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HEWLETT PACKARD

VARIABLE-PHASE TEST SIGNALS

0.00005 cps to 60 kc

Ideal for use in servo applications, analogue computer work, phase shift measurements, physiological
stimulators, vibration studies, subsonic and audio testing.

The 203A provides a reference sine and square wave, plus a variable-phase sine and square wave. Each
pair of waveforms is continuously variable 0 to 360 with reference to the other. All four signals are
0 to 30 volts peak to peak.

Distortion is less than 0.06 per cent, referenced to | kc on four test signals available simultaneously
from the new hp 203A Function Generator. Frequency range is covered in seven decade ranges, vernier
drive for precise adjustment. Two lower ranges (0.0005 and 0.00005 cps) optional at additional cost.
Built-in circuit permits field calibration of frequency dial to line frequency.

The output system is floating with respect to ground and may be used to supply an output voltage with
either terminal grounded or may be floated up to 509 velts dc above chassis ground. Output impedanc
600 ohms on all outputs.

SPECIFICATIONS

Frequency dial accuracy " 1 per cent of reading

Frequency stability within | | per cent, including warm up drift and line voltage ' 10 per cent
Maximum output voltage at least 30 V p-p open circuit, all wave forms

Output power 5 V into 600 ohms (40 mw), at least 40 db continuously variable attenuation,

all outputs

For details please contact:
SOLE DISTRIBUTORS

THE SCIENTIFIC INSTRUMENT COMPANY LIMITED Si SICO
b >

ALLAHABAD BOMBAY CA!.CUTTA . MA'[?;}AS NEW DELHI
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PHYSICS LABORATORY INSTRUMENTS

manufactured by

TOSHNIWAL INDUSTRIES PRIVATE LIMITED, AJMER

under licence from

Messrs W. G. Pye & Co. Ltd., England

RESISTANCE BOXES ¢ WHEATSTONE BRIDGES o LABORATORY STOP-
CLOCKS o SCALAMP GALVANOMETERS « STANDARD SHUNTS o DECADE
RESISTANCE BOXES e POST OFFICE BOXES e STUDENT POTENTIO-
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pH METERS & CONTROLLERS
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Imagine a world without colour—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 more—to make life varied and jovful—
with bright colour schemes for homes, offices, automobiles— and beautiful
illustrated magazines, multi-coloured rubber and plastic articles.

ATl these and many others need pigments, and more so organic pigments
such as those manufactured by COLOUR-C HEM.

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

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-CHI'M
continue to manufacture the finest quality products,

UNQUESTIONABLY

COLOUR-CHEM

Distributed through :
* CHIKA LIMITED, Mchta Chambers, 13, Mathew Road, Bombay-4.
* HOECHST DYLS & CHEMICALS LiD.,
Parekh Mahal, Veer Narinmiin Road, Bombay-1,
* INDOKEM PRIVATE LTD., 221, Dadabhoy Naoroji Road, Bombay-1.

Colour Ch (Backed by 100 vears of German cxpericnce)
LLLIALEUL| 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.
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B.I. CHEMICALS

It is long since Bengal Immunity started manufacturing chemicals for

pharmaceutical and laboratory use.

To-day the manifold activities of the

Company are based upon its accumulated experience and continued expansion
and as such it is in a position to offer a wide range of chemical products

—well known for their reliability and purity.

A SECTION OF ISONIAZID PLANT

o)

BENGAL IMMUNITY CO., LTD.
153, Dharamtala Street, Calcutta-13

@ AMINACRINE HYDROCHLORIDE I.P,
@ BEEF EXTRACT

@ CALCIUM LACTOBIONATE

@ CHLOROQUINE PHOSPHATE U.S.P.
@ CHOLIC ACID

o DEHYDROCHOLIC ACID U.S.P.

@ DI-IODOHYDROXYQUIN U.S.P.

o HYDROPROTEIN POWDER

© ISONIAZID B.P.

© MAGNESIUM ALUMINIUM SILICATE
© MAGNESIUM HYDROXIDE CAKE

© MAGNESIUM TRISILICATE U.S.P.
@ MILD SILVER PROTEIN LP.

@ OX BILE EXTRACT N.F.

o PEPTONE POWDER

o PHENFORMIN HYDROCHLORIDE

@ PROTEOLYSED LIVER I.P.

@ PROTEOSE PEPTONE

@ SULPHANILYLBENZAMIDE

o THIACETAZONE B.P.C.

o TRYPTONE
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INSTRUMENTS

L.T., HT. & E.ILT. Power Supplies, Transist-
orised Power Supplies, Temperature Controllers,
Timers, Constant Current Regulators, Electro-

magnetic Demonstration  Apparatus, Photo
Electronic Devices, Shortwave Demonstration
Apparatus, E/M  Demonstration Apparatus
(with Cathode-ray tubes), Valve Characteristic
Apparatus.

Jor electronics, science and technology

POLYTRONIC CORPORATION

20A, Shakti Sadan, Junction of Tardeo Bridge &
Lamington Road, Bombay-7 W8.

GAS ANALYSIS APPARATUS

IMPORTERS &
MANUFACTURERS OF

SLASSWARES PECIALISTS

PYREX GLASS.
SINTERED GLASSWARES §

CHEMICAL APPARATU

SCIENTIFIC

INDUSTRIE S

11. ULTADANGA ROAD. CALCUTTA -4
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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

= HEXOPURIN — An Urinary Antiseptic

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

s 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

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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ELECTROLYTIC <
CONDUCTIVITY =
FQUIPMENT

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

Portable Conductivity Recorder

Indusitrial
‘| Industrial Instruments Inc.

U.S. A. Get complete details from BLUE STAR offices at

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

Sold and serviced in India exclusively by ek B i pak e

1B Kaiser Burgalow, Dindli Road, Jamshedpur
14/40 Civil Lines, Kanpur
BLUE STAR '

Instruiments

G
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‘LAB-CHEM’

ANALYTICAL BALANCES &
WEIGHTS

for
IINDUSTRIAL, RESEARCH & COLLEGE
LABGRATGRIES

Manufcctured by
LAB-CHEM BALANCE WORKS

BOMBAY ||
[ ]

Contact Sole Selling Agents:

INDIA SCIENTIFIC TRADERS

DEALERS IN LABORATORY EQUIPMINT
OF EVERY DESCRIPTION
PEERBHOY MANSION
460 SARDAR VALLABHBHALI PATEL ROAD

BOMSAY 4 (BR)

Phone: 76336 Gram: ‘Esvijack’

FOR. CHEMICAL
EXPER!MENTS

AND ANALYSiS
USE ANALYTiCAL

REAGENTS
MANUFACTUR_ED
BY...

THE INTERNATIONAL
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
I5 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-$TOCK
NO LICENCE REQUIRED

Further details from

RADON HOUSE

PRIVATE LIMITED

7 SARDAR SANKAR ROAD
CALCUTTA 26

Improved models of

PROJECTION TYPE MICRO,
SEMI-MICRO, APERIODIC,
CHAINOMATIC AND

OTHER TYPES OF

EROY BALANCES

are obtainable from the

manufacturers

Keroy %t/ Lid.

32 LATAFAT HUSSAIN LANE

335 NADESHWAR
CALCUTTA 10

VARANASI CANTT.

Phone: 35-5005 Phone: 3282

or [rom their agents

LABORATORY STORES

3A Ripon Street
Calcutta 10

Phone: 441338
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5 VANUFACTURERS OF

HEAT RESISTANT AND
SCIENTIFIC
GLASS VARES

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

TYPE OF WHITE BOTTLES.E

O

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

Bombay |

Phone : 251791
Gram : NUTRALGLAS

ETHRMOLAB (LA PRODUCTS

WORKS Phone: 88/31)
Bombay Poona Road, AKURDI Phons: 88/312
CHINCHWAD, Poona'19.
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(Gansons ISOTOPES HANDLING EQUIPMENT

Production Plant for lodine-131 at the Atomic Energy Establishment, Trombay

” \ GANSONS PRIVATE LIMITED, POST BOX RO. 5576, BOMBAY-14.

RB[GS/[20

optical instruments
and
allied components

GHARPURE & CO.

P-36 INDIA EXCHANGE PLACE EXTN.
CALCUTTA |

Gram : MEENAMO @ Phone:22 2061

RAW MATERIALS FOR
RESEARCH AND INDUSTRY-8

N. V. HOLLANDSCHE
TUNGSTENDRAADFABRIEK
(Holland)

Tungsten wire and filaments,
molybdenum wire, etc.

For further particulars contact

K. S. HIRLEKAR

Western India House
Sir Pherozshah Mehta Road
BOMBAY |

Gram : INDBUREAU, Bombay Fhone : 251931 252073
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RESEARCH ELECTROMAGNET

TYPE NP-53

The magnet provides rcasonably 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. Electrcmagnet, Type P-51 e 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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GRAM: : 'ASHACOM' PHONE : 22855 R A D I o T o N E

SUPERIOR LAMP BLOWN

PYREX GLASS APPARATUS: TRANSFORMERS

ASSEMBLIES ACCESSORIES

OF ALL TYPES

Manufactured by

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

Interchangeable Laboratory
Glassware “Our Speciality)

WE SUPPLY COMPLICATED RESEARCH APPARATUS

We design and build

@ Transformers up to 25 KVA, 3 Phase or
Single Phase — Step-up or Step-down

® Current or Potential Transformers
@ Neon Sign Transformers

o High Voltage or Low Voltage Trans-
formers

SCIENTIFIC EQUIPMENT for any specifications
MFG. ZO.
An associate of

ASHA SCIENTIFIC CO. formers as well as battery chargers, wave

Write giving detailed requirements. to enable
us to forward our best quotations.

We have been supplying above types of trans-

band switches, rectifiers, etc, to Industry,
Trade and Government Departments for nearly
20 years past.

RADIO ELECTRIC PRIVATE LIMITED
Manufacturers of RADIOTONE Products
Lamington Chambers, Lamington Road

BOMBAY 4

for

and

laboratory

hospital
‘equipment

LABORATORY GLASSWARE, ETC.: Pyrex, Quickfit, Westglass
Hygrometers, Hydrometers, Micro Cover Glasses and Slides, Vitreosil
Silicaware (Crucibles, Basins, etc.), Sintered Glasswares (Crucibles,
Filters, Funnels, etc.), Porcelainware (Crucibles and Basins), etc.

LABORATORY THERMOMETERS : Chemical Thermometers, all
types, Long Stem Thermometers by G. H. Zeal (London), etc.

FILTER PAPERS: Whatman Filter Papers and Specialities, Quali-
tative Grades, Folded Grades, Single and Double Acid Washed,
Hardened Grades, Papers for Chromatography and Electrophoresis,
Papers in Reels, Starimit Pads, etc.

LABORATORY APPARATUS AND INSTRUMENTS : Analyti-
cal Balances snd Weights, Centrifuges, Hand and Electrical, Colori-
meters, Comparators and ColourDiscs, Haemometers, Haemocytometers,
Incubators and Ovens, Microscopes, Microtomes, Photocolorimeters,
Test Sieves, Stopclocks and Stopwatches, etc.

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
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Available from Stock

* METROHM pH-METER E 350

« Measuring range 0-14 pH; 500 500 mV « Accuracy of reading: 0.05 pH, 5 mV « Absolut
accuracy: 0.1 pH, 10 mV

* KUSTNER ANALYTICAL BALANCE, with and withcut air damping from Germany
Models AL 49 and AF 48 with weight box

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

%« EDWARD VACUUM PUMP, Model RB 4 ‘Speedivac’ Combined Vacuun
Pump and Compressor

* ENDECOTT’S STANDARD TEST SIEVES

Contact:

PHARMA TRUST

114 PRINCESS STREET, BOMBAY 2
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SWISS

METROHM

INSTRUMENTS
{IN THE SERVICE OF CHEMISTRY

AGENTS ; J. T. JAGTIANI
NATIONAL HOUSE, TULLOCH RD.
APOLLO BUNDER, BOMBAY-!

~
PH -METER E 350 A

PH. METERS
POTENTIOMETERS
CONDUCTOMETERS
COLORIMETERS
TITRATORS

- POLAROMETERS
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LABORATORY
EQUIPMENT

ELECTRIC
OVEN

PARAFFIN EMBEDDING
BATH

SHAKING MACHINES

Manufactured by

TEMPO INDUSTRIAL GORPORATION
394, LAMINGTON ROAD, BOMBAY 4. BR.
Telephone: 41233 Telegrams: “"TEMPOVEN"

)
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Current

Atomic Energy Research &
Development in India: A Decade of
Sustained Progress

THE Department of Atomic Energy completed in

1964 a remarkably active and fruitful decade of
research and development. A well-illustrated and
documented brochure, issued recently to mark the
occasion, sets out the many and varied contributions
of the Department. Although the Atomic Energy
Act was passed in 1948, it was only in 1954 that the
Government of India embarked upon a full-fledged
programme of work in atomic energy. The Atomic
Energy Commission, set up under the 1948 Act with
Dr H. J. Bhabha as Chairman, was assigned the
following responsibilities: to do research on scientific
and technical problems connected with the release of
atomic energy for peaceful purposes; to train and
develop the necessary scientific and technical per-
sonn/ei for this work; and to foster fundamental re-
search in nuclear sciences in its own laboratories, and
in the universities and research institutions in India.
In 1954, the Atomic Energy Establishment was set up
at Trombay, and later in the same year, the Govern-
ment of India created a separate Ministry, the De-
partment of Atomic Energy, for the development of
peaceful uses of atomic energy.

