 14 — 4 21-6757 550 2993
1955-56 15 — 4 27-4868 570 3038
1956-57 17 — 4 30-9060 702 4680
1957-58 18 — 4 36-5836 846 5475
1958-39 19 — 4 47-2507 1080 6422
1959-60 22 1 4 59-1780 1354 7309
1960-61 24 1 4 68-7759 1557 8305
1961-62 26 1 4 81-2830 1793 9478
1962-63 27 2 5 95-8275 2134 10865
1963-64 27 2 8 117-5000 2435 11319
TasLe 4 — Growtn oF CSIR ActiviTiEs: SciexTists’ PooL, IFELLOWSHIPS AND SCHEMES
Year Research fellowships* Research schemes* Scientists’ poolt
Senior Junior Total No. Expenditure No. Expenditure
million million
rupees rupees
1955-56 — — - 139 0-384698 — —
1956-57 = s — 228 1-302449 — —
1957-58 =5 2 2 380 1543601 — S
1958-59 19 43 62 332 2-109396 — —
1959-60 46 132 178 383 2-868230 197 —
1960-61 84 209 393 419 3-173011 360 00192
1961-62 114 376 490 398 2:688732 887 0-2724
1962-63 101 364 465 460 2:546138 1280 0-9648
1963-64 353 1212 1565 518 2-570771 2119 1-7960
1964-65 368 1087 1455 562 4-780230 2795 2:7647

*Data up to 24 July 1964.

tDhata as on 1 August 1964.

library facilitics.  Even though full use has not
vet been made by the industry in the public or
private scctor, these national institutes have al-
rcady contributed in a significant manner to the
industrial development and growth of the Indian
cconomy. The growth of the activities of CSIR is
shown in Tables 3 and 4.

Cooperative Rescarch Associations

Another useful method of bringing rescarch and
industry closer is the organization of cooperative
rescarch associations wherein fhe user industry is
provided financial and organizational assistance to
set up research institutes.  Although a significant
portion (up te 50 per cent) of the funds are pro-
vided by the State, the control of the rescarch
association vests ina council consisting of the
representatives of industry. The principle of co-
operative rescarch which was enunciated in UK
in 1950 is now universally aceepted as a form of
organization which has drawn the industry into
rescarch with great benefit to the industry and
the national cconomy. Even industries which have
rescarch  organizations of their own join the co-
operative rescarch association since it helps them
with their general problems.  Sectors of industry
which cannot afford to organize rescarch at their
own benefit the most.  Thus although a large num-
ber of the British iron and steel firms have their

own research departments, the British Tron &
Steel Cooperative Research Association is one of
the most powerful research organizations of which
most of the Britisli steel firms are members.
Cooperative research associations exist in France,
Norway, Sweden, Germany, Belgium and a number
of other countries. Of late, cooperative research
associations have also started accepting problems
of particular interest to individual industries and
giving back the results on preferential terms to the
sponsoring industry. In India, some industries
have been assisted by CSIR in setting up research
organizations of their own. Textile industry has
three institutes, the tea, the plywood, paints,
rubber, silk and art silk bhave one each. The
control and management of the institutes rest with
the industry. Efforts are afoot by CSIR to set
up research institutions for automobile, paper and
pulp, radio and clectronics, instruments, cables,
and textile machinery industries. The progress
of cooperative rescarch associations is shown in
Table 5.

Data for Research Planning

There are two types of information which are
essential for research planning. The first is the
information about the industrial plans and future
requircments.  For this, data about the industries
sct up or proposed to be set up, licensed capacity,
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TaBLE 5 — CSIR SurpoRT TO COOPERATIVE RESEARCH ASSOCIATIONS

Cooperative rescarch Year of
association establishment

Ahmedabad Textile Industry’s Research 1947
Association, Ahmedabad

South India Textile Research Association, 1956
Coimbatore

Silk and Art Silk Mills Rescarch Association, 1957
Bombay

Indian Rubber Mfrs Rescarch Association, 1959
Calcutta

Bombay Textile Research — Association, 1960
Bombay

Indian Plywood  Industriecs  Rescarch 1960
Association, Bangalore

Indian Paint Rescarch Association, 1962
Calcutta

Tea Resecarch Institute, Toklai (Assam) 1963

Industry CSIR financial support
served million rupees
T‘)ﬁl-éi - 1962-63 . ‘“]“)‘;)3"_6;
Cotton textile 0-6740 0-5217 0-6340
do 0-2480 0-5140 0-2675
Art silk 0-2196 0-2178 0-2400
Rubber 0-0032 0-0120 0-0071
Cotton textile 0-4176 0-4440 0-4208
Plywood — 0-0200 0-1530
Paint — — =
Tea == = 0-2000
Total 1-5624 17295 19224

the level of technology and economics, the pro-
cesses and know-how employed by them is essential.
Data on extent, nature and source of imports and
exports, the countries of import and to whom
exports are directed, the requirements of standar-
dization and quality of goods would be required.
These data are not readily available. It is only
recently that statistics about the production in
different industries arc being properly maintained.
Even now information on the raw materials, the
processes used, efficiency of production, equipment,
the standards and quality of the product, the
economics of production in the various industries
is not easily available. The system of classification
of imports and exports which groups together a
large variety of items under a single clause makes
it of no value for the purposes of research program-
ming. If the research programmes in the research
institutes have to be related to the industrial needs
of the country, the detailed data would be needed
to form the basis of research programming.

I may mention another aspect which is of great
concern to the industrial research organizations in
this country. Most of the industries in the country
have been set up in financial and technical col-
laboration with entrepreneurs overseas. The col-
laboration agreements have served to exclude the
Indian research institutions or scientific personncl
{rom any contacts with processes or products
manufactured by them. The Indian industrialist
thus pays and pays heavily for research carried
out elsewhere. By this I do not mean that the
country should not permit the inflow of advanced
technology or know-how from abroad. The Indian
industry has yet to generate a sense of pride in
itself and to appreciate the urgency for generating
self-dependence in the field of technology. This is
a matter of national policy which has a direct
impact on the organization of industrial research.
The level of interflow between the countries must
be brought to a level which restores a proper
balance in the field of technology.
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The other type of data required s internal
data on industrial rescarch. The Survey and
Planning of Scientific Rescarch Unit of CSIR has
been engaged on studies on the expenditure on
research and investment of resources in different
sectors of the Indian economy. Their studies have
shown that a larger part of resources are Dbeing
invested in the fields of atomic energy and the
scientific and industrial research, while sectors on
surveys, agricultural rescarch, animal hushbandry
and health are Dbeing poorly financed. This im-
balance must be corrected.  They have also studied
the growth rate for proper and healthy develop-
ment in scientific rescarch.  The country’s invest-
ment in scientific research is far too mecagre to en-
able it to make an impact on and effective contribu-
tion to the country’s development. The projected
investment during the Fourth Five Year Plan! is
shown in Table 6. We have found that the growth
rate of 20-25 per cent is essential for the healthy
growth and development of scientific research in
the national laboratories. We have also studied
that after out-growing their optimum, the labora-
tories must give rise to sister institutions for reasons
of efficiency. We have calculated expenditure per
scientist in the laboratorics, investment in pilot
plants, libraries, apparatus and equipment, etc.
Till recently no data were available about the
expenditure, availability of technical manpower
and their relationship with the country’s plans
for scientific and industrial development. We
give the highest importance to these data for a
rational organization of scientific research in the
country.

Autonomy of Research Organizations

Although industrial research is also carried out
by the institutes of technology and the depart-
ments of technology in the universities, but by
way of investment and volume of research under-
taken, CSIR is the major organization in the field
of industrial rescarch. The orientation of rescarch
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TaBLE 6 — IPROJECTION OF TOTAL [NVESTMENT FOR SCIENTIFIC AND TECHNOLOGICAL RESEARCH AND
DEVELOPMENT DURING THE I'oURTH FIVE YEAR PLAN

(Figures arc in million rupees)

Sector of rescarch Projection of expenditure in the year Total expen-  DPercentage
diture during of total
1966-67  1967-68  1968-69  1969-70  1970-71 1966-67 to
1970-71
Central Government (other than rail-
wavs, defence and universities)
Recurring 566-2 6551 759-8 880-0 1023-5 3884-6 43-7
Capital 2772, 316-5 3694 3772 400-0 1690-3 19:0
Defence
Recurring 69-0 79-4 91-3 104-9 120-7 465-3 5-2
Capital 50-0 55-0 60-0 70-0 80-0 3150 35
Railways 14-0 16-2 18-8 21-8 2543 96-1 11
State Governments  (besides  univer- 946 1151 141:2 1740 2159 740-8 83
sitics)
Universities (from Central and State 460 58:3 73-8 931 116-8 388:0 44
Governments)
Organized  industries  (for  rescarch 193-4 2231 2580 299-5 3431 13171 14-8
associations) =
Total 1260-4 15187 1772:3 2020-5 23253 8897-2 100-0

work will be further directed in keeping with the
recommendation of the Third Reviewing Committee
of CSIR so that 80 per cent of the research effort
of the national laboratorics should be applied or
industrial research.

CSIR is an autonomous body and this autonomy
gives it a great flexibility and capacity for function-
ing unencumbered by the rules and procedures of
the government departments. Its flexibility en-
ables it to initiate activity for industrial research
in any field that it may feel necessary. The
Research Committees under the Board of Scientific
& Industrial Rescarch make proposals on the
setting up of newer research institutions and the
recent proposals include the setting up of an Insti-
tute of Occanography, an Institute for the Paper
Industry, a National Institute for Electrical Engi-
neering and Packaging Research.

Technical Orientation of CSIR Headquarters

The Council of Scientific & Industrial Research
has recently initiated measures for a technical orienta-
tion of its work at the Headquarters. The Head-
quarters at New Delhi is expected to coordinate
and administer the work of highly specialized
industrial research institutions in keeping with the
overall policies of the organization. This can only
be achieved with a corps of technical personnel
and technical sections at the Headquarters who
should be responsible for coordination or gathering
of technical information and data. The purely
administrative set-up up till now functioned in
accordance with the rules and procedures of a
normal government department and was hardly
capable of understanding or appreciating the needs
of rescarch institutions. This created serious diffi-
culties in functioning. The following technical units
have been set up: (i) Research Coordination, Indus-
trial Liaison and Extension Services Unit;
(i) Survey and Planning of Scientific Research
Unit; (iii) National Register for Scientific and
Technical Personnel; (iv) Defence Coordination

Unit; and (v) Central Design and Engineering
Unit.

Up-to-date data about the work, personnel, scienti-
fic and research requirements, and other informa-
tion regarding the various institutions under CSIR
is now maintained at the Headquarters. Efforts
are made to assist the laboratories in their relations
with the industrial and planning departments of
the government. Giving a technical orientation to
administration and coordinating function is a major
step in research management. The Headquarters,
through technical groups, also endeavours to pin-
point and delineate areas of importance needing
rescarch. Information on these is passed on to
the laboratories.

Autonomy of Laboratories

The autonomy of CSIR organization is passed
on to the laboratories who are autonomous in
functioning within their budgets. The Executive
Councils and the directors of the laboratories have
almost complete powers to frame research pro-
grammes, staff requirements and budget allotments
to the extent of their budget provision.

Project Orientation of Research Programmes

Effort is made that research in these organizations
does not rest on vague and general schemes. With
the help of the Headquarters and the scientists and
industrialists on the scientific advisory committees
and Exccutive Councils of the laboratories, such
areas of research are chosen as are of importance.
These areas are studied for identification of the
problems which are in turn formulated into
research projects. Each research project has a
clearly defined objective, indicates the resources
required by way of scientific and technical person-
nel, equipment, foreign exchange and has a tenta-
tive time target for the completion of the work.
Each project has a team leader who coordinates
the interdisciplinary approach required for the
execution of the project. The Executive Councils

509



J. SCI. INDUSTR. RES., VOL. 24, OCTOBER 1965

and the Research Committees make a periodic re-
view of these projects and keep a watch on their
progress. It is expected that no project may last
for morc than 3-5 years. Effort is made to get
the user industry or the user government depart-
ment to take interest in the progress of the re-
search project. Most of the rescarch passes through
different phases of laboratory and bench scale
investigations, pilot plant, prototype plant and,
at times, semi-commercial and commercial pro-
duction. Demonstrations of pilot plants or semi-
commercial plants are made to convince the industry
about the technical and economic feasibility of the
process. Projects are chosen keeping in view the
resources available, the promise of gainful results
and the importance of the subject. A list of prio-
rities helps to allot the resources and drop projects
which may not show progress.

Research as an Industry

A number of laboratories are large establishments
—-some of them employing more than 1000 persons.
At least 14 of the national laboratories employ
more than 500 persons and have budgets exceeding
Rs 10 lakhs recurring. The total investment in the
CSIR up till now exceeds Rs 200 crores. Although
the Indian effort in industrial research is insigni-
ficant as compared to the more advanced countries
and the total annual expenditure on industrial
research (about Rs 10 crores) does not even com-
pare with that spent by a firm like CIBA, still it
is a significant investment when compared to the
general economic level of the country.

Considering the size of the laboratories, the
scientific and technical personnel required, onc
would say that management of these laboratories
is in no way less specialized than the management
of an industry. In certain ways it is more difficult
since it involves dealing with scientists who can
be a very touchy and sensitive lot. It is the task
of the director of research that while he carefully
plans, distributes and hushands the resources of
the institution with a view to concentrating them
on the projects of maximum promise, still he sees
that the creative scientist does not feel frustrated
and the projects which are of emotional attach-
ment to him are given sufficient encouragement.
The director is also faced with innumerable prob-
lems of scientific and technical personnel, running
of the pilot plants, supply of raw materials, housing,
import of equipment and chemicals and books from
abroad, drawing up of the budgets and sanctioning
expenditure. He i¢ thus running an establishment
in which his managerial and administrative capabi-
lities would be taxed to the maximum. He needs
tact and firmness where required. Research
management is as much a science as it is an art.
In advanced countries, scientists with technical
background who show administrative ability are
drawn into research management which has become
a specialized field with its own techniques, methodo-
logy and journals, reference books and literature.
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Industrial Research and Economics

Tconomic criteria and evaluation are applicable
to industrial rescarch which has come to be recog-
nized as an investment in the industrial develop-
ment and is thought of in terms of the returns it
is capable of making. The factors which judge
the success of an industry are to some extent
applicable to judging the results of an industrial
research establishment.  Judging by these stan-
dards, industrial research in India has yet to make
its mark. The only plea that can be entered is
that it is only now that industrial rescarch in India
has come to maturity. A recent study carried out
by the Survey and Planning Unit, CSIR, showed
that a saving of Rs 22 crores in respect of foreign
exchange has been made by way of developing
substitutes for imported products and increasing
production and developing processes for those items
which would otherwise have to be imported.
This is not a very impressive figure but there are
numecrous intangibles by way of contributions
which cannot be accounted for.. The sctting up
of washeries by the Central Fuel Research Institute,
the optical glass unit at the Central Glass & Ceramic
Rescarch Institute, the carbon blocks and brushes
and carbon based products of National Physical
Laboratory, the activated carbon plant at the
Hyderabad Laboratory and development of know-
how for television receivers and signal generators
by the Central Electronics Engincering Rescarch
Institute are significant examples of contribution
whose effect can be indirectly computed.

In the developing countries it is essential that
the field of industrial research is not confined to
laboratory and bench scale investigations only but
is stepped up to pilot plant, prototype and even
commercial scale units. The sctting up of these
units not only involves laboratory and technological
studies but also cconomic studics, design and engi-
neering, and cven collection of sociological data
and market surveys, cte. All these would come
in the ambit of industrial rescarch. It is the task
of rescarch management to organize rescarch from
laboratory stage to their successful exploitation.
Research management as a specialized skill is yet
to be developed in India.  An effort in that direc-
tion has been made by us by organizing the biannual
conference of the Directors of National Laboratories
where experience of administration and organiza-
tion of scientific and industrial rescarch is exchanged
and problems facing the laboratories discussed and
solutions evolved. In due course rescarch manage-
ment is bound to take the shape of a specialized
activity in this country also.
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International Symposium on the Impact of Mendelism on Agriculture,
Biology & Medicine
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ENETICS is one of the youngest sciences and
G has gained importance in biology, medicine

and allied applied sciences.  Several hybrid
disciplines like biophysics, molecular biology, etc.,
have emerged in recent years to probe into the
architecture of genetic material. At the last inter-
national congress of biochemistry  held in  the
United States in 1964, the chemistry of genetic
material dominated the sessions. In India, the
science of genetics has received little encouragement
inasmuch that there is not even a single university
which has a chair for genetics. It was, thereflore,
most appropriate to focus the attention of the
scientists and the government to this lacuna in
Indian science and the Third International Sympo-
sium on the Impact of Mendelism on Agriculture,
Biology and Medicine, organized by the Indian
Society of Genetics and Plant Breeding, did this
to a great extent. This symposium was organized
by the socicty to commemorate the successful
completion of 25 vears of its existence and the
centenary year of the publication of Mendel’s work,
which was first read in February 1865 at Briino.
About 400 gencticists, and plant and animal breeders
from India and other countrics attended this
svmposium, which was held from 15 to 20 February
1965. The symposium was financially supported
by the Indian Council of Agricultural Rescarch,
Council of Scientific & Industrial Research, Depart-
ment ol Atomic Energy, the University Grants
Commission, the Rockefeller FFoundation and the
International Union of Biological Sciences. Five
davs were devoted to scientific sessions and one
day was devoted to an excursion to the experimental
ficlds of the Division of Botany, IARI, and histori-
cal places in and around Delhi. Forty-five papers
were read in 11 sessions. There were four evening
lectures: (1) Mutations and Problems of Viability
bv Prof. Gustafsson, Forest Rescarch Institute,
Stockholm, Sweden; (2) Malthus and Mendel by
Dr M. S. Swaminathan, Indian Agricultural
Research Institute (IARI), New Delhi; (3) The
Genetic Code by Dr O. Siddiqi, Tata Institute of
Fundamental Research, Bombay; and (4) The
Organization and Integration of Agricultural
Research by Dr R. F. Chandler, International Rice
Research Institute (IRRI), Manila, Philippines. The
svmposium concluded with a variety programme, the
highlight of which was a scientific ballet on the
‘ Secrets of Life” which was an interesting piece of
experiment in depicting the structure of DNA and
its function through the medium of a ballet.

Mendelism and Evolution

The first scientific session was devoted to Mendel-
ism and Evolution and opened with the paper of
A. Muntzing (Institute of Genetics, Lund, Sweden)

titled ‘ On the origin and evolution of cultivated
plants’. Prof. Muntzing discussed the role of
genetic recombination, selection, mutation and
polyploidy in the evolution of cultivated forms in
nature and pointed out the usefulness of induced
mutations as a new and important plant breeding
method. Prof. Muntzing struck a note of warning
in view of the threatening over-population of the
world and emphasized that the occurrence of a
rational basic research is an absolutely necessary
condition for rapid and far-reaching improvements
of our cultivated plants. Prof. H. Kihara (National
Institute of Genetics, Misima, Japan) spoke on the
‘ Factors affecting the evolution of common wheat’
and pinpointed three factors which have steered
common wheat (T7iticum aestivum) in its evolu-
tionary course: (1) Cross incompatibility and hybrid
sterility in interspecific hybridization, (2) Alien
cytoplasm, and (3) Gene interaction. Prof. Kihara
also referred to the extensive gene analysis which
has been carried out due to the advantage of having
many different strains of emmer wheat (AABB)
and  Aegilops squarrosa (DD) on one hand and
many synthesized wheats on the other. The con-
cluding paper of the session ‘Mendelism and evolu-
tion’ was presented by Dr M. S. Swaminathan
(IARI, New Delhi) who, in his talk ‘ The origin of
macro- from micromutations and factors govern-
ing the direction of micromutational changes’,
proposed a new system of classification for different
types of mutations, viz. micromutations, visible
mutations, macromutations and systemic mutations.
Taking the Q locus in bread wheat as an example,
Dr Swaminathan described how a series of micro-
mutational events can get transformed into a macro-
or.systemic mutation, and discussed the significance
of such mutations in studies of plant geography
and origin.

Genetics and Piant Breeding

Seventeen papers were presented under Genetics
and Plant Breeding and 3 full sessions were devoted
toit. Dr F. J. Wellhausen (Rockefeller Foundation,
Mexico) opened the first session with a talk on the
“Origin and breeding of maize’, and presented
data to postulate that domestication of maize in
the Tehuacan Valley of Mexico began as early as
3000 B.c. and that many primitive varieties includ-
ing Teosinte have played a part in the genetic
constitution of high yielding modern races of maize
in Mexico. About breeding of maize he presented
data on inter- and intra-racial crosses which suggest
that the degree of heterosis in intervariety crosses
depends on diversity of varieties crossed and that
new races much higher in yield potential can be
formed by blending certain germ plasm complexes.
Dr Wellhausen emphasized the need of re-evaluating
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the simple mass selection technique of maize im-
provement and said that the possibilities of further
improvement of maize through an exploitation of
the germ plasm reserves available seem exceedingly
reat.

E Dr N. L. Dhawan (TARI) discussed the role of
cytoplasm in the manifestation of heterosis and
other quantitative traits in maize. He postulated
that in the evolutionary differentiation of the races
of maize, there has been a process of divergence in
the nuclear genes as well as the plasmagenes and
the inhibitory cytoplasm has perhaps also played a
role as an isolating mechanism. Dr K. O. Rachie
(Rockefeller Foundation, TARI, New Delhi) drew
the attention of the audience to the vast unexplored
features of millets and the potentialities of Sorghum,
Pennisetum and minor millets in solving the food
problem of the countries of the world where the
population and food needs are expanding rapidly.
Dr D. S. Athwal (Punjab Agricultural University,
Ludhiana) presented data to show how the breeding
work in Pemnisetum typhoides can be expedited by
taking the help of male sterile lines and by growing
two to three crops a year. Dr L. R. House and
Shri N. Ganga Prasada Rao (IARI, New Delhi)
also advocated the use of F1 hybrids and male
sterile lines for increasing the yields of Sorghum.
Dr A. B. Joshi (IARI, New Delhi) referred to the
slow progress that has been achieved by the breed-
ing methodology in self-fertilizing crops and ad-
vocated more dynamic breeding programmes, based
on information on genetics of yield and its com-
ponent characters. Dr R. G. Anderson (Rockefeller
Foundation, Delhi) gave a talk on ‘Some major
milestones in genetics and plant breeding for rust
resistance in wheat’ and presented a historical
sketch of the basic studies in genetics, cytogenetics
and plant breeding for rust resistance. Dr Anderson
pointed out that there is immediate need for collect-
ing the fast disappearing sources of natural varia-
tion in countries where land races are now grown.
The potato crop was dealt with by Dr Pushkarnath
(Central Potato Research Institute, Simla) who
discussed the recent trends in potato breeding in
India, in production breeding where there has been
a shift from seedling raising, and sclection and
clonal maintenance in the high hills to regionaliza-
tion of breeding in the plains. Regarding resistance
breeding, Dr Pushkarnath observed that breeding
for field immunity is a worthwhile goal for the
plains.

The third and final session on Genetics and Plant
Breeding started with the paper of Dr H. I'. Robinson
(North Carolina, USA) titled ‘ Quantitative genetics
in relation to breeding on the Centennial of Mendel-
ism’, who devoted his paper to the components of
genetic variance and their relationships in breeding.
The status of information on additive genetic vari-
ance, dominance variance, epistatic variance and
the implication of level of dominance was discussed
by Dr Robinson with major emphasis on the experi-
mental results with maize. The second paper on
‘ Biometrical genetics’ was presented by Dr B. R.
Murty (IARI, New Delhi) who examined the nature
of genetic divergence as assessed by statistical
distance and canonical analysis and its relationship
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to the components of genetic variation in some
outbreeding, self-pollinated and material with vari-
able degree of outbreeding for some components of
yield and characters related to fitness. Dr H. M.
Beachell (IRRI, Philippines) described the hybridi-
zation work that is in progress in IRRI designed to
combine into single strains desirable plant and
grain characteristics from different varieties in rice.
Another paper from IRRI, Philippines, was that of
Dr T. T. Chang who spoke on the * Need for genetic
investigations to assist rice breeding in tropical
Asia’. The important topics which Dr Chang
discussed were resistance to lodging, resistance to
important discases and inscects, nature and effects
of intervarictal hybrid sterility and possible syn-
thesis of cytosterility to utilize heterosis.  Dr Chang
stressed the urgent need for additional genetic
information on cconomic traits to help rice breeders
achieve rapid advances in varictal improvement.
Cytogenetics

One session was devoted to cytogenctics which
opened with the paper of Dr D. N. De (Indian
Institute of Technology, Kharagpur) titled * Orga-
nizational pattern of the chromosome’. Dr De
said that the modern techniques of electron micro-
scopy have shown that a chromosome is composed
solely of fine fibres, whereas X-ray irradiation and
autoradiographic studies have strongly indicated
that it is composed of two functional units before
chromosome  replication. A chromosome  model
was proposed by him in which non-basic proteins
had a structural role. Dr H. K. Jain (IARI, New
Delhi), who spoke on ‘ Chromosomal regulation of
nucleolar synthesis’, came to the conclusion, based
on his work on the analyses of the incorporation of
tritium labelled precursors of RNA in disomic and
trisomic individuals, that nucleolar synthesis is
closely correlated with other synthetic activities
assoctated with chromosomal reproduction and con-
densation.  Prof. A. Abraham (University of Kerala,
Trivandrum), talking about the cytology of endo-
sperm in coconut, recorded that with increasing
maturity the proportion of triploid nuclei decreases
and the proportion of nuclei with higher level of
ploidy increases. ‘ Genomic  differentiation  in
Oryza' was dealt with by Dr S. V. S, Shastry (IARI,
New Delhi) who analysed the genomic constitution
of some diploid and tetraploid species of Oryza
and discussed chromosomal pairing in allogenomic
hybrids, where depending upon the genomic consti-
tution of the parents pairing is suppressed cither by
desynapsis or by timing imbalance in condensation
and migration of chromosomes. Dr E. K. Janaki
Ammal (Regional Rescarch Laboratory, Jammu
Tawi) discussed the results of a cytological survey
of several hexaploid gencra belonging to different
families of flowering plants and reported regular
pairing in them. She conjectured the presence of
genes for controlling diploid behaviour in  these
hexaploids as has been discovered in the case of a
hexaploid like wheat.

Mutations in Higher Plants

The session began with the paper of Dr A. T.
Natarajan (IARI, New Delhi) on ‘ Chromosome
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bréakage in relation to induced mutagenesis in
barley ". Dr Natarajan, on the basis of his studies
with sceveral mutagenic agents and other com-
pounds possessing the chromosome breaking ability
m diploid barley, reported that all mutagenic agents
induce chromosome  breaks, but all chromosome
breaking agents do not induce mutations. Dr Nata-
rajan further stated that by appropriate mani-
pulation of pre-, post- and conditions during treat-
ment chromosome breakage or mutations can be
allowed to dominate. Dr D. C. Joshua (Atomic
Energy Establishment, Trombay, Bombay) reported
about pereentage of translocation heterozygotes,
frequency of interchanges and mutation rate in
japonica and indica rices and their hybrids after
irradiation with gamma rays. Shri S, S. Rajan
(IARI, New Delhi) presented data which indicated
that Sesamum orientale when subjected to a second
dose of irradiation shows comparatively less damage
than when exposed for the first time.

Human and Animal Genetics

The first paper in this session was presented by
Dr L. D. Sanghvi (Indian Cancer Research Centre,
Bombay) on consanguincous marriages in Andhra
Pradesh and their bearing on the genetic effects of
inbreeding in man. He said that such studies
could possibly differentiate loci which are main-
tained by mutation from the ones which are main-
tained by sclective advantage of the heterozygote.
Dr 0. S. Reddi (Osmania University, Hyderabad)
reported about the production of translocations in
the spermatogonia of mice alter X-radiation, which
has bearing on the genetic damage and the hazards
of ionizing radiations. Dr Sushil Kumar (IARI,
New Delhi) reported a significantly higher frequency
of gene for hvpertrichosis of the car pinnae in the
Punjabi people as compared to those of east and
south-east of India, and in a Tibetan sample the
frequency of this He allele appeared to be very low.
He presented data to show that the frequency of this
gene could be used as an anthropological marker which
confirmed the anthropometric studies of northern,
western and eastern people of India and Mongo-
loids of Tibetan origin. Dr C. R. Balakrishnan
(National Dairy Research Institute, Karnal), with
the help of standard electrophoresis apparatus, has
collected information on haemeglobin polymorphism
in Indian cattle. Dr G. B. Deodikar (Central Bee
Research & Training Institute, Poona) considered
phylogenetic data of some diploid and tetraploid
species of Apis and its bearing on the problem of
breeding improved stock of honey bees. Dr E. J.
Ambrose (Chester Beatty Research Institute, London)
wound up the session with his paper ‘ The use of
cell surface markers for cytogenetic studies on

mammalian cell’. Dr Ambrose said that recent
physico-chemical and immunological studies have
provided evidence for the presence of a mosaic
structure composed of phospholipids mucopoly-
saccharides and proteins. Many of the biological
phenomena associated with cellular specificity are
dependent on substances localized on this surface
mosaic which helps in investigations of so-called
somatic mutations and viral transformations.

Biochemical and Molecular Genetics

This was the last topic of the fascinating and
latest field in the science of genetics under which
five papers were presented opening with the paper
of Dr R. N. Singh (Banaras Hindu University,
Varanasi) who reported evidence for the occur-
rence of mutation and genetic recombination in
blue-green algae, after exposure to different muta-
gens. Dr G. P. Kalle (Atomic Energy Establish-
ment, Trombay, Bombay) reported a new type of
mutant in Escherichia cclt which determines resis-
tance to ultraviolet. Dr G.W.Notani (Tata Institute
of Fundamental Research, Bombay) presented data
which indicated that f2 specific proteins can be
synthesized by 12 RNA in vitro. Miss K. Pandhari-
pande of the same institute, working on a male
specific bacteriophage f1, reported the isolation of
several host dependent and temperature sensitive
mutants after treatment with nitrous acid, hydroxyl-
amine and ethyl methanesulphonate. They also
presented data about several mixed infection experi-
ments with single and double mutants. Dr S.
Sarkar, presenting the third paper from Tata Insti-
tute of Fundamental Rescarch, spoke on *f-
galactosidase forming capacity in repressed and
derepressed cells of Esch. coli’.  Studying the decay
of the enzyme forming capacity in constitutive
strains and comparing this with inducible strains
he concluded that mRNA is unstable and that
repressor possibly acts at transcriptional level.

In addition to the above-mentioned sessions
where papers were presented in  different fields,
one session was arranged for group discussion on
Mutation, Cereal breeding and Biometrical genetics,
in which the interested audience also participated
in the short lectures about their work and the
discussions which followed. One session was
devoted to ‘ Teaching of Genetics and Plant Breed-
ing’ in which almost all the speakers pointed out
the inadequacy in teaching genetics and plant
breeding in the universities and recommended that
more attention should be paid to this important
subject which has a bearing on the food produc-
tion of a country, more so of India which is
dependent to a large extent on imports for its
food requirements,
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HE Review Committee on Biochemistry of

the University Grants Commission had sug-

gested organizing summer schools in ana-
lytical techniques in biochemistry to overcome the
disparity in standards among the several universitics
and institutions, and the generally inadequate
training in analytical methods and instrumentations
in biochemistry. To implement this recommenda-
tion, a Summer School in Biochemistry was orga-
nized in the Department of Biochemistry, Indian
Institute of Science, in June 1963. In continua-
tion of this programme, a Summer School in Ana-
lytical Techniques in Biochemistry was similarly
held during May-June 1965 in this department
under the direction of Prof. P. S. Sarma.

In his inaugural address Prof. S. Dhawan, Direc-
tor, Indian Institute of Science, reiterated the
need for such summer schools and promised help,
encouragement and the facilities at the institute
for this and future efforts in the organization of
such schools annually. He also emphasized the
need for interdisciplinary collaboration in the plan-
ning of summer schools covering related areas of
science and technology so that better returns could
be obtained for the investment made in research by
the country. He pointed out the necessity for
critical self-evaluation of the benefits from such a
training and suggested to the trainces to write back
at a later date their impressions with a view to
future improvement. Prof. P. S. Sarma then
outlined briefly the objectives of the summer school
and emphasized that the summer school was
intended to impart a general training in several
biochemical techniques and not for specializing in
anyone of them. Moreover, he indicated that the
teachers and students who have learnt new tech-
niques should go back and impart it to their col-
leagues, thereby increasing the utility of these
summer schools.