It has been rightly pointed out that any review of
atomic energy research and development in the
country would be incompiete without referring to the
basic foundations laid by the Tata Institute of Funda-
mental Research — which incidentally completes 20
vears this year — in this field. Putting forward the
proposals for the establishment of the Institute to
the trustees of the Sir Dorab Tata Trust in 1944,
Dr Bhabha had observed that the Institute would be
““an embryo from which I hope to build, in the course
of time, a school of physics comparable to the best
anywhere ”’ and ‘ when nuclear energy has been suc-
cessfully applied for the production of power, in say a
couple of decades from now, India will not have to
look abroad for its experts but will find them ready
at hand . This prophecy has been more than ful-
filled, and with an academic staff of 200, the Institute
is today India’s national centre for advanced study
and fundamental research in nuclear sciences, mathe-
matics, cosmic rays, space research, radioastronomy,
etc. Ever since its establishment in 1945, the Insti-
tute devoted its attention to building up a team of
scientists in different branches of science and techno-
logy related to atomic energy. The small electronics
group, then set up to design and fabricate electronic
instruments and equipment needed for atomic energy
work, formed the nucleus of the present Electronics
Division at the Atomic Energy Establishment,
Trombay.

Topics

Much of the early work of the Atomic Energy Com-
mission during the years 1948-54 in the fields of
chemistry and metallurgy was carried out in a small
way in the Commission’s laboratories at Bombay, and
work in the fields of biology and medicine at the
Indian Cancer Research Centre. A Rare Minerals
Survey Unit was set up for prospecting and develop-
ing atomic minerals; this unit is now the Atomic
Minerals Division of the Department of Atomic
Energy. Among the many achievements of this
Division, mention may be made of the discovery of
large deposits of uranium and the location of extensive
thorium-rich minerals in Ranchi plateau of Bihar,
and the location of valuable beryl and lithium ores.

During the past 10 years, the Department of
Atomic Energy initiated studies on various types of
reactors and on the availability of raw materials and
finished products necessary for the setting up of the
reactors. Three research reactors were set up during
the period 1954-61. The swimming pool reactor,
Apsara, became critical on 4 August 1956. The
control system for the reactor was designed and
built by the scientists of the Department and the
General Engineering Group was responsible for its
erection. This provided valuable experience for the
scientists and engineers of the Department. So much
s0, in building the Canada-India reactor later in col-
laboration with Canada, Indian scientists and en-
gineers made significant contributions. An important
development in connection with the Canada-India
reactor, which became critical on 10 July 1960, was
the use of fuel elements completely fabricated in
India from Indian uranium. India’s third reactor,
the Zerlina, which became critical on 14 January
1961, was designed and built entirely by Indian
personnel. The fuel elements and the complicated
control system for the reactor were fabricated at
Trombay. The experience gained in the building of
these reactors has become extremely useful and handy
now that India has planned to set up reactors for
power generation.

A major objective of the Department of Atomic
Energy is to make India self-sufficient in respect of
atomic fuels and other materials required for nuclear
energy work. Reactor grade uranium is being pro-
duced at Trombay since 1959 in the Fuel Element
Fabrication Facility, and the Uranium Metal Plant
is now in a position to produce enough uranium to
feed the three nuclear power stations. Also, the
plant is being used for research and development work
on new fuels and materials. Thorium oxide and
sintered thorium metal have been produced; a small
pilot plant is in operation for obtaining thorium metal
in kilogram quantities by reduction of thorium oxide
with calcium. Trombay scientists and engineers have
also successfully built and commissioned a fuel ele-
ment reprocessing plant for reprocessing uranium rods

389



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

to extract plutonium and other fissionable materials.
This is a significant achievement as plutonium re-
actors can be used to breed uranium-233 from thorium
and plutonium itself can be directly employed in
small and medium sized reactors. India has now
offered, through the International Atomic Energy
Agency, to reprocess used fuel elements for other
countries.

Heavy water is being produced since August 1962
at Nangal by the Fertilizer Corporation of India.
The plant set up with the active assistance ol Atomic
Energy Establishment has an installed capacity of
14-5 tonnes of heavy water per year; a bigger water
plant is being designed to produce 200 tonnes of
heavy water per vear.

A variety of radioisotopes and radiation sources
are being produced by the Department of Atomic
Energy in quantities not only sufficient to meet the
needs of the country but also for export. Over 250
types of radioisotopes and radiation sources are being
produced at Trombay and supplied for research pur-
poses and medical uses. Labelled fertilizers are being
produced and supplied; the Department is one of the
few suppliers of 32P labelled fertilizer in the world.
Expert services are also provided to industry in the
use of radioisotopes. Studies on movement of silt on
river and sea beds, and of flow of water in rivers have
been carried out using radioisotopes. Investigations
on silt movement in a number ol harbours have re-
sulted in working out suitable measures which have
helped to effect considerable savings by way of
dredging operations. The experience and knowledge
gained in this field have been placed at the disposal
of the International Atomic Energy Agency for the
benefit of other countries.

From the very beginning, considerable emiphasis
has been placed by the Department of Atomic Energy
on the indigenous development of instruments and
equipment needed for atomic energy work. Irom a
small beginning in 1952, today the Atomic Energy
Establishment at Trombay produces most of the
electronic instruments required for its own work, and
for the use of institutions ernployving radioisotopes
and radiation sources. The design and development
«capabilities of the electronic engincers are now com-
parable to those in the developed countries.  So much
so, the Electronics Production Division at Trombay
will soon form the nucleus of a company producing
electronic instruments on a commercial scale.

In agriculture and related fields, the Atomic Energy
Establishment has done much useful work. Biologi-
«cal effects of ionizing radiations, induction of muta-
tions in economic plants such as rice and groundnut,
preservation of food products such as {ruit, fish, etc.,
are some of the problems investigated. New strains
-of rice and groundnut with improved characters have
been developed. Significant advances have also been
made in the control of insect pests in stored grain by
irradiation. Extensive studies are being carried out
on the use of radioisotopes in the diagnosis and treat-
ment of diseases at the Radiation Medicine Centre
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set up in 1963. Investigations on oral cancer in
animals have shown that specific nutritional defi-
ciencies play an important role and that carly lesions
could be controlled by adequate and sustained ad-
ministration of B-vitamins.  Good progress lias been
made in investigations relating to thyroid disorders
in the Tata Memorial Hospital, and the Indian
Cancer Rescarch Centre, Bombay, both of which are
now under the administrative control of the Depart-
ment of Atomic Energy.

One of the important goals the Department of
Atomic Energy has before it is the generation of
power from atomic cnergy to augment the power
resources of the country.  In August 1959, the Plan-
ning Commission approved the setting up of an atomic
power station in the industrial arca of Maharastra-
Gujarat states during the Third Plan period.  Plans
for two niore atomic power stations in Rajasthan and
Madras are now ready, and are being included in the
Fourth Five Year Plan programme. While the
Maharashtra-Gujarat station is being set up with
Canadian collaboration, the Rajasthan station will be
built by Indian personnel working with Canadian
designs. The Madras station will be designed and
built entirelv by Indian scientists and engineers.
Each of these stations will e producing  ahout
400 MW. of power which will be cheaper than
thermal power.

The Departinent of Atomic Energy is one of the
few orgamizations in the country with a well-planned
programme of recruitment and training of scientific
and technical personnel to meet its requirements.
Graduates in science and engineering are selected on
an all-India basis and are given specialized training
in disciplines related to nuclear science and techno-
logv. This system of recruitment and training has
been quite successful and effective, and the Depart-
ment of Atomic Energy is provided with the required
complement of well-trained and well-qualified scienti-
fic and technical personnel.  The Department is also
proposing to set up inter-university centres for nuclear
research.  These centres, which will be provided with
such facilitics as a reactor, an accelerator or a sub-
critical assembly for advanced studies in various
branches of nuclear science, will form additional
training centres for scientific and technical personnel.

The achievements of the Department of Atomic
Energy during the short span of 10 years have been
indeed impressive and have helped to earn India a
high place among the advanced countries engaged
in nuclear research and development of atomic energy.
The significant progress made by the Department is
mainly due to its clear-cut programmes and ob-
jectives. India, unlike other countries engaged in
nuclear rescarch, is committed to the development of
nuclear energy for peaceful purposes only. With
this commitment and with Dr Bhabha to guide the
work of the Department with his characteristic fore-
sight, India could be expected to make further signi-
ficant contributions to the peaceful uses of atomic
energy.



Some Investigations on Terpenes & Macrocyclic Musk Compounds*

N the National Chemical Laboratory, Poona,

my colleagues and myself have been engaged

for the last several years on the chemical
examination of commercially important Indian
essential oils with a view to finding better uses for
them and to have a better knowledge of the consti-
tuents present therein. We have also been inter-
ested in the synthesis of some commercially
important chemicals which are widely used in the
perfumery industry.

Isolation and Structure of Terpenes

" In connection with our work we have examined a
large number of essential oils and separated their
constituents by using modern practices. Of these,
special mention may be made of costus root oil,
agarwood oil, jatamansi oil, valerian root oil, vetiver
oil, ginger oil and wild ginger oil. We have isolated
a large number of new and hitherto unreported
constituents with wunusual structural features.
Some of these contain 15 carbon atoms and belong
to the group of sesquiterpenoids. A few odd
members contain 14 carbon atoms as well. We
have been fortunate to isolate about 30 such new
products and determine their structures and, in
many cases, their absolute configurations.

Organic molecules of the type handled by us,
containing mainly carbon, hydrogen and oxygen,
have often a three-dimensional structure. Workers
interested in the biogenesis of organic compounds
occurring in plants have found that nature takes a
very methodical attitude in making these compounds
and is able to do so under extremely mild conditions,
which is the envy of any organic chemist. In making
these compounds, which also include terpenoids, it
adopts a well-defined three-dimensional pattern.

A few years ago, an organic chemist would have
been satisfied if he could determine the relative
disposition of various functional groups in a parti-
cular molecule within the framework of a two-
dimensional picture. But in recent years, due to
the development and elaboration of the concept
of absolute stereochemistry, a three-dimensional
picture is considered essential. This can, of course,
be neatly determined by X-ray crystallographic
method, but can also be done equally well within
certain limits by adoption of chemical and physico-
chemical methods.

Considering the relative disposition of the various
atoms, there are several thousand stereo possibi-
lities for a molecule like cholesterol, but only ene
cholesterol occurs in nature. This is also generally
true for sesquiterpenoids which, in the overwhelm-
ing majority of cases, also follow certain set stereo-
chemical patterns. In this context I am reproducing
the stereo formulae of three typical terpenoids:
eudesmcl (I), santonin (II), and cadinene (III).

*A dissertation by Dr S. C. Bhattacharyya, Scientist,
National Chemical Laboratory, Poona, on the occasion of
the presentation of the Shanti Swarup Bhatnagar Memorial
Award in Chemistry for the year 1962 at the National
Physical Laboratory, New Delhi, 14 January 1965.
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In the course of our work on sesquiterpenes of
Indian essential oils, we have come across several
compounds which belong to the rather unusual
antipodal or the mirror image group. Some of these
are: khusol (IV), khusinol (V), y,-cadinene (VI),
(—)-junenol (VII), and agarofuran (VIII). Occur-
rence of a series of such products in Indian essential
oils, obviously, raises interesting problems of bio-
genesis and stereochemistry. A few of the other
important terpenoids, structures and stereochemistry
of which have been determined by us, are costunolide,
dihydrocostunolide, saussurea lactone, tetrahydro-
saussurea lactone, methoxycostunolide, agarofurans
and agarospirol, khusitone, khusilal, zingiberol, 3-ber
gamotene, valeranone, hydroxy valeranone, etc.

Extraction of Essential Oils

Besides scientific interest, our work on Indian
essential oils is also of considerable commercial
significance. The low temperature solvent extrac-
tion procedure developed by us and as applied in
the case of costus root, jatamansi and agarwood
oils has led for the first time to the isolation of the
oils and the respective constituents in the form
in which they exist in the roots without any poly-
merization or denaturing. Many of the labile consti-
tuents which can be isolated by -applying this pro-
cedure are expected to have medicinal properties.

Macrocyclic Musk Compounds

We have also taken deep interest in another type
of products. These are the macrocyclic musk
compounds. A product belonging to this group is
muscone, the active principle of ‘ kasturi’, obtain-
able from the Indian musk deer. Kasturi (musk)
has been known to the oriental people for centuries
and has found use in the indigenous system of
medicine. A musk pod, for the collection of which
a musk deer has to be killed, weighs approximately
an ounce (28 g.), of which only about 0-3 g. is the
active principle muscone. The musk odour is a
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typical impression which cannot be explained, but
is to be felt and appreciated.

Musk-like odour has also been observed in natural
civet, certain excretion of American musk rat, and
also in some plant products, namely angelica root
oil and ambrett seed oil. Many distinguished
scientists have worked on these perfumery principles,
one of the most glorious names being that of
L. Ruzicka of Switzerland. From their researches,
it is known that the musk odorous principles belong
to the group of macrocyclic (large ring) ketones or
lactones. At the time when the structures of
these products were elucidated, it created almost a
sensation, as the existence of such products, on
theoretical grounds, was not considered feasible.
However, once the structures were determined,
ways and means were found to synthesize them.
This interest still continues and has also found
favour with us. By using casily available indi-
genous raw materials and following simpler chemi-
cal reactions, we have been able to develop practi-
cal syntheses of all the naturally occurring musk
odorous compounds and the rclated products.
These include, amongst others, muscone (IX),
civetone (X), dihydrocivetone (XI), exaltone (XII),
exaltolide (XIII), and ambrettolide (XIV). These
products find use in the industry and sell at very
high rates. But the results of our researches,
which were partly motivated by an industrial bias,
should bring down the price of this inaccessible
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group of aristocratic chemicals to a more approach-
able democratic level. With adequate efforts it
should be possible to develop a foreign market for
these products.  Besides these, we have also estab-
lished several other commercially important pro-
cesses, such as (i) synthesis of dihydrojasmone from
octanone, (ii) a composite method for the synthesis
of peach aldehyde and isojasmone from undecylenic
acid, (iii) 1-menthol from citronellal, and (iv) vitamin
A-grade B-ionone from lemongrass oil. Some of
these processes have been released to the industry.

Conference on Research & Industry

At the suggestion of Shri M. C. Chagla, Union
Minister for Education and Vice-President, Council
of Scientific & Industrial Research (CSIR), it is
proposed to organize a 3- to 4-day conference of
scientists and representatives from industry in New
Delhi under the auspices of CSIR during the
second week of November 1965. The basic objec-
tive of the conference is to bring about better
awareness of the problems and difficulties of the
industry by the scientists and appreciation by the
industry of the role of scientific research in industrial
development. The specific problems to be discussed
at the conference include: (i) Development of
substitutes for imported raw materials; (i) Indi-
genous manufacture of essential components
hitherto imported; (iii) Development of indigenous
know-how at a sufficiently advanced level as to be
commercially utilizable in respect of those articles
on which repeated foreign collaboration has been
sought; and (iv) Measures through which the pro-
grammes of industrial research could be oriented to
the needs and requirements of industry. The
conference may also consider how technical person-
nel from industry could be more closely associated
with the research programmes and projects of the
research establishments. The possibility of ex-
change of ideas with other sectors engaged in re-
search such as Defence, Railways and the Atomic
Energy Establishment, and institutes in public and
private sector who have their own research organiza-
tions will also be considered.
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The conference will begin with a general session
and split into specialized sections devoted to dif-
ferent fields such as chemicals, metallurgy, fuels, coal,
petroleum, glass and ceramics, drugs and medicine,
etc. The sections would consist of research scien-
tists engaged in the particular field, officers of
Directorate General of Technical Development,
Planning Commission and industrialists and techni-
cal personnel from industry in the same field. The
participants in the various sections will set before
themselves the task of putting across a picture of
the industry in their specific field and identify the
major problems necessitating rescarch and investiga-
tion. These investigations could relate to essen-
tial raw materials, components, level of technology,
future developments and improvements and such
other matters. At the end of discussions, the con-
veners of the sections would set out a paper
summarizing their deliberations on the problems of
the industry and their recommendations. These
and the gencral problems would then be considered
at a plenary session.

A small committee has been set up at CSIR
Headquarters  to  make arrangements for the
organization of the conference with Shri Baldev
Singh, Research Coordination, Industrial Liaison and
Extension Officer, as the Convener. Nominations
for participation in the conference and suggestions
on the problems to be discussed may be addressed
to the Director-General, Council of Scientific &
Industrial Research, Rafi Marg, New Delhi 1.



Twenty-second International Geological Congress

U. ASWATHANARAYANA®*

Department of Geology,

Geological Congress held in New Delhi during

14-22 December 1964 marks a  significant
event in the annals of Indian geology. India
had the proud previlege of being the first Asian
country to play host to the congress since the
establishment of the latter in 1878. The congress
was attended by over 2100 geologists, geophysicists,
geochemists  and  mining  engineers  from  about
100 countries, the contingents from USA and USSR
being by far the largest.  About 390 papers were
presented in 16 sections devoted to different sub-

THE twenty-second session of the International

jects.  Several commissions of the congress, inter-
national associations and scientific  societies  and

the International Union of Geological Sciences held
their meetings at the time ol the congress.  For
the benefit of the visiting geologists, numerous pre-
congress and  post-congress  geological —excursions
were organized to different parts of the country.
The Posts and Telegraphs Department  of  the
Government of India brought out a special stamp
(with hammer through the globe as the motif) to
commemorate the congress.

The Organizing Committee of the congress issued
the following brochures to acquaint the delegates
with the present status of knowledge of various
aspects of Indian geology and mineral resources:
Geology and mineral resources of India by P. V. Rao,
Gondwanas of India by D. R.'S. Mchta, Structure ()f
the Himalayas by D. N. Wadia and W. D. West,
Stratigraphy of the Siwalik group by M. R. Sahni
and L. P. Mathur, Age determination of rocks and
geochronology of India by U. Aswathanarayana,
Iron ores of India by M. S. Krishnan, Mica fields of
India by M. V. N. Murthy, Oil in India by L. P.
Mathur and P. Evans, and History, function, organi-
zation and plans of the Geological Survey of India by
B. C. Royv.

The congress was inaugurated by Dr S. Radha-
krishnan, President of India. DrD. N. Wadia, F.R.S.,
Geological Adviser to the Government of India and
doven of Indian geologists, was clected President
of the congress. In his  Presidential  Address,
Dr Wadia referred to some ol the outstanding prob-
lems of Indian geology. The congress then broke
up into smaller groups to discuss the papers presented
before the various sections.

The papers presented at the congress were so
many and so good that it is impossible to do justice
even to a fraction of them. The reviewer is, there-
fore, restricting himselfl to an analysis of the out-
standing results presented in each section, though
such an approach may tend to be subjective.
Geology of Petroleum

The Russian geologists submitted detailed informa-
tion regarding geological structure and oil and gas

*Permanent Sceretary, Twenty-second International Geo-

logical Congress.

Andhra University, Waltair

content of the Volga-Ural region, Caspian depression,
Mesozoic strata of the middle Asian Epi-Hercynian
Platform, West Siberian Lowland and Siberian
Platform. Vassileyev ¢t al. (USSR) classified the
oil- and gas-bearing basins of USSR on the basis
of tectonic-structural criteria. The occurrence of
high molecular organic compounds — bitumens —
in the igneous and metamorphic rocks of the Kola
Peninsula, USSR, reported by Petersilie (USSR)
is of great scientific interest. Sometimes the bitu-
mens are close to oil type and contain large amounts
of paraffin hydrocarbons and smaller amounts of
naphthene, along with some aromatic hydrocarbons.
Mucller (UK) presented evidence to indicate the
existence of petroleums of different origins: maturing
of sapropelic sediments, mild distillation from kerogen-
type organic sediments, intensive distillation and
hydrogenation of coal-type sediments and distillation
and condensation of juvenile abiogenic substances.

Geological Results of Applied Geophysics

Geophysicists from the Oil and Natural Gas
Commission (India) presented results of gravity/
magnetic/seismic surveys for oil in the plains of
Punjab, Cambay Basin, Western Uttar Pradesh,
Brahmaputra Valley, etc. The progress of geo-
physical prospecting for chromite in Cuttack District,
Ormissa, for copper ore in Dariba and Khoh areas
in Alwar District, Rajasthan, and for diamondi-
ferous volcanic pipes in the Panna area, Madhya
Pradesh, was outlined by the geophysicists of the
Geological Survey of India.

Bondarenko et al. (USSR) gave an account of the
advances in the techniques of underground geo-
physical prospecting. The intensity and phase
structure of the radio fields can be employed as an
aid in prospecting for massive impregnated sul-
phide ores, uranium ores and highly watery zones.
Gravity surveys and gradiometer observations are
useful in the location and estimation of size of ore
bodies. An examination of the intensity and energy
spectrum of cosmic rays in the mines can lead to
an idea of average density of overlying rocks. The
geological results of off-shore geophysical explora-
tion (mainly seismic) for oil in the Caspian, Azov,
Black and Kara Seas of USSR were presented by
Vartanov el al. (USSR). Subbotin et al. (USSR)
delineated the deep structure of the Ukraine area
from geological and geophysical data, and attempted
to relate the deep structure to the formation of
mineral deposits in that region.

Cretaceous-Tertiary Boundary Including
Volcanic Activity

On the basis of K-Ar dating of plutonic and
volcanic rocks from the Basin and Range Province,
Arizona, Damon et al. (USA) showed that the most
intense Laramide activity occurred at the Mesozoic-
Tertiary boundary. Shafiqullah et al. (Canada)
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placed the Cretaccous-Tertiary time boundary at
6341 m.y. (K-Ar ages of bentonites in diachronous
coal beds of the Cretaceous-Tertiary boundary).
The Ilithofacies and biofacies relationships at the
Cretaceous-Tertiary contact in the Sirte Basin,
Libya, were described by Lehmann (Libya).
M. V. A. Sastry and B. R. J. Rao (India) presented
foraminiferal and other evidences to show that
the Maestrichtian marks the close of the Cretaceous
period in South India.

Rock Deformation and Tectonics

The wvalidity of the generally held view that
magmatic massifs ride at the head of big over-
thrust nappes was questioned by Ciric (Yogoslavia).
According to him, the magmatic and crystalline
massifs of the Dinaric Alps are really autochthonous
in relation to their surrounding rocks. They played
the role of solid nucleii during tectonic movements
and inhibited the tectonization of the surrounding
and overlying rocks. Das Gupta (India) expressed
the view that the Khetri Copper Belt was affected
by a single period of orogeny during which several
episodes of superposed deformation, related igneous
intrusions and metamorphism took place. He did
not find any systematic relationship between the
structure and grade of metamorphism except in
the eastern part of the belt where the metamorphic
grade increases with progressive tightening of the
folds and with enhanced temperature induced by
the emplacement of granite.

Structural, petrological, stratigraphic, palaconto-
logical, palaeoclimatic and palacomagnetic data re-
garding East Antarctica were shown by Hamilton
(USA) to be consistent with the concept of the
Palacozoic and Early Mesozoic supercontinent of
Gondwanaland. Ichikawa and Kojima (Japan)
compiled, on the basis of geological and geophysical
data, a crustal profile of south-west Japan in which
region the pre-Neogene basement is better pre-
served. Karunakaran ef al. (India) delineated three
tectonic cycles (Upper Cretaceous-Palaeocene, Eocene-
Oligocene, Miocene) in the Andaman and Nicobar
islands, which brought about changes in palaco-
geography and sedimentation patterns.

Khain (USSR) traced five main stages of evolution
of the earth’s crust. The Catarchaean stage (3500
m.y.) was characterized by the formation of geo-
synclines amidst oceanic platforms (thalassocratons).
During the Archaean stage (2900 m.y.), the nucleii
of future continents took shape. Early to Mid-
Proterozoic (Gothian) stage (1700-1200 m.y.) was
characterized by the existence of large but unstable
platforms repeatedly subjected to breaking up.
During the Proterozoic (Sinian, Riphean) stage
(1200 m.y.), the structural pattern of the earth’s
crust took place and then steadily developed till
the recent time. The fifth stage was marked by
the gradual decline of geosynclinal activity and
extension of continental platforms (epeirocratons).
Qureshy (India) related the gravity anomalies to
the regional tectonics of the Peninsular India.