Thirty-two trainees from 32 universities and
Tesearch institutions were selected from a large
number of applicants. The trainees were either
‘working towards a doctoral degree or were teachers
in biochemistry and allied sciences. A representa-
tive from an industrial laboratory was also selected.
“Thirteen teachers were drawn from the Department
-of Biochemistry and the Laboratory of Pharmaco-
logy of the Indian Institute of Science and one each
from the Dental Wing, Madras Medical College, and
the Cancer Research Centre, Madras. The course
-consisted of one lecture in the morning by one of
the teachers followed by two threc-hour sessions of
laboratory demonstrations. The experiments were
designed to acquaint the trainees with the techniques
most frequently used and the common instruments
generally employed in biochemical research. Start-
ing the lecture series with a talk on the ‘ Biochemical
concepts of the living cell’, Prof. P. S. Sarma
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emphasized the importance of analytical techniques
in biochemical research by saying that the best
part of an investigator’s time is rightly taken up
in separations, fractionations, isolations and puri-
fications. Later, discussing the mechanisms  of
transmission of the hereditary characteristics by
DNA, he sounded a note of caution that the entire
concept of coding is almost getting out of hand.

Dr J. Ganguly spoke on the intracellular ioca-
lization of enzymes highlighting the pitfalls and the
precautions to be taken in obtaining cell components
in an uncontaminated condition.  He also described
the biochemical parameters of these cell organclles.
Analytical methods in carbohydrate chemistry with
special emphasis on the chemical principles involved
in their analyses were discussed by Dr P L.
Narasimha Rao. Dr T. K. Virupaksha discussed
in critical detail the principles and application of
clectrophoresis-free and -zone in the separation of
charged macromolecules, such as proteins.  Dr N.
Appaji Rao highlighted the  general  methods
available for the assay of water-soluble vitamins,
with special reference to riboflavin.  The principles
of chemical, microbiological and coenzymatic assay
of vitamins and coenzymes were discussed with
their limitations and advantages. The theoretical
principles underlying column chromatography, with
special reference to amino acids were clucidated by
Dr P. J. Vithayathil. The role of automation in
amino acid analysis was also discussed. Dr .
Mahadevan described the various techniques avail-
able for the end-group analysis of proteins, with
special reference to the FDNB technique of Sanger.
The successful use of these techniques in the
sequence analysis of peptides and  proteins  was
discussed. Dr H. R. Cama spoke on the analysis
of fat-soluble vitamins with reference to the prin-
ciples of spectrophotometry and the use of the
3-point correction method for the assay of vitamin A.
The chemical analysis of lipids was described by
Dr T. Ramasarma. The uses of reverse-phase and
thin-layer chromatography in lipid scparations were
highlighted.

The recent advances in the techniques of bio-
chemical genetics were expounded by Dr T. Rama-
krishnan.  These techniques have been responsible
for the opening up of new and exciting frontiers in
biology. Dr E. Raghupathy described the isolation
of single cells from animal tissues through « trypsi-
nization procedurc. He discussed the application
of this procedure in understanding the metabolism
of the thyroid gland. Dr C. S. Vaidyanathan spoke
on handling plants for biochemical work and the
precautions to be taken in the isolation of plant
organelles such as chloroplasts. Speaking on the
assay of hormones, Dr N. R. Moudgal enumerated
the general chemical and biological methods avail-
able for the assay of a number of hormones.
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Ds S. C. Pillai presented in detail the work carried
out on the understanding of the role of protozoa
in sewage purification.  The significance of these
“mechanisms in the purification of wastes was brought
to the attention of the participants. Dr V. M.
Sivaramakrishnan  highlighted the principles and
precautions to be observed in the handling of radio-
active tracers and the use of autoradiography in
biochemical analysis. He also discussed the use
of the various types of counting cquipment com-
monly available to the biochemist.  Winding up
the lecture series, Dr P. ], Vithayathil spoke on
the importance of the maintenance of research
records and on the errors commonly encountered
therein.

During the first two weeks the following techniques
were demonstrated by the participating  teachers:
isolation of cell components by differential centri-
fugation and chemical analysis of lipids (Dr J. Gan-
guly); chemical analysis of carbohydrates and thin-
layer and reverse-phase  chromatography (Dr T.
Ramasarma); assay of water-soluble vitamins and
circular paper chromatography of flavin nucleotides
(Dr N. Appaji Rao); different methods for the estima-
tion of proteins, glycerol and formaldehyde (Dr T. K.
Virupaksha) ;principles of buffers, paperelectrophoresis
and amino acid analysis (Dr P. J. Vithayathil) ; use of
the microscope, staining techniques and assay of anti-
biotics (Dr P. L. Narasimha Rao); some operations
such as adrenalectomy and ovariectomy, and immuno-
chemical analysis of proteins (Dr N. R. Moudgal);
estimation of phosphate and end-group analysis of
proteins (Dr 8. Mahadevan); chemical and bacterial
analysis of water and sewage and microbiological
assay of vitamin By, (Dr S. C. Pillai); techniques in
biochemical genetics {Dr T. Ramakrishnan); calibra-

tion of manometers and manometry and enzyme
assays (Dr C. S. Vaidyanathan); use of tracers and
counting equipment (Dr V. M. Sivaramakrishnan);
analysis of trace elements, such as copper, manganese
and iron (Dr P. S. Sarma); analysis of carotenoids
and fat-soluble vitamins and agar-gel and moving-
boundary clectrophoresis (Dr H. R. Cama); and
isolation of cells from tissues by trypsinization
procedures (Dr E. Raghupathy).

One of the suggestions at the last Summer School
in Analytical Techniques held in 1963 was that the
trainees should spend some time in learning, a little
more thoroughly, a few techniques used during the
investigation of a research problem. Implementing
this suggestion, during the last week, the trainees
in batches of six were assigned special problems in
one of the following five fields: (i) proteins, (ii) micro-
biology, (iii) vitamins and enzymes, (iv) lipids, and
(v) tracer technique, analysis of trace elements
and immunochemical analysis of proteins. Assign-
ment to the various groups was made, as far as
possible, according to trainee’s preference, but due
consideration was given to the learning of a new
technique.

As in the previous years, the summer school with
this ambitious programme of training was un-
doubtedly strenuous and the shortage of time was
felt by the teachers and the trainees alike. Al-
though the organization and implementation of the
training drew hcavily on both the personnel and
facilities in the department, the research students
and staff of the department gave unstintingly their
time and resources. It will be worth while in the
future to organize a separate laboratory completely
cquipped to impart such a training in analytical
techniques in biochemnistry.

Tenth Congress on Theoretical & Applied Mechanics

The Tenth Congress on Theoretical and Applied
Mechanics will be held at the Indian Institute of
Technology, Madras, during 20-24 December 1965
under the presidentship of Prof. B. R. Seth.
Research papers can be contributed on any of the
following subjects: Elasticity, plasticity and rheology;
Fluid mechanics (aerodynamics and hydrodynamics);
Mechanics of solids (ballistics, vibration, friction and

lubrication); Statistical mechanics, thermodynamics
and heat transfer; Mathematics of physics and
statistics; Experimental techniques; and Computation
methods. Papers accompanied by 3 copies of
abstracts should reach Dr M. K. Jain, Secretary-
Treasurer, the Indian Society of Theoretical and
Applied Mechanics, Indian Institute of Technology,
New Delhi, by 15 November 1965. '
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Unilateral Conductivity of the First Class Oxide Films
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method™? on the surface of the so-called

valve metals (i.e. aluminium, tantalum, nio-
bium, zirconium, titanium, etc.) may be divided into
two classes®3. The first class oxide films are not
porous and possess high denisty (of the order of
3-2 g.Jem.?). They are comparatively very thin (not
thicker than 1 micron) and can be produced by
electrochemical oxidation of metal in suitable weak
(i.e. not able to dissolve the gencrated oxide) clectro-
lytes. The second class oxide films are porous and of
lower density (of the order of 2:5 g./cm.?) but are
thicker (5-10 microns up to several millimetres)
than the first class oxide films. They are produced
by electrochemical oxidation in strong clectrolytes
capable of dissolving the oxide partially. The first
class oxide films are mainly used in various oxide
(i.e. electrolytic, oxide-semiconductor and metal-
oxide) capacitors®%, and the second class oxide films
find use in heat resistant electrical insulation, chemical
protective coatings, etc.»%

OXIDE films produced by the electrochemical

Basic Unilateral Conductivity Data

It is well known that oxide films of the first class
possess distinctly the property of unilateral electrical
conductivity»®7.  If the oxidized metal is made the
anode, and if its potential is not higher than the
potential required for film forniation, the electrical
resistance of the oxide film is large and only a little
current leaks through it.  On the contrary, when the
oxidized metal is made the cathode, the resistance of
the oxide film is little. Because of this property, the
simplest, common electrolytic capacitors are polar
and operate reliably only if connected in one definite
direction relative to the source of direct voltage.

The theory of unilateral conductivity of the oxide
films has been elaborated by many investigators
during the past 60 years, starting from the time of
clectrolytic rectifier invented by Mitkevich® in 1901.
Valve metal-oxide films-liquid electrolyte sys-
tems were the first to be investigated and the
rectifying properties of the oxide films were explained
mainly on the basis of the processes occurring on the
oxide-electrolyte boundary and in the microscopic
pores of the film. In recent years, unilateral con-
ductivity was discovered in oxide-semiconductor and
metal-oxide capacitors, i.e. in such cases where the
second electrode is not an electrolyte but a semi-
conductor or even a solid metal. New experimental
facts together with the development of solid state
physics necessitated the need for new explanations of

~ *Present address: Unesco Expert in Electrical Engincering
Materials at the Indian Institute of Technology, Powai,
Bombay.
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the phenomenon of unilateral conductivity of oxide
films, and different aspects of this phenomenon
had to be investigated and clucidated.  Some of the
basic ideas of the nature of oxide films on valve
metals are considered in the following paragraph.

Theoretical Consideration of Unilateral
Conductivity

When a valve metal (e.g. aluminium) without the
oxide film on its surface is immersed in a liquid
electrolyte and made the anode, then oxygen will be
generated on its surface and a thin layer of aluminium
oxide will be formed. Due to the thinness of this
oxide layer, a very strong clectric ficld acts on the
film; the intensity of this clectric field is of the
order of 108-107 V./em. even when low voltage is
maintained between aluminium and the clectrolyte.
Under the influence of clectric field forces, negative
oxygen ions will be moving through the oxide layer
in the direction of aluminium and positive aluminium
ions in the opposite direction, so that the thickness
of the oxide film goes on increasing.  This process
continues up to the moment when the growing oxide
film, across which a constant formation voltage is
applied, decreases the clectrie field intensity to such
an extent that the foree of this field is insufficient
for the escape of metal ions through the film.  As
a result, no ionic electric current passes through
the oxide film and the film thickness ceases to
increase.

The non-uniformity in the concentration of ions
in the oxide film is inevitable during the process of
film generation?.  The concentration of oxygen ions
is maximum in the oxide layer on the outer surface
of the film and it is possible to observe the variation
in the composition of aluminium oxide with increase
in oxygen concentration.  The composition of the
oxide film at this stage may be written as ALOy, .
With the removal of the oxide film, the oxygen ion
concentration on the outer surface of the metal drops,
but the concentration of aluminium ions must rise
and reach a maximum level at the metal surface.
Hence, in the decp layers of the oxide film, the
deviation in the composition of the oxide film from
the stoichiometric composition may be written as
Aly; 04 Between these two layers of non-stoichio-
metric oxide composition is an intermediate layer
with exact stoichiometric composition Al,O5.  Alumi-
nium ions, whose dimension is 26 times smaller than
that of oxygen ions, diffuse more casily than oxygen
ions. It is, therefore, obvious that the stoichiometric
oxide layer is situated not in the very middle of the
oxide film but it is shifted in the direction of the
clectrolyte surface (Fig. 1).
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Electrolyte Aluminium

Oxide fiim
A

— ’
p-layer | i-layer] n-layer

Oxygen content

Thichness of the Film

Fig. 1 -- Dependence of oxygen content of oxide film on the
distance separating the valve metal (aluminium) from the
clectrolyte (schematic)

It is known that aluminium oxide containing
surplus of oxygen behaves like a semiconductor with
hole conductivity (p-type semiconductor), and when
it contains surplus of aluminium it behaves like a semi-
conductor with clectronic conductivity (n-type semi-
conductor). Conscquently, in the generated oxide
film, p-n junction (with intermediate intrinsic layer of
stoichiometric oxide, i.e. p-i-n junction) must be
created. This is one of the main reasons for the
unilateral conductivity of oxide films.

It is to be expected that if the current in the
conductive direction passes through oxide film for a
long period, the concentration of ions will change
and the junction will be partially destroyed.  Finally,
the whole film will be transformed into n-type semi-
conductor having some surplus aluminium  ions.
The destruction of p-n junction may be observed by
heating the oxide film, because by heating the con-
centration of oxygen ions in the film is decrcased.
Analogously, hydrogen ions must transform the film
into n-type semiconductor.

If the oxidized aluminium with destroyed p-n
junction is made the anode, the junction will be
restored gradually but only when oxygen ions have
access to the film surface.  These considerations have
been confirmed by numerons experiments?9-12,

When an oxidized metal is immersed in a liquid
clectrolyte, it reveals its unilateral conductivity more
clearly than in the dry state. In the wet state, the
rectifying cocfficient (the ratio of the current in
conductive direction to the current in non-conductive
direction) reaches a value of 5000-50,000, whereas
in the dry state this cocfficient is only 10-100.  This
may be explained as due to the abundant supply of
oxygen and hydrogen ions from the electrolyte, and
also by the existence of defects and small channcls
in the film.

When the oxidized metal, immersed in a liquid
clectrolyte, is made the cathode, the resistance of the
oxide film drops sharply because of the rapid destruc-
tion of p-n junction and the formation of n-type

semiconductor having little resistivity, expansion of
defective spots of the film, and pulling of electrolyte
into the film pores. In this case, the directions of the
action of electrostatic and electro-osmotic forces
coincide. The resistance of oxidized metal in the
conductive direction is considerably lower in the
clectrolyte than in the dry state.

When the oxidized metal, immersed in a fluid
electrolyte, is made the anode, the resistance of the
oxide film rises quickly because of the restoration of
p-n junction, partial film formation in the defective
spots and pushing out of the electrolyte from the
pores.  This may be explained as due to the electro-
osmotic and electrostatic forces acting in opposite
directions. In this case, the electro-osmotic force is
greater than the electrostatic force.

It is of interest to note that the second class oxide
films of valve metals do not show unilateral conducti-
vity in the dry state. The rectifying properties of
these films, when immersed in a liquid electrolyte,
are very poor. This may be explained mainly by the
existence of the thin first class oxide film between
the metal and the second class oxide film.

Summary

Oxide films formed on the surface of aluminium,
tantalum, and other valve metals are of great
technological interest and their properties deserve
further detailed examination. First class oxide
films (very thin and of comparatively high density)
possess the property of unilateral electrical conducti-
vity when the oxidized valve metal is connected
cathodically. The theory of unilateral conductivity
developed by the authors and described in the paper
is based on (i) the existence of p-i-n junction in the
semiconductor oxide film and (ii) the action of
electrostaticand electro-osmotic forces in the defective
spots (pores) of the oxide film when it is in contact
with a liquid clectrolyte.
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thermal diffusion in gases by Chapman! and

Enskog? and its experimental verification by
Chapman and Dootson® several efforts have been
made to mecasure the thermal diffusion factor, ay,
both for isotopic as well as non-isotopic gas mixtures.
A knowledge of the binary thermal diffusion factor
of a gas mixture is uscful in various applications,
e.g. in the design of thermal diffusion plants for the
separation of stable isotopes, and other practical
problems of design where one deals with gas flow
under temperature gradients. The phenomenon of
thermal diffusion has long been known for its sensiti-
vitv to the nature of intermolccular forces®® and
consequently several attempts have been made in
recent years in this direction. The accuracy of the
conventional measurements of uy with the two-bulb
apparatus!® is improved by using a more sensitive
microthermal conductivity gauge!™2. To get a
more reliable value of a7, systems involving a radio-
tracer gas have also been studied which incidentally
also offer a sensitive detection system for the
thermal separation!®17,

The approach to steady state in a two-bulb
thermal diffusion apparatus has also been very care-
fully investigated!®!8-2t. The results of diffusion
and thermal diffusion coefficients thus obtained
have made it possible to somewhat uniquely deter-
mine the nature of intermolecular force fields of
some simple molecules?2.

A new technique for mecasuring oy by a  trenns-
chaukel ” or ‘swing-separator * has been introduced
by Clusius and Huber®® and since then the theory
of this apparatus has been investigated in detail
by Van der Waerden?* and Saxena and Joshi®.
A number of workers have employed trennschaukel
for ar measurements?6-34,

The theory of thermal diffusion columns?*-37 has
also been carefully re-examined by a few workers?-18,
The experimental performance of the columns has
been investigated®-52 with the object of evaluat-
ing the elementary diffusion factors accurately
and reliably from the cascaded separation in a
column.

In all such applications a reliable and simple
theoretical expression of oy is the basic starting
point. Rigorous expressions®®-% are unfortunately
very complicated and lengthy. In recent years
several attempts®-% have been made to simplify
the rigorous expressions without impairing the accu-
racy. The purpose of this article is to review all
this work together and present, in a systematic
way, the varlous approximate expressions for ar
with their limitations and accuracies. To demon-
strate the criteria of application to actual mixtures,
calculations are discussed for a few gas systems.
This analysis thus enables us to make some general
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SINCE the prediction of the phenomenon of

conclusions and recommendations as regards the
applicability of various ap formulac. Some new
formulae and several tabulations and simpler ver-
sions of the known rigorous formulae are given as
an aid to numerical computation of ay. The dis-
cussions are confined mostly to noble gas mixtures,
as the theory rigorously applies to only such
systems.

We shall further consider only the L-J (12-6)
potential energy function which has proved very
successful®® in correlating and explaining the vari-
ous properties of gases and casier to handle.  As
the accuracies of the various formulac are only
weakly dependent upon the form of the potential
energy [unction, we have preferred this potential®

¢lr) = 4el(ryfn)'*=(rofn)*] (1)

== E[(”m/y)m" 2(}/’“/}’)GJ (2)

Here ¢(r) represents the interaction potential energy
at a molecular separation 7, € is the depth of the
potential energy minimum, and 7, and 7, are the

values of 7 for which the potential energy is zero
and minimum respectively such that 7, = 24r,.

Theoretical Formulae for ar

The rigorous Chapman-Enskog theory expresses
op as the ratio of infinite determinants which has
been finally put in the form of an infinite series by
two alternative approximation procedures, one due
to Chapman and Cowling® and the other due to
Kihara® further extended by Mason®. The latter
procedure is referred to as the Kihara-Mason
approximation scheme. We thus get two sets of
formulae which have different rates of convergence.
For actual systems one considers both sets to find
out which particular approximation procedure is
preferable for expressing ay.  These ap expressions
are fairly lengthy and complicated, hence attempts
have been made in recent years to simplify them.
We shall now discuss all the rigorous as well as
simpler formulae’™8® obtained by both the approxi-
mation procedures. The simpler formulac men-
tioned earlier have been cast into a form which is
more suitable for computation, and in addition
some new formulae have been derived.

According to the Chapman-Cowling approxima-

tion scheme the mth approximation to ar, [arlm,
164,66
it

lag, = (S/2)[AW) [XT AU (M M) 2M
+XTAPUM 4 My)2M,8) ... (3)

where A®™ represents a determinant of order
(2m+-1) whose general element is aij, 7 and j
: : (m =
range from —m to +m including zero, A7’ is a
determinant obtained from A®™ by decleting the
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rowy and column containing a;;, and M; and X;
are the molecular weight and the mole fraction of
the #th component respectively. In  this  paper
subscript 1 is used for the heavier component and
2 for the lighter component. The clements aj;
are complicated functions of X,, M;, the reduced
collision integrals Q"", and 7, or 7, The explicit
expressions for all the aj; relevant up to [«7]; have
already been worked out?8486. The present cal-
culations are confined to the sccond approximation.
The expressions for the corresponding aj; are given in
Appendix I. These a;; expressions are somewhat
different from the carlier ones and are also written
in terms of a sct of reduced quantities (,»l:]., B,
Ci B T Gy, ”:'i' Ji Kj and Lj), which
offer some convenience of interpolation as their
variation with temperature is smaller than  that
of Q™. A tabulation of newly defined reduced
quantities is given in Table 1 as a function of reduced
temperature (1'% = kT'[e). For m=1, Eq. (3)
vields the first approximation to 2y which is very
often written in the following more convenient

form33
. B0 T
“aply o (66— - {4
Q1 X305+ X\ Xoye

where
MM, ! 4M M, A7,
Sl = /u’— 7 2
M,\M, . M, (M- M)
. 15-”2(3‘{2”311) )
2(M, +M,)

2

A s ( ZMs )‘/ (5/2) - (6/5) B2
My(M, 4 MM, M, “ullG12)— (6/5) Bty

2 3MG 4 (B[S)M M AT ... (6)

M, =3NS 6 MM, AL,
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By = Q7 40 0y
Cra=

© OlL* 220 2 10(1,1)* 2
L0 and Z,; = Q210NN 6, .L.(8)

S

ity ...(7)

The (‘xprcssions for S, and (), are obtained from
those of 5, and Q, respectively by the interchange
of subscripts.  In these expressions o refers to the
characteristic distance parameter of the potential
and thus is cequal to 7y for the L-J potential and 7,
for the exp-six potential.

Eq. (3) gets considerably simplified if either of
the two components is present in trace. Thus, il
the heavier component is in trace we gets? for the
first two approximations to xy

¥ '

I,\" | (@ 14y @iy,

| 7 :
and. -y

Slaef M, - N
aeon =3[
~Ldyy My

M, M\ . N
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and
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Similarly, if the lighter component is in trace we
getd®

gy (Xyol) = [(’\[ + M, ) (uma L1l ”)
2 2M, apalyo
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The Kihara-Mason approximation procedure leads
to the following expressions®-® for the first two
approximations to ar:

RO PO

ok
= (0G5 00 s07: X, X0

...(13)
where

2 2M, \:
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8
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M M43,
0,1:15( M,— v) t32 1,M, 47,
M M,) " (M3
8(My M,
- ‘" i )zuzu ...(15)

and Qj is obtained from Qp by the interchange of
subscripts.
Tap’y = apl(14+-K)) + K, ...(16)

where

Ky = hghg-+hyh g+ h_gh o+ h_jhg «:k17)
and

o 5 (MM

Ky= 2‘\_1( ;Mz 2) (h b+ yhg—hohy 4T _yhy)
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TaBLE 1 — VALUES OF RATIOs OF CoLLIstON INTEGRALS WiicH Occur I HIGHER APPROXIMATIONS TO Ay

L-](12-6)
potential

09102
0-8957
0-8826
0-8746
0-8705
0-8702
0-8716
0-8746
0-8815
0-8906
0-8994
0-9058
09132
0-9259
09344
09409
0-9459
09518
0-9555
09579
0-9596
0-9605
09612

0-9634
0-9636
0-9638

0-9637
0-9637
0-9638
0-9636
09635
0-9640

08377
0-8090
0-7891
0-7797
07778
0-7803
0-7857
0-7927
0-8085
0-8241
0-8382
0-8501
0-8613
0-8811
0-8946
0-9041
0-9113
0-9202
0-9254
0-9287
0-9305
0-9321
0-9330

Modificd Buckingham (Exp-6) potential

a=12

L = o [ag
0-9166 0-9166
0-9181 09173
09170  0-9202
0-9064 09105
0-8874  0-8938
0-8733 0-8801
0-8649  0-8714
0-8611 0-8671
0-8504 0-8661
0-8620 0-8672
0-8650 0-8700
0-8728  0-8772
0-8815 0-8857
0-8898 0-8940
0-8973 09014
0-9040  0:9080
09170 0:9210
0-9260  0-9300
0-9325 0:9362
09369  0-9406
0-9426 0:9463
0-9457 0:9493
0-9474 09512
0-9486  0-9522
0-9493 0-9330
0-9498 0-9535
0-9500  0-9538
0-9500 0-9542
0-9499 0-9542
0-9499 0-95435
0-9500  0-9547
0-9499 0-9549
0-9502 0-9552
0-9504  0-9556
0-9508 0-9560
09510  0:9565
09514 "0-9570
0-9521 0:9579
0-9531 0:9589
0-9537 09597
0-9546 0-9603
09552 09611
. 2 * R

ry - o
0-8555 0-8555
0-8588 0-8568
0-8597 0-8609
0-8270  0-8359
0-7939  0-8050
0-7736  0-7844
07642 0-7742
07624 07715
0-7654  0-7736
0:7710 07788
0:7783 0-7857
0-7942 0-8011
0-8100  0:8166
0-8242  0-8307
0-8364  0-8429
0-8470 0-8536
0-8670 0-8736
0-8804 0-8869
0-8895 0-8938
0-8938 0-9022
0-9036 0-9095
09074 0-9138
0-9096 09161
0-9180 0917t
0-9115 09183
09120  0-9186

x=:13

a—14

09166
0-9176
0-9204
0-9122
0-8970
0-8841
0-8758
0-8717
0-8706
0-8717
0-8743
0-8813
0-8892
0-8970
0-9041
0-9105
0-9232
09322
0-9385
0-9434
0-9497
0-9532
0-9553
0-9565
0-9571
0-9576
0-9579
0-9578
0-9576
0-9575
0-9573
0-9569
0-9568
0-9570
0-9570
0-9570
0-9573
0-9578
0-9582
0-9589
0-9597
0-9601

()-8555
0-8572
0-8615
0-8397
0-8111
0-713
0-7816
07789
0-7808
0-7857
0:7922
0-8069
0-8217
0-8351
0-8469
0-8572
0-8770
0-8907
0-9002
0-9072
0-9161
0-9208
0-9188
0:9246
09254
09257

a=15

0:91606
09175
0:9200
0:9136
0-9002
0-8682
0-5801
0-8760
0-8748
0-8757
0-8781
0-8850
0-8929
0-9006
0-9078
0-9140
0-9267
0-9354
0:9417
0-9464
0-9519
0-9551
09572
0-9584
0-9590
0-9594
0-9599
0-9600
0-9602
0-9602
0-9601
0-9602
0-9604
0-9606
09610
0-9612
0:9616
0:9623
0:9631
09639
0-9643
09651

0-8555
0-8577
0-8611
0-8434
0-8174
0:7985
0-7886
0-7855
0:7873
0:7917
0-7980
0-8127
0-8274
0-8410
0-8529
0-8631
0-8828
0-8960
0-9052
09117
09197
0-9240
0-9265
0-9278
0-9286
0-9290

7T

U

12:0
140
16:0
180
200
250
30-0
35-0
40-0
45-0
500
60-0
70-0
80-0
90-0
100-0

0-0

ccooe
NP N -

0-6

~

Séex

F DY DD i
SSSSoNnShESxSHN

9.
10:0
12:0
140
16:0
180
20-0
250
30-0
350
40-0
450
50-0
60-0
70-0
80-0
90-0

100-0

1.-](12-6)

potential

0-9351
09357
0-9355

0-9356
0-9361
0-9355
0-9356
0-9359
0-9359

0-6544
0-6353
0-6342
0-6418
0-6534
0:6670
0-6813
0-6942
0-7191

0-7415
0-7602
0-7760
0-7892
0-8146
0-8315
0-8436
0:8529
0-8630
0-8699
0-8732
0-8759
0-8781
0-8804

0-8817
0-8841
0-8836

0-8833
0-8829
0-8833
0-8832
0-8832
(-8851

0-9523
0-9629
0-9642
0:9622

Maodified Buckingham (Exp-6) potential

o o- 13

» (2.4)% |y (2.21%
I & Q7 Q7
09121 0-9191
0-9119 0:9196
09119 (+9195
0-:9119  0-9200
0:9119 0-9201
0-9120 0-9208
0-9125 09215
0-9131 0-9224
0-9139 09233
0914 09242
0-9154 09252
09167 0-9269
0-9184 0-9284
0-9196 0-9301
0-9210  0:9314
09224 09327
" J * .
Gy; = Q4" fallh
0:7605  0:7605
0-7458  0-7488
0:6957  0:7073
0-6439 0-6589
0-6202 0-6435
0-6154 0-6300
0-6210  0-6350
0:6316 0-6451
0-6444 0-6574
0:6577 0-6705
06712 0-68306
0-6957  0-7077
0-7168  0-7285
0-7346  0-7394
0-7494 0-7607
0-7618  0:7732
0-7847 0:7960
0-8000 08115
0-8105  0-8221
0:-8176  0-8295
0-8262  (-8387
0-8304  0-8432
0-8322  (-8457
0-8332 0-8469
0-8330 0-8472
0-8326 0:8471
0-8315 0-8463
0-8299 0-8456
0-8287  0-8447
0-8274  0-8440
0-8262  0-8430
0-8246 0-8420
0-8233  0-8416
0-8228 0:8416
0-8226 0-8419
0:8228  0-8424
0-8230 0:8432
0-8239  0-8445
0:8249  0-8464
(-8268 0-8482
(-8280 0-8499
0-8296 0-8515

* 2
Hy =05

INTRIY
”*[ag!
0:9226  0:9226
0-9237 0-9307
09513 09546
09727 09736
0-975s0 09771
0-9700 0-9740
0:9661 0-4700

x 14

0-9257
0-9254
0-9250
0-9247
0:9243
0-9239
09237
0-9240
0-9242
0-9245
0-9250
0-9262
0-9271
0-9285
0-9296
0-9307

0-7605
0:7516
07154
0:6704
0-6477
0:6425
0-6473
0-6571
0-6692
0-6820
0-6949
0-7184
0-7388
0-7560
0-7702
0-7822
0-8046
0-8201
0-8306
0-8382
0-8479
0-8532
0-8561
0-8576
0-8584
0-8587
6

0-8563
0:8569
0-8575
0-8594
0-8611
0-8631
0-8649
0-8667

0-9226
0-9403
0-9614
0-9787
0-9819
0-9787
0-9745

09294
0:9205
0-9296
0-9295
0-9295
0:9298
0:9302
0-9306
09315
0-9321
0-9328
0-9342
0-9355
0-9370
0-9350
0-9393

0:7605
0:7516
0:7207
06791
06574
0-6523
0-6571
0-6663
0-6784
0-6910
0-7034
0-7269
0-7471
0-7647
0-7787
0-7907
0:8135
0-8287
(:8393
0:8471
0-8564
0-8618
0-8648
0-8663
0-8674
0-8679
0-8682
0-8683
0-8683
0-8680
0-8681
0-86%82
0)-8686
0-8693
0:8702
0-8715
0:8723
(-8745
0-8765
0-8786
0-8810
0-8823

0:9226
0-9405
0-9600
0-9771
0-9817
0-9794
0-9759

w
553
(=}



SAXENA & JOSHI: THERMAL DIFFUSION FACTOR OF BINARY GAS MIXTURES

TaBLE 1 — VALUES oF KaTI0S 0F COLLISION

INTEGRALS WHIcH Occur IN HIGHER APPROXIMATIONS TO oy — contd

© 1t L-J(12-6) Modified Buckingham (Exp-6) potential
Y potential

a=12 2=13 a—=14 2=15

. 23)% 161,

Hy; — Q3 [alhls

0-7 09607 0-9638 09672 09715 09730
0-8 0:9609 0-9631 0:9660 0:9700 09714
09 0:9624 0-9641 0:9663 0-9699 09713
1:0 0:9646 0-9663 0-9680 0:9710 0-9722
12 0-9697 0-9728 0-9733 0:9754 0:9763
1-4 0:9773 0-9807 0-9804 0-9815 0-9822
1-6 0-9846 0-9889 0-9881 0-9879 0-9887
1-8 0-9910 0-9970 0-9955 0-9944 0:9953
20 0-9981 1-:0044 1:0027 1:0006 1-:0014
25 1:0124 1-0207 1-0183 1-:0143 1-0154
30 1-0230 1-0335 1-0306 1-0255 1-0264
3:5 1-0316 1:0437 1-:0404 1-0348 1-0355
4-0 1-0384 1-0517 1-0479 1-0425 1-0427
5:0 1:0476 1:0636 1-0593 1-0543 1-0532
6:0 1-0543 1-0719 1:0668 1:0625 1-0605
7-0 1-0588 1-0779 1-:0727 1-0689 1:0659
80 1:0624 1-0830 1-0768 1-:0736 1:0698
9:0 1:0651 1:0868 1:0803 1-0772 1-:0730
10-0 1:0672 1:0900 1-0832 1-0803 1:0755
12:0 1:0955 1-0879 1:0849 1:0796
14:0 1-1003 1-0923 1-0886 1:0825
16-0 1:1043 1-0959 1:0914 1-0850
18-0 11080 1:0992 1-0937 1-0872
20-0 1-0783 11116 1-1025 1:0960 1:0890
250 1-1200 1-1099 1-1007 1:0932
30:0 1-0831 1-1275 1-1167 1-1044 1-0968
350 1-1347 1-1230 1-1080 1-1003
40:0 1-0864 1-1414 1-1293 1-1113 1-1032
450 1-1476 11351 1-1142 1-1062
500 1-0890 1-1534 1-1405 1-1170 1-1088
60-0 1-0910 1-1644 1-1503 1-1221 1-1137
70:0 1-0926 1-1748 1-1595 1-1268 1-1182
80-0 1-0940 1-1841 1-1677 1-1311 1-1221
90-0 1-:0949 1-1924 11754 1-1354 1-1257
100-0 1-:0967 1-2006 1-1822 1-1385 1:1292