Genetic Problems of Ores

According to Adler and Nininger (USA), un-
oxidized uranium deposits in sandstones are formed
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due to the deposition of uranium from ground water
when it encounters zones of organic debris in im-
mature arkosic and conglomerate sands that were
eroded from an orogenic high land and accumu-
lated in tropical, savannah-like low lands. P. K.
Chatterjec and P. K. Banerjee (India) described the
carly kinematic chromite deposits of Orissa which,
incidentally, do not fit into either Bushveld class
or California class of chromite deposits. They
proposed a new classification of chromite deposits,
based upon their origin and tectonic environment.
In the gold fields of South India, the gold-quartz
mineralization is associated with amphibolites, green-
stones and chloritic schists. The gold mineraliza-
tion is found by Narayanaswami (India) to be
localized in zones of dextral and sinistral drag folds
associated with cross-fold structures within the
Dharwar schists, or in shear zones and faults in
zones of regional cross-fold structures in the border-
ing charnockitic terrain.

Radkevich (USSR) related metallogeny to the
fracturing and activization of ancient platforms
and post-Cambrian arcas with completed folding.
Several examples were cited to show that different
types of activated structures usually bear minera-
lization of different ages. Supriya Roy  (India)
brought out the role of metamorphism in the forma-
tion and transformation of manganese oxide phases
in the Gondite-type manganese deposits of Maha-
rashtra and Gujarat.

Minerals and Genesis of Pegmatites

Gerassimovsky (USSR) described the mineralogy
of agpaitic nepheline syenite pegmatites of Lovozero
alkaline massif. Pegmatites are richer in rare
elements and poorer in nepheline relative to rocks.
They are also characterized by an abundance of
sodium minerals and virtual absence of calcium
minerals. The intermittent immigration of alkali-
alumina-siliceous fluids into slip planes has led,
according to Mahadevan and Murthy (India), to
the development of different types of pegmatites
(homogencous, zoned or composite) in the Bihar
Mica Belt. Nedumov (USSR) considered the pegma-
tite melt solution as a homogeneous multicomponent
system with mutual solubility of components limited
by certain intervals in temperature and pressure.
He described the process of differentiation of pegma-
titic melt and pointed out the role of tectonics in
the formation of rare metal pegmatites. Solodov
(USSR) related the rare metal content of a pegma-
tite to its mineralogy. For instance, Be charac-
teristically occurs in microcline pegmatites, while
Ta, Cs, Pb, Li, Nb and Tl mincrals are common in
microcline-albite pegmatites.

Plateau Basalts

Deccan Traps are generally believed to consti-
tute a tholeiitic basalt province. S. C. Chatterjee
(India) described alkali-olivine basalts from the
Pavagadh Hill near Baroda, Gujarat State. Sinha
and his associates (India), who investigated the geo-
chemistry of the Deccan basalts in general and
Pavagadh basalts in particular, observed that in
traps generally there is a progressive decrease in
water and alkalics and an increase in lime and
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magnesia from the lowest to the uppermost trap
horizon. The Pavagadh rocks appear to provide a
‘good example of coexistence of both olivine basalt
and tholeiitic basalt magma types. The structure,
mineralogy and geochemistry of the carbonatites of
Amba Dongar, Gujarat, associated with Deccan
Traps, were described by Sukheshwala and Udas
(India). The metasomatic aureole is rich in fluorite
and several other economic minerals.

Palaeontology and Stratigraphy

Bandy and Chierici (USA and Italy) reported
that deeper bathyl foraminiferal zonation off
southern California is not duplicated in the
Mediterranean. The discovery by Dombrowski
(West Germany) of ‘living ’ bacteria in the palaeo-
zoic salt deposits raises a series of questions of
far-reaching scientific importance. Gromov et al.
(USSR) postulated that as a consequence of favour-
able combination in space and time of biological,
geological and cosmic factors, optimum conditions are
created for the rapid development, wide distribution
and adaptation of fauna. Applying this concept, they
distinguished two main stages in the Late Neogene
characterized by Hipparion fauna and equid and
elephant fauna. Field studies by Kummel and
Tiechert (USA) demonstrated the existence of a
lithofacies change, besides the well-known faunal
break, at the boundary of the marine Permian and
marine Triassic of the Salt Range in Pakistan.
S. S. Sarkar (India) has computed the rate of evolu-
tion of some Tertiary mammals (Proboscidia, horse
and Bos) on the basis of dimensions, at different
geological times, of a particular molar or bone of a
vertebrate belonging to a particular lineage.

Gondwanas

Evidence was presented by Bowen (Australia) to
show that north-west Tasmania and the north-
eastern New South Wales were the two principal
loci from which glaciers radiated out during the
Late Palaeozoic times. He maintained that assump-
tion of connection with other continental masses
is not required to explain the various characteristics
of the eastern Australian glaciation. Kar et al.
(India) reported that heavy mineral assemblage
<can be employed to distinguish the Raniganj Series
from the Barakars and Barren Measures in the West
Bokaro Coalfield. The technique was found useful
in the correlation of coal seams. The Parana
‘Gondwana Basin in South America was shown by
De Loczy (Brazil) as a cratonic intershield embay-
ment, sedimentation in which was never affected by
tangential folding. According to Niyogi (India)
the glaciofluvial and glaciolacustrine sediments of
the Talchirs were deposited in natural depressions
bounded generally by strike ridges. The depressions
acquired the characters of intercratonic basins
during the Late Talchir times.

Archaean and Pre-Cambrian Geology

On the basis of field and radiometric age data,
Allen (UK) divided the younger Granite Group of
British Guiana into five petrographic units: alkali-
.quartz syenite and potassic granite, quartz diorites,
granodiorite-tonalite association, granite-adamellite

association and post-Iwokrama granite. Basu
(India) described the petrology and structure of
the alkali rocks (theralite, nepheline syenite and
camptonite) of Kishangarh, Rajasthan. The em-
placement of the alkali rocks in the Pre-Cambrian
metasediments is broadly syntectonic. Keller
(USSR) outlined the lithology, structure, fossil
content (stromotolites, oncolites, etc.) and classi-
fication of the Riphean group (1550-650 m.y.)
which forms a part of the Upper Pre-Cambrian of
USSR. Kirwan (Canada) questioned the existence
of through-going fault along the Grenville Front.
He accepted that the Grenville Front is faulted in
places but maintained that there are areas of
complete metamorphic gradation from the Huronian,
Temiskaming and Keewatin to the Grenville. He
suggested that the term Grenville be given meta-
morphic rather than chronostratigraphic connota-
tion. According to Mahadevan (India), the
charnockites of Western Ghats were deformed, and
rendered gneissose due to recrystallization. The
granites were emplaced as syn-to late-kinematic bodies
and appear to be at least partly responsible for the
recrystallization of charnockites. Ravich (USSR)

- gave an account of the geology and petrology of

the Antarctic basement. Most rocks of the crystal-
line basement of Antarctica are characterized by
charnockite association of minerals. '

The manner and history of the emplacement of
the Singhbhum granite batholith (mainly grano-
diorite-adamellite, trondjhemite and leucogranite,
with patches of granitized basic metamorphic rocks)
was ably dealt with by Saha (India). The prelimi-
nary results of K-Ar dating of some Pre-Cambrian
minerals and rocks of Peninsular India were pre-
sented by Sarkar, Polkanov, Gerling and Chukrov
(India and USSR). Simonen (Finland) discussed
the lithology, structure and metamorphic chrono-
logy of the Svecofennides of Finland which represent
an ancient geosynclinal belt. He described the
synorogenic, intraorogenic and late orogenic phases
of the orogenic evolution of Svecofennides.

Himalayan and Alpine Geology

Bodenhausen et al. (Netherlands) reported the
occurrence of graptolites of Lower Silurian (Llando-
verian) age at a relatively high level in the succession
of the so-called Tibetan Zone of the northern part
of the central West Nepal. Hence parts of the
succession may be considerably older than was
formerly realized. The thick basal gneisses to-
gether with overlying sediments were thrust in
southerly direction over the low grade metamorphic
rocks of the Lesser Himalayan Zone. The relation-
ship between the post-Palaeozoic volcanism of
the Caucasus and the development of certain geo-
synclinal troughs (eugeosynclines or volcanogenic
geosynclines) was ably deciphered by Dzotsenidze
(USSR).

Karunakaran ¢ al. (India) delineated three epi-
sodes in the history of the Andaman geosyncline:
Formation during Upper Cretaceous times, sediment-
filling (with turbidites and other terrigeneous sedi-
ments) between Eocene and Miocene periods and
orogenic movements during Upper Oligocene and
Middle to Upper Miocene times. The orogeny
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resulted in the elevation of the geosyncline and its
modification into an island arc. Geological and
geophysical studies outlined by Supriva Sen Gupta
(India) indicate a northerly slope of the basement
below the Gangetic alluvium and the thickening of
the sediments in the same direction. The depth of
the Mohorovicic discontinuity progressively increases
towards the Himalayas where it attains a depth of
about 70-75 km. below the mountains. Valdiya
(India) described the lithology and structure of the
following zones in the Himalayas: Autochthonous
Siwalik zone, Para-autochthonous Lesser Himalayan
zone, Krol Nappe System, Kashmir Nappe System
and the Tethys Himalayas.

Hydrogeology

Babushkin ¢t al. (USSR) explained the new
techniques for artificial replenishment and recharge
of ground waters, specially in the piedmont regions,
and for the most economical way of exploitation of
lens waters in the desert regions without triggering
the ingress of underlying saline water. Three
hydrogeochemical ground water zones were de-
lineated by Honda and Maitra (India) in West
Bengal. Ogilvie and Vostokova (USSR) presented
an excellent paper on the geological, geographic and
geophysical methods for the exploration of fresh
ground water in the desert regions. They described
new, continuous aero-electrical methods of search
for small bodies of fresh, free ground water and
electrical methods for locating the boundary where
the ground water salinity changes slowly. Rogov-
skaya (USSR) discussed the horizontal and vertical
differentiation of ground water in irrigated areas
in arid zones.

Charnockites

According to Hepworth (UK), charnockites of
south-west Nile, Uganda, form part of the layered
Granulite Group which is partly metasedimentary.
The retrogression of the granulites is ascribed to
the superposition of a * Grey Gneiss ', metamorphism
of Mozambiquian age. Klimov ¢t al. (USSR) de-
scribed the numerous geological and mineralogical
characters common between the charnockites of
East Antarctica and India and other Gondwana
arcas. They belicved that charnockites were formed
under conditions of high temperature, low partial
pressure of water and oxygen and high content of
alkalies (particularly potassium). The charnockites
of Anabar Massif in Siberia are products of meta-
morphism of sedimentary and volcanic rocks under
conditions of granulite facies metamorphism (esti-
mated temperature and pressure: 600-900°C. and
3000-10,000 bars respectively). Mahadevan (India)
agreed with the view that the ‘ basic * charnockites
(pvroxene-hornblende-plagioclase  granulites) —are
genetically unrelated to the ‘acid’ charnockites.
He believed that acid members were produced by
the replacement of country rocks by the alkaline
fluids of varying composition under conditions
of high mobility. Partial replacement of basic
granulites led to the formation of ‘intermediate’
charnockites.

According to Searle (Cyprus), the charnockites of
Ceylon originated as basic volcanic rocks intrusive
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into the sedimentary Highland Series. Both the
volcanic rocks, and the sediments were later sub-
jected to Vijayan metamorphism which converted
the volcanic rocks into charnockites. Wilson
(Australia) described the tectonic and metamorphic
setting of four groups of charnockites of different
ages (more than 2500, 1500, 1200 and 1000 m.y.)
in Australia.

Laterite

In warm, wet climates, the liberation and chemical
removal of silica readily takes place and leads to
the formation of laterites and  bauxites. The
observation of Bushinsky (USSR) that the solubility
of silica in water rapidly increases with temperature
— from 100 mg./litre at 0°C. to 300 mg./litre at
50°C.— explains  the  phenomenon.  According  to
P. K. Chatterjee et al. (India), the laterites of Orissa
are apparently formed n situ by residual weather-
ing. They occur at different altitudes, overlie rocks
ol different composition and range in age from
Archacan to Tertiary. Mature topography is a
prerequisite  for  the development of laterite in
Orissa.  John Hays (Australia) deseribed the rela-
tionship between laterite and land surfaces in the
northern territory of Australia. He delineated two
periods ol lateritization — during the Late Creta-
ceous and the Early Tertiary times.  Roy Chowdhury
et al. (India) gave the profile of laterite overlving
the Traps in some parts of Madhya Pradesh:
Pisolitic laterite at the top, followed downward by
aluminous laterite and bauxite, highly porous or
cavernous laterite and, at the base, lithomargic clay.