. ap* N

1y - ol jas
0-0 07222 07222  0-7222 07222
01 0-6986  (:7030  0-7067  0-7068
0-2 06292 0:6437  0-6541 0:6612
03 0-5893 0-5759 0-5925 0:6057 0:6157
0-4 0-5761 0-5586 0-5747 0-5882 0-3990
0-5 0-3830 0-5606 0-5760 0-5895 0-6001
06 0-5951 0-5716 0-5864 0:53996 0-6100
0-7 06110 0-5865 0-6009 0-6138 0:6238
0-8 0-6282 0-6025 0-6164 0:6292 0:6390
0-9 0-6472 0-6185 0-6323 0-6447 0-6544
1-0 0-6608 0:6338 0-6472 0:6594  0:6690
1-2 0-6878 0:6610 0:6743 0-6859 0:6955
1-4 0-7125 0-6840  0-6969  0-7081 0-7177
1-6 0-7331 0-7030  0-7157  0:7266  0-7362
18 0-7487 0-7185 0-7314  0:7418  0:7516
20 0:7649 0-7314 0:7445 0-7546 0-7644
25 0:7910 0-7552 0:7685 0-7782 0:7883
30 0-8081 0-7695  0-7841 0-7941 0-8042
3:5 0-8198 0-7813 0:7950  0-8051 08151
40 0-8293 0-7881 0-8022 08127  0-8228
50 0-8401 079603 0-8100  0-8222  0-8322
6:0 0-8476 0-7997 0-8152 0-8271 0-8371
70 0-8513 0-8012 0:8171 0-8296 0-8400
80 0-8538 0-8016 0-8179 0-8308 0-8413
9:0 0-8558 0-8010 0-8178 0-8313 0-8422
10-0 0-8585 0-8003 0-8174 0-8314 0-8424
12:0 0:7986 0-8164 0-8309 0-8428
140 0-7969 0-8154 0-8304 0-8427
16:0 0:7953 0-8145 0-8297 0-8426
180 0:7940  0-8136  0-8290  0-8424
200 0-8590 0-7929  0-8128  0-8288  0-8425
25:0 0-7911 0-8117  0-8283 0-8430
30-0 0-8619 0:7899  0-8114  0-8280  0:8437

T+
U

350

90-0

S N e =

COONSNONDXR BN ORI U B WL s
OO OO OO ONONECHIAIND ORI TR U 4 0 — D

o =Y L o T N e e

PIRRRODeOe 0000
DHRNOCENDI N W=D

L-J(12-6)
potential

0-8605

0-8606
0-8600
0-8607
0-8603
0-8615
0-8638

0-8889
0-8888
0-8903
0-8919
0-8944
0-8975
0-9025
0-9061
09144
0-9227
09301
09366
0-9435
0-9554
0-9638
0-9708
0-9755
0-9817
0-9871
0-9897
09925
0-9945
0:9955

0-9988
1-0018
1-0060

1-0057
1-0045
1:0037
10059
10063
1:0084

0-8766
0-8698
0-8620
0-8578
0-8584
0-8618
0-8674
0-8780
0-8784
0-9042
0-9185

Modified Buckingham (Exp-6) potential

x=12

a=13

* il gll*
i =" [yt

0-7896
0-7897
0-7901
0-7906
0-7920
0-7939
0-7958
0-7978
0-7997

0-8119
0-8126
0-8134
0-8143
0-8163
0-8186
0-8211
0-8234
0-8255

o (3,3)* 1,1)*
K =03 [afh

0-9417
0-9302
09179
0-9038
0-8968
0-8942
0-8942
0-8957
0-8980
09012
0-9048
0-9124
0-9202
0-9275
09344
0-9406
0-9540
0-9645
09731
0-9799
0-9904
0-9976
1-0028
1-:0066
1-0095
1:0113
1:0145
1-0165
1-0177
1-0185
1-0193
1-0206
1-0211
1-0217
1-0224
1-0232
1-0234
1-0244
1-0260
1-0272
1-0279
1-0289

09417
09329
0-9225
0-9091
0-9019
0:8991
0-8987
0:9000
0-9022
09052
0-9086
0-9161
0-9238
0:9309
0-9378
0-9440
09570
0:9671
09752
09814
09910
0-9969
1:0012
1-0044
1:0068
1:0086
1-0114
1-0137
1:0153
1-0166
1:0178
1-0207
1:0232
1-0256
1-0283
1-0305
1-0328
1-0367
1:0405
1-0442
1-0476
10505

* _ ol24)* oL 0*
L = a7 [af

0-8610
0-8642
0-8917
0-8874
0-8714
0-8592
0-8537
0-8535
0-8567
0-8624
0-8696
0-8851
0-9012
0-9160

0-8610
0-8694
0-8932
0-8937
0-8800
0-8678
0-8618
0-8606
0-8628
0-8680
0-8742
0-8890
0-9040
0-9181

x=14

0-8285
0-8295
0-8304
0-8312
0-8336
0-8359
0-8383
0-8409
0-8430

09417
0-9369
09269
0-9133
09063
0-9034
0-9030
09043
0-9064
0-9092
09124
09195
0-9267
0-9334
0-9397
0-9453
0-9570
09663
09736
0-9795
0-9884
09947
1-9993
1-0029
1-0055
1:0076
1:0106
1:0130
1-0147
1-0163
1-0176
1-0205
1-0227
10248
1-0268
1-0286
1-0304
1-0337
1-0370
1-0398
1-0426
1:0448

0-8610
0-8782
0-9001
0-9010
0-8878
0-8760
0-8698
0-8682
0-8698
0-8742
0-8798
0-8915
0-9069
0-9200

a=15

0-8450
0-8462
0-8476
0-8489
0-8518
0-8544
0-8570
0-8597
0-8621

0-9417
0-9390
0-9299
0-9180
0-9115
0-9086
0-9081
0-9090
09108
09134
09163
09230
09300
0-9367
0-9431
0-9491
0-9616
09712
09789
0-9847
0-9928
0-9980
10017
1:0039
1:0062
1-0075
1-0101
1:0119
1:0134
1-0143
1:0162
1-0193
1:0224
1:0256
1-0284
1-0315
1-0341
1-0389
1:0435
1-0477
1-0517
1-0554

0-8610
0-8792
0-8984
0-9020
0-8913
0-8806
0-8744
0-8726
0-8744
0-8780
0-8837
0-8969
0-9103
0-9232
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TaBLE 1 — VaLuEs oF RaTios or CoLLisioN INTEGRALS WHICH Occur IN HIGHER APPROXIMATIONS TO ap — contd

7% L-J(12-6) Modified Buckingham (Exp-6) potential 7, L-J(12-6)  Muodified Buce km;,h.\m (I2xp-6) potential
Y potential ——-— —_———————— H potential  ——— — e
o=12 =13 a—=14 a=1§ x==12 a*]? 17]4 x=15
;= alzon gyt LN R TN TR
Ly ayiel: Ly =¥ ol
1-8 0-9303 09292 0-9309 09315 09335 160 1:0601 1:0562 1-0543 1-0503
20 0-9414 0-9410  0-9426 0-9421 0-9458 18-0 1:0638 1:0598 1-0561 1-0524
2-5 0-9632 09647  0-9658 09636 09674 20-0 1-0466 1:0670 1-0624 1-0583 1-0546
30 0-9792 0-9826 09826  0-9800  0-9831 250 1-0754  1-0727 1:0627 1-0586
35 0-9913 09956  0:9956 09924  0-9951 30-0 1-0518 1-0828 1:0774 1:0660 10623
4-0 1-0005 1-0055 1-0051 1-0023 1-0091 35:0 1:0901 1-0815 1:0698 10658
50 1-0139 1:0196  1-0184 1-0169 1-0175 400 1:0544 1:0971 1:0906 1:0731 1:0694
6-0 1:0210 1-0282 1:0262 1:0265 1:0259 45-0 1:1034 1:0966 1:0763 1:0727
70 1-0265 1-:0349 1-0331 1-0281 1-0320 50-0 1-:0571 1-1097 1-1028 1:0793 1-0758
8-0 1-0302 1-0397 1-0373 1-0384 1-0363 60-0 1:0597 1-1211 1-1130 1-0851 1-0811
9-0 1-0336 1-0435 1:0409 1-0416 1-0389 70-0 1-:0606 1-1321 1-1226 1-0878  1:0860
10-0 1-0358 1-0466 1-0436 1-0444 1-0413 80-0 1-0622 1-1418 1-1317 1-0954 1-0883
12:0 1-0520  1-0483 1-0483 1-0451 90-0 1-0635 1-1505 1-1399 1-:0974  1:0953
140 1-0562 1-0527 1-0518 1-0483 100-0 1-0731 1-1595 1-1473 1-1036 1-:0991
The expressions for the various 4 are given in and
Appendix II in terms of €y which are defined S/My 4 M\ a o C oC'
somewhat differently than by Mason®. Following BN sl e f =218 by 2ty e
Mason™, all the a7 expressions according to Kihara- AL 2\ 2M, iR | G
Mason approximation scheme have been primed to % " .
distinguish them from those obtained on Chapman- a1,C aq1C 1,Chs ay,Cy 5C ,C

Cowling procedure which have been left unprimed.

For those binary mixtures in which the heavier
component is in trace the above expressions assume
the following simpler forms®?:

(6} -5)(—=S/0)) ...(19)

and [27],(X; = 0) is again given by Eq. (16) except
K, and A, are now given by

[oy ! (X ) —>0) =

s (6]
KX 0) == T .(20)
Y CliiClyy CuCy
and
KX -20) = (M M, ){ (.l,l()c,“f;g— J” 1[0(\‘11;_’
2 2M, Cilallyy G0l
4. “1)9 Ll s . 3, C 2:C1oCTy . Ay
TCLLCH G CHCieCly (Cla s Gl
i )n( nCie - L) B ”n'? 2C"y 1_]
Cn( 2Chy  Ch 1sz 2 ChaCuClyy

hecpl |

5(1&11; Mz>‘[ Gy
2\ 2M, B nCaG sy Gl

The corresponding expressions for the case of the
lighter component in trace are™

o (N 0) - (BC—5)(S0h) (2
i, i

(,(N,—0) = — 7 Sy (23

El¥e0) €l 4€lss G Cos -

N ™ w25 e
llC L= l -2 (22( lfl(‘ll

2

ay oCy oy

1
3.%0 i iClyy o ayCly | a5CysChy
Chllyy " CLC Ly (NG CHELC

S(Ml—} M.,)L[a” slCire

A oo, ) e, o)t
In the above

(% can be

ay,C13 ] (24)
CHCRCy

formulae certain combinations of
cast in the following simplified form:

- ”‘_‘ f : [7-8I5,2 ..-(25)
Gog 7 42 2
and
Ch 1 .
e 7 8E;? ...(26)

(L1 a2

The above rigorous expressions are tedious for
numerical calculation and any simplification without
impairing the accuracy will be highly  desirable.
Saxena et al.® have suggested expansion of the vari-
ous determinants in powers of M = (M,/M,) neglect-
ing those terms which explicitly contain the power
of M higher than two. This method of simplifica-
tion will be referred to as * explicit mass approxi-
mation " and viclds the following expressions for
the three determinants  which  occur in [arl,

(Eq. (3):
AR = (TuTa—T3)( (T 4 517 .(27)
AR = MU (1A MY 5Ty T ,,(1 AT D

sl M T 5

(MY
— (1= M) "L, T o T n’/‘» (14 M) T (T

o
N o



SAXENN & JOSHI:

and

:44(;:1 : [(l : ”) (1 '1”) u' I 2 l[.ul’[ grz}

ATy Ty, Tlllzli --~(2())
The (I(fining relations for the various 773 occur-
ring in Egs. (27)-(29) are given in Appendix 1.
The Ty like a4, are [unctions of M;, Xj, ng”)‘
and 7, or 7,
For the two limiting cases, the simplifving cri-
terion of Saxena el al.® vields the lollowing expres-
slons corresponding to Lqs. (10) and (12):

‘ . 5(1- M)
T ) Xy 0) = - 2,2

M Hagay a0’

7o d b "
layo@ps(ay ay, —aty)

' "
Clyglgs(ay a7y,

and
3
, SUME
Py o Xg=ll) = - - Banagla @y, aiy)
242
" i ‘ # '
Sy (A gy d T I S I
"2

@@ )0y s—a't el ag—aid)]!
My i a’f o) (31)

If we try to derive Eqs. (30) and (31) from Eqgs. (3)
and (27)-(29) by going to the limiting cases we find
that for the lighter component in trace we get the
same result as Eq. (31) while for the case when the
heavier component is in trace we get instead of
Eq. (30) the [ollowing expression:

R [T

N 0) 5(1+ M)4[ Arolys
fog o Ny20) = - , b oo )
L 2v2 Uayag a)
;(” Wiy 2 d w1 »)
AM T g ...(30a)
(@ 007y | —aly o)
Thus, these two operations do not always com-

mute.  The reason is that when the explicit mass
approximation is applied to the general case what
matters is the explicit power of M in a; while in
the case of trace the explicit powers of M associated
with aj; and af; are important.

In the case ol binary mixtures with very small
values of M, we can [urther simplify the expressions
S for the three  determinants [Eqs. (27)-(29)] by
expressing the various 7y products also in powers
of M and neglecting all those terms which involve
the power of M higher than a certain value.  This
simplifving procedure will be referred to as * implicit
mass approximation . The resulting expression for
{27, can be finally expressed in the following simple
form:

Z, M,

G514 My ™2 e s | il
#ra = S0CL) [4\'12; ‘\.'AZ:€Z:5] s

The expressions for Z,, Z,, Zy and Zg depend upon
the power of M up to which the terms are con-
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sidered. Fairly accurate expressions are obtained
by retaining terms up to M% The only exception
is Z, in which we retain terms up to M} only as it
is explicitly multiplied by M3 These expressions
are given in Appendix III.

For systems which have comparatively smaller
values of M, Eq. (32) can be further simplified by
neglecting the second term within square brackets.
Consequently, we have

lag]y = 5(6CT,—5)(1 ..(32a)

Mostly for such systems the defining relations
for Z, and Zj given in Appendix III can be used in
much simpler forms by retaining terms up to M
only,

Saxena and Dave have earlier applied this
implicit mass approximation to the rigorous ex-
pressions corresponding to the two limiting cases.
They expressed all the a;; in powers of M and gave
the final expressions by neglecting all those terms
in the ap expression which contained powers of M
higher than a certain value. For mixtures in which
the heavier component is in traces, they gave three
different sets of approximate formulae which corre-
spond to retaining terms containing zero, first and
second powers of M. These three formulae are
distinguished from one another by assigning super-
scripts a, b and ¢ respectively. Thus, we have®?

M) Z,|X,\ 2]

(o1 (X >0) = 5(6C7,—5)/44/2Z5, ..(33)

3 2
) = (21050134 52 /)]

15
.(34)
. ——— 3 24/2
for i1 (N =0) = [11‘_\?(‘\["\0)[1’ M<2 1\5 Zzz)
g 2y2
e Tt
, 8 2\/2 1]
15 1;<I+ >j «..(35)
i ’ o b-+4cd
[ 5 (N1 0) = [apd{(Ny >0)[(l)752§] ...(36)
1
(i1 50) = (N 0) s — o (1200-40d)

Mi164/2Z p5(b—c?)+180b-+1200cd}. ...(37)

and

o (N 50} = [ 4(X =-0) [120(b-+ 4¢d)

120(h—c?)
— M{164/27 gab— %)+ 180b+1200cd}
% (h—¢?)

—M?*164/28Z5,
—2100cd —225b-+4be+128fc}i  ...(38)
The defining relations for the various quantities
occurring in Eqs. (33)-(38) are given in Appen-
dix IV,
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For mixtures containing the lighter component
in trace we have®®

(6€3,-5) [1 _M(84]2 )4 15M°2
2y 5Y 2v2Zy

84,2) 3M2 (84,2 ) ]
(1—,“ A 5 a2 ot Jte

¥
..(39)

[ar](X3>0) =

and
[ar]o(Xp—>0) = [2715(Xp—=>0)(14+MB,-+M2B,)
X [(1=By3) {1 =M By4(Bs+B3)(1—By3) '+ M2B,,

% (1=Byg) ' (Bia(By+Bg)*(1—Byy) '+ By + B+ ByBy)i|

5 v'2M3/2

X (1= (14+MB;+ M?Bg)(Byd|Byy) | —- 16-2‘1; (6C1,-5
X (1—=B) (5B Y —4B3) ' 10Y B,y— BB}
— By (Byg—Byd)— B1,(10Yd—8Bg) |+ . . . ...(40)
where

[ §(Xy>0) = (6C},—5)/2Y (41)

Here Y, B and B; are functions of the reduced
collision integrals and their expressions are given
in Appendix IV.

Similar formulae have also been derived starting
from the rigorous expressions for «y obtained on
the Kihara-Mason approximation  scheme®:65,
Saxena et al.%® applied the explicit mass approxima-
tion and simplified Eqs. (17) and (18) by expanding
hihi, in powers of M and retaining terms which
explicitly involved the power of M up to a certain
definite value. Thus they found after some lengthy
algebraic manipulations that the leading terms in
hahs, hehg, hgh.s and h_jhg possess the explicit
power of M as 0, 7/2, 0 and 5/2 respectively.  If all
the terms with powers of M as 5/2 and higher are
neglected one gets the following simple expression
for K;:

K} = hahst-hgh 5 «.(42)

Similarly, the leading powers of A in the various
terms of K, are 1/2 for h_yhi_s, h_ghy; 3/2 for hyhs, h_ghy;
5/2 for hoyheg, hyh_g; 3 for hhg; and 7/2 for hyh,.
Again if the terms with powers of M as 5/2 and
higher are neglected, one gets the following simple
expression for K,:

g 3
K= 8 (1 ‘l M) (hyl_ -4 -T_ghs)
242X\ M '

5
—: M) (hyhs—h_sh_ (43
2V-X2( ) 4) (43)
Thus the new simplified expression for (%], is
fagly = [ogy[14HK (4K, - (#4)

The two particular cases of Eq. (42) are same as
Egs. (20) and (23) while for K, [Eq. (43)] we get
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. 5 G2y
Ky(N=>0)——- "~ (1 IM)’[,,(‘"'; L2 ]
2v2 CoClaChyy

{ 5 (1 i M)l[“m(";z(-“»m a,,C%
2y2\ M (—.Iu(“'z-_'(r::l L C’ll(;:’ZZC’A’lfI

A0 200" . 20y 2] (45)
Coly 1CTay €O Clae
and
- 15 5
Ko(Xy>0) =" (14 M)}
V2

If)
a1C'7 s )

’

, [" 1001501
CHCliClar CHE Ll

! agC 1 Cliy ayl 2] 5 (1 "M)k
(L Cly CRClaul 242\ M

{me,{g @ uC'y 2]
X[ Hpblrgdtl = ...(46)
ChCanClyy 2

v
C_pab
If the explicit mass approximation is applied to
the rigorous expressions for the two limiting cases
we get the same results as above except in the case
corresponding to I5q. (45) for which we get

e |,W[ “ulie ]
A= g Y e, 2

.3 (l ; ”) [“m 1oCl e ag (€3
*2\/'2 M Cly o0 C Cllnlliy

ol 5 5

f,(;,‘,”(_"' -’] ...(45a)
LELE

Here again we find that these two operations do

not commute and, thercfore, their order of applica-

tion is important.

The implicit mass expansion technique can also
be applied to the rigorous expressions for K and
K, [Eqgs. (17) and (18)]. In actual practice, after
this lengthy and tedious operation is completed,
numerical calculations revealed that the expressions
for K, and K, arc not rapidly convergent. It was
realized that the contribution of the sccond term
in the expression for N, as given by Lq. (43) is
negligible. Hence as an alternative to Eq. (43)
for systems with small value of M we have

K : (1 : M)A(h b4 o 47
Ny == = - - 1 ol
2=2v2v\ u /)¢ 5t I o) (47)
and consequently

Taply = (o I14-KY) 5 K .. (48)

technique  has,
and Daved?-58

This implicit mass expansion
however, been applied by Saxena
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with success for the two limiting cases. The ex-
pressions given by them are
(o 8N - 0) = [y (N ¢ 50) (49)
L V(N =0) Lo (N >0) ...(50)

R 3 24/2,
lag (Va0 =t | 1D 4 * "

(13 2y2 8 of. 242, )‘i] .
AR o = A o i |
- M 15 #at il 1 )g e J} (51)

24
and
(27 5N >0) =[oy 1y (X +0)
—.7) 1
y {1 l(- 42 X [71 (X>0)
. 3(5 487
X (8153, 7){1 4(6C5, )} *

, (6C7, ~5)(8L5,—7)
[ (X 20) ==l (\—>())|M[ R i

3(5 41:;._,))1>
4(6C;,—5)/ J

TR L Jwen
4 1o (X =0) LZI(M:ZFJ)(IW
- (33)
[y SN >0)
(67, -5)(8ES, 7)1
252

‘ 843,15
= 12 BN =>0) ! M"[ M.15)

(X, )

) —_—
x {12(3]’-22‘

4 1
g 7)(1611;2-44.4:2 7(6C, 5)) f]

.-(54)

If the lighter component is in trace Saxena and
Dave® have shown that

EXAVE -0)
lr'Z(()(",——S)[] ‘.A[(] X“].’> L 15 7
! 12 i 15 12 )1 2\/'2le

xA;._,) ”HI"{rl' x1,(1 sA,)1J
s ST e\l gt gt

...(35)

66T, —5)2 1o, (Y, 50)

125

7(1 3(5 41:;._.)) 21 6C. 5)2
) 4603, q) - ~=(6Cy3 -5)

[a7'5(Ny-0)

2 * 7 %
s w,,.w,(A\'Wn){| 60T =5)d 1 (6],

24
11} 5‘4I2

1
5)2]

-M {\ 2 1(.\',»u)(:u
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1 ~* * 8 *
+ @<8b.1~7)2(6cm—5>(§/1.2—1)

6C; 2%
. ”5 s (417’14+§A12—1)}

W(6C1.—5)*[7
- M3 { 6C1,—5
-+ 5\2Z, L4( 1279)

— U6C},-5)(1 +-Byy)—2d(24}, w)u)}

448A;,’ 192,

¢
~M2[m,1,(‘\'2->0)13 5T

192 , -
— 5 ALBu—168},

{ 842, 64A;3)
{84 8ET,—7)6C1, ~ )(3+ il 5

L 24, 192 ,
'!’;(6(;12—5)2(61’ 4By, 5"412‘*’ 35’[\12

96 . 448 .\
— gABi— .~1,;)J>]+ e ...(56)

The expression for By, is given in Appendix IV,

Saxena and  Joshi®®8! noticed that the accuracy
of the formulac derived on Chapman-Cowling ap-
proximation scheme using explicit mass expansion
technique gets considerably improved if all those
discarded terms which contain the product of two
or more diagonal terms of the determinant 40
are also retained irrespective of their power of M
while simplifying A%, The reason for this is that
the magnitude of the diagonal terms®” is usually
much larger than the non-diagonal terms. If this
criterion is used for simplifying the determinants
of IEq. (3) we get the following expressions® instead
of Eqs. (27)-(29):

AR = (U Toe=TE)T (g T )~ M1+ M)
X {T ur“[ 22t M* (1 +M)* '[;21-27‘11'[‘—2—2
+ (14-M) #1714 Ty,
+ M1 +M) *T2,T,, T

A = MPE(-M) * Ty Top(Ty 1T 5 95— T 2)
A (MY P2 oo T g Ty o= (1-M) Ty T4
—MA+M) Tyl T3T 5y
— (LMY ™ Toof T\ T 4
= (MY T

(57)

...(58)
and
A((DZ)L o M!(l M) fg(7‘11’1‘22_’1"‘1-'2){(14,11{)‘1]‘_20’[‘»172
=TT g o} =M (LMY PPT g Ty TosT 5
1 M1 M) oyl ysTyy Ty )] e(59)
The expressions for T are given in Appendix I.
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Saxena and Joshi® also derived the following
expressions for [ar], in the two limiting cases:

[2715(X,—>0)

5 ”
= 2*\/2( +M)¥ (apfay,) Hayaz(@’ .0 o
— aly 5yy)—a’y. 7“071 1’"’114 a1y —-ai3) (@ 1”s
— Ayl )M H(a @ — 838 08 1y —a )}
201 ay )@l

-+(60)

and

[ }(X—>0) = '

7(1 +M)aypazs(afag,—ai3)”
. " /
2)Hay gl @y s
o)(anap—a3)

,ll

.50’ 1) (@l 4005 5 —a" )]
..(61)

+ (a5, (a 0] s —a. w“”
— a0’y (el as
+ M a0y s—a

—“1

Numerical calculations based on the above equa-
tions showed considerable refinement in respect of
the accuracy of the computed values and this led
Saxena and Joshi®»®® to exploit this as an additional
independent criterion for simplifying the rigorous
ar expressions. This procedure of simplification,
which will be called hereafter ‘diagonal approxi-
mation ’, thus consists in retaining only those terms
which contain the product of diagonal terms of the
determinant A®™), i.c. elements a;; or their residuals
Ci; in the case of Kihara-Mason approximation
procedure.

The Chapman-Cowling [ar],, expression gets con-
siderably simplified if one retains in the expansion
of the determinants A(ff) only those terms which
contain the product of two or more diagonal ele-
ments of the determinant 4. The simplified
expressions for the determinants which occur in

[ar]y are®
A = 4110, 5011800 —0210) =0 y(a_afy+ a5,0%)
— 3 (920, 500001 ) — 0y (0003, .-(62)
5
A = 050011 (a1082—a50a,,)
—lgy(Ap 98 1081 1+ B_5081 18 5) -+(63)
and
ARy = a5 585(a_100,,—a.114)
— a1 (@0 19020+ @90 | _3)) .. (64)

The expressions for the two limiting cases can
also be derived by applying the diagonal approxi-
mation procedure to Eqgs. (10) and (12). This leads
to the [ollowing expressions:

larlo(X1>0)= 2\/2[“’-’2-2“”14(“;1‘1’22““13)

N | J\/11—+—ﬂ/[2 ¥ ” " ’

— apagal}y) vl R PR (7
M,

]‘Thls expression is slightly different from that given in

ref, 60 where a few terms with the explicit power of M as
5/2 were also retained.
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tp o [ My DENE o 5 .
= ayta)§t | - u {aydaald s 20 g~ udy )
M,

" ;o , —
— sy 5(a g i a 1-:“nz"n){| --(63)
and
. . B o ek "
Tl (o -20) = = - Jaswt (@ ass @5
T2\ 2 2, i e 1-2
v
i g (MEBEN . e
— Ay ) M fa’y 1@y Hlanuyy
4y
v " P '
= ) "422(‘1 Ny oyl i)}
MM\ L, ;
e ( ”** {“”“u(“ Wiy @ aydly )} -..(66)
M,

Eqs. (65) and (66) can also be derived from Eqs. (3)
and (62)-(64) by going to the two limiting cases
X, —>0 and X,-> 0 respectively.

All these formulac are further simplified by apply-
ing the explicit mass expansion procedure in which
we negleet those terms that contain explicitly the
power of M greater than two. Eqs. (62)-(66) then
assume the following simpler forms respectively:

4&} =11 (T T -[g.))r "l“-ll--:z'[‘u'[‘:z -(67)
AR = MY2(1 - MY2 T, T\ TiyTs
ERRT L oW N
+ (LMY 931 T o\ Tss) ..(68)
AR =M1 M) 3T Ty (1—;—M)'"I',._,‘,'I’_l_2
— T ) -(69)
sl X >0) = i i o O i
— M T e T M MY T T
+ (LMY 32 (M) oy 1 T
A T M LTl 70
and
[ 1o (Xp>0) = Ly T (T T —T73)

2V 2
— T TLTE) (MR

S SOTY ARTY WYY MR W l’l‘l _'[Z:f
+ (IMTL T Tl —T" 5 5T qg)) {71

The order of applying these two approximations
is immaterial and the final results obtained are the
same in either case.

Similzn‘ly, the expressions for A, [Eq. (17)| and
K, [Eq. (18)] are considerably \m]phlu(l by applv-
ing the diagonal approximation, i.c. all the products
szlzl are expressed in terms of C;; and only the lead-
ing product terms of Cy; are retained®2.  We then get

Gy G Cu | Cu o

Ki=+—"—14. :
' Ciulp C 1€y CuuCy €y (Coay
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5 [1—\4,71/1]’3[61” 3G i ! u(,zC,l.l]
22X, L M | 1€y € s

CqiCo
_ 5 (1D )‘)[”‘n 2?1 2 7”‘02('11;'] o (T3)
2¢/2.X, CpC oy €l

TFor the two limiting cases Eqs. (72) and (73) can
be further simplified. The expressions for K; in
the two cases are the same as Eqgs. (20) and (23)
while for K, we get

5 2k
KX, »0) = Ni(l +M)4< zr"(‘,‘:>
QI

e mC]
2v2L M CyuClyy CoaCl% o
and

5 5 Y 20Cy 2 “20672
I\g(A\g">0) L (1 | “’I)' W — s A
24/2 CiiClos CiiCss

5 [14’M]5[ ayC' z]
"2l M) LE E

Eqs. (74) and (75) can also be obtained by
applying the diagonal approximation to Eqs. (21)
and (24) respectively.  If the explicit mass approxi-
mation is applied to the expressions for K [Eq. (72)]
and K, 'Eq. (73)], we get

; G Clis

K = BT s ...(76
L Py v

..(75)

and

K’ 5 [1"?'7"[]5[“1»&(7—1 z]
iy = — — B —=
N 2v2X, L M Ci.C

.
ay5Cy s

s — » 4
2\/2A\'2(H M) [C“CHJ (77

If we simplify the expressions for K; and K, as
given by Eqgs. (42) and (43) respectively by applying
the diagonal approximation we again get Eqs. (76)
and (77) respectively. This again illustrates that
the order of applying these two approximations is
immaterial.

The expression for K| [Eq. (76)] yields for the
two limiting cases results which are same as Eqs. (20)
and (23); however, for K, [Eq. (77)] the following
expressions are obtained:

, 5 (14M\}
Ky(X—0) = ;< +;> [—
- 2\/2 M
and
5 ay5C1
Ky X0y = (1 fM*[4 ‘,,":,L-}
(X =0) 2\/2( +M) e,

5 (14Mm\} e
T A N
2¢2\ M € 1.1C 80
These results for the two limiting cases can also

be derived from Eqs. (20), (23), (74) and (75) by
applying the explicit mass approximation.

Relative Appropriateness of Various Formulae

The relative accuracies of the various formulae
for ar have been investigated by performing nume-
rical calculations on specific systems as a function
of temperature and composition with a view to
choosing a particular formula for a definite gas

mixture. The two systems chosen are He-Xe and
Ar-Xe. The calculations have been performed

according to the Lennard-Jones (12-6) potential
parameters listed in Table 2.

Values of ar computed by both the approxima-
tion procedures, viz. Chapman-Cowling and Kihara,
and based on rigorous as well as simpler expressions
obtained on the basis of various simplifying criteria
discussed in the previous section are given for
the Ar-Xe system as a function of temperature in
Table 3 (Xe in trace) and in Table 4 (Ar in trace).
Similar data are given for the He-Xe system in
Table 5 (He in trace). Various calculated ar values
for both these systems as a function of temperature
around the middle composition and as a function of
composition at a fixed temperature are recorded
in Tables 6-9.