Sedimentology and Sedimentation

Indranil Banerjee (India) employed stratigraphic
and petrographic data to outline the broad features
of tectonic control of the Vindhyan sedimentation.
Microscopic, thermal, chemical and X-ray studies
by Bardossy et al. (Poland) of rock samples of
Silurian age from  Poland, Germany, Bohemia,
Hungary and Bulgaria clearly show that the de-
positional cnvironment during  the Silurian  was
uniform throughout the region.  Glennie and Ziegler
(Netherlands) pointed out the complications involved
in the subdivision of the Siwaliks of Nepal which
are fluviatile sediments  derived from  the rising
Himalayas and deposited in giant alluvial fans.
They proposed a simple twofold lithologic sub-
division —- conglomerate  facies and  ‘ sandstone’
facies — which does not carry a time implication.
The directions ol palacocurrents in different types
of basins were deciphered by Grossgeim (USSR) on
the basis of grain directions, orientation of elongated
biogenic remains, ete.  Siddiqui (India) gave an
account of the origin of the Tertiary bentonitic clay
deposits of Barmer embayment, Rajasthan. He
showed that the volcanic rocks gave rise to Na-
montmorillonite clay under hot, humid conditions
(on land) and when the clay was subscquently
deposited in the embayment, it got converted into
Mg-montmorillonite by cation exchange.

Other Studies

Cherdyntsev (USSR) emploved the variations in
the MUY ratio as a tool for studying the
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geological conditions of uranium migration, parti-
cularly, in natural waters. The association of
certain. magmatic formations with specific struc-
tures in the carth’s crust was brought out by
Kuznetsov (USSR). Spilite keratophyre group of
extrusives and gabbroid intrusions are associated
with geosynclinal stage of development of mobile
zones, andesitic lava flows with the formation of
geanticlines and the general closing of geosynclines,
basalts with stable regions (old and recent plat-
forms and occeanic blocks), and migmatites and
charnockites with the Archaean bases of old platform.
Rozhkov and Kovalsky (USSR) gave an account of
the mode of formation and occurrence of the
kimberlite.  Intrusive kimberlite bodies are devoid
of diamonds. Ixplosive kimberlite bodies are
diamondiferous, but the quality and richness of
diamonds vary for different pipes. The formation
of diamond-bearing placers largely depends upon
the degree to which the kimberlite pipe was eroded.
Volborth (USA) described equipment (US $ 50,000)
involving the use of X-ray fluorescence and neutron
activation, for rapid, non-destructive analysis of
rock samples.  All major clements (including oxy-
gen) and  practically all trace elements can be
determined. The limits of detectability vary from
1 to 100 p.p.m., depending upon the element.
Timothy Whitten (USA) reported some conceptual
models for the analysis of three-dimensional variabi-
lity of rock units.

Other Meetings

Concurrently with the sessions of the International
Geological Congress, the following commissions of
the congress held their meetings: Commission on
Stratigraphy (with ten subcommissions devoted to
different geologic periods); Geological Map of the
World (with two subcommissions dealing with
Metallogenic and Tectonic Maps); Geological Map
of Europe; Meteorites; Study of clays; Coordination
of geological and geophysical research; Problems of

the role of geochemistry in international scientific
meetings; and Group discussion on International
Indian Ocean Expedition. The Spcndirov Prize
was awarded to D. K. Ray (India).

The following international associations and
scientific societies also met at the time of the
congress: International Palaeontological Union;
International Association of Hydrogeologists; Inter-
national Mineralogical Association; Association of
African Geological Surveys; Society of Economic
Geologists; and the Geochemical Society. The Inter-
national Union of Geological Sciences organized a.
fruitful symposium on the Upper Mantle Project
and a commission of the Union discussed the study
of economic elements in the earth’s crust.

Concluding Remarks

The congress was memorable in many ways.
It was a thrilling experience to the young geologists
of India to come into contact with eminent earth
scientists from different parts of the world. The
sessions went on with clock-work precision. With
numerous good papers scheduled for presentation
at different places, one had to keep on moving
from session to session and very regretfully skip
some fine papers. The delegates who went to
Kashmir for pre-congress geological excursion got
marooned there due to heavy snow-fall. As
attempts to arrange for their transportation to
Delhi were not successful, the resourceful delegates
organized scientific meetings in Srinagar itself.
While it is proper that the Geological Survey of
India, as the largest geological agency in the
country, should play the principal rcle in the
organization of the congress, the geology depart-
ments in the universities could have been brought
into the picture to a greater extent. Not-
withstanding some minor shortcomings in respect
of arrangements which are probably inevitable in
the organization of a conference of this size, the
congress was a great success.

Sixth Seminar on Electrochemistry

The Sixth Seminar on Electrochemistry will be
held at the Central Electrochemical Research Insti-
tute, Karaikudi, during 27-29 December 1965. The
technical sessions of the seminar will cover the
following fields: (1) Electrode kinetics, electro-
chemical equilibria and electro-analysis; (2) Electro-
organic and inorganic products; (3) Electrotherniics
and electrometallurgy; (4) Batteries; (5) Electro-

deposition and metal finishing; (6) Corrosion; and
(7) Miscellaneous.

Abstracts of papers intended to be presented at
the seminar should be sent to the Convener,
Dr K. S. Rajagopalan, Scientist, Central Electro-
chemical Research Institute, Karaikudi, by 15 Sep-
tember 1965. Tull papers should be sent, in
duplicate, by 15 October 1965.
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Detection, Modulation & Generation of Optical & Sub-millimetre Wave
Radiation Using Semiconducting Materials®

S. DEB

Department of Teleccommunication Engineering, Jadavpur University, Calcutta 32

ing the gap between the micro and the optical

waves has made significant progress in recent
vears. In the wake of this progress have come
certain very novel suggestions not only for genera-
tion but also for detection and modulation of these
waves. The present paper is intended to outline
and discuss the basic principles involved in some of
those suggestions which require the use of semi-
conducting materials. As it is not convenient,
within a modest review, to cover the entire family
of semiconducting materials, the scope would be
restricted to Ge, Si and the semiconducting group
III-V compounds. The emphasis will be on de-
scriptions, as far as possible, of the performance
in terms of the basic physical parameters of the
semiconducting material used in the device.
Critical comparison of the performances of the
different types of devices will be included and a
few possible avenues of new developments in the
field suggested.

GENERATION of coherent radiation for bridg-

DETECTION

Basic Considerations

Discussions are most conveniently initiated with
detection of waves. Methods of detection are readily
provided by some of the well-known techniques in
spectroscopy. As a result, this topic lends itself
to more thorough examination than any other and
one can find in the literature quite a number of
interesting publications giving useful background
of the art at its present stage of development!-5.
Some of the most promising results obtained till
now are those concerned with the use of semi-
conducting materials. Both bulk semiconductors
and junction devices have been used in these studies
— the former depending for operation on thermal
as well as optical effects, and the latter on optical
effects alone. Irrespective of these, the basic
physical process required for detection is the ab-
sorption of the desired radiation. Considering a
tectangular slab of material placed in vacuum and
a monochromatic radiation flux I, per unit arca
incident normally on one face, the radiant power
absorbed is easily shown to be®

I — alo(1—R")[1—exp (—kd)) )
e 1—R'exp (—kd)

« being the surface area; %, the so-called absorp-
tion coefficient of the material of the slab for the
radiation; and R’, the reflection coefficient for the

*Based on a talk given at the Symposium on Solid State
Physics held at the National Physical Laboratory, New Delhi,
in April 1964.
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vacuum-material boundary given by
R (Ve—1)24k

R = vl
(Ve b2 :
, kA
k = e [3)
€ being the dielectric constant and A the wave-
length.
For small values of & such that dd << 1
Iy = al kd ...(3a)
and for Ad >> 1
I5=aly(1—-R") ...(3b)

The radiation absorbed produces a secondary effect
which may cause a change in the resistance (R),
or the voltage across the two terminals (V) or the
current flowing through the body (i) of the speci-
men, thus affording a means for detection. The
secondary effect may be either thermal or optical.

A simple experimental arrangement suitable for
observation with cither type of detector is shown
in Fig. 1. It is at once seen that even this simple
arrangement  introduces  certain - complications
through the presence of the clectrical leads, bias
current (i) and the bias supply arrangement. In
the following we shall consider first of all the
behaviour of the intrinsic detector ignoring these
disturbing factors. The possible effects of these
on the performance of the detector will be dis-
cussed for a few typical cases— by performance

A

i

it

£

Fig. 1 — Simple arrangement for detection of radiation
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being meant (i) the response per unit incident power
or the responsivity, (ii) the speed of response or the
time constant (t), and (iii) the minimum detectable
power — the noise equivalent power (NEP) or the
sensitivity (IV,) and the noise factor (NF) of the
detector®.

Thermal Detectors
The Intrinsic Detector

The bolometer type of thermal detectors has long
been in use as detector of electromagnetic radiations
and has been amply discussed in literature!3.7-9,
The particular variety used in the microwave and
infrared range consisted of beads of amorphous
semiconducting materials. For these the perform-
ance had not been found to correlate strictly with
the basic physical parameters of the materials
themselves.  With the advent of detectors using
single crystals'® one should, however, expect a better
correlation in this respect. For such materials the
event leading to detection is primarily the rise in
temperature due to lattice agitation caused by the
incident radiation. New  hole-electron  pairs  are
thus created and the consequent change in resistance
of the element provides the means for detection.
For the intrinsic detector of Fig. 1 the heat balance
equation for small rise in temperature can be written
as

dAT 1oy s

=& :(?(loﬂ(,AI’) ...(4)
C being the heat capacity of the detector and G its
effective thermal conductance with respect to the

surroundings. Under steady state
L
AT = (;'! ()

Responstvity — For an  intrinsic - semiconductor,
the change in carrier density consequent to AT is
EAT
T, being the ambient temperature; E,, the band gap
energy; and K, the Boltzmann's constant, giving a
change in resistance

RyE kd(I )

AR = WKTIG i)
wherein the possible dependence of mobility (1) on
temperature has been ignored. This may not be
valid at low temperature. Further, use has been
made of Eq. (3) signifying weak absorption. With
a doped sample E, should be replaced by the im-
purity ionization energy E;. If 7 is the current
flowing through the element, then the responsivity
may be obtained as

d(iAR)  REkdi
s = sl -<i(8)
d(1 ) 2KT3G

The physical constant of primary importance
is the absorption constant k. The values com-
piled by Lax and Burstein'? for Ge and Si (Fig. 2)

An; = n;

*The term detectivity defined by /«/NEP is currently
being used as a figure of merit of the detector. This may be
casily inferred from the parameters considered here,
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Fig. 2 - Lattice absorption spectra of Si and Ge (after Lax
and Burstein)

indicate that these materials together should give
very good performance over the range 8-35 u.
Operation, with somewhat poorer performance,
should also be possible outside this band. Since
Ry oc exp (E,/KT), Si should give a better value
of 7,, GaAs should have been better still but for its.
extremely peaky nature of variation!? of % with
A. At low temperature G varies roughly as T
both for ordinary radiation and conduction pro-
cesses13:14 The possibility of having a large value:
of 7, through low temperature operation is thus.
immediately apparent. With such technique 7, value-
as high as 10° V./W. appears attainable.

Time constant and frequency response — For com-
munication applications a quick response of the
detector becomes of utmost importance in order
that the device has a wide frequency response.
With the incident power modulated as exp jot,
analysis as above leads to a responsivity.

B ea b ]
© T 14jor

c lL (9}
=g ]

The bandwidth as defined by the 3 db. point is
thus given by G/C. This last ratio should, therefore,
be as high as possible.

Recalling Debye’s 73 law of variation of specific:
heat, one should expect that a low temperature of
operation would lower 7, provided measures have-:
been adopted to ensure a high value of G through
special techniques. Highly conducting heat sinks
in close proximity with the element have been used.
for the latter purpose — one of the best results.
being obtained with flakes cemented on Z-cut
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Fig. 3a — Specific heat of Ge and Si versus temperature

<quartz'®. Low!® obtained excellent results using
the electrical leads as the heat sinks. For Ge at
3°K., the density p’ = 5-3 g.[cc., specific heatl®
s = 10-5 cal./g., thermal conductivity 1-25 W./cm.°C.
-and for a sample of thickness d = 1 mm.,

T ~ 100 psec.

-a value roughly that achieved by Low around the
:same temperature. For Si at the same temperature o’
and ¢'s are smaller'? (Fig. 3a) and thermal conducti-
vity a little higher'4 and hence = may be lower by an
-order. Itisto be noted that thermal conductivities
-of Ge and Si pass through maxima! around 20°K.
(Fig. 3b). Below this limit both s and G in normal
-cases should have 7° laws of variation, indicating
difficulties in securing adequate return in fastness
-of response through further cooling below this range.
‘The thermal conductivity of Cu also passes through
a maximum near 20°K. at which point its value is
at least 10 times higher than the best expected!®
of Si or Ge. Some improvement may, therefore,
be effected by the use of Cu leads as heat sink to
stimulate losses!®. But in any conceivable arrange-
ment involving either th2 leads as the sink or any
-other, promoting conduction, a temperature grad-
ient would inevitably appear in the body of the
element, making some of the above relations only
.approximate. Moreover, as discussed below, G
.cannot be indefinitely increased, without affecting
seriously the sensitivity of the device. To date
the figure 100 psec. seems to be the best realized
.of a purely thermal type of detector, thus limiting
the maximum usable modulation frequency to a
few ke/s.

Semiconductors are unique in the sense that they
have an intrinsic cooling process arising out of a
decreased 2R loss consequent to the lowering of
R by the incident radiation. At low temperature
certain materials may have an « large enough to
make this appreciable compared with either the
radiation or the conduction loss thus increasing the
G-value. It appears that, in principle, a =108 sec.
can be realized provided such a condition of cooling
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has been established all over the detector element.
Too high a value of G may reduce responsivity to
an unworkable value, the maximum attainable
value can be shown to be kd/i.

Sensitivity and mnoise factor — In the absence of
poor electrical contacts -— thus eliminating the so-
called excess 1/f noise — three main sources limiting
the minimum detectable power of a normal detector
may be visualized. These are the photon noise,
the phonon noise and the Johnson noise. Of these
the photon noise may be minimized by using a small
aperture'®; at 300°K. an aperture 180° would suffice.
Under this condition the minimum detectable power
W,, per cycle or the NEP is given by

]er = A/("’KT%G '}‘41\}/«13 078)
0

The first term within the bracket represents the
phonon and the sccond the Johnson noise. For a
good detector having 7,>>1 phonon noise be-
comes the main contributing factor and sensiti-
vity is improved through a reduction of both T
and G «r of TG taken singly. Recalling the
nature of variation of G for both conduction and
radiation at low temperature as stated above, it
would appear that more improved sensitivity can
be realized with a lower temperature of operation
within that range. With an ideal noiseless detector

...(10)

. > % ~
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TFig. 3b — Thermal conductivities of Ge and Si versus tem-

perature (after White and Woods') [1, Si: n-type; 2, Ge:
p-type; 3, Ge: n-type]
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the only limiting factor is the background photon
noise and for this and a detector element of suitable
‘dimensions at 2°K., an ultimate sensitivity of 10~
W./cvele has been estimated to be theoretically poss-
ible, the expcrimental value realized (ref. 10) so far
with Ge at such temperature being 5 £ 10-8 W feycle.
A low G-value, of course, increases = and affects the
speed of response.

In conformity with the usual practice we can
define the noise factor as

N1 W,, for the real (Ietcctol‘
ST T W, for ideal detector

«ed(11)
For the case referred to above N ~ 5000. Thus,
in spite of its exceptionally good sensitivity the
limit of excellence is far from being reached and
thermal detectors  with  better  performance  still
remain worth scarching for.  With Si, for example,
responsivity being higher and thermal conductivity
at 2°K. nearly the same as that of Ge, one should
expect to have a lower noise factor.  With clements
in which purely intrinsic cooling, as referred to above,
is prominent noise factor should be higher.

Effect of Bias Current

The bias current, which must inevitably be used,
incidentally provides for a means for varying r,.
All but too small values of #, however, cause some
heating, raising the temperature of the clement to
some value 7 even in the absence of a signal.
Denoting by AT the rise in temperature above this
value due to the incident radiation alone, the equa-
tion for heat balance is written as

AT [, o RE(iN] o
- _C[Io GAT— % (r) _\7] (12)

For small values of AT such that T~ T, », and
< are thus obtained from Egs. (8) and (9) pro-
vided G is replaced by

REef t\?
G+ 2K (To)

This newly added term in 2 is the intrinsic cooling
conductance and in semiconductor under certain
conditions might be quite comparable to G. The
bias current, therefore, lowers both the responsivity
and the time constant. It also follows from Eq. (10)
that the decreased r, and the effective increase in
G should deteriorate the sensitivity and the noise
factor of the detector.

Effect of End Cooling

The presence of electrical contacts at the ends
gives rise to end cooling, making the temperature
non-uniform and causing additional losses due to
conduction. These decrease r, but improve the
z-value. Sensitivity and noise factor are adversely
affected. The problem of end cooling assumes
particular importance because of its recent ingenious
use for realizing a fast thermal detector. In general
the temperature distribution along the length (2/) of
the element may be shown to follow the relation!

_Q[, _coshy/Px])
Ae=p [‘ coshy Pl
G + SZe e
- o b ss(13)
AW
R e
T 3R (/T4 )

K, being the thermal conductivity of the material
and B the area of cross-section of the element.
In Eq. (13) x is to be measured from the centre.
It is clear that a higher P-value will help to minimize
the effects of end losses.

Effect of Bias Supply Arrangement

The bias supply arrangement does not matter if
Ry >> R, Tor R;»R, the responsivity would be
reduced by a factor Ry/(R;+R,)-

Other Modes of Thermal Detection

Thermal effect in semiconductors may be made
the basis of detection in quite a number of other
ways. Thus, the current I, in a reverse-biased
p-n junction, which also varies!? as exp (- I£,/KT),
provides a means for detection. The high resistance
of the reverse-biased junction permits one to put a
sufficiently large resistance in the external circuit
to achieve the responsivity of the more conventional
detector (Fig. 4). This external resistance will now
contribute Johnson noise. Nevertheless, its sensiti-
vity, noise factor and time constant may not be
much different from those stated for ordinary
detectors.

Thermoclectric and thermomagnetic phenomena??
in semiconductors may also be conceivably used
for detection. Responsivity of such devices cannot,
however, be as high as those discussed earlier.

In summing up we note that thermal semi-
conductor detectors have the merit of covering a
large range of wavelengths with excellent sensiti-
vity and reasonably good responsivity. Their great
drawback is, however, the sluggishness of response.
Moreover, a large wavelength range necessarily also
means a large inherent noise bandwidth. Practical
use of intrinsic cooling may help to achieve a faster
response.

leo
$
g . R ‘{ AY
dy =" °
—a | [

Fig. 4 — Datector using reverse-biased p-n junction
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Photodetectors

Photons of suitable energy can create free carriers
through direct interaction with bound electrons
without invoking the aid of lattice agitation. The
carrier created might be either a hole-electron pair
or an electron or a hole depending upon the fre-
quency of radiation and the nature of the semi-
conducting crystal. In any event, however, the
electrical property of the crystal changes, thus
providing a means for detection. In a different
type of detector interaction with photons and free
carriers causes a change in mobility but not the
density of the carriers leading to a change in con-
ductivity of the material. Thus, we can have three
broad classes of optical detectors, viz. those involv-
ing creation of hole-electron pairs or the intrinsic
photo effect, those involving the creation of a single
type of carriers or the extrinsic photo effect, and
those involving absorption of radiation by free
carriers®. A detector of the last type may be made
tunable over a narrow frequency band. Either
bulk semiconductor or p-n junction photodiode may
be used to realize an intrinsic photodetector.  Both
straight and heterodyne types of operation of such
detectors have been discussed in literature®!-2,

Detectors Using Intrinsic Photo Effect

. In intrinsic photoconduction the incident photon
causes a valence band electron to make a transition
to the conduction band (Fig. 5), thus creating a
hole-electron pair. The process is an extremely
rapid one having a time constant less than 10-' sec.
The creation of additional carriers disturbs the
thermal equilibrium and a countering mechanism
by way of recombination of electron and hole
appears. This latter process involves a time con-
stant, the so-called lifetime =, of 10-* to 108 sec.
for a typical semiconductor. Solution of equation

CONDUCTION BAND
(£4£cTRONS )

A S T

IMPURITY
drvers
BAND AP BANO EDGUL
(INTRINSIC EXTRINSIC
£F7ECT) ervkcr

—— ENERGY

VALENCE BAND
(HoLts)

Tig. 5 — Energy band structure of a semiconductor showing
photo effect of different types
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governing these rate processes has been discussed
in detail by Rittner® and others both for bulk
semiconductor and junction photodiodes®”.  Such
studics provide bases for a number of distinct
classes of detectors using intrinsic photo effect,
viz. bulk photoconducting detectors, photoelectro-
magnetic detectors, photoconductive p-n junction
detectors, photovoltaic p-n junction detectors and
heterodyne detectors.

A common drawback of all intrinsic photo effect
detectors is that there is a maximum or threshold
wavelength (i) of response defined by the require-
ment that photon cnergy should be at least equal
to the band gap energy as given in Table 1 for
several materials at 300°K.

For reasons associated with peculiarities in energy
band structure the approach to the limiting wave-
length is gradual (Fig. 6). The band gap is also an
apparently decreasing entity with increasing tem-
perature. Thus, InSb has its limiting wavelength
reduced from 7-2 to 56 u if the temperature is
changed from 250" to 77°K.

Bulk  photoconductive detector — Let the sensing
element be a thin rectangular slab of thickness 4,
length £ and breadth b receiving radiant power [,
per unit area normally on one of the wider faces of
area bl. In the absence of trapping, drift and sur-
face recombination the density of excess carrier
generated would be governed by the equation®

dAn An
di = fo'— i ..(14)
where o’ is the quantum efficiency giving the number
of carriers generated per quantum absorbed.

TaBLeE 1 — Banp Gar ENERGY AND THRESHOLD WAVELENGTH FOR VARIOUS CRYSTALS

Crystal Eg % Crystal
eV. w
Ge 0:68 19 TnAs
Si 1-08 1-2 InP
InSb 0-18 7-2 GaAs

Eg o Crystal I %
eV ® ev. ®
0-35 34 GaSbh 0-71 1-8
1-25 0-91 GaP 2-4 0-35
135 0-88 BN 10 0-12
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Intrinsic absorption is characterized by fk-values

102-108 cm.”! and for such strong absorption f is
related to Iy as [vide Eq. (3b)]
Al

= (1—=R), !

f=1 )lzal

provided also the diffusion length is large compared
to d.

Responsivity: For small signals = is independent
of An and the steady state density of excess carriers
obtained from Eq. (14) is

(15

An = fro' ...(16)
The consequent change in  resistance measured
across the length is thus
Ag = Rodn _ R (17)
Ty 7,
R, and ny being the initial values of R and #n.  With

a constant current ¢ flowing along / a change in
voltage drop AR will result and the responsivity
will be given by

IAR

_ iRy t(1—R")\
L 1,0 )

7
nyhcv

..(18)

v being the volume of the sample. With o'~1,
the highest responsivity should be obtained near
the limiting wavelength.  As  (Ry/ng) increases
rapidly with decreasing temperature the advantage
of low temperature operation 1s also obvious.
This, however, decreases the limiting wavelength
as stated already. With v ~ 100 psec., ¢ = 10 pa.,
a Ge sample at ordinary temperature may have
7o ~ 10 V.AV.  Improvement by at least one order
may be possible by low temperature operation.
In a practical element, surface recombination and
the presence of the electrical leads would make 7,
appreciably lower than that predicted by Eq. (18).
Increasing 7, by using a larger bias current is limited
by the onset of appreciable Joule heating. The
difficulty may be overcome partially if a conducting
heat sink is used.

Frequency responsc: If [; is modulated as
exp jol, then Eq. (14) may be used to show that
the responsivity

7,

0
Yoo = o
14w

...(19)

The device will, therefore, have a cut-off frequency
1/2z7. For Ge and Si,  may be a few usec.
With group III-V compounds like GaAs or InSb
values less than 10-% sec. may be realized, permitting
a bandwidth of about 100 Mc/s. Too low a value
of =, of course, reduces the responsivity [Eq. (18)].
Some compromise 1is, therefore, essential. In case
deep lying traps are present © cannot be uniquely
specified, but its cffective value becomes higher,
improving r, but reducing the cut-off frequency.
Unfortunately, traps are present in many of the
practical photoconducting materials and = depends
on temperature, increasing with decreasing 7" under
ordinary conditions?®.

Sensitivity and noise factor: The main sources
of noise at low levels of illumination are the Johnson
noise associated with R, and that due to photons
associated with the background radiation.  Judicious

selection of aperture reduces photon noise. Under
this condition the NEP (W,, per cycle)
Wu=[(w3lrd ...(20)
as o} = 4R KT,
W o€ 19V Ty[R, il 21)

indicating a lower NEP at a lower temperature.
With r, ~ 105 V./W. and low temperature W,, may
be 1073 W./cycle or even lower. Thus, in respect
of sensitivity the photoconducting detector per-
formance at the present time is as good as the best
Ge thermal detector developed so far.

InSb promises the longest threshold wavelength
and should give one of the most wide band detec-
tors?3_ Roberts® reports the following values
regarding the performance of a practical intrinsic
InSb detector:

Dimension = 6x0-:01 mm. glued to Cu block

heat sink
7 =5x10"% to 10-% sec.