These calculations indicate that it is essential to
consider the contribution of the second, and some-
times of still higher approximations, for a precise
knowledge of or. From the data presented in
Tables 3 and 4, which refer to the Ar-Xe system
when one of the components is in trace, we find
that the rate of convergence is nearly the same for
both the approximation schemes. For this system
around the middle composition (Table 6), however,
the Chapman-Cowling procedure seems to be pre-
ferable to that of Kihara. This inference is also
substantiated by the calculation of oy as a func-
tion of composition for this system (Table §).
Thus, on the whole, the Chapman-Cowling formulae
should be preferred for this system. A critical
examination of these tables further suggests that
the contribution of second approximation is small
when the heavier component is in trace and in-
creases rather slowly but does assume an appreci-
able magnitude for the other end of the composition
when Ar is in trace. To be specific we find that the
difference between the first two approximations
increases from an average value of 1-7 per cent
when Xe is in trace to 5 per cent when Ar is in
trace in the temperature range 500-900°K. On
the other hand, at 300°K. this difference remains

TABLE 2 — LENNARD-JONES (12-6) POTENTIAL PARAMETERS
FOR GASES AND Gas MIXTURES*

Gas ek G Gas €'k o1
(°K.) (A.) mixture (‘K. (A.)
He 10-22 2:556 He-Xe 48-46 3-247
Ar 119-8 3-405 Ar-Xe 1659 3671
Xe 229-8 3-937 == — s

*Parameters for pure gases are those given by R. J. Lunbeck,
Thesis, Amsterdam, 1951. Parameters for the gas mixtures
are derived from the corresponding pure gas values by adopt-
ing the geometric mean rule for ¢;, and arithmetic mean rule
for oy,.
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TABLE 3 — COMPUTED VALUES OF o

T

Formula 100°K. 300°K.
{2,], Eq. ©9) —0:0416 0155
{2r]% Eq. 33) —0:0791 0-268
{2r)% Eq. (34) —0-0358 0133
[%,)% Eq. (35) —0:0429 0158
fagly, Eq. (10) —0-0378 0153
{ar)% Eq. (36) —0:0777 0270
{27y Eq. 37) —0:0392 0-132
[2,]% Eq. (38) —0-0463 0156
{27]e Eq. (30) —0-0378 0156
[%7)2r Eq. (60) —0-0377 0-156
{2, Eq. (65) —0-0378 -
i las B —0-037 p—
[a,]s, Eq. (70) 00379
{aple Eq. (13) —0:0431 0-156
{2p1% Eq. (49) ~0:0719 0-268
{27’ Eq. (50) —0-0358 0133
{a7]%, Eq. (51) —0:0429 0159
{27]e. Eq. (16) —0-0416 0-154
far]% Eq. (52) —0-0412 0-151
Tazll Eq. (53) — 00424 0155
{2715 Eq. (34) —0-0417 0-153
[2) s Eq. (44) —0-0416 0-154
{azls Eqs. (16), —0-0416 0-154
(20) and (74)
Tap)s Eqs. (44), —0-0416 0-154

(20) and (78)

AND ap FOR THE Ar-Xe System (Xe—>0) a5 A FUNCTION 0F TEMPERATURE

500°K. 700" K. 900 K. Simplifying
criterion*

0-272 0-317 0-346 R

0-472 0-530 0-596 1

0-233 0-260 0-293 IM!

0-252 0-309 0-348 12

0-275 0-320 0-356 R

0-476 0:540 0-388 (Y

0-235 0-265 0-300 Mt

0-280 0-317 0-359 12

0-274 0-320 0-356 EMs

0-276 0-320 0-355 EM24+DD

0-275 — 0-356 DA

0-274 — 0-356 DA & EM?

0-274 0-320 0-345 R

0-472 0-530 0-596 1\10

0-233 0-260 0-293 I

0-254 0-312 0-349 B

0-275 0-323 0-355 R

0-275 0-325 0-358 1\°

0-275 0-321 0-352 1\i?

0-274 0-323 0-355 12

0-274 0-323 0-355 102

0-275 0-323 0-356 DA

0-275 0-323 0-356 DA & EM2

*R, rigorous; TM?, I1M! and [M2 represent implicit mass expansion up to M®, M' and M? respectively; M2, explicit mass
expansion up to M?; DA, diagonal approximation; and DD, double diagonal discarded terms.

constant at 1 per cent. This explains the data
presented in Table 8 which exhibit an almost uni-
form convergence in the composition range 30-70
per cent of Ar at 316-4°K.

For the He-Xe system the data recorded in
Tables 5, 7 and 9 show a definite superiority of
the Kihara-Mason formulae. TFurther, the con-
vergence of the formulae is slightly better when
the proportion of Xe is less, and becomes compara-
tively inferior as the percentage of Xc is increased,
though it never assumes a very objectionable
magnitude.

The simplifying procedure of Saxena and Daves?38
based on the expansion of the rigorous ar formulae
in powers of M works excellently for He-Xe system
when cither of the components is in trace. Even
for Ar-Xe, a system for which M is not sufficiently
small, we find the calculations to be satisfactory
though these are distinctly superior for Kihara-
Mason approximation. The approximation pro-
cedure of Saxena and Dave®®® which does not
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yield satisfactory results for systems having mode-
rate value of M in the case of Chapman-Cowling
scheme can be considerably improved if the explicit
mass expansion technique of Saxena et al® is used.
The formulae so obtained are given by Eqs. (30)
and (31) and the numerical caleulations recorded
in Tables 3 and 4 confirm this. The formulae
derived by Saxcna and Joshi® for the two limiting
cases on the Chapmun-Cowling scheme [Eqs. (60)
and (61)] also are equally satisfactory.  We further
feel that the simplitied formulac for |2, should be
used only for those systems which have a very
small value of M, otherwise the rigorous expressions
should be preferred.

For mixtures of arbitrary composition the explicit
mass expansion technique of Saxena ef al.® works
excellently well for He-Ne system and for both
the approximation procedures as may be seen from
the calculations. This is clear from Tables 7 and 9.
For the Ar-Xe system also this procedure yvields
only satisfactory results in the case of formulae
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Tagre 4 — Comprurin VALUES OF ap AND o FOR THE Ar-Xe SysTeEM (Ar—>0) As A FUNCTION OF TEMPERATURE

Formula

"% . Bq, (1)
% - Eq. (39)
2, . Eq. (12)
2y 0 B, (40)
‘155 Eq. (31)
25 Eq. (61)
2, 4 Eq. (66)
20 Eq. (71)
2 1. Eq. (22)

7 C Eq. (55)
T2 . Egs. (16),
123) and (24)
fa, 4 Eq. (56)
" Eq. (56)
£, Eq. (56)
Eqs. (44),
(23) and (46)
[2p s Eqs. (16),
(23) and (75)
) 4 Eqs. (44),
and (79)

23

100K

—0-0250

0-0287
- 0-0231
-0-0181
—0-0230
- 00234
- 0:0231
—0:0231
- 0-0248
—0'0288
—0:0250

- 0-0245
—0-0251
—0:0247
—0-0250

--0-0250

—0:0250

200" K.

0-0309

0-0326

0-0305

0-0282
0-0312
0-0296

300"K.

0-0896
0-0894
0-0977
0-0894
0-0899
0-0899
0-0969

0-0879

0-0855
0-0870
0-0867
0-0881

0-0886

0-0888

400°KK.

0-131

0-143

0133

0-133
0-132
0-131
0131

0-132

0-132

500" K.

0-159
0-188
0-165
0-200
0-165
0-165
0-171
0-206
0-165

0-170
0-160
0-160
0-164

0-165

0-165

700°K.

0-189
0-202
0-238

0-202

0-209

0-199

0-214
0-193
0-199
0-199

0-200

0-200

900°K. Simplifying

0-206
0-235
0-212
0-248
0-212
0-212
0-215
0-215
0-229
0-268
0-223

0-242
0-212
0-222
0-223

0-224

0-224

criterion

R

2

R

M

EM?
EM24-DD
DA

DA & EM2
R

M

R

e
m?!
M2
EM?

DA

DA & EM?

TaBLe § — Compuren VALUES OF o

IFormula

27 v Eq. (11)
[2g i, Eq. (39)
(12)
(40)
lnr's, Eq. (60)
xp 0. Eq. (71)
(22)

(55)

{2772 Eq.
Tp e, Eq.

/’1 . Eq.
7}: Eq.
2T
and (24)
"/.,l. zl LEq. (56)
2s Iq.
¢ Eq.

(56)
(56)
(231 and (46)
and

(75)

and

(79)

Eqs. (16),

"Lvl 2 LEgs. (44),
Eqs. (16),

Eqs. (44),

200" K.

0-270

0:258

0257
0-254
0-255
0-255

0-256

0-255

300"K.

0-260
0-260
0-280
0-279
0-307
0-307
0-301

0:307
0-303
0-303
0-301

0-301

0-301

500°KK.

0283
0-309
0-308
0-310
0-310
0-329

0-340

0-346
0-341
0-341
0-340

0-341

0-341

700°K.

0-288
0-289
0-295
0-297
0:297
0-332
0-332
0-340

0-352
0-348
0-350
0-340

0-340

0-340

900°K.

0-285
0-284
0-318
0-313
0-320
0-320
0-335
0-335
0-350

0355
0-349
0-349
0-350

0-353

0-353

'
AND %y FOR THE He-Xe System (He—0) as A I'uncTioN oF TEMPERATURE

Simplifying
criterion

R

M2

R

IM

DA

DA & EM?
R

IM?

R

Mo
v
e
EM?

DA

DA & EM2

529
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~ ’ ~ N g
TABLE 6 — COMPUTED VALUES OF ap AND &y FOR THE Ar-Xe SYSTEM (436 PER CENT X¢) S A FUNCTION OF TEMPERATURE

FFormula

[orle Eq. (4)

[aple. Eq. (3)

{a7]s. Eags. (3), (27)
to (29)

farle Egs. (3), (57)
to (59)

{oer]s Egs. (3), (62)
to (64)

Tarle Egs. (3), (67)
to (69)

Tzl Eq. (13)
{orle Eqs. (16)-(18)
[a7], Egs. (44), 42)
and (43)

Taz]s Egs. (16), (72)
and (73)

Tapls Egs. (44), (76)
and (77)

185°K.

0-0272
0-0258
0-0261

0-0259

0-0260

0-0262

0-0280
0-0263
0-0263

0-0266

0-0263

233°K.

0-0652

0:0673
0-0636
0-0633

0-0635

0-0635

293°K.

0-110
0-108
0-109

0-109

0-108

0-110

0-115
0-108
0-108

0-108

0-108

369"K.

0-154
0-154
0-156

0-155

0-155

0-156

0-162
0-154
0-155

0-155

0-155

464"IX.

0-194

0-206
0-197
0-197

0-196

0-198

585 K.

0-226
0-232
0-234

0-233

0-232

0-235

0-240
0-233
0-233

0:233

0-234

Simplifyving
eriterion

DA & EM?

R
R
EM?

DA

DA & EM?

~ ’ 3 -
TaBLE 7 — COMPUTED VALUES OF ap AND 2 FOR THE He-Xe SySTEM (464 PER CENT Xc) A8 A FUNCTION

IFormula

{2r] Eq. (4)
i:x-r]g. Eq. (3)

Tarla, Egs. (3), (27)
to (29)

{2rle Egs. (3), (62)
to (64)

Tarls Egs. (3), (67)
to (69)

leple Eq. (32)
{aple Eq. (32a)
[a7]e, Eq. (32a)
le7)i Eq. (13)

ap]s Egs. (16)-(18)
[¢7]e Eas. (44), (42)
and (43)

lap]e, Eqs. (16), (72)
and (73)

[ar]e Egs. (44), (76)
and (77)

lzz]ls Egs. (48), (42)
and (47)

185°K.

0-365
0-379
0-379

0-380
0-378
0-379
0-414
0-390
0-390

0-390

0-390

0-390

283

0-404
0-425
0-425

0-425

0-425

0-427
0-425
0426
0456
0-442
0442

0-442

0-442

293°K.

0-424
0-448
0-448

0-448

0-448

0-449
0-447
0-450
0-480
0-469
0-469

0-469

0-469

369°IKK.

0-440
0-468
0-468

0-468

0-468

0-469
0-467
0-468
0-498
0-492
0-492

0-492

0-492

0-492

464"K.

0-454

0-513
0-513
0-512

0-513

0-513

585°K.

0-465
0-512
0-512

0-513

0-512

0-524
0-531
0-531

0-531

0-532

0-532

OF TEMPERATURE

Simplifying
criterion

R
R
EM?

DA

DA & EM?

M
M

DA

DA & EM?

EM

*In the expressions of Z, and Z{ all terms involving the power of M as 2 and higher have been neglected.
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= ’ -
TaBLE 8 — CoMPUTED VALUES OF oy AND oty FOR THE Ar-Xe SYSTEM AT 316'4°K. As Ao FuxcTIoN oF COMPOSITION

Formula Argon, % Simplifying
e e == = criterion
10 30 40 50 60 70 90
lar]y, Eq. (4) — 0-111 0-117 0123 0130 0-138 — R
[2r)e Eg. (3) — 0-111 — 0-123 — 0-137 — R
{2, Egs. (3). (27) = 0-111 = 0-123 — 0-140 = EM?
to (29)
[2rly Egs. 3), (57) — 0-111 — 0-123 — 0138 — EM?4DD
to (59)
Tarl,, Egs. (3), (62) — 0-111 — 0-123 — 0-138 — DA
to (64)
2] Eags. (3), (67) — 0-111 — 0-124 — 0-141 — DA & EM?
to (69)
fz’,],, Eq. (13) 0-110 0-118 0:124 0-129 0136 0-141 0:173 R
-L"ITJ‘S' Eqs. (16)-(18) 0-101 0-110 0-116 0122 0129 0-137 0-169 R
[z'ﬂz, Eqs. (44), (42) 0-101 0111 0-116 0-122 0129 0:137 0-169 EM?
and (43)
[zlr],, Eqs. (16), (72) 0-102 0-111 0-117 0123 0129 — 0-170 DA
and (73)
[alﬂz, Eqs. (44), (76) 0-102 0111 0-117 0-123 0-129 0-137 0-170 DA & EM? -

and (77)

~ r ’ >
TaBLE 9 — CoMPUTED VALUES OF oy AND ap FOR THE He-Xe SysTEM AT 316'4°K. As A FUNCTION oF COMPOSITION

Formula Helium, % Simplifying
e — criterion
10 30 40 50 60 70 90
(27] Eq. (4) 0-282 0-335 0-370 0-413 0-467 0-537 0769 R
{z7)s Eq. (3) — 0-358 — 0-438 — 0-565 — R
[2r)e. Eas. (3), (27) — 0-358 — 0-438 — 0-565 — EM?
to (29)
[xr]a, Eqgs. (3), (62) — 0-358 — 0-438 — 0-565 — DA
to (64)
Taply, Eqs. (3), (67) — 0-358 — 0438 — 0-565 — DA & EM?
to (69)
I.*riz- Eq. (32) — 0:359 — 0-440 — 0:566 — M
[zﬂ‘z, Eq. (32a) = 0-357 - 0-437 — 0-565 — M
{zrle. Eq. (32a) — 0:357 = 0-439 — 0-566 — *
L",llwl Eq. (13) 0-331 0-388 0-418 0-469 0-524 0-593 0-805 R
L’,r]z- Eqs. (16)-(18) 0-327 0-382 0-418 0-461 0-515 0-584 0-807 R
“’rlg Eqs. (44), (42) 0-327 0-382 0-418 0-461 0-515 0-584 0-807 EM?
and (43)
[1’7}2. Eqs. (16), (72) 0-327 0-381 — 0-461 = 0-584 0-807 DA
and (73)
z'r’z Eqs. (44), (76) 0-327 0-383 0-418 0-461 0-515 0-583 0-807 DA & EM?
and (77)
tapl,. Egs. (48), (42) — 0-382 0-418 0-461 — 0-584 0-807 EM
and (47)

*In the expressions of Z, and Zj all terms involving the power of M as 2 and higher have been neglected.
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derived on Chapman-Cowling scheme while for the
Kihara-Mason scheme it works excellently well, as
may be seen from Tables 6 and 8. For this system,
however, a significant improvement is obtained for
the Chapman-Cowling approximation formulae if
some additional terms are added following Saxena
and Joshi®. We, therefore, suggest that for systems
having moderate values of M in the case of
Chapman-Cowling approximation the formulae given
by Eqs. (3) and (57)-(59) should be preferred to
those given by Eqs. (3) and (27)-(29).

The mass expansion procedure employed by
Saxena ef al®® for a general mixture is slightly
different from that employed by Saxena and
Dave®”®8 for the two limiting cases. In the former
procedure terms have been discarded only on the
consideration of the explicit power of M while in
the latter procedure the implicit power of M of each
term occurring in a; and Cj is alco considered.
The latter procedure thus makes the approximation
more stringent and, therefore, for systems having
moderate values of M the procedure based on
explicit mass expansion is preferable. This, of
course, is confirmed by the calculations on these two
systems. For systems with small value of M, like
He-Xe implicit mass expansion is justified. This
encouraged us to simplify the expressions of Saxena
et al® [Eqs. (27)-(29)] by applying the implicit
mass expansion criterion of Saxena and Daveb%,
This yields an expression for [ar], given by Eq. (32).
If the term containing M3? is also neglected in
Eq. (32) we get a still simpler formula given by
Eq. (32a). Calculations according to these formulae
have been performed for the He-Xe system with
excellent success, and are recorded in Tables 7
and 9. For such low values of M equations for
Z, and Z, occurring in Eq. (32a) can be further
simplified by neglecting all terms with powers of
M greater than one. This is confirmed by the
numerical calculations on this system recorded in
Tables 7 and 9.

The simpler expression derived on Kihara-Mason
approximation by Saxena ef al.®® may be further
simplified by neglecting terms in K; which contain
explicitly the power of M as 3/2. This formula
[Eqgs. (48), (42) and (47)] is also accurate and reliable
for the He-Xe system as confirmed by the calculated
values recorded in Tables 7 and 9.

The formulae derived on applying the diagonal
approximation to the rigorous oy expressions are
very reliable in all cases and for both the approxi-
mation procedures. Even for the Ar-Xe system
the data so obtained (Tables 3, 4, 6 and 8) are in
excellent agrecement with the computed rigorous
values. This conclusion is very useful specially
because for such systems, which have appreciable
M value, the formulae derived on the criterion of
mass expansion tend to be of uncertain accuracy.
We, however, feel that the Kihara-Mason approxi-
mation formulae should be preferred to Chapman-
Cowling because these are simpler for computational
purposes and are also liable to yicld accurate results
as indicated by the calculations.

The doubly approximated formulac, i.e. formulae
obtained from rigorous expressions, by applying
both the diagonal and explicit mass approxima-

532

tions, are extremely satisfactory for the He-Xe
system both as a function of temperature and
composition. This, of course, is expected on the
consideration of its low A value. In the case of
the Ar-Xe system some accuracy is lost obviously
because M is not quite small for this system and
consequently the explicit mass approximation is
less justified.  However, we find from Tables 6 and
8 that the Kihara-Mason doubly approximated
formulac should be preferred to those of Chapman-
Cowling in view of their simplicity and accuracy.
In the two limiting cases also the same qualitative
picture holds except that here the results are accu-
rate even for the Ar-Xe system. Further, these
formulae for both the systems yield results of
reasonable accuracy which are comparable to that
obtained by using any other formula and, therefore,
should be preferred.

Concluding Remarks

Thus in view of the detailed calculations on these
two systems and on the basis of the particular
inferences derived, it is possible to make the follow-
ing general remarks regarding the appropriateness
and applicubility of the various formulac for the
thermal diffusion factor given in the previous
section.

(1) The simplification based on the consideration
of the power of M is a weil-defined approximation
and the numerical calculations reveal that the much
simpler formulac so obtained are capable of giving
very accurate results provided the value of M is
small.

(2) The accuracies of the formulae mentioned in
(1) can be considerably improved for those systems
also for which M is not quite small, by adding the
additional terms in the simplified formulae which
contain products of two diagonal elements.

(3) The criterion of simplifying the rigorous
formulac on the basis that the diagonal elements
are much larger than the non-diagonal clements of
the Chapman-Cowling determinants, though not so
well defined, yet has a distinet utility for systems
having moderately small values of M.

(4) The doubly approximated formulac are simpler
than cither sct of formulae obtained on the criterion
of any other approximation and the numerical
calculations reveal that these formulac are also
capable of giving accurate results.

It will be interesting to point out here that
some of the oy formulae derived and discussed in
this paper have already been utilized by Saxena
and Mathur® for interpreting the data of binary
thermal diffusion factor for a large number of
systems as a function of temperature and com-
position. Recently, a Morse type potential® has
been employed by Konowalow et al.™ for dis-
cussing the gas properties™.  Lovell and Hirsch-
felder” have computed the various transport pro-
perties collision integrals. Saxena and Gambhir™
have extended this potential to gascous mixtures
and since then it has been widely applied™-77 to
gases and gascous mixtures.  Unfortunately, these
investigations do not encourage one to anticipate any
distinctive merit for this potential over what has
already been achieved by the exp-six potential.



SAXENA & JOSHI: THERMAL DIFFUSION FACTOR OF BINARY GAS MIXTURES

Summary

The various simpler versions of the expressions
for the binary gaseous thermal diffusion factor,
ar, have been discussed. Their relative appropriate-
ness has been investigated on the basis of numerical
computations for a few gas mixtures. New formulae
have been derived and alternative forms of the
older formulae, which are more convenient for
computational purposes, are given. Tabulations of
certain quantities, in terms of which ar is expressed,
are presented to facilitate numerical work. Some
general recommendations are given for the selection
of a suitable formula while dealing with a particular
gas system. The survey is intended not only to
cater to the needs of the practical or applied scien-
tist but also to those of pure theoretical physicists.
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APPENDIX I

The expressions for the a; which are required
for the calculation of the first two approximations
to ar on the Chapman-Cowling approximation
scheme are given below. The remaining a; can be
generated from the following a;; using the symmetry
properties, viz. in general a; = aj;, and if 7 and j
are not equal to zero then a_;; can be obtained from
a; by interchanging the subscripts ¢ and j which
refer to the molecular species.

ayy = agy = MX(1+M)7PT,

Ao = ap1 = —Ms"zam
gy = Qg = M3(14+-M) 72Ty,
a-9) = ag2 = —M 512[‘02

ay = ay+ (X Xy)afl
ajy = M(1+M)°T},
afy = M¥(1+ M),
Al = a-11 = ]W:‘/z(l—{—M)_aT[,l
ayy = ajo+ (X 1 Xy)alz
ale = MA(1+M)"*T1e
aly = M¥1+M)T5,
A9 = A1-2 = A13/2<1—|—M)'4T1_2
Ay = abo+(X; Xp)a5
az = M(14+M)-5T3
asy = MY(1+M)T5,
a9 = 1‘45/2(1+M)'5T_22
Herc M = M,/M, and the various T occurring
in the above expressions are defined as follows:
T =T = —2\/_2(6CI-;—5)
Ty = To-2 = (1/V2)[35—12Bly—24C3a]
Th = 5(6+5M?%)+16MA1.—12M2Bi,
T:l = 4\/2211
T1_1 = T_“ = 16A‘113+12B;1—55
T'e = 8M(7A7a—8H15) —3M?*(19B]—40G 1)
—(3/2)(84—85M3)C1o+(35/4)(12+5M?3)
Tlg = \/2_(7“8EI1)211
T1s = T-1a = 8(743:—8H 1) +3(19B1:+40G1,)
—(3/2)C12—(595/4)
T3, =(35/16)(404-168M24-35M*)
+28M (4+7M2) ATa—(3/2) M3(108+4-133M?) B},
+18M2(35M2—4)Cla—448DM°H 1,
—120M4(7G12—3]12)+320M2L 12+ 96 MK,

Ti2 = V2[(77/4)—28E11+-20F 317,y
Too =T 95 = 30847,4(723/2) B}, —558C 1,
+4-840G1.—448H{,—360]1,+320L1,
—96/1,—(8505/16)
where
B, = 0o
Fy = Q@ jor
Gl = QU fut*
HY = Q@ o
Ty =0 ol
K3 = Q@ [Q0
Ly = 0 jai}
In addition the following 7; arc required in con-
nection with the various simplified formulae:

Ty, = MAAHM)ET A (X X )T
Ty = MPR(14-M)TET 4 (X | Xp) T2
Ty = MAUHM) 2T 504 (X, X,)T 52

These Tj;, which are slightly different from those
carlier given by Joshi and Saxena®, also follow
the two symmetry rules of ay, ie. Tj; =Ty, and
T_;; is obtained from 77 by interchanging the
subscripts referring to the molecular species.

In the formulae for the limiting cases quantities
like 77;; and T7,; also occur and their explicit
expressions are

T’y = 5(6M2+5)+-16M A,—12Bi,

T = 4V2Z,,

T'1o = (35/4)(5+12M2)+-8M (74}, —8H})
—57B,+((255/2)—126M2|C}s—120G1,

T2 = V2 (T—8E%)Zy,

T'ss = (35/16)(35+168M2+-40M%)
+28M (7+4M?) A5, —(3/2)(133+4-108M3) B},
—(6304-72M2)( 1, — 840G}, — 448 M H},
436012496 M2 K y+320M L},

Ty = V/2[(77/4)—28E 3+ 20F 3] Zy,

APPENDIX II

The expressions for the various % and Cjy to
be used in connection with the thermal diffusion
formulae on Kihara-Mason approximation scheme
are

_ 439l 3Crs _ A5Clyg—99Cop

e e ts, T il i
b CnCoa=CaCis  _ Calar—CanCa

C1iCoyr—C2yy CiCog—C2py
b CoCoaCouCan 4 _CaCin—ConCin

’ C1aCogrr—C2, CasCopea—C2pp
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Cn = Cu+ (X /X0
8M

i = e 1300 420003
. 2M T
Cn= 4[1441] Zu
e
St =g gl

Cra = Cyy = Clp+(Xy/X,)CT,



SAXENA & JOSHI:

83

CVIZ = (1 7L17l'/'[)4 (7Ar2_8H’1¥2)

TM2(3+M2) .,
= 77(1“*4),” (6C3,—5)

. 2M 1 i
(12 == [HiM] [7*85111211

Cote = Con = (17 s 6CE—9)
8M5/‘Z *
(14 45— S
Cyp = Cop+ (X[ X,)C5y

THERMAL DIFFUSION FACTOR OF BINARY GAS MIXTURES

8M

Ce = Tty

[(35/16)(1+M>3)(5+4-M7)

+7M(2+M?) A}, +12M2KY, ]

g 2 [2M T}
22 [1+M]
8M5P2
- (1+Mp
The quantities 4 and C_;; can be obtained from
the corresponding expressions for #; and Cj; by an

interchange of the subscripts 7 and j characterizing
the two molecular species.

Cogp="Cyg = 5 [(105/4)— 21A:2+12K’1“2]

APPENDIX III

The defining relations for the various quantities
which occur in Eq. (32) are

Z, = (VIZy A (175X of2X,) M)

X IV 22y -(Xy [ Xg) B +-2(N, X 1) 235y ]

Zy = [(Ag—Apd) + (V2X,[X\) Zos(Aytcd)]
SMIA;=81d—(9/2)(A g~ Apd) — (V2X,/ X)) Zgeed]
--M2[(99/8)(A g — A yd) —(9/2)(A ,—8ld)

LA, +21d(6C,—5)+(V2X 4/ X,) Zped)

Zy = (V2X,[X,)2 22, (44 5—n?)

L2625M 4 (V2X 1 X,) 2 MY350+304 4
-+ M{4484%,—1575-+16A47,4,—754 5
—42u(6C,—5)}]+M?(47604 },—18375)

75 = (A, Ag— AN+ (V2X, (X ) Zpp(4 A g+ A1 A 204,
L (V2X, X )22 (4Ag—cA) - M[164 AT+ A4,
—1604,—7 A, Ag+TAH(V2X X)) Zysi4 4,

— 18441164345, —(5/2) A, A g+16c1—TcA L]
S M2 304,+164,A4%,14,4,—641* -42(6C},—5)4,
—1124,A43,—74,A,+11214,+284,4,—2843

"{_(\/ZXZ/XI)ZZZ{(Q()/Z)AG_18A 7+4‘A4
+(35/8)A,Ag—40A4 A}, 43044+ (63/4) Ay
—5601—42¢(6C & —5)1]

where

o =4Agt A dg—eAgt 204, +cAy—cdet4d,d

P =AAg—eAdq—A}—A,A5+ded,+dA A,
v =44,
A, =25—12B},

A, = (175/4)+(255/2)C2,—5TB%,—120G2,
Ay = 81+ 57B%+120GY,—(1/4)(6C1,—5)—150
A4_(735 2)—72C%,—162B%+ 96K},

- (77/4)—28E},+20F,

(1225/16) 630, — (399/2) BY,— 84062, 3602,
19

(77

(

B =

6

9645, —H8HS, +320L5,
[4)—28E},+20F},

723/ ) B2, +-840G3,+ 30842, +320L%,—360 7,

—558C7,—448H},—96K,— (8505/16)

b= (5—24%); I=(7A%—8H?); and n—(8E},—7)

Il

[ G N NG N U

Il

7
8
9

APPENDIX IV

The defining relations for quantities which occur
in formulac for the limiting cases on implicit mass
approximation procedure are

b= 77—112E%, 48018, = 44,

¢ = 8E5,—7
- 35— 413“)
4=1=46c-3)
¢ = 55--12B%—164%
7 = (595/32)+ (3/16)C 1y— (57/8) B — 15G1,
A%, 8HY,

¢ = (1—-84},/15)

Y = (1/10)(25—12B7,)

B = n*/44,

B, = 1—(84%,/5Y)

B, = (847,/5Y)2—(154-847,)[5Y
By = (I|By)—(841,/5Y)

o 8L | 64A%?
By== 21(6&5&1"'5) = 5B, T 25v*
Bs = ([/By)—(B4/Byy)
g, _ _2M6CHh=5) 1B, B B,
8139 BQBIO B10 Bl()
B, = (#9)2) A%,—S6H},—40F A},
By = (735/16) + 12K %, —9Ch— (81/4) Bl
By = (175[32) - (255/16)C1,—15G1—(57/8) B},
Byo = (1225/128)+ (315/4)C,— (399/16) B,
14575, 105G,
By = 55—12B1,-164%,

By = (595/32)+ (3/16)C 5,— (57/8) Bly—15GH—1
Bys = 4B2/5B,,Y
By, = 2[7(6C%,—5)
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Oxidimetric Determination of Thiourea & Its Organic Derivatives
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HIOUREA possesses several industrial, medici-
T nal and analytical applications. Consequently,

its estimation has received considerable atten-
tion. The various methods used for the determina-
tion of thiourca are based either on its tendency
to react with metals to undergo desulphurization
or complex formation or its quantitative oxidation
to different products by various oxidants in acidic
and alkaline media.

Complex Formation and Desulphurization
Methods

The earliest method for the determination of
thiourea is by Volhard! who titrated its hot
ammoniacal solution with standard silver nitrate
using an external end-point method. Cuthill and
Atkins?, finding no precise location of the end-
point by this method, developed a modified pro-
cedure by treating thiourea with an excess of
strongly ammoniacal silver nitrate solution and
titrating excess reagent, after acidification of the
solution with nitric acid and removal of the pre-
cipitated silver sulphide, against standard thio-
cyanate using ferric alum as an indicator. Landa
and Soukenik® proposed a gravimetric method for
determining thiourea by precipitating it with
ammoniacal silver nitrate in the presence of potas-
sium cyanide, igniting the precipitate and weighing
the silver formed. Nakanishi and Kobayashi? used
coulometric method with a constant current for
the argentometric titration of thiourea.

Korinfskii® estimated thiourea by treating it
with cadmium acetate and determining the cad-
mium sulphide formed iodimetrically. Gupta® de-
sulphurized the liquid containing thiourea with
alkaline solution of lead acetate and the resulting
lead sulphide converted to lead sulphate which was
determined gravimetrically. Rulfs and Mackela?
determined thiourea by digesting it with lead nitrate
in Carius tube, dissolving the lead sulphate formed in
acetate buffer and titrating the resulting solution of
lead ions with standard dichromate amperometrically.

Gutierrez® developed a method for estimating
thiourea, based on its tendency to form a complex
with alkaline mercuric iodide. Brada® titrated
thiourea with copper sulphate at 30°C. using bis-
muth nitrate as an indicator. Based on the pro-
perty of thiourea to form a complex with mercury,
Kies!®1! developed a ‘ dead-stop end-point * method
with two mercury electrodes for its estimation.
Kies and van Weezel'? also developed a coulometric
method for the estimation of thiourea. Kies et
al2® further extended the coulometric method for
the determination of some derivatives of thiourea.
Wronski' titrated thiourea and some of its deri-
vatives in aqueous or alcoholic solution with tris
(acetoxy-mercuri) aniline solution in the presence
of perchloric acid using p-dimethylaminobenzyl-
idinerhodanine as an indicator.
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Redox Methods

Maly®® found that when thiourea is oxidized with
permanganate in ncutral solutions, urca is formed
and nearly all the sulphur is oxidized to sulphuric

acid. Thiourea was quantitatively oxidized to
urea by permanganate in neutral medium by
Schmidt!®.  Werner'?  studied this reaction and

observed that although 98-7 per cent of sulphur is
oxidized to sulphuric acid, only 44 per cent of urca
is obtained, in addition to ammonia, carbon dioxide,
and a substance CyH,N;.