W, = 1011 W./cycle for 77°K. operation.

For an ideal detector of this area limited by
background radiation alone the W,, value is roughly
3x1072 W. at the temperature. Thus, the NF
realized is within 10 — a remarkably good achieve-
ment. For high illumination level the NF might
deteriorate due firstly to the presence of the so-
called generation recombination noise and secondly
due to a reduction in 7, arising out of a sublinear
photoresponse at such levels.

Photoelectromagnetic  detector — Observation  of
photoelectromagnetic (PEM) effect® provides an
alternative type intrinsic photodetector. In this a
Hall type of voltage is generated through interaction
between the current due to the diffusion of optically
generated carriers towards the interior of the semi-
conductor sample, and a steady magnetic field B
acting at right angles (Fig. 7). This voltage enables

Io

4 L
/
—— b
/ d
/
/
NN \r
R

Fig. 7 — A photoelectromagnetic detector
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a current to be drawn through an external path
without the use of a battery. The theory of the
effect is a little involved "and we will neither re-
produce it nor discuss the general results. We
shall only recall the expression for the short-circuit
PEM current for the simple case when B and the
Hall angles are small and the sample thickness
d several times the diffusion length L, viz.

F = qf()iodoa'_(l_—iR’))\[;

(1+ST ;
— Jhe
L

Oy being the sum of the Hall angles for electrons

and holes and S the surface recombination velocity
at the surface of incidence. The responsivity is

_ fge{l—RpL (23

..(22)

Detection is also possible through measurement
of the PEM open circuit voltage V,. with the help
of probes, thus climinating complications due to
the presence of conducting leads. For this

Voo = Jsclagd ..(24)

Very little can be gained through a detailed
discussion of Eqs. (22)-(24) because of the simplify-
ing assumptiors on which these arc based. For
d >>L the frequency response will be limited by
the effective lifetime. On the other hand, with a
small d-value, this limitation will arise through
the carrier transit time from one face to the other,
the far side being chosen to have a high enough
recombination velocity to enable all excess carriers
to recombine upon it. Usually PEM detectors
permit the use of thicker semiconductor samples
than a photoconductive detector. A detector of
this type can be made to have a good response
up to a few kMc/s. However, Eq. (23) will no longer
give its responsivity, which may not be as high as
that of an ordinary photoconductive detector, its
output voltage being established by a diffusion
rather than drift field. Details of the design pro-
cedure for a practical PEM detector have been
discussed by Sommers and Teutseh?s.

Photon and Johnson noise will determine the
NEP in this case too and as such its noise per-
formance should be as good as that of the photo-
conductive detector. For a temperature of about
77°K. PEM detector sensitivity is usually better
than that of the other type. Practical InSb and
InAs detectors having sensitivity 16-1° W. have
been described!?. Tor these, response time is less
than 10-% sec. An InSb PEM detector capable of
responding to 1 kMc/s. modulation frequency at
room temperature has been described by Zitter2.

Phctoconductive and photovoltaic detector using p-n
and p-i-n junctions — An excellent detector of light
is the reverse-biased junction diode. The depleted
junction region under such a bias is an ideal
intrinsic region with a strong electric field (Fig. 4).
The hole and electron generated by the light, there-
fore, drift rapidly in opposite directions causing a
current 7 to flow through an external path. Either
the short-circuit current or the voltage across an
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external load R, may be measured for detection.
Such a junction detector using InSb at 77°K. has
been found to approach a photoconductive cell in
performance.

Responsivity: It may be shown that in case the
light is incident normal to the junction flooding the
same wholly the photocurrent,

i gl (1—R )).’; (14+)

he

where b is the hole to electron mobility ratio; «, the
junction area normal to the direction of incidence;
and T,, the transit time of a carrier across the
junction (i.e. dfvy, d, the junction width and v,
the drift velocity). With increasing field v, increases
tending ultimately to a limiting value 107 cm./sec.?.
Hence, we might casily realize a condition v >> T,
signifying considerable gain in the basic photo
effect®. Observing the voltage across Ry, the re-

sponsivity is obtained as
_qRi'(1—-R'W v
== he T, {48

With R, = 104 ohms, 1-2 p radiation (the limiting
value for Si) and </T°, = 10, 7, approaches a value
105 V./W.

For radiation incident parallel to the junction,
of course, a slightly different set of equations must
be used.

Frequency response: Detailed analysis due to
DiDomenico Jrand Svelto?* shows that with 7', < <~
the frequency response, as is to be anticipated,
should be determined by 7,,.  The limiting frequency
of operation is now 1/2x7,. A small junction
width is, therclore, preferable.  Too small a value,
however, increases the junction capacitance and
makes stringent a subsidiary condition:

R.C < 1)27/,

Jo being the modulation frequency. Because of the
saturation in v, mentioned above, increasing the
field indefinitely  does not bring proportionate
return. In any case, with 7',< < =, a junction device
may have a much higher bandwidth than a bulk
tvpe detector for the same responsivity.

Sensitivity and noise factor: At high frequencies
the chief sources of noise are the shot noise asso-
ciated with diode dark current 7, and signal current
1 and the Johnson noise in R;. At low temperature
the first source may be disregarded. Hence, the
NEP

..(25)

..{26)

W= /[2giR] 4 4R KT ] [7, ..(27)
With ¢ ~ 10- amp., 7, ~ 105 V./W., R, ~ 104,
Ty ~ 100°K., W, approaches a value 10-13 W,
which, it may be shown, is equivalent to a noise
factor of the order 10.

In a p-n junction without bias the normal built-in
field existing in the depleted region separates the
optically generated hole-electron pairs to cause a
photovoltage to appear across the diode. This
voltage may be made to drive a current through an
external low impedance path. Either the open
circuit photovoltage?* or the short-circuit current
may be utilized for detection. Absence of a strong
field across the junction, of course, does not enable
us to have a means for external control of
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performance through the factor </7°,.  Junction resist-
ance KT/qi,, contributes Johnson noise in the open
circuit mode while shot noise affects the performance
in the short-circuit mode of operation.

Pruett and Petritz® and Pagel and Pruett®® have
discussed the relative performances of the photo-
voltaic and photoconductive modes of detection
with reference to an InSb photodiode and con-
cluded that the former mode should have a greater
sensitivity but a more stringent cooling require-
ment. A grown junction, InAs photovoltaic cell
may, however, be operated even at room tempera-
ture. It appears that the photovoltaic detector
has not yet been as much adequately studied as
its photoconductive counterpart.  An ordinary solar
cell, which has been shown3” to be suitable for
measurement of coherent luminous power up to
10-* W., may also be used as a photovoltaic detector
of radiation in the visible and near infrared region.

Heterodyne detectors using bulk semiconductor and
p-n gunction — Optical detectors described above
are all linear on a power basis. In other words,
the response must be proportional to the square
of the electric field vector associated with the
radiation. This fact may be utilized to achieve
mixing action with two coherent waves incident
simultaneously, with a view to realizing a hetero-
dvne detector. Such a detector reproduces the
envelope of the incident wave in a faithful
manner. Heterodyne detectors using both bulk
materials and p-n junctions have been discussed
recently2lZ#243840 In - case the two radiations
have frequencies o, and w, and are polarized in the
similar fashion, the associated field strengths being
E, cos ot and E, cos myf, the number of excess
hole-electron pairs created and as such the response
will be proportional to

[E, cos oyt+E, cos wyf )2

= Eg—l-lgz%-]f,ﬁz €08 (0; —o,)t-+I I, cos (o +,)t

+€' cos 2 mll+I;" cos 2 (-):1] ...(28)

If »; and ©, are both optical frequencies, electri-
cal detection is possible only of the difference fre-
quency (o;—o,). The photocurrent at this beat
frequency will, therefore, be of the form

4—qxa(1—1e)/1 gyt (14D)
u,(),' (1+ u")

I, and I, being the incident power per unit area
associated with the radiations and o5 = o;—o,.
The response due to the signal frequency o, may,
therefore, be increased by using a strong local
source of frequency ;. It must be remembered,
however, that at too high radiation intensities the
response-power relation bhecomes non-linear and
Eqs. (14) and (16) cease to be valid. 7 versus E, rela-
tion being linear the device works well as an envelope
detector.  (With an ordinary photodiode detector
when the output is measured across a matched
load the increasing mismatch at higher power level
may be utilized to obtain a linear E-¢ relation
under certain circumstances.)

..(29)

Eq. (29), which applies to a bulk semiconductor,
indicates that the frequency response should be
limited by =. With reverse-biased junctions the
transit time 7, tends to take over this role. Better
performance is, therefore, expected of a junction
diode. If I, is modulated at a frequency w, then
03> >0, Since T, may be 10712 sec., a difference
frequency 100 kMc/s. with a modulation in the
microwave frequency range may be detected pro-
vided a suitable second detector is available.

The main types of noise are Johnson noise in the
load resistance R;, photon noise and shot noise
associated with the d.c. photocurrent contributed
by the terms E3}/2 and E2/2 in Eq. (28). Neglecting
photon noise the NEP

W,= J[4RLKT0
2rq2aa’(1—R’ s \'T
I @Tq_zla(l ,J({1+{%),(1+b)]/,0 ...(30)
h N T

L

where 7y = d(iR;)/d(al,) is the power responsivity,
a less meaningful concept in envelope detection.

Experimental results on detection using Ge, Si,
GaAs and InAs diodes have been presented by
Lucovsky et al.2®. A successful practical heterodyne
detector for detection of microwave modulated
light has been described by Targ*!.

Detectors Using Extrinsic Photo Effect

With the currently available semiconducting
materials of the category under discussion, the
longest wavelength for operation of an intrinsic
type of photodetector is limited to the threshold
wavelength for InSb which for optimum performance
is, as already noted, no more than 56 p.. Operation
at longer wavelengths is, however, possible through
the use of photo effect in doped samples which
require for carrier generation only enough energy
for transfer of a bound carrier from a level located
inside the forbidden gap to either the valence or

the conduction band edge (Fig. 5). Fig. 8 shows
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Fig. 8 — Threshold wavelength for extrinsic photo effect in
Ge with different doping elements
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TABLE 2 — THRESHOLD WAVELENGTH AND ELECTRON ORBIT
RaDIUS OF DoPED SEMICONDUCTING GROUP 111-V CoMPOUNDS

Com- p-type n-type

pound — A — 2 =)
Doping %o a, Doping Ao ay
material W A. material ® A,

InSb Cu, Mg, Zn, 40 14 Li, Sn, S, 1600 640
Cd, Si, Ge Se, Te

InAs Mg, Zn, Cd 25 12 Cu, Si, Ge, 617 310

Sn

GaSb  Cu, Mg, Zn, 40 15 Xi, 5e Te 411 150
Si, Ge

GaAs Na, Cu, Mg, 25 12 Li, Sn. S, 153 85
Hg S¢, Te

threshold wavelengths for free carrier generation
in Ge with a number of doping elements. In
Table 2 are given the doping materials and the
theoretically estimated threshold wavelengths for
a few group III-V compounds. It will be seen from
Table 2 that with proper choice of doped material,
operation can be extended up to 1:6 mm. waves
(n-InSb). In extrinsic photo effect absorption of a
photon creates a single type ol carrier — either a
hole or an electron. Further, absorption of photon
is a rather weak process (k£ small) for which Eq. (15)
must be replaced by?®

f=

under small signal conditions. Eq. (14), however,
holds, and hence the responsivity is obtained by
multiplying the right side of Eq. (18) by kd/(1—R’).
k for extrinsic absorption is typically 101 cm.,
hence with d<1, kd/(1—R') ~ 1. Since A is much
larger, Igh/he is much larger for a given power.
As against this, a doped sample tends to have a
lower resistance than an intrinsic one at a given
temperature. The responsivity cannot, therefore,
be much different from that for an intrinsic
detector.

The highest frequency of response is, of course,
limited by = which, for doped Ge and Si at extremely
low temperature, may be as low as 10710 sec.42,
For ordinary conditions, the performance is similar
to that of the intrinsic type. The same applies to
NEP and noise factor.

A few peculiar aspects of extrinsic type detector
deserve special mention. Energy required for {ree
carrier generation being small, the sample must
invariably be cooled to a very low temperature to
avoid thermal ionization of impurities and to
obtain a large R, value. Again, even with cooling
the performance may not improve il the encrgy
level pertaining to the doping material is broad
enough to approach the valence or the conduction
band edge. For a given density of doping element
the breadth of this level increases with increasing
radius of the associated Bohr type orbit in the semi-
conducting material, this again being larger for
material having a lower effective carrier mass.
Values of this radius are given in columns 4 and 7
of Table 2. It will also be noticed that this value
tends to be larger for material with longer 2, or
smaller separation between the impurity level and
the band edge. In »-InSb a density of doping
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Fig. 9 - InSb extrinsic photodetector

1013/cc. is cnough for the impurity level to broaden
out and merge with the conduction band cdge.
Under this condition, %, tends to infinity and no
amount of cooling will be able to decrease thermal
ionization, i.e. to increase the R, value. Electron
orbits may, however, be squeezed to a small circle
artificially through the application of an external
magnetic field of adequate strength®.