Cuthill and Atkins®* developed an indirect method
for the estimation of thiourea with ceric sulphate
or potassium dichromate in sulphuric acid medium
by adding an excess of these reagents to the thio-
urea solution, boiling the solution under reflux con-
denser for 30 min. and titrating the excess of the
reagents with standard ferrous ammonium sulphate.
Kimoto!® also proposed an indirect mcthod for
the estimation of thiourea with ceric sulphate.

Szebelledy and Madis!® determined  thiourea by
titrating it with standard potassium bromate in
hydrochloric acid medium at 40-50"C. in the pre-
sence of potassium bromide and a little of gold
chloride. The end-point was marked by the ap-
pearance of yellow colour which persisted for
5-10 sec. Mahr® titrated thiourca with standard
bromate-bromide solution in sulphuric acid medium
at 35°C. in the presence of potassium iodide and a
little of starch. The end-point was marked by the
appearance of blue colour when thiourea was
oxidized to formamidine disulphide. Banerjee®!
determined thiourca in the presence of varving
amounts of mercuric chloride by using Mahr's
method in a modified form. Rao et al.®* found the
Mahr’s method to be erratic and developed a
method replacing potassium bromate by potassium
permanganate.  Rosenthaler® estimated thiourca by
oxidizing it with bromine and titrating the acid
formed with sodium hydroxide. Berka and Zyka*
determined thiourea with N-bromo-succinimide in
sodium bicarbonate medium.

Afanas’'ev® titrated thiourca with chloramine-T
in hot dilute sulphuric acid using methyl red or
indigo carmine as an indicator. Singh et al?®
carried out a potentiometric titration of thiourea
with chloramine-T in sulphuric acid at 80°C., when
thiourea was oxidized to carbon dioxide, sulphur
trioxide and nitrogen. Berka and Zyka* found
that the direct potentiometric determination of
thiourea with chloramine-T in the presence of
potassium bromide in acid medium is possible.
Aravamudan and Rao® determined thiourea in-
directly with chloramine-T. Grover and Mchrotra?
reported that thiourea is oxidized to urea and
sulphate by hypoiodite and to sulphate, carbonate
and nitrogen by hypobromite in alkaline solutions.
Claeys et al.* determined thiourea by oxidizing it
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with an excess of sodium hypobromite in alkaline
medium and estimating excess reagent iodometri-
cally. Berka and Zyka® titrated thiourca potentio-
metrically with potassium metaperiodate in hydro-
chloric acid medium. Bapat and Sharma® de-
veloped direct and indirect amperometric procedures,
while Bapat and Tatwawadi® performed colori-
metric titrations for the estimation of thiourea
with alkaline ferricyanide using osmium tetroxide
as a catalyst.

Joshi3* determined thiourea by treating it with
an excess of selenious acid in hydrochloric acid
medium, heating the mixture under reflux for
20-30 min. and determining the unreacted ex-
cess reagent iodometrically. Werner® developed

- another indirect method involving the oxidation of
thiourea to formamidine disulphide in sulphuric
acid medium by selenious acid. The excess of
selenious acid was determined iodometrically or
by direct titration with standard sodium hydroxide.
Bapat and Sharma?® determined thiourea by adding
an excess of potassium iodate and determining the
excess reagent by titration with arsenious oxide
in the presence of saturated mercuric chloride solu-
tion using ¢ dcad-stop end-point * with 0-1 V. applied
potential. Deshmukh and Bapat® found that the
oxidation of thiourca with potassium iodate, using
iodine monochloride end-point, is not quantitative.
Recently Bagbanly and Guseinov® developed a
method based on the oxidation of thiourea with
potassium iodate at 60°C.

Preisler and Berger® found the oxidation-reduc-
tion potential of thiourca-formamidine disulphide
svstem (Eq. 1)

H,N 4N NI,
2 \(‘ -SH ';j_‘j‘_‘_\(‘-.-5~.\‘~~(‘/

A 4 N\

X 1IN NH

L2014+ 2¢

(1)

to be 0420 V. in 0:05-1:00N hydrochloric acid.
Reynolds and Werner® developed a method for
the estimation of thiourca by oxidizing it quanti-
tatively to formamidine disulphide by iodine in
aqueous medium. Werner®® later found that this
method gives low results if the concentration of
thiourea exceeds 0-02 g. per 100 ml. of the titration
mixture. Gilfillan%2, however, in an attempt to
analyse a mixture of thiourea and ammonium
thiocyanate reported that this method did not give
accurate results if more than 5 mg. of thiourea
per 100 ml. ol the reaction mixture is titrated.
Cuthill and Atkins? estimated thiourea by oxidizing
it quantitatively to urea and sulphate in alkaline
medium with iodine. Skramovsky® adopted a
similar procedure but noted the appearance of
turbidity due to the formation of sulphur in solution.
Protopopescu and Nedioglu® suggested that accu-
rate results in the iodometric determination of
thiourea could be obtained provided the determina-
tion was carricd out at a low thiourea concentration
in the absence of excess of potassium iodide and
other alkali halides. Joshi®® presented a modified
procedure for the estimation of thiourea and tetra-
methyl thiourea, by treating them with an excess
of iodine in alkaline medium and determining

excess lodine by titragion with standard arsenious
oxide using borax and boric acid as buffer. Guptat®
estimated thiourea with standard iodine in the
presence of sodium bicarbonate buffer and extended
the use of this method to the determination of
N-methyl derivatives of thiourea. Wojahn?7 titrat-
ed thiourea and a few of its derivatives with
standard iodine and silver nitrate solutions. Cihalik
and Ruzicka?® titrated thiourea at pH 4-7 with
iodine monochloride potentiometrically; the thio-
urea was oxidized to formamidine disulphide.

Acidimetric Methods

Bayer and Posgay*® determined thiourea and
allyl thiourea by titrating their acetic acid solu-
tions with 0-1N perchloric acid (in anhydrous glacial
acetic acid) in the presence of mercuric acetate
using gentian violet as an indicator. Alicino® used
acetic acid solutions of crystal violet and quinaldine
red as indicators in the above titration.

Oxidimetric Study of Thiourea and
Its Derivatives

The various oxidimetric methods proposed for
the determination of thiourea are based either on
its oxidation to urea and sulphate, or to sulphate,
carbonate and nitrogen or to formamidine di-
sulphide under various conditions. Oxidation of
thiourea to sulphate and cyanamide, and to urea,
sulphate and formamidine sulphonic acid is also
reported. Prior to the work of Singh and co-
workers®-%8, no systematic study on the oxidimetric
determination of thiourea and its organic derivatives
was reported. In our investigations potassium
iodate’, iodine halides (monochloride®?, trichloride®®
and monobromide®?), potassium dichromate®s, diethy-
lene tetra-ammonium sulphatocerate®® (DTS), potas-
sium bromate (unpublished work), chloramine-T57 and
potassium ferricyanide® have been used as oxidants
for the direct visual and potentiometric determina-
tion of thiourea in sulphuric acid medium. Thiourea
has also been determined indirectly by using sodium
vanadate and diethylene tetra-ammonium sulphato-
cerate (DTS) as oxidants in acid medium (unpublish-
ed work).

As no visual or potentiometric method with these
oxidants seem to have been developed for the
determination of organic derivatives of thiourea, we
therefore, extended our work to the determina-
tions of thiourea derivatives, viz. methyl thio-
urea, ethyl thiourea, isopropyl thiourea, n-butyl
thiourea, isobutyl thiourea, n-amyl thiourea, o-tolyl
thiourea, p-tolyl thiourea, o-methoxyphenyl thiourea,
p-methoxyphenyl thiourea, o-ethoxyphenyl thio-
urea, p-ethoxyphenyl thiourea, p-carbethoxyphenyl
thiourea and phenyl thiourea.

Thiourea and its derivatives are oxidized by these
oxidants to the corresponding disulphides with a
single-electron change (Eq. 2). In Eq. (2) R=H,
alkyl or aryl group.

RIIN RHN NHR
N Y ,
7 /\.( B o p— /Cﬁsfs—c +-2B*+2¢
HN HN ‘NH
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For convenience the discussion regarding the
work done with these oxidants has been classified
as follows: (i) potassium iodate and iodine halides;
(ii) potassium dichromate; (iii) diethylene tetra-
ammonium sulphatocerate (DTS); (iv) potassium
bromate, chloramine-T and potassium ferricyanide;
and (v) sodium vanadate.

Potassium Iodate and Iodine Halides as Oxidants

It has been found that one molecule of iodate
quantitatively oxidizes six molecules of thiourea to
three molecules of formamidine disulphide [Eq. (3)]
in sulphuric acid medium at room temperature. R
represents H, alkyl or aryl group.

H,N H,N NH,
_ LW
6 C—SH+105 —> 3 C—S—S—C +17+
/ ? Y N\ 3H,0

HN HN NH

. (3)

The overall reaction may be represented as shown
in Eqs. (4)-(6).

105+ 6H* +6e —-> ["-3H,0 .(4)
105 4+-6H* +51" ——— 31, }-3H,0 ..(5)
H,N H,N NH,

\f* \\‘ : / . =3
2 C—SH4I, — C—S—S—C( + 2H*4+21
Vi Y N\
HN HN NH
...(6)

The end-point has been detected visually and
potentiometrically. In visual titrations amylose
(or chloroform) is used as an indicator. In the
potentiometric titrations, change in potential at
the equivalence point has been found to be of the
order of 40-60 mV. with the addition of 0-05 ml
of 0-05N iodate. The method has been found
to be applicable over wide range of acidity, i.e.
0:05-4-00N sulphuric acid. This study has been
extended to the determination of various alkyl and
aryl derivatives of thiourea. The estimation of
thiourea derivatives is direct, simple, accurate,
instantaneous and can be carried out at room
temperature. As potassium iodate is a primary
standard in volumetric analysis, this method is
and shall be widely applicable for the analysis of
such compounds.

The effect of various organic compounds in the
titration of thiourea with potassium iodate using
amylose as an indicator was also studied. It has
been found that there is no interference due to the
presence of sugars (sucrose, maltose, lactose or
D-glucose), amines (methylamine hydrochloride,
ethylamine hydrochloride, isopropylamine, #-butyl-
amine or aniline hydrochloride), amides (formamide,
acetamide or urea), acids (oxalic, succinic, adipic,
mandelic, tartaric, citric or lactic acid) or carbo-
xylic acid salts (sodium formate, sodium acetate,
sodium salicylate or potassium hydrogen phthalate).

With the exception of a few potentiometric
titrations of thiourea carried out with iodine mono-
chloride®®, no further work on the estimation of
thiourea or its derivatives seems to have been done
with iodine halides. During the course of this
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investigation, the thiourea derivatives have been
successfully titrated visually and potentiometrically
with iodine monochloride, iodine trichloride and
iodine monobromide in sulphuric acid medium.
Thiourea derivatives arc quantitatively oxidized to
their corresponding disulphides and the oxidation
follows the same course as discussed above. The
determinations with iodine halides are simple, rapid
and accurate but the reagents are not sufficiently
stable to be recommended in place of iodate.

Potassium Dichromate

Cuthill and Atkins® proposed a method which
besides being indirect requires refluxing of the
reagents for 30 min. to ensure complete oxidation
of thiourea to urea and sulphate. No direct method
has so far been developed to determine thiourea or
its organic derivatives with potassium dichromate
as an oxidant.

During the course of work on this problem it was
found that thiourea and its organic derivatives are
quantitatively oxidized rapidly to their corresponding
disulphides with dichromate at room temperature
in sulphuric acid medium using diphenylamine or
diphenylbenzidine as an indicator. In potentio-
metric titrations, the potential shows a drift and
takes time to attain a steady value at room tem-
perature. When the titrations are performed with
hot solutions, potential attains a steady value
immediately on addition of the oxidant. In these
titrations, the change in potential at the equi-
valence point per 0-05 ml. of 0-03N dichromate is
70-120 mV.

The determination of thiourca and its derivatives
with potassium dichromate in the presence of
potassium iodide in sulphuric acid medium, using
amylose (or chloroform) as an indicator, was also
found to be successful. With dichromate the course
of oxidation can be represented as given in Eqs. (7)

and (8). In Eq. (8) R-—H, alkyl or aryl
group.
Cry0% 617} 14111 - > 2C1% | 31, 71L,0 .(7)
RHN RIIN NHR
2 \‘('~-Sll Ly = \\/(' S-S (‘\/ =211
Ve 7 N\ 21
1IN HN NH
...(8)
All the direct methods worked out for the

determination of thiourea and its derivatives with
dichromate are simple, accurate and rapid under
the specified conditions. Since potassium dichro-
mate is a primary standard, the methods are and
shall be of wide application for the determination
of such compounds.

It has been found that various organic compounds
such as sugars (sucrose, lactose, maltose or D-glu-
cose), amines (methylamine hydrochloride, ethyl-
amine hydrochloride, isopropylamine, n-butylamine
or aniline hydrochloride), amides (formamide, aceta-
mide or urea), carboxylic acids (succinic or adipic)
or carboxylic acid salts (sodium formate, sodium
acetate, sodium salicylate or potassium hydrogen
phthalate) do not affect the course of titration of
thiourea with potassium dichromate in sulphuric acid
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medium using diphenylamine or diphenylbenzidine
as an indicator.

Diethylene Tetra-ammonium Sulphatocerate (DTS)

Cuthill and Atkins? oxidized thiourea to urea and
sulphate with ceric sulphate and developed an
indirect method for the determination of thiourea
by refluxing it with an excess of ceric sulphate for
30 min. and determining excess of ceric sulphate
ferrometrically. Kimoto'® also proposed an indirect
method for the determination of thiourea. Di-
ethylene tetra-ammonium sulphatocerate was used
by Singh and coworkers as an oxidant in the visual
and potentiometric methods for the direct determina-
tion of thiourea and its derivatives in sulphuric
acid medium.

The reaction between thiourea and Ce (IV) is
rapid in the initial stages but becomes slow as the
titration proceeds. The reaction has been ac-
celerated by using a few drops of potassium iodate
(0-:00166M) as a catalyst. Ferroin (or ferrous
2,2-dipyridyl sulphate) has been used as an indi-
cator in the visual titrations of thiourea and its
organic derivatives with DTS. In the potentio-
metric titrations of thiourea and its organic deri-
vatives with this oxidant, the potential shows a
drift in neighbourhood of the equivalence point
but the addition of 2-3 drops of ferrous sulphate
{0-005N) solution helps to stabilize the potential
jump. A sharp jump in potential, ie. 250-350
mV./0-05 ml. of 0:02N DTS, has been found at the
equivalence point in these titrations. Ferrous salt
has already been used by Tisher and Lyubimtsev®®
for the establishment of steady potential in redox
titrations. Visual titrations have also been done
indirectly by adding an excess of the standard
DTS solution to the thioureas and immediately
titrating the excess reagent ferrometrically.

Another direct method of visual and potentio-
metric determination of thiourea and its organic
derivatives with DTS in sulphuric acid medium in
the presence of potassium iodide has also been
worked out. In visual titrations amylose (or chloro-
form) has been used as an indicator which turns
blue at the end-point. The overall reaction be-
tween thiourca and DTS can be represented as
shown in Eqs. (9) and (10). In Eq. (10) R = H,
alkyl or aryl group.

208 oL s IO, (9)
RHN RHN NIIR
2 R LR . (58l AOE
J ’ / N\ 42l

1IN 1IN NH
(10)

All the methods, directly or indirectly developed
using DTS as oxidant, are simple, accurate and rapid
under the specified conditions. Organic compounds
such as sugars (sucrose, lactose, maltose or p-glu-
cose), amines (methylamine hydrochloride, ethyl-
amine hydrochloride, - isopropylamine, n-butylamine
or aniline hydrochloride), amides (formamide, acet-
amide or urea), carboxylic acids (succinic, adipic,
tartaric, citric or lactic) or carboxylic acid salts
(sodium formate, sodium acetate, sodium salicylate

or potassium hydrogen phthalate) do not affect the
titration of thiourea with DTS in sulphuric acid
medium using ferroin as an indicator.

Potassium Bromate, Chloramine-T and
Potassium Ferricyanide

Szebelledy and Madis!® carried the titration of
thiourea with potassium bromate in hydrochloric
acid medium at 40-50°C. in the presence of
potassium bromide and a little of gold chloride.
The end-point which was marked by the appearance
of a yellow colour persisted only for 5-10 sec.
Mahr?0 titrated thiourea with standard bromate-
bromide solution in sulphuric acid (6:8N) medium at
35° in the presence of potassium iodide and a little
of starch. Blue colour appeared at the end-point,
when thiourea was oxidized to formamidine di-
sulphide. Rao ef al.?? found the Mahr’s method to
be erratic and unsatisfactory.

Singh et al.26 carried out potentiometric titration
of thiourea by oxidizing it to carbonate, sulphate
and nitrogen by chloramine-T in sulphuric acid
medium at 80°C. Afanas’ev? used methyl red or
indigo carmine as an indicator in the titration of
thiourea with chloramine-T in hot sulphuric acid.
Berka and Zyka®' reported that the potentiometric
titration of thiourea with chloramine-T in the pre-
sence of potassium bromide is possible.

Bapat and Sharma®? developed an indirect method °
for the estimation of thiourea with potassium ferri-
cyanide using osmium tetroxide as a catalyst.
They also reported that ferricyanide could be titrated
with dilute thiourea solution with amperometric
‘ dead-stop end-point’ indication but the reverse
method of operation was not possible. Bapat and
Tatwawadi® performed the colorimetric titration of
thiourea with alkaline ferricyanide in the presence
of osmium tetroxide as a catalyst. All the
methods adopted for the estimation of thiourea
with this oxidant have been carried out in alkaline
medium.

With a view to developing an accurate and quick
method which could be carried out at room tem-
perature in acidic medium, Singh and coworkers
developed an oxidimetric method, using potassium
bromate, chloramine-T or potassium ferricyanide as
oxidants, for determining thiourea and its organic
derivatives. In this method potassium iodide is
used as a catalyst in the visual as well as potentio-
metric titrations in acidic medium. In visual
titrations amylose (or chloroform except in titra-
tions with ferricyanide) is used as an indicator.
In titrations with potassium ferricyanide, zinc
sulphate is added to precipitate ferrocyanide formed
during the reaction as sparingly soluble zinc ferro-
cyanide. Todine liberated from potassium iodide
by all the three reagents oxidizes thiourea and its
derivatives to their corresponding disulphides.

These direct methods are simple and accurate
and are carried out at room temperature in acidic
medium.

Sodium Vanadate

No attempt has so far been made to estimate
thiourea or its organic derivatives using sodium
vanadate.
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_ Preliminary experiments carried out by Singh
and coworkers showed that the reaction between
vanadate and thiourea is slow in sulphuric acid
medium. The speed of the reaction, however, in-
creases with the concentration of sulphuric acid.
Todine monochloride has also been found to catalyse
the reaction. From a number of trial experiments
utilizing the high acidity of the solution with re-
spect to sulphuric acid and catalytic effect of iodine
monochloride, it was found possible to quantita-
tively oxidize thiourea and its organic derivatives
to their corresponding disulphides.

In this method thiourea and its alkyl and aryl
derivatives have been determined by oxidizing them
to their corresponding disulphides by an excess of

vanadate in sulphuric acid medium and determining’

the unreacted excess of the oxidant by titration
with standard ferrous ethylenediamine sulphate
(FES) solution wusing diphenylbenzidine as an
indicator.

Conclusion

All the oxidants described above quantitatively
oxidize thiourea and its derivatives to salts of
their corresponding disulphides (I)

RNH

>c—s—s—c<

7

HN NH
I

NHR

which are the products of oxidation in acidic
medium of compounds containing the thiol (—SH)
group. This suggests that thiourea in the presence
of acids is a cation (II),

+
H,N
1I

which is derived from the zwitterion structure of

thiourea (III)
N
C—S~
)

+
H,N
II1

This is in conformity with its property of being

a neutral substance but reacting with acids as a

monoacid base forming stable salts. .

All the methods developed with the various
reagents for the oxidimetric determination of thio-
urea and its alkyl and aryl derivatives are simple,
accurate and rapid under the specified conditions.
Particular mention may be made of primary stan-
dards, potassium iodate, potassium dichromate,
potassium bromate and diethylene tetra-ammonium
sulphatocerate (DTS) which have been used for the
direct oxidimetric determination of thioureas. ~All
these reagents form stable solutions which do not
deteriorate even on long standing. These reagents,
therefore, can be recommended for this work.
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As the solubility of DTS is limited, it can be used
for the determination of small quantities of thio-
urea and its organic derivatives.
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Biochemical Effects of Trace Element Toxicities

N. RAMAN & P. S. SARMA
Department of Biochemistry, Indian Institute of Science, Bangalore 12

VER since the middle of the nineteenth century,
E many clements such as iron, copper, cobalt,

zinc, molybdenum, iodine, cte., have been shown
to occur in various organisms in minute amounts,
The presence of these elements as an integral part
of various important cell constituents, such as
haemoglobin, hacmocyanin, carbonic anhydrase,
nitrate reductase, vitamin By, and thyroxine, indi-
cates the important role played by them in the
metabolism of living organisms. The significant
part which they play in the harmonious well-being
of plants and animals is underlined by the fact
that many nutritional disorders of both the phyla
can be ascribed to trace element deficiencies or
toxicities. To mention only a few examples, iodine
deficiency has been shown to be the cause of ende-
mic goiter!, while avian * perosis * has been demon-
strated to be due to manganese deficiency®.  Further,
“teart’, the scouring discase of cattle, is the result
of intake of excess molybdenum?®, and chlorosis in
plants is caused by toxic amounts of cobalt, nickel,
copper, manganese and cadmium?,

Subsequent to the classical work of Hart ef al.5,
who uncquivocally proved the involvement  of
copper, besides iron, in hacmoglobin formation,
many aspects of trace clement metabolism have
been  extensively  studied.  Thus  Vallee$  and
Lehninger? have discussed the dependence of en-
zymes  on  trace clements  for their activity.
Marston® and Hewitt?? have described the general
metabolism of trace elements in animals and plants,
while Vallee!®, Cotzias!! and Coons'? have reviewed
the work done on various aspects of the metabolism
of individual trace clements. The treatise by
Underwood!® contains a detailed account of the
rescarches on the nutritional aspects of all the
important trace clements.

For a study of the role of trace clements, two
different lines of approach have been adopted.
The first is an investigation of various naturally
occurring discases of man and cattle caused by
deficiency or toxicity of a single trace element, while
the second consists of an investigation of the effects
of either a deficiency or an extremely high amount

of a single trace element present in an otherwise ade-
quate diet for animals, or in the media for micro-
organisms. As an example of the former, the
influence of copper on ‘teart’ can be quoted!.
The present review summarizes the work carried out
for several ycars adopting the latter approach,
primarily with a view to elucidating the toxicologi-
cal mode of action of heavy metals in their cationic
(Co%*, Ni2* and Zn?') or anionic (molybdate) forms,
and the possible interference of these heavy metals
in the function of essential metals, particularly with
respect to iron and magnesium.

Zinc Toxicity and Purine Metabolism in the
Lepidopterous Insect, Corcyra cephalonica St.

Smith and Larson'> demonstrated that the growth
inhibition and anaemia induced by zinc toxicity in
rats were quite unrelated processes. Liver extract
partially reversed the growth inhibition without
correcting the anaemia. Copper was also able to
restore to normal, the levels of the iron containing
enzymes, cytochrome oxidase and catalase!'®:17,
though it was suggested that disturbance in the
normal enzyme make-up did not explain the toxic
action of zinc!”. To investigate the universality of
the above phenomenon, zinc toxicity was studied in
Corcyra ccphalonica St. which has been shown to
resemble the rat in its nutritional requirements and
metabolism?8,

Similar to the phenomenon observed in the rat,
small amounts of copper sulphate (0-01 per cent of
the basal diet) restored to normal the decrease in
catalase levels, caused by 0-4 per cent zinc sulphate
in the basal diet, without affecting the growth
inhibition'. A zinc-copper antagonism, manifest-
ing itself both at the level of absorption in the gut,
and the cellular level as implicated in the rat®,
may also play a role in the larva of Corcyra. \When
the effects of liver extract and vitamin B, were
studied, it was found that both these reduced the
high incidence of mortality induced by 1 per cent
zinc in the diet without affecting the growth
inhibition. However, the partial growth inhibition
caused by only 0-4 per cent zinc sulphate in the
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diet was found to be completely reversed, and on
weight basis liver extract was found more effective
than vitamin By,. Hence, factors other than vita-
min By, in the liver extract were looked for. An
alkali stable fraction of the liver extract resembled
the parent material in restoring to normal the
observed inhibition in growth. Other vitamins of
the B group were also screened for their ameliorat-
ing effect, but were found to be comparatively
ineffective. To test whether the beneficial activity
of the alkali stable factor was due to its content
of nucleic acids, the influences of DNA and RNA
were next studied. Both the nucleic acids were as
potent as the alkali stable fraction. Since the up-
take of zinc was not affected, the possibility of the
nucleic acids chelating with zinc to make it un-
available was considered a remote possibility. An
imbalance in nucleic acid metabolism involving the
enhancement of the requirement of nucleic acid
per se, or some of their structural constituents,
due to zinc toxicity to Corcyra, was, therefore,
indicated!.

As a natural corollary to the above findings, the
ability of the constituents of DNA and RNA to
overcome zinc toxicity in this insect larva was
studied, since nucleic acids are known to be degraded
to their structural constituents in the gut®>. Among
the purine bases tested, only adenine and guanine
at 0-5 per cent levels annulled the growth depressing
effect of excess zinc, while neither the precursor of
pyrimidines such as orotic acid nor a typical pyri-
midine base like cytosine had a beneficial influence.
RNA nucleotides obtained by alkali hydrolysis
according to the method of Herbert ef al.?® and the
purire nucleotides, adenosine and guanosine, resem-
bled the free purine bases in their action®*. Since
the capacity of adenosine to form chelate com-
pounds with metals was reported to be poor®*, a
disturbance in purine metabolism, due either to an
inhibited de movo synthesis or to an accelerated
catabolism of purine bases consequent on the intake
of excess zinc, was suggested. The salutary influence
of vitamin B, a deficiency of which depresses
purine synthesis in the rat®”, on zinc toxicity in the
lepidopterous insect could also be explained on this
basis. All these data indicate that the primary
lesion due to zinc toxicity in Corcyra is an impair-
ment in purine metabolism.

Zinc Toxicity and Ascorbic Acid
Metabolism in Rat

Earlier observations of Sadasivan® that intake
of excess zinc by the rat affected the levels of liver
alkaline phosphatase were confirmed. In view of
the reported correlation between ascorbic acid levels
and alkaline phosphatase activity?®, the effect of
zinc toxicity on tissue ascorbic acid content was
studied. A depletion of the vitamin C content of
the liver was observed. Liver extract partially
restored the depressed growth, concomitantly cor-
recting the levels of alkaline phosphatase and vita-
min C. Vitamin By, resembled liver extract in its
effect on the inhibited growth and enhanced enzyme
level, but it did not alter the ascorbic acid content.
The alkali stable fraction of the liver extract parti-
ally counteracted only the growth inhibition. DNA
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was ineffective unlike in Corcyra cephalonica St.
The ability of vitamin By, to bring alkaline phos-
phatase levels to normal without restoring the
growth inhibition was similar to the effect of copper
on zinc toxicosis'®!®.  The fall in ascorbic acid
content of the liver, considercd in conjunction
with the observation that the mammalian cell
contains the full complement of enzvme for ascorbic
acid biosynthesis®, pointed to a decreased ascorbic
acid synthesis in zinc toxicosis®L.

Heavy Metal Toxicities and Ascorbic Acid
Metabolism in Phaseolus radiatus

Evidence in literature, though equivocal, indi-
cates that ascorbic acid synthesis by plants is
governed by their trace element nutrition. For
instance, the observations of Hewitt ¢ al.3? that,
under conditions of molybdenum deficiency, ascorbic
acid content was low in plant tissue has not been
confirmed by others®. The prevalence of trace
element interrelationships further complicates the
situation. This aspect of trace element metabolism
was studied with a view to elucidating the role of
trace elements on ascorbic acid biosynthesis by
P. radiatus during germination. None of the
trace elements studied was inhibitory either to
growth or to accumulation of ascorbic acid up to a
concentration of 5x107%M; both the parameters
were, however, affected when the amount of trace
clements was increased to 1x102M. The trace
elements were supplied as their organic acid salts
to circumvent the inhibitory effect of anions®-36.
Zine, magnesium and iron depressed the growth
and synthesis of ascorbic acid, while manganese and
copper suppressed the growth without affecting the
vitamin production. Iron counteracted the effect
of zinc in inhibiting ascorbic acid synthesis without
restoring the suppressed growth to normal. In the
light of the observations of Hewitt?, that zinc toxi-
city induced iron deficiency chlorosis, these findings
might indicate an interference by zinc in iron uti-
lization by the scedlings.  Accordingly, the reversal
by iron was possibly indicative of a role for iron in
the biosynthesis of ascorbic acid by P. radiatus.
Moreover, the inhibitory effect of excess iron on
ascorbic acid synthesis was annulled by manganese.
Somers and Shive?? had shown that if the optimal
ratio of 2 between iron and mangancse was
altered, one metal became  toxic, inducing a
deficiency of the other. A similar relationship
might hold good for ascorbic acid synthesis as
well31.

Molybdenum Toxicity and Sulphur Amino
Acid Metabolism

The ability of toxic amounts of molybdenum to
induce copper deficiency in ruminants® had been
demonstrated to be governed by the nutrient status
of inorganic sulphate®. Intake of excess molyb-
denum in rats enhanced the activities of liver and
kidney alkaline phosphatases®, which could be
corrected by feeding sulphate, thiosulphate, cysteine
and methionine®.  In arimals, these experimental
data could not be explained on the basis of any
relationship  between  molybdenum  and  sulphur
amino acid metabolism.
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The presence of excess molybdenum in the
medium was found to inhibit the growth of a wild
strain of Neurospora crassa Em 5297a. This effect
of molybdenum was annulled by small amounts of
sulphate, sulphite, thiosulphate, cysteine, cysta-
thionine, homocysteine and methionine!?. In view
of the well-known biosynthetic relationship of these
sulphur compounds in this organism?3, it was ap-
parent that toxic amounts of molybdenum caused an
impairment in methionine biosynthesis. As thio-
sulphate was more efficient than sulphate, it
appeared that ‘the conversion of sulphate to thio-
sulphate was affected. All the sulphur compounds
tested had no influence on molybdenum uptake,
when the metal was present in the culture fluid in
such concentration as to cause inhibition of growth.
The extent of inhibition of growth due to molyb-
denum toxicity was inversely related to the concen-
tration of sulphate or thiosulphate in the medium.

Molybdenum did not influence the uptake of
labelled sulphate by growing cultures of the micro-
organism, while the uptake by preformed mycelia
and subsequent incorporation into protein were
inhibited. The decrcase of the label in mycelial
protein was due to low content of cysteine and
methionine. These results led to the conclusion
that molybdenum toxicity in N. crassa interfered
with the biosynthesis of the essential amino acid,
methionine, ,possibly at the stage of sulphate acti-
vation. When the metal was present in the
medium at a concentration which did not inhibit
growth, sulphate, sulphite, thiosulphate, cysteine
and methionine depressed the accumulation of the
metal by the mycelium?.

The mechanism by which molybdenum toxicity
was manifested in Aspergillus niger appeared to be
different from that in N. crassa. The amounts of
methionine required to overcome the growth inhi-
bition was 5 pg. per ml. culture fluid in the case of
N. crassa, while it was 20 mg. per ml. basal medium
in the case of A. miger. With the restoration of
growth to normal, a concomitant decrease in the toxic
metal accumulation by A. niger was observed?®.

Molybdenum toxicity appeared to differ from
other heavy metal toxicities in 4. niger. Magnesium
had no influence either on the growth inhibition due
to molybdenum toxicosis or on the uptake of the
toxic metal. This was in contrast to its influence
on cobalt, nickel and zinc toxicities in this mold.
The beneficial influence of iron was found to be
dependent on the amount of molybdenum in the
medium. When the amount of molybdenum in
the culture fluid was increased twofold, from 5 mg.
to 10 mg. per 10 ml. basal medium, the amount of
iron required to counteract the growth inhibition
was found to increase nearly a thousandfold from
5 pg. to 4 mg. per 10 ml. culture fluid. With the
restoration of growth to normal, the uptake of the
toxic metal was also suppressed (Raman, N. &
Sarma, P. S., unpublished data). This is in contrast
to the effect of iron on cobalt toxicity in A. niger.

Trace Element Interrelationships in
Cobalt, Nickel and Zinc Toxicities

In plants, iron deficiency chlorosis could be
induced by extraphysiological concentrations of

heavy metals like cobalt, nickel, zinc, etc.t. Abelson
and Aldous?” observed that the deleterious effect
produced by excessive amounts of cobalt, nickel,
zinc and cadmium in Torulopsis utilis, Aerobacter
aerogenes, Escherichia coli and A. miger could be
counteracted by magnesium, indicating that the
toxicity of these heavy metals interfered with
magnesium metabolism. In N. crassa, cobalt toxi-
city induced a decrease in the activities of iron
dependent enzymes. This decrease could be re-
stored to normal, without affecting the inhibited
growth, by smiall amounts of iron*. The toxicities
of the heavy metals cobalt, nickel and zinc were
extensively investigated in various organisms to
determine their universality%.

Studies with A. niger

To study the detailed mechanism by which cobalt,
nickel and zinc induced their toxicities in A. niger,
three parameters of comparison were chosen, viz.
growth, acid production and glucose utilization.
Nickel was found to be the most toxic followed by
cobalt and zinc in that order. The organism tole-
rated a fairly large amount of zinc, unlike cobalt
and nickel. Concomitant with the suppression of
growth, the acid -production and glucose utilization
were also depressed.

Since the earlier studies®*"4® indicated that
excessive amounts of heavy metals probably inter-
fered with the metabolism of iron and magnesium,
the influence of the latter two metals on heavy
metal toxicosis was investigated. Though magne-
sium counteracted the growth inhibiting effect of
all the three heavy metals, it was most effective in
zinc toxicity. The decreased acid production caused
by excessive amounts of nickel or zinc in the
medium was restored to normal by magnesium,
while that caused by cobalt toxicity was unaffected.
A similar beneficial effect was observed on the
impaired glucose utilization. The amounts of
magnesium required to correct the deranged acid
production and glucose utilization were compara-
tively higher than that required to restorc the
depressed growth to normal. These data indicated
that the three parameters were probably indepen-
dent effects of different levels of heavy metal ions.
Complete annulment of zinc toxicity by magnesium
was indicative of a conditioned deficiency of magne-
sium duc to zinc toxicosis. Iron had a salutary
cffect on the deprcssed growth caused by excess
cobalt, nickel and zinc in the medium. However,
greater amounts of iron than magnesium were
required for manifestation of this cffect. Iron
restored the impaired glucose utilization to normal
only in cobalt toxicosis. It was without effect on
the decreased acid production, due to all the three
heavy metal toxicities, probably because iron by
itself has been reported to repress acid production
by this fungus®. These data also suggested that
cobalt toxicity was a conditioned iron deficiency.
Sporulation was restored in this mold only when
magnesium annulled the heavy metal toxicities,
while iron was ineffective. From the above findings
it was apparent that the three heavy metals differed
in their possible modes of action though their gross
overall effects were similar.
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A study of the influence of magnesium on toxic
metal uptake by the mold revealed that only the
uptake of zinc and nickel was suppressed, but not
that of cobalt. The uptake of the toxic metals
was only partially suppressed by magnesium, with
restoration of growth to normal, whercas a greater
inhibition of the heavy metal accumulation by the
fungus was observed when the other two disturbed
parameters were corrected. It is quite probable
that low levels of magnesium controlled the uptake
of the toxic metal at sites associated with overall
growth, while the binding of the toxic metals at
other loci was strong, thereby making the presence
of higher amounts of magnesium obligatory. A
mathematical analysis revealed that the antago-
nism between zinc or nickel and magnesium was
similar even quantitatively. Unlike magnesium,
iron had no repressive effect on the uptake of the
heavy metals concomitant with the annulment of
toxicity. This is probably duc to a redistribution
of the toxic metal to innocuous binding sites within
the cell®2.

Studies with N. crassa

Abelson and Aldous?” had conclusively proved
that the status of magnesium nutrition governed
the induction of heavy metal toxicities In many
microorganisms. The cxistence of such a pheno-
menon had not been investigated in N, crassa.
The growth of the fungus was found to be directly
proportional to the concentration of magnesium,
up to a level of 50 ug. magnesium per 10 ml. basal
medium. Further increase in magnesium levels
did not result in enhanced growth. But the con-
ventional normal medium employed actually con-
tained 493-7 pg. magnesium per 10 ml. culture
fluid. However, it was found that the amount of
the heavy metals cobalt, nickel and zinc required
to induce toxicity in the former minimal magnesium
medium was one-tenth of those required to induce
similar effect in normal magnesium medium. En-
hancing the*magnesium contents of both the minimal
magnesium and normal magnesium media, under
conditions of these heavy metal toxicities, counter-
acted the growth inhibitory effects. The beneficial
cffect of iron was found to be dependent on the
magnesium content of the medium. More iron was
required to overcome heavy metal toxicities in
minimal magnesium medium and less iron in normal
magnesium medium.

As was the case with 1. niger, magnesium was
found to counteract by inhibiting the toxic metal
uptake by N. crassa while iron had no such cffect,
though it restored the inhibited growth to normal,

Investigations with Phaseolus radiatus

When the seeds were germinated for 72 hr in the
presence of toxic amounts of cobalt or zinc, a de-
crease in the growth of the hypocotyl and a parallel
increase in the weight of cotyledons were observed.
Magnesium restored the weights of the tissues to
control values while iron had no such effect. The
changes were more pronounced when the weights
of the individual parts of the seedlings were con-
sidered, indicative of a disturbed utilization of food
reserves. The control of the toxic metal uptake
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by magnesinm was pronounced in leaves and coty-
ledons than in the whole seedlings.  Further, thesc
studies were not strictly comparable with growth
experiments spread over a longer period, since in
short time studies the amount of reserve supplies
was restricted?®.

Studies with Corcyra cephalonica St.

This insect larva resembled the fungi, 4. niger
and N. crassa, in that cobalt and nickel were more
toxic than zinc. Iron counteracted the growth
inhibition due to all the three heavy metals, being
most effective in nickel toxicity. In contrast to
the microorganisms, magnesium  annulled  cobalt
and nickel toxicities, but not that due to zinc®.

Heavy Metal Toxicities and Metabolism of
Carbohydrates

One of the lesions induced by heavy metal toxi-
cities appeared to be a derangement in the meta-
bolism of the citric acid cycle intermediates, since
concomitant with growth, glucose utilization and
acid production were also inhibited. To explore
this possibility, the influences ol citrate, succinate,
fumarate, malate and pyruvate on cobalt, nickel
and zinc toxicities in A. niger were investigated.
Malate and pyruvate were the most effective in
restoring both the repressed growth and acid pro-
duction to normal. Additional inhibition by succi-
nate and the insignificant alleviating ecffect of
citrate on cobalt toxicity indicated the mechanism
of manifestation of cobalt toxicity was different
from those of the other two metal toxicities.
Generally, the acids had little influence on the
uptake of the toxic metal, except pyruvate and
malate. Concomitant with the annullment of toxi-
cosis, pyruvate in all the metal toxicities and malate
in zinc toxicosis suppressed the uptake of the
heavy metals. The primary lesion of the disturbed
organic acids metabolism appeared to be at the
level of the formation of pyruvic and malic acids,

Control Mechanisms in Iron Metabolism
in N. crassa

The capacity ol microorganisms to survive under
adverse conditions had been well established. A
striking example of the above could be seen in the
case of heavy metal toxicities. It was found that
under conditions ol cobalt toxicity, an iron binding
compound was seercted into the culture fluid by
N. crassa®. The compound had been found to
exhibit a specific affinity for binding iron. This
compound was also secreted under conditions of
straight iron deficiency. This has been shown to
be related to ferrichrome type of compounds, which
are  secreted by various  microorganisms under
conditions of iron deficiency. The role of these
compounds in iron metabolism have been extensively
reviewed®5 Such iron binding compounds could
not be detected in the culture fluid under conditions
of nickel and zine toxicities.  This would indicate a
direct antagonism between cobalt and iron, and
also the fact that the organism developed a mecha-
nism to bind and make available any iron, under
conditions of stress caused by the unavailability
of this essential metal. The survival value of this
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phenomenon was evident from the metabolic potency
of iron, chelated in this manner.

Conclusion

On the basis of the studies carried out so far,
it may be concluded that heavy metals like cobalt,
nickel and zine induce a gross effect which can be
finally traced to a derangement in iron and/or
magnesium metabolism. A parallel situation exists
in plants, where different heavy metals ultimately
induce an iron deficiency resulting in - chlorosis?.
But subtler differences in the mode of action of
heavy metals are evident.  For example, only in
the case of cobalt, a direct antagonism between
cobalt and iron can be established, but not in the
case of the other heavy metals. Zine toxicity
primarily interferes with the metabolism of nucleie
acid intermediates in rice moth larva and mag-
nesium metabolism in microorganisms.

The toxic effects produced by any metal also
vary with the test organism employed in the in-
vestigation.  This has been very well indicated in
the case of molybdenum toxicity. In N. crassa it
impairs the biosynthesis of sulphur amino acids,
while in A. niger its mechanism of action appears
to be different.  Molybdenum  toxicity appears to
be different from other heavy metal toxicities in
that magnesium has no beneficial influence on the
former, even though it does exert its effect on the
latter.

The interference with iron and magnesium meta-
bolism by heavy metals is substantiated by the
general counteracting  effects of the former two
metals  though subtler differences  are apparent.
There is also a basic difference in the modes of
action of iron and magnesium. Magnesium gene-
rally exerts its beneficial effect by suppressing the
uptake of the toxic metal, while iron counteracts
the toxic effect without inhibiting the entry of the
toxic metal into the cell.

The isolation of the iron binding compound under
conditions of cobalt toxicity or direct iron deficiency
in N. crassa and its metabolic potency in iron
nutrition emphasize the role ol such types of
chelated iron compounds in iron transport. Thus,
studies on heavy metal toxicities not only lead to
an understanding of the mode of action of the
toxic metal but also provide an insight into certain
aspects of normal cell function.

Summary

Biochemical effects of trace clement toxicities in
different types of organisms have been reviewed.
These include: (i) zine toxicity and purine meta-
bolism in Corcyra cephalonica St.; (ii) zinc toxicity
and ascorbic acid metabolism in the rat; (iii) heavy
metal toxicities and ascorbic acid metabolism in
Phascolus radiatus; (iv) molybdenum toxicity and
sulphur amino acid metabolism in  Newrospora
crassa and  Aspergillus miger; (v) trace element
interrelationships in cobalt and zinc toxicities in
A. niger, N. cvassa, P. radiatus and C. cephalonica;
(vi) heavy metal toxicities and metabolism of carbo-
hydrates; and (vii) control mechanisms in iron
metabolism in N. crassa. On the basis of the
studies carried out so far, it has been concluded

that trace clement toxicity is dependent on the
nature of the trace clement as well as the organism
mvestigated. It is also concluded that heavy
metals like cobalt, nickel and zinc induce gross
biochemical effects which can be finally traced to
iron and/or magnesium metabolism. It is indicated
that studies on heavy metal toxicities provide an
insight into certain aspects of cell function.
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Symposium on Recent Advances in Development, Production &
Utilization of Medicinal & Aromatic Plants in India

A Symposium on Recent Advances in Development,
Production and Utilization of Medicinal and Aromatic
Plants in India will be held at Lucknow during 12-14
January 1966 under the auspices of the Central Indian
Medicinal Plants Organization. ~ The symposium will
confine itself to developments in the production and
utilization of medicinal and aromatic plants in India
since 1955. The main topics of discussion at the
symposium will be: (i) Distribution, acclimatization,
collection and cultivation of the plants; codes of
practice for their storage, handling, processing, etc.;
(i) Improvement of the plants by methods of
selection, hybridization, induced mutations, etc.;
(iil) Pests and diseases of the plants and their control;
(iv) Standardization of plant materials, process
equipment, etc., with a view to upgrading the yield
and quality of the products derived therefrom;

(v) Pharmacological and microbiological studies
on products derived from medicinal and aromatic
plants; (vi) Studies on insecticidal, insect-repellent,
pesticidal and fungicidal properties of medicinal and
aromatic plants and the products derived therefrom;
(vii) Utilization of medicinal and aromatic plants
based on their chemical and phytochemical charac-
teristics; (viili) Subjects of vital interest such as
Nematode problem in patchouli, Spike disease of
sandalwood, utilization of non-citral portion of
lemongrass oil, etc.; and (ix) Survey and availatility
of medicinal and aromatic plant materials and
products made therefrom, their import and export.

Details regarding contribution of papers and other
information can be had from Dr S. C. Datta, Central
Indian Medicinal Plants Organization, 4 Sapru Marg,
Lucknow.



REVIEWS

VARIATIONAL TECHNIQUES IN ELECTROMAGNETISM
by Laurent Cairo & Théo Kahan (Blackie & Son
Ltd, London), 1965. Pp. xv+-152. Price 27s. 6d.

Variational techniques have becn widely employed

in the solution of quantum mechanical and other

problems in the Jast 15 years. This book contains a

useful introductory account of these techniques and

their application to the . electromagnetic theory.

The first chapter describes some concepts of vector

space and introduces the delta function; the second

chapter introduces dyads; Green’s functions are
described in the third chapter; a survey of the
variational principles is given in the fourth and the
fifth chapters, and the applications of variational
principles to the solution of diffraction, scattering and
waveguide propagation problems are given in the
next six chapters. There are two appendices, one
on the axiomatic definition of a vector space and the
other describing the bra and ket notation of Dirac.

The book does not describe the physical significance
of the results; it is concerned only with the mathe-
matical techniques. Even the electromagnetic equa-
tions or the significance of the boundary conditions
imposed on the electric and the magnetic fields are
not explained adequately anywhere. The book is,
therefore, not meant for a beginner or a general
physicist; it is valuable only to the specialist who
wants to use these techniques in his own work.

There are some statements in the book which need
to be corrected or elaborated. For example, the
statement 3(a) on p. 26 about the symmetry of
Green’s function is not true for the explicit expression
(3.15). The addition theorem for spherical harmonics
mentioned on p. 28 should be stated. The intro-
duction of the operator £(x) on p. 30 is unnecessary
and the difference of minus sign between the P used
in Eq. (3.29) and the P used earlier should be avoided,
or, at least, stated. The employment of variations
on p. 43 that vanish at the boundaries needs further
explanation, and the condition ¥’ =¥ should be more
precisely stated to be true only at the limits or to
first order in « elsewhere. The use of A for denoting
variations on p. 43 is confusing in view of its earlier
definition in Eq. (4.3) as the Laplacian operator.
The statement about the definition of electromag-
netic coupling on p. 61 should be further elaborated.
Lastly, the reviewer would suggest the use of tensor
notation which is clearer and much more powerful
than the dyad notation employed in the book.

The book is very well printed, though there are
some minor errors left. To mention a few, the
left-hand side of Eq. (3.21) should-be f(r, 0, ¢) instead
of (7, 0, ¢); the sign in one of the identities on p. 30
should be plus instead of minus; the second expression
for [A] in Eq. (4.24) ought to have been £ and not
£. On p. 79, N should be defined as ¢¥'[on and
not oW'/on’.

The book is recommended to the theoretical
physicists intersted in finding approximate solutions
of quantum mechanical or electromagnetic problems.

. VACHASPATL

ELECTROMAGNETIC ASPECTS OF HyPERsonIC Frow
edited by Walter Rotman, Howard K. Moore &
Robert Papa (Spartan Books Inc., Baltimore),
1964. Pp. ix+369. Price Rs 75.00

When an aerospace vehicle re-enters the earth’s

atmosphere, it is surrounded by a plasma sheath and

further trailed by a wake of ionized gas. Ionization
of the flow around the vehicle arises due to several
causes, such as the shock heating of the atmospheric
gases during re-entry, the plume exhausts of both
chemical rockets and electrical propulsion engines,
and solar radiation. In recent years, interest around
the nature and properties of the plasma sheath
surrounding the space vehicle has grown enormously
consequent to the discovery that the sheath is
able to black out radio communication and distort

radar signals. The volume under review is a

collection of papers presented at the second sym-

posium on ‘ Plasma sheath — Its effect upon re-

entry communication’ held in Boston in 1962,

and provides the radar with the very recent ad-

vances in several topics of technological import-
ance in re-entry communications and diagnostic
techniques.

The first few papers in the book deal with
the electrical properties of ionized flow fields and
the effects of contaminants in changing plasma
parameters. A second and more important topic
treated in several of the papers relates to the
radiation characteristics of plasma covered antennas.
Although estimates of signal attenuation during re-
entry have usually been based upon the idealized
assumption of a plane wave incident on a semi-
infinite slab of plasma, this does not adequately
describe the changes in the radiation patterns of
a small aperture antenna in a complex aerospace
vehicle. For example, the radiation patterns of a
slot radiator on a cylinder are drastically modified
by the presence of the plasma sheath even when the
plasma frequency is substantially below that of the
radio signal. The most direct method of improv-
ing communications and radar system reliability is
to increase the propagation frequency well beyond
the peak plasma frequency in the shock wave.
Other suggested solutions include the aerodynamic
modifications to the airframe and its radiating sys-
tems, chemical additives for the reduction of electron
densities in the flow fields, and static magnetic fields
which can open radio frequency ‘ windows’ in the
plasma.

A third group of papers in the book deal with
diagnostic techniques for flow field studies, re-entry
radar cross-section, effects of static magnetic fields
and voltage breakdown of antennas at high altitudes.
The diagnostic techniques include instrumentation
for hypersonic shocks and wind tunnels, for ballistic
ranges, and for missile flight tests.

It needs hardly to be mentioned that this book
will be warmly welcomed by all workers in hypersonic
flow and re-entry physics.

K. S. VISWANATHAN
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ELEMENTARY Prasma Prysics by Lev A, Aro-
zimovich (Blaisdell Publishing Co., New York),
1965. Pp. 188. Price § 2.25

Recently a number of books have appearced on plasma

physics, but they are meant for persons familiar with

physics usually taught at the postgraduate level.

The volume under review is a remarkable book in

which the principles of plasma physics are discussed

from the point of view of a reader familiar with
higher secondary school physics and mathematics.

The author has succeeded in this job. Starting from

the properties of charged particles in electric and

magnetic fields, he discusses the fundamental pro-
perties of plasma, and describes experimental tech-
niques for determining the parameters characterizing

a plasma. The subject is developed to the point

when the reader is able to appreciate the technological

applications of plasma to thermonuclear reactions and
plasma engines.

The book makes a very interesting reading and
can be recommended to any general reader interested
in plasma physics and its applications.

F. C. AuLuck

PROGRESS IN DIELECTRICS: Vol. 6, edited by J. B.
Birks & J. Hart (Heywood & Co., London), 1965.
Pp. vii+334. Price 84s.

The book consists of 4 critical reviews on electric

force effects that occur in dielectric liquids, polymeric

semiconductors, space charges in dielectrics and the
theory of ionic and electronic mobility in liquids.

Each of these review articles and an extensive

bibliography on energy transfer in polyacenc solid

solutions are written by the authors who are experts
in their fields.

The polymeric semiconductors is a new class of
materials and these materials are becoming increasing-
ly important. The authors of this article have given
a full and up-to-date account of the composition and
properties of polyacene quinone radical polymers,
polymeric donor-acceptor complexes and biological
polymers. Special attention is given to experimental
techniques. The electrical behaviour of these mate-
rials is related to that of organic crystals and hence
the inclusion of bibliography on enecrgy transfer in
solid polyacene solutions is very appropriate. The
article on space changes in diclectrics is devoted to the
theoretical as well as experimental studies of the topic
and is very lucid. Similarly, the articles on the
theory of ionic and clectronic mobility in liquids and
on electrical force effects in dielectric liquids are very
detailed descriptions of the progress that we have
made in understanding these subjects. An extensive
bibliography is given at the end of each of the four
review articles. Subject index and author index are
given at the end of the book.

The book certainly fulfils the aim of the series
(of which it is the sixth volume) ‘““to provide a
common meeting point for all interested in dielec-
trics — the electrical engineer, the physicist, the
clectronic engineer, the molecular chemist, the hio-
logist and the technologist in the whole range
of newer dielectric materials ’. It will be warmly
received by scientists interested in many different
disciplines.

S. C. Jaix
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POLYMERS: STRUCTURE AND BULK PROPERTIES DYy
P. Mecares (D. Van Nostrand Co. Inc., New York),
1965. Pp. xii-{-189. Price 27.6s.

In recent years great advances have been made in the

control exercised in the syntheses of large number of

polymers.  The enormous variability of polymer
technology has provided a  whole spectrum  of
substances that can be made depending on the ratio
of the three phases, liquid, solid and rubber, put into
the system.  With such a wide spectrum of materials
possessing a wide range of physical properties,
information on the structure and bulk properties
becomes valuable for successful utilization of the
materials in industries and in well-known popular
usages. This book on polymers — their structure
and bulk properties provides an excellent account of
current knowledge of the physical properties of
polymers in bulk in relation to their molecular
structures.  The first three chapters on chemical
basis of polymers, the microstructure of chain mole-
cules and molecular weight and branching give well-
understood knowledge and information on the control
and  characterization of the molecular structure
relevant to the bulk properties of the polymers.

Chapters 4 and 5 deal with crystalline polymers,

principles of crystalline structure, morphology of

crystalline polymers, gencral kinetic features of
crystallization among other related topics.

The remaining eight chapters are devoted mostly
to amorphous polymers, developing the thermo-
dynamics of rubber-like elasticity, the statistical
thermodynamic theory of high clasticity, practical
aspects of clasticity theory, the nature of visco-
clasticity, retarded high elasticity and irreversible
deformations.  Mechanical properties of polvmeric
glasses, theories of glass transition are described in
some detail.  Diffusion of gases and vapours in
polymers and irreversible deformations, theorctical
treatment of bulk viscosity, effect of temperature
and molecular weight on viscosity and related topics
are covered in the Jast two chapters in the book.

The book is well written and well indexed. It will
be very useful to advanced students and research
workers in polymer science. To the technologists
in industry who need to understand bulk properties
of polymers to sclect wisely their materials for specific
end nses, the book will also be useful.

M. 5. MuTHANA

Crassics oF SCIENCE: Vol 2—ThE DIscOvERY or
RADIOACTIVITY AND TrRANSMUTATION cdited by
Alfred Romer (Dover Publications Inc., New York),
1964. Pp. xi+4233. Price $1.65

This book 1s Vol. 2 of the Classics of Science series

and is a collection of articles by Becquerel, Ruther-

ford, Crookes, Soddy, P. Curic, M. S. Curic, Laborde
and Ramsay — pioncers in the ficlds of radioactivity
and transmutation — with editorial comments.

The first chapter deals with the discovery of the
uranium radiation which was mistaken to be phospho-
rescence.  Rutherford’s discovery of similar radiation
cmitted by thorium forms the second chapter.  The
chemical investigations of Sir William Crookes on the
radioactivity of uranium and the separation of
uranium-X arc included in Chapter 3. Chapter 4
deals with investigations on the nature of changes
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oceurring as a consequence of these radiations, while
Chapter 5 outlines the estimates of the energy involved
in the radioactive change. Chapter 6 contains an
article by Ramsay and Soddy, cstablishing the
transmutations beyond doubt.  The Bakerian lecture
of Rutherford forms Chapter 7 giving a detailed
disposition of the subject.

Some of these articles are translated versions of the
originals.  The articles themselves are highly interest-
ing and are well selected to form a coherent picture of
the history of the field. A reader never fails to see
the systematic approach in the development of the
time-consuming investigations with the then available
cquipment.  The editor has carefully selected the
papers and divided them into chapters to deal with
the progressive development under separate heads
and connected the articles as well as the chapters
with his commentary.

On the whole, the book makes an interesting read-
ing even to a layman and can be recommended
to every student concerned with the history of
science, in general, and history of radioactivity, in
particular.

V. LAKSHMINARAYANA

MiLLING METHODS IN THE AMERICAS edited by
Nathanicl Arbiter (Gordon & Breach Science
Publishers, New  York), 1964. Pp. viii-|-486.
Price § 7.50 (paper); $ 11.50 (cloth)

This publication issued on the occasion of the

Seventh International Mineral Processing Congress,

1964 and the Centennial Celebrations of the School

of Mines, Columbia University, surveys, as the title

indicates, the mineral processing operations in the

Americas.

There are 20 chapters in the publication.  Two are
of general interest and the remainder covering
processing of mineral commodities in Chile (1),
Canada (5) and USA (12) truly represent the milling
methods in the Americas.  The editor has to be con-
gratulated for sccuring contributions on representa-
tive milling operations, covering, in general, ‘the
larger and newer plants producing the more important
minerals . Al the  chapters are contributed by
experts in the field and deserve study by scientists,
technologists, mill operators and businessmen interest-
ed in the processing of minerals.

Special mention must be made of the sccond
chapter on * Present trends in mill design’, wherein
attempts have been made to correlate major trends
in mill design with important technological develop-
ments of the last decade involving the use of
(i) hydrocvelone particularly in fine grinding circuit,
(1) instrumentation and automatic control, and
(ii) the employment of new techniques, tools and
materials.  This chapter containing many  useful
facts, personal observations and conclusions of the
authors on their experience will be of special interest
to metallurgists designing new plants.

The publication covers information on a number of
minerals, both metallic and non-metallic, and also a
variety of methods employed for their processing.
The commodities covered include iron ores, including
taconite (3), copper (3), copper-nickel (1), lead (1),
zine (1), lead-zine (1), uranium (1), gold (1), colum-
bium (1), beach sands (1), ilmenite (1), asbestos (1),

phosphates (1) and potash (1). It is not possible
to give all the details in this short review. However,
it may be said that most of the milling methods
have been comprehensively described and profusely
illustrated with flowsheets, diagrams and photo-
graphs.

Chapters 5, 7 and 10 on processing of iron ores
alter beneficiation to pellets are of special significance
to India with large reserves of iron ore. Similarly,
Chapters 15 and 16 on the recovery of nickel and
molybdenum as byproducts from copper ores are
cqually important. These chapters could have been
more useful, if data on flotation, reagent additions
and chemical analyses of products at various stages
of processing had been made available. Another
interesting fact is the recovery of nickel sulphide from
Bessemer matte at Copper Cliff (by flotation).

Although the details of many of the plants described
are available scattered in the technical literature,
Prof. Arbiter has to be complimented for making them
available together in a single volume.

G. V. SUBRAMANYA

SOLUBILITIES OF INORGANIC AND ORGANIC CoM-
poUNDs: Vol. IT — TERNARY AND MULTICOMPO-
NENT SyYSTEMS, Part2, edited by H. Stephen &
T. Stephen (Pergamon Press Ltd, Oxford), 1964.
Pp. 947-2053. Price £ 12.10s.

This volume (comprising Parts 1 and 2) is part of the

two-volume extensive work of reference originally

compiled in Russian-—by a panel of scientists
specially appointed by the USSR Academy of Sciences
and subsequently brought out in English.

Carefully sclected data from the international
chemical literature on the solubility of elements,
inorganic compounds, metallo-organic compounds
and crganic compounds in ternary and multi-
component systems are presented in this volume,
while Vol. T dealt with their solubility in binary
system only.

To obviate ambiguity as to the exact structure of a
compound and also any possibility of misinterpreta-
tion resulting from various types of nomenclature,
the editors have ensured that all the compounds have
been named in accordance with the recommendation
of the Commission on Nomenclature of Organic and
Inorganic Compounds of the JUPAC. This enables
the user to combine, compare and evaluate without
difficulty the data obtained from a variety of sources
on the same or closely related compounds.

The extensive solubility data are presented in a
special tabular form (Tables 1-4955) dealing with
ternary systems and Table 4956 ¢t seq. devoted to
multicomponent systems. Tables are numbered
consecutively; the number on top left-hand corner
enables the location of any required compound in the
index published at the end of Vol. II Part 2
(pp. 1796 ¢t seq.), while numbers on the top right-hand
corner refer to the original literature reference from
which the data have been selected and these references
are arranged numerically on pp. 1762-95 in Vol. II,
Part 2.

The arrangement of the data in both ternary and
multicomponent systems is the same, namely the first
tables are systems in which an element is a component.
These are followed by data for systems containing
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inorganic compounds, then metallo-organic com-
pounds. Next in order are systems in which water is
one component, the remaining components being
organic, followed finally in the ternary section only by
systems all the components of which are organic
substances.

The sequence of tables containing elements,
inorganic compounds and metallic salts of organic
acids are determined by the position of the element
of the cation corresponding to the element in the
periodic classification of elements. The compounds
of each element are arranged: first the oxides and
their hydrates are given, and then salts of halogen
acids, followed by salts of other acids.

Salts of organic bases with inorganic and organic
substances are arranged within each group in
numerical order by the number of C, H, N, O and
other elements in the molecules of these compounds.

In the formula index, the formula of components A
(the substances dissolved) are arranged in accordance
with the systematization indicated above. The
components B, C (and D in the case of multicom-
ponent system) refer to the solvents in each case and
are arranged in line with component A.

In the index of compounds, the names of
component A are arranged alphabetically and con-
form to the IUPAC rules. Inorganic and metallc-
organic compounds are listed under the elements in
alphabetical order (except that acids, , hydrazines,
hydroxylamines, etc., have separate headings). The
organic compounds are arranged within the same
alphabet by the parent compound. The components
B, C and D in the case of multicomponent systems
are arranged alongside component A, also in alpha-
betical order.

Compilation of such data compressed into two

volumes is a highly difficult task, though the results
greatly benefit the research worker in saving time and
energy which otherwise would have been wasted
in searching out the various details from innumerable
(and often inaccessible) sources.
- For bringing out such a valuable reference work
the Soviet scientists who brought out the original
volumes should be highly commended and the
Pergamon Press and the editors of the English edition
congratulated in making these data available to the
whole English-speaking world.

Needless to say, this volume (and its predecessor)
will be highly useful as a reference work and as such
should find a place in all libraries.

B. C. SuBa Rao

RARE EARTH RESEARCH: II — Proceedings of the
Third Conference on Rare Earth Research, edited
by Kart S. Vorres (Gordon & Breach Science
Publishers, New York), 1964. Pp. xvi+621.
Price § 29.50

This book covers the proceedings of an international

conference on materials organized at the Carnegie

Institute, Washington, by the financial support of the

Buhl Foundation. - The conference was obviously

well attended by prominent workers as could be

assessed from the list of contributors as well as
from the names of participants appearing in the

‘ Discussion ’.  The papers, though they cover a

narrow field, are of a high calibre and are compre-

550

hensive. The policy committee has done well
in focusing its attention on some of the more im-
portant current problems in the field of solid state
chemistry and physics of transition metal oxides.’
The ten papers presented at this conference cover the
transport properties of transition metal compounds,
with particular emphasis on the role of the magnetic
structure. They deal both with experimental tech-
niques now employed, such as the neutron diffraction
and X-ray diffraction, as well as with the theoretical
aspects based on the band picture of solids.

The arrangement and the scope of the papers.
give a fine review to the worker in the field, for whom
the book will be extremely uscful, especially the lively
discussions which have been reproduced from the
original tape-recordings.

Being the ‘informal’ proceedings, the book lacks
an index and a list of all the participants and their
affiliations; even the affiliations and addresses of the
authors of the papers are not given. Nevertheless,
the book will be of interest to the specialized research
worker in many disciplines.

JAGDISH SHANKAR

Acip Base EquiLiBriA by Edward J. King (Perga-
mon Press Ltd, Oxford), 1965. Pp. xi-+341.
Price £ 6

This is a volume in the series on the International

Encyclopaedia of Physical Chemistry and Chemical

Physics. The volume under review is intended as an

introduction to experimental studies and theoretical

interpretation of equilibria and represents a fairly
thorough study of acidity functions under various
conditions. The subject is covered in 12 chapters.

A brief introduction to the subject is followed by a

critical account of the different experimental tech-

niques that have been adopted. A feature of the
volume is the choice of data and the illustrative
examples worked in detail taking data from original
papers which a beginner in the field will find quite
useful. The limitations of each method are clearly
indicated. The experimental section is followed by
one correlating acidity constants with molecular
structure. The use of the Born cycle approach of

Grimm in evaluating proton affinity sounds the

cautious note, *‘ it is difficult to obtain reliable values

for the proton . affinities of complex bases” - and

“more limited information about the behaviour of

complex acids in the gas phase can be obtained by

standard methods of statistical mechanics ”’. The
role of structure of solvents as well as of electrostatic
effects in proton transfers are clearly indicated.

A chapter which will be of particular interest to many

will be the one on temperature and pressure effects.

The impact of more recent work on mixed solvent

systems in electrochemical and kinetic studies is

noticed in the inclusion possibly for the first time
in such a monograph of sections on medium effects
and non-aqucous solvent systems. A careful study
of the volume will suggest many problems for further
study, both experimental and theoretical, and the
reviewer can strongly commend this to all workers
in this field. As one might expect, while there is
initial reference to Lewis acids, since only the

Bronsted theory is capable of quantitative analysis,

the volume treats acids and bases only in the
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Bronsted sense. A well-produced volume, it should
find a place in all advanced libraries, but the
prohibitive price will deter any college or indi-
Viduals, at any rate in this country, from buying a
('()p.\'.

S. V. ANANTAKRISHNAN

Abvances IN Rapiariox Brorocy: Vol. 1, edited by
Leroy G. Augenstein, Ronald Mason & Henry
Quastler (Academic Press Inc., New York), 1964.
Pp. x-+ 285, Price $ 11.00

This first volume in this series contains six essays on

specific topies by authors distinguished for their per-

sonal researches in the respective areas.

Harold A. Schwarz reviews recent works bearing
on the nature of the radicals produced in water by
radiation and on the rates of some of the reactions of
these radicals.  Gordon Tollin attempts to delineate
the essential features of the primary process of
photosynthesis from considerations of light absorption
and emission by plant pigments, clectromagnetic
energy transfer among and between pigment mole-
cules and the transfer and migration of electric charge.
D. E. Wimber considers various radiobiological effects
that may Dbe produced by intracellular  tritium
incorporation and cautions on the need to bear
these in mind in the design of experiments in which
this marvellously versatile tool is to be used as a
tracer, although, admittedly, there may be variations
within several orders of magnitude in the radio-
sensitivity to tritium  beta-irradiation of  different
organisms.  Arne Forssherg surveys known informa-
tion on biological ¢ffects of small doses of ionizing
radiations, the materials presented being chosen in a
somewhat arbitrary manner. These include cyto-
logical lesions, cell deaths and growth rate changes,
as well as biochemical and biophysical effects. “The
author has, in many cases, drawn attention to claims
of radiation activity which may need further enquiry.
J. Liebster and J. Kopoldova give a detailed picture
of the present state of knowledge of the reactions of
amino acids in aqueous solutions under the influence
of ultraviolet and, more especially, ionizing radiations.
I.. G. Augenstein, Tor Brustad and Ronald Mason
analyse extensively the nature of temperature cffects
on enzyme inactivation by various radiations vis-a-vis
the development of radiobiological damage and
conclude that non-ionizing excitations may play a
prominent — and  perhaps  predominant — role  in
enzyvme inactivation.

Radiation biology, like other emerging sciences,
i an interdisciplinary  subject  where  significant
advances have resulted from the coordination of
scphisticated concepts and methodologies associated
with the more traditional arcas of biology, chemistry
and physics.  Rescarch has also changed in many
ways from individual to teani effort and from simple
to more complex, in pattern and productivity.  Inan
arca of rapidly accumulating knowledge, therefore,
this series will be of immense value to keep us in
contact with branches of the subject other than our
own, to follow, in summary, techniques of experi-
mentation and developments, as well as, generally,
to draw guidelines for future progress in  the
subject.

A, SREENIVASAN

PUBLICATIONS RECEIVED

PROCEEDINGS OF THE FIRST AUSTRALIAN CONFERENCE
ON ELECTROCHEMISTRY edited by J. A. Frieud,
F. Guttman & J. W. Hayes (Pergamon Press Ltd,
Oxford), 1965. Pp. xvi+954. Price £ 10

CURRENT AERONAUTICAL FATIGUE PROBLEMS edited
by J. Schijve, ]J. R. Heath-Smith & E. R.
Welbourne (Pergamon Press Ltd, Oxford), 1965.
Pp. viii4-499. Price £6

SOLID  ORGANOALKALIMETAL REAGENTS: A NEW
CHEMICAL THEORY FOR JONIC AGGREGATES by
Avery A. Morton (Gordon & Breach Science
Publishers, New York), 1964. Pp. v--248.
Price § 14.50 (reference edition); $ 7.50 (profes-
sional edition)

TueE RIEMANN HyYPOTHESIS AND HiLBERT'S TENTH
ProBLEM by S. Chowla (Gordon & Breach Science
Publishers, New  York), 1965. Pp. xv-119.
Price § 6.50

QUARTERLY OF THE COLORADO SCHOOL OF MINES —
ELECTRICAL PROSPECTING WITH THE TELLURIC
CUrRreNT METHOD by M. N. Berdichevskiy;
translated and edited by George V. Kellar (Colo-
rado School of Mines, Goldan, Colorado), 1965.
Pp. vi4-216. Price $ 6.00

CHELATING AGENTS AND METAL CHELATES edited
by F. P. Dwyer & D. P. Mellor (Academic
Press Inc., New York), 1964. Pp. xv-+530.
Price § 17.00

HANDBOOK OF SATELLITES AND SPACE VEHICLES -
PRINCIPLES OF GUIDED MISSILE DESIGN by
R. P. Haviland (D. Van Nostrand Co. Inc., New
York), 1965. Pp. xvi+457. Drice $ 15.75

FUNDAMENTALS OF SEMICONDUCTOR DEVICES by
Joseph Lindmayer & Charles Y. Wrigley (D. Van
Nostrand Co. Inc., New York), 1965. Pp. x+
486. Price $11.95

AN INTRODUCTION TO PATENTS FOR INVENTORS AND
ExciNeers by C. D. Tuska (Dover Publica-
tions Inc.,, New York), 1964. Pp. xii+192.
Price $ 1.50

LIGHT SCATTERING FROM DILUTE PoLYMER SoLu-
TIONs — International Science Review Series:
Vol. 3, cdited by D. McIntyre & F. Gornick
(Gordon & Breach Science Publishers, New
York), 1964. Pp. xiv4166. Price $5.95

SELECTED PROBLEMS IN QuANTUM MECHANICS edited
by D. ter. Harr (Infosearch Ltd, London; Distri-
buted by Macmillan & Co., Bombay), 1964.
Pp. 402. Price Rs 40.00 or 50s.

OprTICAL ROTATORY DISPERSION AND CIRCULAR Di-
CHROISM IN ORrGANIC CHEMISTRY by Pierre Crabbe
(Holden Day Inc., San Francisco), 1965.  Pp. xv+-
378. Price $12.95

TeErNARY EoquiniBriuM DIAGRAMS: INTRODUCTORY
MONOGRAPHS IN MATERIAL ScIENCE by D. R. F.
West (Macmillan & Co., London; Distributed by
Macmillan & Co., Bombay), 1965. Pp. ix-+81.
Price 13s. 6d. or Rs 10.80

MaTERIALS DATA NOMOGRAPHS by Robert L. Peters
(Reinhold Publishing Corp., New York), 1965.
Pp. 224, Price $ 16.50

UniversiTy INsTRUCTION IN GEOLOGY by T. Neville
George (Provisional text prepared for Unesco),
1965. Pp. 171
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UNIVERSITY PareErpacks: THE IDEAs oF Bioroay
by John Tyler Bonner (Methuen & Co. Ltd,

London), 1965. Pp. 240. Price 15s. in UK
only
UNIVERSITY PAPERBACKS: STATISTICAL ANALYSIS

IN Brorocy by Kenneth Mather (Methuen &
Co. Ltd, London), 1965. Pp. 267. DPrice 12s. 6d.
in UK only

PrAcTICAL PLANT ANaTOMY by A.S. Foster (D. Van
Nostrand Co. Inc., New York), Second edition,
1965. Pp. xi+-228. US Edition, Price §5.00
or Rs 25.00. East-West Edition, Price §1.70
or Rs 6.50

Using THE MicroscorE by A. L. E. Barron
(Chapman & Hall Ltd, London), Third edition,
1965. Pp. xiii+257. Price 36s.

TECHNIQUES IN EXPERIMENTAL VIROLOGY cdited by
R. J. C. Harris (Academic Press Inc., New York),
1964. Pp. xiii-+450. Price 100s.

STRUCTURE AND ACTIVITY oF ENzyMEs edited by
T. W. Goodwin, J. I. Harris & B. S. Hartley
(Academic Press Inc., New York), 1964. Pp. viii--
190. Price 37s. 6d.

CHEMISTRY AND BIOCHEMISTRY OF PLANT PIGMENTS
edited by T. W. Goodwin (Academic Press Inc.,
New York), 1965. Pp. xiii+583. Price 117s. 6d.

SpECTROSCOPY IN EpucaTion: Vol. 2 — SPECTRO-
scoric TECHNIQUES IN ORGANIC CHEMISTRY by
A. J. Baker & T. Cairns (Heyden & Son Ltd,
London), 1965. Pp. iv+87. DPrice $ 3.50

RECENT PUBLICATIONS

ADVANCES IN HEAT TRANSFER edited by James P.
Hartnett & Thomas F. Irvine (Academic Press
Inc., New York), 1965. Pp. 450. Price $ 16.00

ORGANIC CHEMISTRY: Vol. 2 — BRIDGED AROMATIC
ComprounDps by Brandes H. Smith (Academic

Press Inc., New Yerk), 1965. Pp. 553. Price
$ 14.00
OrGaNIC CHEMISTRY: Vol. 3 — CONFORMATION

Tueory by Michael Hanack (Academic Press
Inc., New York), 1965. Pp. 382. Price § 14.50

FLUORINE CHEMISTRY edited by J. H. Simons (Aca-
demic Press Inc., New York), 1965. Pp. 800.
Price $ 28.00

THE CONTROL OF FERTILITY by Gregory Pincus
(Academic Press Inc., New York), 1965.  Pp. 325.
Price $9.00
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SCREENING METHODS IN PHARMACOLOGY by Robert
A. Turner (Academic Press Inc., New York),
1965. Pp. 322. Price $12.00

PHYSIOLOGICAL  PHARMACOLOGY — A COMPREHEN-
SIVE TREATISE: Vol. 1 — THE NERVOUS SYSTEM,
Part A, edited by Walter S, Root & Frederick
G. Hofman (Academic Press Inc., New York),
1965. Pp. 703. Price §22.00

ADAPTIVE GROWTH by Richard ]. Goss (Academic
Press Inc., New York), 1965. Pp. 360, Price
$12.00

HicH Sreeb Purse TecHNorocy: Vol 1T — Capa-
CITOR  DISCHARGES, MAGNETO-HYDRODYNAMICS,
X-Rays, UrLtrasonics by Irank B. A. Frungel
(Academic Press Inc., New York), 1965.  Pp. 600.
Price § 24.00. Vol. 2 — OprTICAL PULSES, LASERS
— MEASURING  TreuN1QuES, 1965.  Pp. 525.
Price $21.00

BIOCHEMISTRY OF ANIMAL DEVELOPMENT: Vol. 1 —
DESCRIPTIVE BIOCHEMISTRY OF ANIMAL DEVELOP-
MENT by Rudell Weber (Academic Press Inc.,
New York), 1965. Pp. 600

HisTONES AND OTHER NUCLEAR PROTEINS by Harris
Busch (Academic Press Inc., New York), 1965.
Pp. 266. Price $ 9.50

ELECTROANALYTICAL METHODS IN BIOCHEMISTRY
by William Purdy (McGraw-Hill Book Co. Inc.,
New York), 1965. Pp. 352. Price § 12.00

THEORETICAL BAasIS OF INORGANIC CHEMISTRY by
A. K. Barnard (McGraw-Hill Book Co. Inc.,
New York), 1965. Pp. 416. Price § 8.00

IMPROVING THE EFFECTIVENESS OF RESEARCH AND
DeVELOPMENT by Robert L. Seiler (McGraw-Hill
Book Co. Inc., New York), 1965. Pp. 190.
Price $ 10.00

MODERN METHODS 0F CHEMICAL ANALYSIS by ]. A.
Barnard & R. Chayen (McGraw-Hill Book Co.
Inc., New York), 1965. Pp. 292. Price $ 6.95

STEREOCHEMISTRY, MECHANISM AND SILICON by Leo
H. Scmmer (McGraw-Hill Book Co. Inc., New
York), 1965. Pp. 208. Price § 10.00

THE GENERAL THEORY OF SORPTION DyNAMICS
AND  CHROMATOGRAPHY by V. V. Rachinskii

(Consultants  Burcau ILnterprises Inc., New
York). 1965. Pp. 98. Price § 15.00

NUCLEAR MAGNETIC RESONANCE IN A FLOWING
Liguib by A. N. Zhernovoi & G. D. Latyshev
(Consultants  Bureau Enterprises Inc., New
Yaork), 1965. Pp. 180. Price § 22.50



‘Wig-wag : An inexpensive
device for measuring
solar radiation

A new mechanical device for
measuring solar radiation, having
the advantages of low cost, high
accuracy, dependable field  per-
formance, easy maintenance and
simplicity ol measurement, has
been developed at the Experiment
Station, Hawaiian Sugar Planters
Association, Honolulu. The new
instrument is made up of three
basic components, viz. (i) a swing-
ing pulse-glass made up of two
spherical glass bulbs  connected
by a straight tube and mounted
in a special way, (i) a wooden
housing, and (iii) a counter. The
pulse-glass bulbs are filled  with
anhydrous methyl alcohol evacuat-
ing them and scaled and mounted
at the midpoint of the assembly,
on a shaft so inclined that the bulb
exposed to the sun is at a slightly
lower level. In operation, the
exposed lower bulb gets warmer.
The resulting increase in vapour
pressure forces the liquid in the
bulb to move up and hence causes
the pulse-glass to tilt and thus
bring the cooler bulb to the lower
level.  The action is now repeated
as long as there is a sufficient
temperature difference between the
two bulbs, the rate being pro-
portional to the incident energy.
It is because of this swinging
motion caused during its operation
that the device is called the * Wig-
wag .

The wooden housing  (made of
plywood boards) has been designed
(i) to permit the lower bulb of the
pulse-glass to be exposed to the
sun while the upper one is shaded,
(i1) to allow for run-off rain and
(ii1) to present external radiation
from entering the interior of the
housing.  With the present design,
it is necessary to change the
orientation of the housing of the
unit twice a year (summer and
winter). However, it is also possible
to confine the unit to a permanent

setting by changing the slope
of the front of the housing. The

mechanical counter is a gear-and-
dial mechanism of a watt-hour
meter modified to move the unit
dial by one division for every
completed  swing.  The incident
radiation can be expressed in terms
of that received by a horizontal
surface through the application of

NOTES & NEWS

the Lambert’s cosine law and a
calibration curve can be drawn
connecting the swing rates with
the solar radiation received |Solar
Energy, 9 (2) (1965), 27].

Laser-actuated anemometer

A laser-actuated anemometer,
developed at the Sperry  Rand
Corp., Great Neck, NY, can
measure the motion of matter in all
its three states of aggregation at
flow rates as low as 0-5 mile/hr
for air and thousandth of a mile/hr
for water. The new instrument,
more sensitive and cheaper than
the new sonic anemometers, is
based on Iresnel’s theory that
light propagating through a moving
transparent medium undergoes a
change in velocity, that is, a
dragging effect.

Two counter-rotating beams ol
light are made to whirl around a
small square ‘ring’ by mirrors
set at 457 at cach corner of the
ring. One of the mirrors is
partially transparent and both the
beams slip through it to strike a
photocell.  The photodevice can
detect no  appreciable  difference
between the two beams if they are
tuned to a set frequency. If a
moving transparent system is intro-
duced in the optical path, the beam
travelling in the same direction
speeds up and the other moving
in the opposite direction  slows
down. The [requency shift thus
caused in both the beams is sensed
by the photocell and converted into
a precise rate measure. The faster
the flow, greater will be the fre-
quency difference. A Faraday bias
applied to the optical path ensures
accuracy of measurement. The
laser flow meter has no moving
parts, is quick to respond, does not
interrupt the flow and can be built
as a three-axis device to sense all

possible flow directions [Chem.
Engng, 72 (4) (1965), 116!.
 Zero-leakage pump

A zero-leakage canned  motor
pump for wuse with controlled-

circulation boilers in electric utility
power plants has been developed

at the Atomic Motor Product
Section of the General Electric,
Schenectady, USA. The pump is
an integral unit consisting of a
polyphase induction motor and a
centrifugal pump. Motor parts are
arranged in a pressure vessel so that
high pressure, high temperature
boiler water can be circulated
without using high pressure mecha-
nical seals. An externally mounted
integral heat exchanger cools the in-
ternal motor water and at the same
time a small shaft-mounted pump
circulates this internal water for
motor cooling and bearing lubrica-
tion. Because the rotor shaft and
the bearings arc housed inside the
pressure vessel, there is no rotating
shaft seal between the motor and
the pump. As a result, leakage,
seal maintenance, and the need for
high pressure injection water and
complicated starting procedures are
eliminated. Bolted and gasketed
construction prohibits leakage at
the top cover and at motor-pump
joints; and motor windings are
in a hermetically sealed cavity
filled with inert gas. A heat
resistant  adapter  between  the
motor and the pump ensures lower
motor-cavity temperatures while
the equipment is running or is on
hot stand-by. Even if the circula-
tion of cooling water is interrupted
the internal temperature remains
below safe operating limits for about
2 hr. As there is no leakage the
pump can be used to circulate fluids
that are corrosive, toxic, explosive
or flammable [Mech. Engng, 87
(2) (1965), 5471

Mass spectrometers in
geophysical and geochemical
research

In analytical work, mass spectro-
meters using spark excitation of
solid samples have many ad-
vantages over other analytical tech-
niques, viz. emission spectroscopy,
neutron activation, polarography,
flame photometry and chemical
methods in that they are capable
of determining elements in geo-
logical materials with impurity con-
centrations of the order of 1 p.p.m.
They are useful in general survey
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analysis and in dating ol rocks.
Two mass spectrometers, MS7 and
MS10, developed by the Associated
Electrical Industries Ltd, UK,
have been successfully employed
in some laboratories for geophysical
work and geochemical analysis.
Geochemical application of spark
source  spectrography — In  this
machine a vacuum spark is used
to produce a beam ol positive ions,
largelv  because  this  provides
roughly equal sensitivity [or all
clements.  Jons produced in the
spark discharge arc accelerated
through a series of slits by a poten-
tial difference of 20 kV. A double

focusing system with both an
clectrostatic and a  magnetic
analyser is wused. This design

compensates for the wide spread of
ion energies produced in the spark
source and brings ions to [ocus
in one plane, enabling a photo-
graphic plate to be used to detect
them.

The rock samples are crushed
into powder, mixed with an equal
weight of high purity graphite
powder and formed into a rod
20 2% 2 mm. in a small laboratory
press. The sample is then trimmed
in a lathe to remove possible surface
contamination. Two of the rods
are clamped in the electrode holders
in the source. Since only a few mg.
of the sample are consumed for the
largest exposures, careful attention
to mixing and sampling procedures
isnecessary. To achicve the requi-
site detection limits, pressures of
the order of 10-* mm. Hg (torr) are
required in the analyser region.
A spark voltage of 25 kV. has
been applied and graded series of
exposures recorded, the pulse length
and repetition of the spark being
increased for larger exposurcs.  To
minimize the effects of instability
of the spark discharge, exposure is
measured in terms of the total
integrated ion content. Instanta-
neous ion current is of the order
of 10-12 amp. for short exposure
conditions, rising to about 10-* amp.
when large exposures are recorded.
Mass spectra are normally recorded
in the range 7-240 mass units,
enabling nearly all the clements
to be recorded during a single
exposure.  When the plates arce
developed, the density of the mass
lines is read using a microdensito-
meter. Densities are converted to
intensities using a plate calibration
curve.
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Readily  volatile and  casily
ionized elements such as the alkalis
show increased sensitivity, other
readily volatile clements, such as
thallium, lead and antimony’, which
possess high lonization potentials,
are less sensitive.  The least sensi-
tive appear to be the non-volatile
clements such as titanium and
zirconium.  The instruments  are
well suited to the determination of
the rarer elements in geological
materials, particularly those with
isotopes of mass greater than 90.
The lighter, rarer clements, lithinm
and bervllium, suffer interference
from multiple-charged silicon and
aluminium, but boron can be deter-
mined using "B.

Potasstum-argon method of dating
— The mass spectrometer has been
used successfully for the isotopic
dilution  determination  of  the
minute amounts of A (argon)
generated in rocks by the radio-
active decay of K (potassium).
It can identify components present
at partial pressures below 10-1°
mm. Hg. The instrument analyses
gases according to the mass num-
bers of the constituents present;
and covers mass numbers from
2 to 200.

Simplicity, consistent with the
ability to scparate hydrocarbon
residuals from the argon peaks,
has been the chief aim in its design
and construction.  MS10 mass ana-
lyser has been proved to be of value
in isotopic dilution determination
of minute amounts of %A generated
in rocks by the radioactive decay
of K. Analysis of rocks from the
oldest available down to those only
1 million years is possible. An
extreme advantage has been the
fact that there is no trace of the
“memory ’ effect from the previous
analysis  which has long been
troublesome in other work and
which has not been completely
removed by baking. Isotope ratios
may be measured with an accuracy
of 0:5 per cent or better after
calibration of the amplifier and
recorder systems.

Microtechnique for cell
electrophoresis

Micromethods have been applied
to minimize the large quantitics of
materials and chambers involved
during the electrophoretic study
of cells. The following three ap-
proaches have been made to im-

prove the conventional apparatus:
(1) to decrease the total volume of
the chamber; (2) to build the
apparatus from several parts and
fill only one of them with the cell
suspension; and (3) to introduce the
sample to the measuring place of
a previously filled chamber. The
first approach is complicated by the
contamination ol the electrodes.
In  the second approach, the
problem has been resolved by con-
structing an apparatus contaming
3 parts which can handle samples
ol the order of 1 ml. or even less.
Only the microelectrophoresis tube
is filled with sample while the
clectrode compartment remains free
from cells |Blood, 18 (1961), 599,.
The third approach has been made
possible with the construction of an
apparatus that can handle mini-
mum volumes of 0-1-0-2 ml., which
has been further reduced to 0-01 ml.
by modifying the apparatus de-
seribed by Bangham et al. [Nature,
Lond., 182 (1958), 642|.

The modified apparatus has been
tested and calibrated with human
red  blood cells  whose  electro-
phoretic mobility is known to be
mdependent of age, sex and blood
group of the donor and of the pH
between 5:0 and 9:0. The ap-
paratus permits one to work with
cell volumes smaller than those
allowed by earlier techniques.  In
problems involving small tissue
fragments, this method is useful and
ceven when large amounts of cells
are involved, it is handy and rapid
for repeated measurements | Nature,
Lond., 205 (1965), 1105

Specific cleavage of serine
peptides

The first step in understanding
the architecture of a complex pro-
tein molecule is the determination
of the amino acid sequence, i.e. the
primary structure.  So far this has
been achieved by the matching
of the overlapping sequences of
various peptides obtained by the
proteolytic and at times by the
chemical degradation. This method
is known as the accounting method
of the determination of the pri-
mary structure and the proteolyvtic
enzymes  generally  emploved  in
such cases for specific proteolytic
cleavage are trypsin and chymo-
trypsin.  In cases of proteins con-
taining more than 100 amino acid
residues,  these  enzvmes  usually



vield a large number ol peptides,
the  quantitative separation and
characterization ol which is olten
“difficult.  In such cases it would be
convenient to have the cleaving
agent that splits a fewer number of
peptide bonds seleetively, possibly
next to an amino acid other than
Ivsine, arginine or the aromatic
amino acids.  There has been some
progress in recent vears in studies
on the development of the non-
enzymic methods for the cleavage
of peptide bonds.  The use of NBS
for the hydrolysis of bonds adjacent
to tryptophan and of CNBr for
methionine peptides are probably
the most successful procedures in
specific peptide degradations. More
recently, Hess from Cornell Univer-
sity, USA, has standardized the
conditions needed for the specific
cleavage of the peptide bonds
adjacent to serine and threonine
residues by making use of the
well-known N - O acyl shift to
impart specificity to the reaction.
A nitrogen to oxygen acyl migra-
tion in -hydroxy amino acids first
investigated by Bergmann has been
the basis of several attempts to
cleave the serine and  threonine
peptide bonds.  The shift in serine
and threonine residue is induced
by acid and reversed by alkaline
solution; the subsequent hydrolysis
of the ester bond results in the
cleavage of the peptide bond.
The N->0 acyl shift depends
on the sterie relationship between
the amide and the hydroxyl groups
and proceeds via a cyelic inter-
mediate.  This shift is due to the
acid catalysed breakdown of the
cvelic hivdroxvoxazolidone  tauto-
mer which is probably present in
small microscopic cquilibrium.
Attempts  to  effect such  a
cleavage in protein by the reagents
such as concentrated sulphuric acid
and phosphoric acid were generally
unsuccessful because of  the un-
desirable  side reactions. It has
been reported  carlier that these
side reactions could  be avoided
by the use of anhydrous hydrogen
fluoride to induce the N - O acyl
shift. This  reagent  was  sub-
sequently found to give satisfactory
results in several synthetic  di-
peptides of serine and threonine.
The peptides are first treated with
25 per cent methanolic hydrogen
fluoride for 12 hr at 30°C. to effect
the N acyl shift. The resulting
product is  then  subjected  to
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formylation with 98-100 per cent
[ormic acid and a small amount of
acetic anhydride for 20-30 min.
By this procedure the reverse re-
action of N - O shift is prevented
and the conversion of the peptide
bond to an ester bond is rendered
quantitative. The ester bond is
subsequently hydrolysed in a speci-
fic - manner by the use of 1M
aqueous piperidine [Hess et al.,
. biol. Chem., 239 (1964), 3275;
Biochim. biophvs. Res. Comamnun.,
14 (1964), 498 1.

The above procedure has now
been applied by Hess to oxidized
A-chain of insulin and «-MSH.
The A-chain of insulin contains
two serine residues and the cleavage
gave the three expected peptides
in 85-91 per cent yield. «-MSH
with one susceptible bond yielded
90 per cent of the expected
peptides.  Hewever, the method is
applicable to only those peptides
which do not contain tryptophan,
as it is unstable towards these
treatments.

Previously it has been shown
that the methionyl peptide bonds
of 2-MSH and of the dipeptide
1-methionyl glycine are cleaved on
treatment with hydrogen fluoride.
The cleavage reaction can be pre-
vented by oxidation of methionine
residue to sulphone or sulphoxide,
IFor the specific cleavage of the
peptide bonds adjacent to serine
and threonine in peptides contain-
ing methionine, it is essential to
oxidize the thiocther prior to the
treatment of the  peptide  with
hvdrogen fluoride.

Thus the two readily separable
specific cleavages of the protein
chain, namely one involving the
methionine residue and the other
involving the aliphatic hydroxy
amino acids, have been demonstrat-
ed to result from the reactions
taking place in the presence of
hvdregen fluoride.  If the cleavage
at the methionyl peptide is desired,
the N -- O shift can be reversed by
dissolving the protein in a neutral
or basic solution after treatment
with hydrogen fluoride.  If N — 0
acyl shift is desired the methionine
residue can be oxidized as a pre-
liminary step.

A more universal application of
this approach to the problem
of structure determinations may
require  improvements  in - the
methods of cleavage of ester bonds.
The introductions  of  N-formyl

groups into peptides results in
several  difficulties.  Firstly, the
blocking of all the amino groups
makes the peptide extremely acidic.
This creates solubility problems
and complicates the separation
by ion-exchange chromatography.
Secondly, the blocking of the
g-amino groups prevents the use
of the fluorodinitrobenzene and
phenylisothiocyanate  methods to
determine the end groups which are
essential in the sequence studies. —
A. S AcHArYA

Polarity and role of genetic
message in polyribosome
function

Polyribosomesconsisting of aggre-
gates of monomeric 80s ribosomes
have been shown to be the site of
protein synthesis in reticulocytes
by Warner, Rich and Hall [Science,
138 (1962), 1399]. Williamson and
Schweet []. mol. Biol., 11 (1965),
358] have confirmed and extended
the observations which support the
concept of a dynamic equilibrium
of attachment and detachment of
80s ribosomes from polyribosomes,
during protein synthesis. The rate
of attachment of polyribosome is
probably the rate-limiting step
in protein synthesis. They have
demonstrated that a ribosome is
capable of initiating a polypeptide
chain at any point on the messenger
RNA. Thus the N-terminal amino
acid of a peptide chain is deter-
mined by the position of attach-
ment of ribosome to the messenger
when the chain is initiated. Earlier
it was shown that the release of
completed peptide chain is cor-
related with release of 80s ribo-
somes from polyribosomes.  Since
chains lacking C-terminal portions
normally exist in polyribosomes
without being released, it appears
that it is both a sufficient and
necessary criterion for chain release
that the ribosomes reach the * end’
of the genetic message for a given
protein.

Since the effects of puromycin on
polyribosomes are not direct and
require the continuance of peptide
bond formation, they may be
explained dynamically by an in-
creased rate of travel of ribosome
along the messenger RNA and thus
an increased rate of detachment,
thereby climinating the rate-limit-
ing steps in the translation process
caused by a requirement for * rare”
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s-RNA  species. It has  been
demonstrated carlier that the
mechanism of translation of the
genetic message involves two en-
zymes, the binding enzyme and the
peptide synthetase enzyme, which
respectively mediate the binding of
aminoacyl-s-RNA to the ribosome-
messenger RNA complex and the
transfer of the growing peptide
chain from the s-RNA to which
it is attached to the incoming
aminoacyl-s-RNA.  The alterna-
tion of these two reactions results
in the movement of the ribosomes
along the messenger RNA and the
growth of the peptide chain. Puro-
mycin does not inhibit the binding
of aminoacyl-s-RNA to the ribo-
some-messenger RNA complex but
releases the peptide chain by be-
coming coupled to the C-terminal
end. Thus puromycin is a
competitive substrate for peptide
synthetase, and the frequency of
puromyecin action at a given codon
will depend on the abundance of
the s-RNA complementary to that
codon. Puromycin will substitute
for aminoacyl-s-RNA more often
at a codon where a rare or modu-
lator s-RNA is required, and so the
modulating step will be bypassed,
allowing the ribosome to move
rapidly along the m-RNA.

The direction in which the ribo-
some moves along the messenger
RNA, that is the polarity of the
genetic message, remains unsettled.
From the study of the action of
specific exonucleotidases on the
synthesis of haemoglobin in the
cell-free system by Williamson and
Schweet [Naturc, Lond., 206 (1965),
29], 3'-terminal codeword is de-
signated as the attachment site
for ribosomes corresponding to the
N-terminal amino acid of the poly-
peptide.  Pretreatment of ribo-
somes with venom diesterase, which
cleaves RNA sequentially from
2',3"-hydroxyl end, liberating a
nucleoside-5'-phosphate and leav-
ing a free 3'-hydroxyl, inhibited
incorporation  into  N-terminal
4C-valine to a much greater extent
than did spleen diesterase, which
is complementary to venom di-
esterase, at equivalent levels of
total inhibition. Thesc results lead
to the conclusion that the genetic
message is read from 3’-terminal
codon. A detachment site might
consist of a special release codon, or
it might be any C-terminal codon
with a free 5"-hydroxyl, for the
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absence of a 5'-phosphate group
has been reported to reduce the
ability of a codon to bind s-RNA.
However, further work with puri-
fied exonucleotidases is needed
before definite conclusions on the
release mechanism can be reached.
- K. SANTHANAM

Metabolism of tryptophan

Earlier reports have established
that 3-hydroxy anthranilic acid is
an intermediatc in the conversion
of tryptophan to niacin, quinolinic
acid and picolinic acid.

Tryptophan  — Kynurenine

In order to elucidate the mech::-
nism of this reaction, the precise
nature of the enzyme involved from
beef liver acetone powder has been
studied earlier.  This enzyme has
been referred to as * quinolinate
transphosphorylase " Attempts
to isolate quinolinic acid-ribo-
nucleotide have been so far un-
successful. The results suggest that
a single protein is responsible for
both the condensation of quinolinic
acid with PRPP and the subsequent
decarboxylation to yield NR. The
decarboxylation step could be non-
enzymic since the formation of the

-» 3-1lydroxy kynurenine

Quinolinic acid « — 3-Hydroxy anthranilic acid

A fourth fate of 3-hydroxy
anthranilic acid has been proposed,
suggesting that tryptophan might
be metabolized to carbon dioxide
by way of acctate. It has also
been shown earlier that 3-hydroxy
anthranilic acid is converted to
niacin ribonucleotide (NR) in the
presence of 5-phosphoribosyl-1-
pyrophosphate (PRPP) by a soluble
enzyme system present in both rat
and cat liver. Amino-3-acroleyl-
fumaric acid (2-AAF) and quino-
linic acid were shown to be inter-
mediates in this conversion. NR
was further converted to deamido-
NAD in the presence of ATP and
then amidated in the presence of
ATP and glutamine to give NAD.

In order to establish the role of
niacin as a free intermediate, studics
have been carried out using niacin
and NR as co-substrates of quino-
linic acid (metabolic traps) and a
partially purified enzyme prepara-
tion from Esch. coli. Using quino-
linic acid-"C, in the presence of
NR, a significant increase in the
accumulation of radioactive NR
and a concomitant decrcase in
niacin has been observed. In con-
trast, the presence of niacin as a
co-substrate does not decrease the
level of NR-MC or "CO,. It is
also evident that NR-MC is not
formed to a significant extent from
niacin-1C, either by exchange or
in the presence of PRPP. No
radioactive deamido-NAD or NAD
is formed. In Esch. coli the con-
version of niacin to NR is both
PRPP and ATP dependent, while
NR formation from quinolinic acid
is ATP independent.

y
Picolinic acid

ribonucleotide makes the pyridine
ring nitrogen (uaternary nitrogen.
This positively charged nitrogen
would raise the clectronegativity
at position-2 and climinate CO,
from the molecule. Tt is note-
worthy that this reaction does not
require extra ATP, whereas the
formation of NR from niacin and
PRPP requires ATP as an essential
co-factor.

All previous experiments in vitro
indicated that picolinic acid and
quinolinic acid are the only stable
products formed from 3-hydroxy

anthranilic acid in mammalian
liver.
The discovery of the new

metabolic sequence of reactions
(glutarate pathway) which could
account for the observed oxidation
of the benzene ring of tryptophan
was described by A. Ichiyama,
S. Nakamura, H. Kawai, T. Hanjo,
Y. Nishizuka, O. Haishi and S.
Senoh [ /. biol. Chem., 240 (1965),
733, 7401.  An cnzyme system pre-
pared from cat liver extracts con-
verts 3-hydroxy anthranilic acid
to glutaric acid and CO, and the
preceding intermediates have been
identified (Chart I).

Quinolinic acid has been shown
to be formed from the primary
oxidation product of the reaction
catalysed by 3-hydroxy anthra-
nilic acid oxygenase present in
mammalian liver and kidney. The
primary oxidation product is an
unstable, acyclic compound having
an absorption maximum at 360 my
but has not been identified un-
cquivocally.  However, the struc-
ture has been assumed to be (ITI).
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Chart 1

The enzyme picolinic carboxylase
reacts with this giving rise to the
stable product picolinic acid, which
is metabolically inert and is ex-
creted in the urine as a glycine
conjugate. The primary product
of this reaction catalysed by pico-
linic carboxylase (renamed by O.
Haishi as «-amino $-carboxy muco-
nic e-semialdehyde decarboxylase)
would e z-amino muconic e-semi-
aldehyde. This compound is very
unstable and cyclizes to picolinic
acid. A small shift of the absorp-
tion maxima at 360 myp of com-
pound (III) to 364 my was ob-
served during the carboxylase
action suggesting the existence of
this intermediate. This unstable
intermediate is metabolized, in the
presence of NAD-linked aldehyde
dehydrogenase  and  NAD, to
z-amino muconic acid rather than
being cyclized to picolinic acid non-
enzymically. Before cyclization the
aldehyde group is oxidized by an
NAD-linked specific aldchyde de-
hydrogenase resulting in the forma-
tion of compound (IV) which thus
produced is then reduced and
deaminated to a-keto adipic acid
by an NADPH or NADH depen-
dent reductase. This has  been
further confirmed by experiments
using benzene ring labelled anthra-
nilicacid. Tryptophan metabolism
is thus convergent with the path-
way of lysine degradation at the
level of a-keto adipic acid. a-Keto
adipic acid thus produced is shown
to he oxidatively decarboxvlated
to produce glutaryl-CoA in the
presence of NAD and CoA, and the
reaction appears to be catalysed
by z-ketoglutaric dehydrogenase.
Carbon atoms 2, 1, 6, 5 and 4 of
3-hydroxy anthranilic acid directly

provide carbon atoms 1, 2, 3, 4 and
5 of glutaryl-CoA respectively.
Further metabolism of glutaryl-
CoA to acetate and CO, could
account for the complete oxidation
of the benzene ring of tryptophan
observed in studies n wvivo.—
B. V. S. SHARMA

Puromycin: Effect on induced
enzyme synthesis

The cffect of antibiotics in the
synthesis of proteins and nucleic
acids in microorganisms has elicited
considerable interest. Puromycin
is a potent inhibitor of protein
synthesis in microorganisms and
mammalian cells. It is structurally
similar to the functional end of an
amino acid-transfer RNA complex.
Studies of other workers indicate
that puromycin prevents protein
synthesis by interfering at a step
in the transfer of amino acids
from soluble RNA to the poly-
peptide chain.

In Esch. coli, it has been de-
monstrated that puromycin inhi-
bits protein formation while allow-
ing ribosomal and transfer RNA to
accumulate. Investigations have
been subsequently carried out on
the effect of puromycin on in-
duced synthesis of 3-galactosidase,
and to determine whether puro-
mycin would also allow messenger
RNA formation in its presence
[Sells, B. H., Science, 148 (1965),
371]. Evidence is presented indi-
cating that puromycin does not
suppress  synthesis of messenger
RNA for &-galactosidase but in-
hibits the enzyme synthesis.

Cell crops of Esch. coli 15 T- were
grown in a basal salt medium con-
taining glycerol.  After harvesting

and resuspending the bacteria in
fresh medium containing glycerol,
two cultures, both containing puro-
mycin, were prepared. To one
leucine-*C was added and to the
other thiomethyl galactoside, an
inducer of @-galactosidase, was
added. Puromycin was found to
inhibit (3-galactosidase formation
to a greater extent than it inhibits
protein synthesis, determined by
measuring the incorporation of
leucine-**C. The effect of puro-
mycin on B-galactosidase forma-
tion and protein synthesis in Esch.
coli 33.00, which produces this
enzyme constitutively, was also
studied. In this case also, enzyme
synthesis was inhibited to a greater
extent than leucine-14C incorpora-
tion, indicating that the effect of
puromycin is not directly mani-
fested in the process of induction.
In order to obtain a greater insight
into the sclective effect of puro-
mycin on @-galactosidase forma-
tion, the following experiment was
performed. Suspensions of Esch.
coli 15 T- were harvested, washed
and resuspended in basal medium
lacking Mg?*, which makes the
cell more sensitive to puromycin.
Thiomethylgalactoside was then
added to cell suspensions and the
incubation was continued. Puro-
mycin was added at intervals there-
after and B-galactosidase formation
was measured. The incorporation
of tryptophan-1C was measured
under the same conditions. The
effect on [(-galactosidase was
found to be much greater than the
effect on overall protein produc-
tion. As an explanation of this
result, it has been pointed out
that the inhibition of production
of p-galactosidase, which occurs
after the addition of puromycin,
results from cessation of messenger
RNA synthesis specific for this
enzyme.

To study the effect of the
antibiotic on messenger RNA,
experiments were performed to
separate the protein synthesizing
step from the formation of messen-
ger RNA. Investigations were
made on the effect of puromycin
(in the presence and absence of
glycerol) on the first stage of
transcription during a time when
protcin synthesis is not inhibited.
Suspensions of Esch. coli 15 T- were
grown on basal medium, lacking
Mg?' in the presence and absence of
glycerol. Each group of cells was
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treated with puromycin.  After the
addition of thiomethylgalactoside,
the cells were incubated for 2 min.
and then the inducer and inhibitor
were removed by washing. The
filtered bacteria were resuspended
in warmed media containing gly-
cerol and the incubation was con-
tinued for 18 min. It was observed
that the messenger expresses itself
as the enzyme during the second
incubation. After resuspension of
the bacteria, no further messenger
can be formed because of the
absence of the inducer. Puromycin
does not influence the production
of messenger RNA in the first phasc
of transcription, in the absence of
glycerol in the medium. 1If glycerol
is added to the medium, suppression
of messenger RNA formation is
conspicuous in the presence of puro-
mycin, although protein synthesis
is only slightly affected.

The suppression of @-galacto-
sidase synthesis in the puromycin-
treated cells is reported to be due
to the inhibition of the first step
in transcription, namely messenger
RNA formation. It has been sug-
gested that puromycin in the
presence of glycerol is responsible
for the accumulation of a substance
which represses the synthesis of
messenger RNA. It has been
postulated earlier that the inducer
stimulates the synthesis of an
unstable messenger RNA specific
for f-galactosidase. It has also
been pointed out by some workers
carlier that the repressor may affect
the formation of this messenger
RNA. The synthesis of 2-galacto-
sidase is repressed by catabolites
in cells which are supplied with a
source of energy but deprived of an
amino acid required for growth.
Earlier reports suggest that gly-
cerol, presumably by virtue of the
catabolites to which it gives rise,
exerts a specific repression on the
synthesis of #-galactosidase, in the
threonine starved cells. Such a
phenomenon has been termed
‘ catabolite repression ’.

The possibility that catabolite
repressor can determine the rate of
synthesis  of specific messenger
RNA has also been indicated and
it has been concluded that
induction promotes and catabolite
repression decreases the formation
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of an unstable messenger RNA
specific for 8-galactosidase.  Puro-
mycin  together with  glycerol
prevents the production of messen-
ger RNA for f-galactosidase pre-
sumably as a result of * catabolite
repression .- - €. Kaxpaswawmi

Progress Reports

Council of Scientific &
Industrial Research,
South Africa

The annual report of the Council
of Scientific & Industrial Rescarch,
South Africa, for the vear 1964
records the progress made at the
various national laboratories, and
the significant results obtained in

medical and industrial rescarch
carried out with the Council's
support.

An extremely sensitive calori-
meter which can measure heat
as low as 0:0005 cal. has been
developed for use in  dielectric
heating. The new apparatus makes
it possible to determine not only
the diclectric characteristics but
also the specific heat, transition
heat and heat generated by external
processes. A new principle of
‘dynamic quotient calorimetry ' has
been applied, in terms of which
measurement ismade independently
of changes in the heat conductivity
and heat capacity of the materials
used. Only 0-001-0-1 g. of the
sample is necessary. Though pri-
marily intended for the determina-
tion of heat characteristics in
dielectric heating, this instrument
can also be used in other fields, ¢.g.
in the energization of chemical
reactions, such as polvmerization.
A large window testing calorimeter
for studying the problems asso-
ciated with solar heat through
windows has been designed and
constructed.

Considerable progress has been
made in desalting of brackish water
by electrodialysis. A method for
making new, inexpensive mem-
branes has been developed. An
installation has been set up in
which  2-5 million gallons of
brackish water pumped from gold
mines are being desalted every
day. Though not very economi-
cal, the system appears to be the

cheapest among the known desah-
INg processes.

The National Institute of Tele-
communications Research has de-
veloped parametric amplifiers for
usc at 600 Mc/s. with very low noise
figure, using a semiconductor diode
as the variable reactance clement.
This improved receiver sensitivity
has resulted in a significant increase
in the range of the transmitter
equivalent to that obtained [rom
a fourfold increase in transmitter
power.

Attempts at improving the
methods of spectrochemical ana-
lysis have resulted in a number of
new  spectrographic instruments,
the latest of them being a six-
channel direct reading spectrograph
head which increases the range of
application of the medium prism
spectrograph.  Experiments  con-
ducted at the National Institute
for Water Research have resulted
in a new ‘soft " base for detergents
which allows 8:5 per cent of the
detergents to be digested in water
as against 25 per cent in the
case of commercial detergents.

Other  achievements  include:
detection  and  measurement  of
double stars carried out for the
first time with a stellar interfero-
meter; development of a double-
walled plastic pipe for carrving
sewage, industrial  and  other
effluents; systematic survey and
isolation of alkaloids from South
African plants; and the develop-
ment of a technique for accurate
measurement of temperature using
semiconductor thermistors.

Announcement

s The  Indian  Pharmaccutical
Congress Association is holding its
seventeenth  session  at  Banaras
Hindu University, Varanasi, during
27-30 December 1965.  Separate
sections will be devoted to: Indus-
trial pharmacy, Professional phar-
macy, Pharmacognosy and phyto-
chemistry,  Pharmacology  and
microbiology, Pharmaccutical edu-
cation, and Indigenous pharmacy.
Those intending to participate in
the session or present papers should
write to Dr Diptish Chakravarty,
Hony  General — Secretary, 18
Convent Road, Calcutta 14.



Bausch & Lomb
Stereozoom Microscope

CONTINUOUSLY VARIABLE MAGNIFICATION OPTICS IN
SEALED POWER POD
Here’s a completely new optical concept to speed and simplify work requiring 3D views.
Just turn the magnification knob and watch the crisp sterco image zoom to the exact size
you nced. Not just a few fixed powers, but any power within the wide stereo ranges
(3.5X-198X). The newest advance in three-dimensional microscope design . . . exclusive
with Bausch & Lomb.

BAUSCH & LOME @

For detailed listing of models, please write for Catalogue D-15 to
SOLE AGENTS

MARTIN & HARRIS (PRIVATE) LTD.

(SCIENTIFIC DEPARTMENT)
SAVOY CHAMBERS, WALLACE STREET, BOMBAY 1
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PURITY IS OUR
BASIC
| APPROACH

s TRl ‘BASYNTH’ is your guarantee for
G st It MO i Standarised Reagent Chemicals

[)) manufa'ctured in modern laboratory
— ”//) by qualified chemists—

Artice No. 4y

AHMONIUM NITRATE

Manufactured by :

BASIC & SYNTHETIC CHEMICALS PRIVATE LTD.

25, EAST ROAD * JADAVPUR * CALCUTTA-32

Progressive;BSC-4

AND
SERVICE

FOR
QUALITY

HEATING MANTLES

* Simple or Universal (Multi) type.
* Operating at black-heat.

* Covers pretty good surface and more than one heating circuit, which
results in very uniform heating.

* Temperature control.
* Fits the flask singly allowing heating of flasks in different positions.

* Working on A.C. supply and attractively aluminium-finished.

‘QUICO’ Model SC/HM/I

PLEASE CONTACT:

UNIQUE TRADING CORPORATION

SPECIALISED IN LABORATORY EQUIPMENT

Gram: "UNILAB' 221 SHERIFF DEV)lI STREET, BOMBAY 3 Phone: 325611 & 323489

SP UTC'l6
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RESEARCH ELECTROMAGNET

TYPE NP-53

The magnet provides reasonably uniform fields and an air gap continuously
adjustable from zero to 10 cm. The pole pieces are 10 cm. in diameter. A pair of
cylindrical pole pieces is provided with the magnet. Tapered pole pieces are
specially made and supplied. Energizing coils carry low current and are air-cooled.
Current Stabilized Power Supply for use with this magnet is available.

A number of these magnets are in use in Universities, Colleges and our
National Laboratories.

Also available
5 cm. Electromagnet, Type P-51 ¢ 7.5 cm. Electromagnet, Type NP-52

LARGER ELECTROMAGNETS MANUFACTURED TO SPECIAL ORDER

Manufacturers :

UNIVERSAL SCIENTIFIC COMPANY

32 PAREKH STREET, BOMBAY 4
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FERRIC CHLORIDE

HYDROCHLORIC ACID

GPgUIB CHLBRINE SULPHATE OF ALUMINA

STABLE BLEACHING POWDER

BLEACH LIQUOR

RIDE
CALCIUM CHLO POTASSIUM CHLORATE

CAUVERY....CHEMICALS

Sfor Indian Industry

Made according to modern methods...on modern equip—

ment...by fully-trained operating crews,CAUVERY brand

chemicals can always be depended- upon for their high
quality and constant uniformity.

THE METTUR CHEMICAL & INDUSTRIAL CORPORATION LIMITED

Mettur Dam R.S.

Salem Dt.

Managing Agents: SESHASAYEE BROTHERS PRIVATE LIMITED

MODERN SCIENTIFIC INSTRUMENT
COMPANY

48A/48B SADASHIV CROSS LANE
BOMBAY 4

*

Direct Importers & Stockists of

‘PYREX’ Brand
Laboratory Glassware and

Apparatus
*

Manufacturers of

‘MODERN’ Brand

Laboratory Equipment

GLASS LINED REACTION VESSELS

Dr.RAOS LABORAT
BOMBAY-8.

Reaction Kettles steam jacketed, Evaporators,

Distillation Unit complete, Condensers, Filters

and all accessories such as Stirrers anchor type,
Impellers, Thermowells, etc.

REPAIR WORK OF FOREIGN EQUIPMENT
CARRIED OUT PROMPTLY

A24
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SODIUM HYDROKIDEm POTASSIUN HYDROKIE
PELLETS IN B.P.AND 6.R.GRADES

B Locally manufactured for the first time in
India under the internationally reputed
standards of E. MERCK.

B Regular supply assured.
B Ease of handling and weighing.

M For Research, the Guaranteed Reagent grade
of Sodium Hydroxide and Potassium Hydroxide
are the reagents of choice the world over.

Manufactured in collaboration with E. MERCK A.G. Darmastadt, Germany

Sales Enquiries:

SARABHAI MERCK LIMITED

P.0. Box No. 16555, Bombay 18, Phone: 40331, ——
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JOURNAL OF THE
INDIAN INSTITUTE OF SCIENCE

A quarterly, containing papers on original research
carried out in the laboratories of

the Indian Institute of Science, Bangalore 12

SUBSCRIPTION
(Post Free)

Country Annual Single Issue
India Rs. 24 Rs. 7
U.K. £2/5 Sh. 14
US.A. $ 6.50 $2.00
Other countries Equivalent of Equivalent of

Rs. 30 Rs. 8
Indian currency Indian currency

61 per cent discount to Agents

Cheques should be made payable to the Registrar, Indian Institute of Science,
Bangalore 12

All communications should be addressed to:

THE ASSOCIATE EDITOR
JOURNAL OF THE INDIAN INSTITUTE OF SCIENCE
BANGALORE 12, INDIA
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S H. KELKAR & CO. (PRIVATE) LTD.

DEVAKARAN MANSION, 36 MANGALDAS ROAD
BOMBAY 2

Gram: ' SACHEWORKS’, BOMJBAY -1 -\L.JAR

Manufacturers of

NATURAL ESSENTIAL OILS, AROMATIC CHEMICALS, RESINOIDS
& WELL-KNOWN 'COBRA BRAND' PERFUMES, USEFUL
FOR ALL COSMETIC & TOILET PERFUMES SUCH
AS HAIR OILS, BRILLIANTINES, SOAPS,
AGARBATTIES, FACE POWDERS, ETC.

FOR SAMPLE AND PRICE, PLEASE WRITE TO THE ABOVE ADDRESS

SETT & DE

16 Ganesh Chandra Avenue
Cdcutta 13

Phone: 23-9588

manufacturers Of

MOVING COIL & MOVING IRON TYPE VOLTMETERS, AMMETERS (PORTABLE &
SWITCHBOARD TYPES), RESISTANCE BOXES, P.O. BOXES (PLUG &
DIAL), G.P.O. DETECTORS, EXTERNAL SHUNTS, RHEOSTATS
A.C./D.C. CONVERSION EQUIPMENT, ETC. ETC.

for

LABORATORY AND INDUSTRY

OUR SERVICE DEPARTMENT IS ALSO AT YOUR DISPOSAL
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OPTICA-INTERNATIONAL
B i ; RESEARCH MICROSCOPE

Large and heavy stand with wide body tube suitable
for microphotography

Coarse and fine focussing arrangements
Mechanical stage semibuilt-in type of the latest design

Substage with 2-lens condenser with iris diaphragm
movable by rack and pinion

i Three achromatic objectives — 10x, 45x and 100x oil-
immersion

Two huyghenian eyepieces — 5x and 10x

Instruments and Equipment for Education,
Research and Industry

.1 INTERNATIONAL
| AGENCIES

' J 79 GHOGA STREET, FORT, BOMBAY |
RESEARCH MICROSCOPE Gram: ‘ SCIENAPP’ Phone: 253753

L1066 ELECTRONIC TELETHERMOMETER

SINGLE CHANNEL & MULTI CHANNEL

Flexible Probes « High Accuracy e« Direct Reading
Remote Indicating « Portable & Compact
Reads within 5 secs.

Available for
temperature ranges from 0-100°C - 0.2°C

CONTACT

LABORATORY FURNISHERS

DHUN MANSION, VINCENT ROAD, BOMBAY |4
Telephone: 62761 Telegram: LABFURNISH, Bombay-Dadar
Branch Office: Kapasia Bazar, Ahmedabad 2

SP/LF/10
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REICHERT

MICROSCOPES
and
'MICROTOMES

for
Research

and
advanced

Teaching

Sales & Service Centres throughout the world !

Compact-Elegant-Versatile-Novel Equipment:

For Research and routine work in Science, Medicine, Technology and Industry
Specialities:
**Polyphos™ condenser for variable illumination for phase contrast,

dark and bright field,“Binolux™ Mercury llluminator for contrast fluorescence-
Combination of phase Contrast and fluorescence.

Accessories for all modern techniques like micro vacuum heating,
cinephotomicrography, micro television, etc.

Sold and Serviced in India by:
Exclusive Agents and Distributors

NEO-PHARMA INSTRUMENTS CORPORATION

Kasturi Bldgs., J. Tata Road, BOMBAY-1.
Technical Service Offices: CALCUTTA-DELHI-MADRAS
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Safe & Dependable
INJECTABLES

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

The following are but a few of our well-known injectables:

« RETICULIN — A potent Extract of Liver

s« HEXOPURIN — An Urinary Antiseptic

= CALCITOL — Injectable Calcium Gluconate
= BEVITAMIN — Injectable Vitamin B,

a CEVITAMIN — Injectable Vitamin C

s GLUCOSE SOLN — Injectable Pure Dextrose

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

Selling Agents :
Messrs Khatau Valabhdas & Co., Bombay Messrs Karnatak & Deccan Agencies, Hubli
Messrs Ventlax, Secunderabad

A30

IMPORTERS &
MANUFACTURERS OF
SCIENTIFIC
GLASSWARES
FROM
PYREX GLASS.

SCIENTIFIC

INDUSTRIE S

11. ULTADANGA ROAD. CALCUTTA -4
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BOH LABORATORY GHEMIGALS AND REAGENTS

KNOWN THE WORLD OVER FOR THEIR EXCEPTIONAL
RELIABILITY AND GONSISTENTLY HIGH QUALITY

® Organic & Inorganic chemicals @ ‘AnalaR’ chemicals ® Alfloc solutions @ Indicators
® Test papers and indicator papers ® Microscopical stains and staining solutions
® Micro-analytical reagents @ Testing outfits

@ BRITISH DRUG HOUSES (INDIA) PRIVATE LTD.

LABORATORY CHEMICALS DIVISION, 8, GRAHAM ROAD, BOMBAY-l

Bl/BH-11
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THE LATEST IN
ALKALI CHLORINE PLANTS
FOR THE PRODUCTION OF
CAUSTIC SODA AND CHLORINE

PINTSCH BAMAG electrolytic plants have

established their superiority through

these exclusive features:

* Uniformly high efficiency

* Low cell voltage and high current density

* Cells can be overloaded within wide
limits; no stand-by cells are needed

* Low mercury consumption

* High purity of end products

* Minimum attendance and maintenance

* Compact, space saving design

Pintsch Bamag AG

WEST GERMANY

SALES REPRESENTATIVES:

MOTWANE

PRIVATE LIMITED
127 Mahatma Gandhi Road, Post Box No. 1312 Bombay-1
Phone: 252337.Grams: ‘CHIPHONE' all offices * Branches at:
New Delhi, Calcutta, Lucknow, Kanpur, Madras and Bangalora. CBML-19
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LABORATORY GLASSWARE, ETC.: Pyrex, Quickfit, Westglass
for Hygrometers, Hydrometers, Micro Cover Glasses and Slides, Vitreosil

Silicaware (Crucibles, Basins, etc.), Sintered Glasswares (Crucibles,

Filters, Funnels, etc.), Porcelainware (Crucibles and Basins), etc.

Ia bo rato ry LABORATORY THERMOMETERS : Chemical Thermometers, all

types, Long Stem Thermometers by G. H. Zeal (London), etc.

and FILTER PAPERS : Whatman Filter Papers and Specialities, Quali-
tative Grades, Folded Grades, Single and Double Acid Washed,
Hardened Grades, Papers for Chromatography and Electrophoresis,

h OSP i tal Papers in Reels, Sterimat Pads, etc.

LABORATORY APPARATUS AND INSTRUMENTS : Analyti-
cal Balances and Weights, Centrifuges, Hand and Electrical, Colori-

°
eq u ' p m e n t meters, Comparators and Colour Discs, Haemometers, Haemocytometers,

Incubators and Ovens, Microscopes, Microtomes, Photocolorimeters,
Test Sieves, Stopclocks and Stopwatches, ete.

MEDICAL AND SURGICAL APPARATUS : BP Blades and Handles, Blood Pressure Apparatus, Diagnostic Sets,
Stethoscopes, Hypodermic Syringes and Needles, etc.

PLEASE CONTACT:

B. PATEL & COMPANY

DIRECT IMPORTERS & STOCKISTS OF SURGICAL & SCIENTIFIC GOODS

27/29 POPATWADI, KALBADEVI ROAD, BOMBAY 2

Phones : 38689 & 39702 -+ Grams : GLASALSORT

Largest Stockists of
(Whatman & German)

FILTER PAPERS

and Other Scientific Instruments (imported) such as Ovens, pH Meters, Refractometers,
Laboratory Counters, Vacuum Pumps, Photoelectric Colorimeters, Flame Photometers,
Microscopes, Balances — Single and Two-Pan, Heating Mantles, and all sorts of

Laboratory Glassware, Porcelain and miscellaneous items

For details contact :

RATIONAL SALES ASSOCIATES

382-83 LALJI NATHU BUILDING, TELANG CROSS ROAD No. 2
MATUNGA, BOMBAY 19 (DD)
Phones: 327617 & 327647 Grams: CREAMWOVE, Bombay 2
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TOWA-Rd-1A

T

TWMG
METALLURGICAL

MICROSCOPE

WITH
VERTICAL & MULTIPURPOSE
ILLUMINATION
FOR
L RESEARCH, INDUSTRY
FEiEsk & ENGINEERING
MICROSCOPES :- —

® BINOCULAR HEAD
& STEREOSCOPIC.

@ RESEARCH, MEDICAL,
& STUDENT.

® DISSECTING.
® MICRO PROJECTO

AN\

AN\

IN ACTIVE COLLABORATION WITH ‘TOWA' JAPAN

TOWA OPTICS (INDIA) PVT. LIMITED

4, DARYAGAN), POST BOX NO 1685, DELHI-6, Phone : 271497 Cable : VISION
Branch : 15/16, Kondi Chetty Street, Madras-I.

DEDICATED TO

|
]
INDIA [ |
a
INSTRUMENT PERFECTION s

Announcing another CSIR publication
THE FLORA OF DELHI

DR. J. K. MAHESHWARI
Central National Herbarium, Indian Botanic Garden, Howrah

A flora of Delhi has long been desired. What has been patticularly desired is a flora which should cater
not only to the needs of the taxonomists but should also be usable by students and any onc interested in the study
of the plants of Delhi. Several attempts were made but none before this was carried through to success and no
comprehensive flora of Delhi was published. The author has made a survey of the flowering plants of Delhi and
its environs, and has incotporated the results of his exhaustive studies in this book. Nine hundred and forty-two
species of indigenous, naturalized and cultivated plants under 549 genera belonging to 120 families have been
described; Bentham and Hooker’s order of families has been followed and botanical names have been brought up
to date in accordance with the latest International Code of Botanical Nomenclature. Keys, based on easily observed
characters, “have been provided to help identification of plants; local and English names and uses of the more
common plants are given.

The Flora of Delhi is a reference manual for the identification of flowering plants of Delhi. It is invaluable
to students, botanists and laymen alike.

Printed on offset paper, royal 8vo, full rexine bound Pages viii 447
PRICE Inland: Rs 28.00 Foreign: Sh. 56 or $ 8.00

Can be had from
THE SALES & DISTRIBUTION OFFICER

PUBLICATIONS & INFORMATION DIRECTORATE, CSIR
HILLSIDE ROAD, NEW DELHI 12
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Documentation
system

DOKUMATOR

Microfilm Recorder ‘“DAV”
Microfilm Reader Il

Microfilm Re-Enlarger |1
Microfilm Developing Instrument

Microfilm Copying Instrument

VEB Carl Zeiss JENA

GERMAN DEMOCRATIC REPUBLIC

Economizing in

Space

Man-hours

and Money —

our DOKUMATOR System
including the

High-Efficiency Microreproduction
Instruments

made in JENA

for the recording of originals

from formats DIN A 6 to DIN A 0

: Birthplace and

Centre of Modern Optics

Sole Agents in India:

GORDHANDAS DESAI PVT. LTD.

Equipment and instruments for all branches of science, technology and industry

KERMANI BUILDING « SIR P. M. ROAD « BOMBAY-1 BR

NO. 22, LING! CHETTY STREET, ® P.7 MISSION ROW EXTENTION, @ 4J2 B, JWALA MANSION, ASAF ALl ROAD,
MADRAS-) CALCUTTA NEW DELHI

MASS-CZ)-65
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AC-DC Meter Calibrator
Model 33

A completely self-contained, compact
# unit for calibration of AC and DC meters
up to 1000 volts and 10 amperes to
within 1 0.35 per cent direct reading

full scale accuracy

The Model 33 AC/DC Meter Calibrator is a relatively light weight instrument calibration standard
for fixed base or portable service. Operation safety, instrument protection and simplicity of operation
are prime features of its design. The Model 33 provides a conservatively rated, direct reading accuracy
of -0.35 per cent at input/output frequencies from 50 to 400 c/s and for all DC outputs. Accuracy at
1000 c/s input/output is better than 1-0.7 per cent over all ranges. The frequency of AC outputs is the
same as the line or input frequency.

The Model 33 is designed primarily for use as a portable unit to calibrate meters at their point of
installation or inspection, in plant, on board ship or land transport, or at remote field sites.

Each Model 33 is individually calibrated in final test, and the calibration data for each range and function
are recorded on certificates supplied with the instruction manual. Down scale tracking data for both
standard instruments are also supplied. Calibrations are performed using measurement standards having
a certified accuracy of +-0.06 per cent traceable to NBS.

The Model 33 meter calibrator may be used to calibrate instruments from effectively zero load, such
as vacuum tube voltmeters, to high burden electrodynamometer type meters requiring as much as
50 volt-amperes.

RADIO FREQUENCY LABORATORIES, BOONTON, USA

For details please write to:
SOLE DISTRIBUTORS

THE SCIENTIFIC INSTRUMENT COMPANY LIMITED
ALLAHABAD BOMBAY CALCUTTA MADRAS NEW DELHI
Head Office: 6 Tej Bahadur Sapru Road, Allahabad
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A RANGE FROM THE HOUSE OF
SCIENTIFIC INSTRUMENTS

GORDHANDAS
DESAI PVT. LTD.

Equipment and instruments for all branches of science,
technology and industry

KERMANI BLDG. SIR PHEROZSHAH MEHTA RD., BOMBAY-1.
£.B. 1252, MADRAS-1. P.B. 328, CALCUTTA-1. P.B. 192, NEW DELHI-I.

JSIR OCTOBER 1955

OUR OWN LINE OF
PRODUCTS

“GD” - Pressuvac
Combined Pressure and Vacuum Pumps

“GD” - Optika Microscopes
Student and Medical Models

“GD” - Centrofix

Laboratory Centrifuges, 2, 4 and 8 tube
models

| “GD” - Stirrers

Laboratory and Industrial Electrical
Stirrers, with or without hotplates

“GD” - Balances
Student and Precision, Chemical Models

“GD” - Laboratory Glassware

“GD” - Hardware
Gas and Water Taps, Burners, Clamp, etc.

“GD” - Orsat Gas Analysis Apparatus

“GD” - Biological Supplies
Demonstration and Museum Specimens,
Charts, Agricultural, Medical and Veterin-
ary Models, Micro prepared Slides, Stuffed
Animals, Embalmed Specimens, Skeletal
Preparations, Flastic Embedded Specimens,
Slide Cabinets, Insect Boxes, Insect
Cabinets, Card Index Cabinets, Vasculums,
Herbarium Presses, Biokits, Specichro-
grams, Stains Alizarine Preparations,
Aquaria, Micro Cover Glasses, Microtomes
and Accessories, Trays, Inspissator



onv SPECTRONIC 20/

COLORIMETERS GIVE YOU THIS EXTENDED RANGE

0

Tl HHH WHHI\HMHHWIMIIH!‘IMMIH\I

The Bausch & Lomb SPECTRONIC 20 has an unequalled extended range from
340 myu. to 950 my. Here's a range almost twice that of any other Colorimeter . . . reason
enough to put it in a class by itself —the only high quality colorimeter in its price
range using precision gratings. It has remarkable stability . . . needle never fluctuates
even under severe power changes. There’s no sacrifice in sensitivity . . . even at the
lowest wavelengths. Reproducibility . . . far better than any other. It's the easiest
one to use, too. That's why it's the top seller —with over 30,000 in use today,
throughout the world.

The SPECTRONIC 20 may be purchased separately or as part of a complete Data
Acquisition System . . . that can process 4 samples a minute.

BAUSCH & LOMB @&

SOLE AGENTS:

MARTIN & HARRIS (PRIVATE) LTD.

(SCIENTIFIC DEPARTMENT)
SAVOY CHAMBERS, WALLACE STREET, BOMBAY |

Printed and published by Shri A. Krishnamurthi, Publications & Information Directorate, Council of Scientific &
Industrial Research, New Delhi, at the Catholic Press, Ranchi, India
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