Intrinsic detectors with excellent properties have
been described**#.  The one used by Harding and
Roberts is illustrated in Fig. 9. The operating
temperature 1-7°K. was attained by using a liquid
He bath. A magnetic field of 6000 ocrsteds was
realized through the use of a superconducting
Nb-Zr solenoid. This helped to prevent broadening
of impurity level. The n-InSb detecting element
was of size 5%3%2 mm. The detector was found
to possess a bandwidth of 107 ¢/s., sensitivity of
10-13 W. and a threshold wavelength of 8 mm.
The extension of the threshold bevond the theoretical
limit 1-6 mm. (Table 2) was believed to be due to
an entirely different mechanism of absorption arising
out of the presence of free carriers. The detector
had been designed to study radiation from plasma
sources.

Detectors Using Free Carrier Absorption

As in the case of metallic conductors free carriers

in semiconductors also absorb radiation under certain
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conditions, the cocfficient ol absorption at high
frequencies being determined by
’ A%

koc e .+(32)
For long waves in the mm. and sub-mm. range, a
temperature low cnough to make impurity scatter-
ing the dominant process and hence p low in con-
sequence of the relation g o 792 and a material like
n-InSh with an effective carrier mass as low as
0-015  the clectronic mass, this absorption process
may be strong enough (£ ~ 10-10-* em.™!) to pro-
vide a basis for a satisfactory detector. Here,
absorption increases the energy or the effective
temperature of the carriers and a change in resist-
ance follows in consequence of the resulting change
in mobility.  Such a detector has been proposed
by Rollin®®,  Responsivity of the device may be
expressed as
o [\)01.7[._'/\'_{{
T ny KTy

s ..(33)
71 being a relaxation time governing the cnergy
exchange between an excited carrier and a phonon.
For a particular z-InSb detector at 2°K., an 7, value
of 2:410% V./W. has been shown to be possible.

At high frequencies 7y is frequency  dependent
through % as

ko

by -

s 143
= being the momentum -relaxation time for the
carriers and is typically of the order 10713 sec.
= for the detector mentioned above was estimated
to be 1077 sec., thus establishing the possibility of
detection of mm. and sub-mm. waves modulated
at a few Mc/s.

Assuming  Johnson and photon noise to be the
main sources of noise, the NEP has been shown
to be in the region 10714 to 1073 W./cycle.

Kinch and Rollin? have described a practical
mm. and sub-mm. wave detector using free carrier
absorption in #-InSh. The NEP at 1-8°K. for this
was 31071 W jeyele with a response time 10-7 scc.

Tunable Detector

All the aforesaid detectors are capable of opera-
tion over a large wavelength range which makes
them open to noise from other than signal channel
unless preceded by an optical filter cooled at the
operating temperature.  Such an arrangement s
not flexible, however. A more flexible detector
may be realized by making the device tunable
through the use of cyclotron resonance and dia-
magnetic Landau effect as explained helow.

Ordinarily, the energy states for free carriers in
the conduction and the valence bands are conti-
nuously distributed in the form of Dbands. As
predicted originally by Landau these bands may be
stratified into a number of discrete levels by a
magnetic field.  For this we must have ’

ot =1 ) ...(34)
Neglecting the effect of spin, the separation be-
tween successive Landau levels may be shown to be
B, o being the eyclotron frequency Bgjm* (Fig.
10), m* effective mass of a hole for the valence and

‘\Uc

A 1
= 1

'l-Uc

Eo
IMPURITY LEVEL

Tig. 10 - Landau splitting of energy bands under a strong
magnetic field and the two possible methods of realizing
tunable detectors

of an electron for the conduction band. If, further
ho, > KT, ...(35)

free carrier, if any, would scttle to the lowest level
in case the impurities are wholly or partially ionized.
Conditions (34) and (35) are generally realized at
very low values of temperature. With photon
energics lower than that of the band gap two types
of selective absorption are possible (Fig. 10):
(i) With ionized impurity states the carrier in the
lowest Landau level might absorb selectively photons
of frequency o./2= making transition to the higher
level. This actually means cvclotron resonance.
(i) With non-ionized impurity states, bound elec-
trons from these might absorb photons of right
energy making a transition to the second Landau
level and then be scattered back to the first. In
the first case the absorption coefficient reaches a
maximum for resonance giving a tunable detector
under the family of detectors using free carrier
absorption and in the second case the number of
frec carriers increases attaining a maximum at
resonance giving a tunable detector under the
family of detectors using extrinsic photo effect.
The latter type of operation will naturally be
possible at shorter wavelengths.

Goodwin and Jones*® achieved cyclotron resonance
detection at 34 kMc/s. using Ge at 4-2°K. and a
magnetic field 1-8 kilo-oersteds — the sample being
placed inside a cavity. Response time achievable
was claimed to be as low as 10 sec. Rollin had
also suggested the possibility of such a detector.

Brown and Kimmitt* have described a detector
of the second type using #-InSb at 42°K. and an
arrangement similar to that shown in Fig. 9.
The response obtained by them at 100 and 250 p.
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Fig. 11 -— Response curve of a tunable detector (after Brown
and Kimmitt??)
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is shown in Fig. 11. The bandwidth is roughly
12 per cent at 100 u. Its NEP and response time
were estimated to be 5x10-1" W. and 10-% scc.
respectively. A narrower bandwidth and a four-
fold responsivity were obtained by operating the
sample at 1-5°K. Bandwidth varied roughly as 2/z.

In a tunable detector the magnetic field has to
be adjusted for resonance (upper scale in Fig. 11).
A semiconductor with a lower effective carrier mass
requires a lower value of field to realize a given
resonance frequency; #-InSb for which m* = 0-015
m. is the best possible material from this point of
view. Nevertheless, even with this the required
magnetic field is 75 kilo-oersteds for operation at
26 p. Recent developments like the NbySn, Nb-Zr
alloys%5! have opened up ways for superconducting
magnets giving 100 kilo-oersteds and even above.
It may be noted that a subsidiary effect of such
high fields is the rise in the detector resistance
because of magnetoresistance effect and this affects
NEP.

Other Types of Optical Detectors

Optical detectors in which the photoconductance is
sensed by a probing microwave signal, rather than
a d.c. bias, are also possible. A waveguide method
has been proposed by Brand e/ al.%2.  GaSb tunnel
diodes have been used for detection and mixing
of mm. waves®. Such detectors are claimed to
be much better than ordinary diodes in respect
of sensitivity and NT at 55 kMc/s. Saito et al.5
have described a method in which silver-bonded
point contact Si and Ge diodes were used for detec-
tion and simultaneous amplification through para-
metric action.

Detection of Frequency Modulated Waves

] The methods described above relate to the detec-
tion of amplitude modulated waves. Semiconductor
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detector devices are useful for other tyvpes of detec-
tion also. Thus, confining operation ncar the band
edge (AB in Fig. 6) where £ varies with (0—o,) one
can, for small frequency deviation, obtain a linear
detector for frequency modulated waves.

Thus we note that optical detectors cover a wide
frequency range bridging infrared and microwave
regions. Their response can be quite fast and
sensitivity approaches that of the best thermal
detector. These also permit realization of hetero-
dyne and tunable detectors.

MODULATION

In any practical communication system, modula-
tion constitutes a vital operation.  Amplitude,
frequency and phase are the parameters of a wave
which can be modulated. For the wave bands
under consideration interest has so far been re-
stricted mainly to th: possibilitics of amplitude
modulation? 5,

Schemes for amplitude modulation using semi-
conducting materials invariably involve a wave
transmitted through a slab or a junction of that
material (IFig. 12). In the most general case, a
polarized wave ol intensity /, passes through the
semiconductor slab having an absorption constant
k for the wave and with an externally imposed
electric or magnetic field.  The wave next passes
through an analyser, the instantancous strength of
the wave finally transmitted being

L(1 —R')2e-#d
i._ \»'2,'.-)31;.1 = ...(36)

Ty == BBk R )=
where = takes into account the change in the state
of polarization of the wave while traversing the
slab of thickness d. The external field may be
made to vary any ol &, R" and = with time in the
desired fashion to enable transmission of an ampli-
tude modulated wave. We have, therefore, three
main families of modulators to be discussed, viz.
the k-, the R'- and the z-modulators.

Performance will be assessed in
following parameters:

(i) Modulation efficiency 7 defined by the ratio
of the maximum change in light intensity at the
fundamental component of the modulation signal
to that when the same incident power J; is modu-
lated 100 per cent at the fundamental frequency.

(1) Depth of modulation m measured by the
change in intensity with the modulating signal to
the total intensity in the absence of the signal.

terms of the
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Fig. 13 - A p-n junction showing the geometry and two
modes of irradiation

(iii) Frequency response measured by the reci-
procal of the longest characteristic time constant
of the modulator.

Also of interest is the power required to obtain a
given modulation depth.
k-Modulators

As seen already, photo effect might involve either
free carrier or extrinsic or intrinsic absorption.
Each one of these is a potential basis for a k-modu-
lator. Of these, the most extensively discussed are
those involving [ree carrier absorption.

Free Carrier Absorption
The simple theory of absorption due to free
carriers gives
i ¢z
= 5
Km*(14-0*<3)
I’ being constant for a given material. - For infrared
and deep sub-mm. region ot >> 1 and relation

.(37)

-

(32) holds while for lm.agvr wives

Modulators using expressions (32) and (38) appear
to have received attention  of a  number of
workers?-80, - Suggestions involve modulation of both
n oand w.

n-Variation — In a semiconductor carrier  con-
centration may be readily varied through carrier
injection across a p-n junction.  With the forward-
biased junction, there exists in the n-type base
region an excess of holes above the thermal equi-
librium value distributed according to the relation

By /),‘( exp ;[\[;—1) exp (—;) ...(39)

pn being the thermal equilibrium: value; V, the bias
voltage; and x, the distance measured from the base
end of the junction. A beam of light transmitted
through the base region will, therefore, suffer more
absorption in the presence of a forward bias. The
exact intensity of the transmitted beam will depend
upon whether the beam travels in a direction paral-
lel3%3% or perpendicular®®® to the plane of the
junction (Fig. 13).

k oc ny.

It may be noted that % is normally involved in
the transmitted intensity through an exponential
function. Under this condition faithful modulation
is assured only for small signals or, in other words,
for small modulation depths. Further, it is more
convenient to treat such a diode as a current-
controlled device. Subject to this reservation simple
analysis can be made using Eq. (39), neglecting surface
reflection and assuming absorption due to sources
other than free carriers to have a coefficient %, to

show that for light traversing normal to the junction
, | 4iquppr XAV ”
7 = ]qil‘I/\)’T & exp [—a,(nyd.+n,X)

—kolde+ XY f (05 XIL| .. (400)

- gXppiAV
= K111 4,pXf (0, XLy 7 XID)

where z,, 2, are the absorption cross-sections due to
clectrons and hole:; and d,, X, the widths of the
cmitter and the base region; AV, the modulating
signal, while for the parallel case with the dimensions
in the direction of incidence equal to W

o TP AV

m ...(41a)

exp [—(ky+ayn,)W| f(wz,, X/L)

| KT
. ...(40b)
o WAV f(07p, L)
" KT A+a,piWf (0, X/L)] 15
pu == pu exp (qV/KT) #2)

J0.2) = lexp (=V1+32) VIV 12
where Vg is the bias voltage.  With normal incidence
the background absorption tends to be higher.

The frequency response of the modulator is limited
by the recombination lifetime 7, of the injected
holes.  With Ge and Si, values of 7, are such that
operation may be possible up to 1 Mc/s.  As pointed
out already, mjected carrier density varies exponen-
tially with voltage and this tends to make distortion
high unless m is small.  As a way out of this diffi-
culty a current rather than a voltage drive may
be used.

Fig. 14 taken from a recent study of the
problem by McQuistan and Schultz®® with a Ge
p-n junction shows the typical performance one

- L
=~ |Zezso
<
Sw \
= <<
=y
2
b
2 7007
= 73 N
S
=
<
s
2 .
< I
= o w* P w0¢ 0"

FREQUENCY, €S-
Fig. 14 —Typical n versus frequency curve with =p as a
parameter for a p-n junction modulator with forward bias
and parallel illumination (after McQuistan and Schultz®®)
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should expect, of such a modulator, using parallel
irradiation.

7, must be made the smallest possible in order
to obtain the widest possible frequency response.
Tt is to be noted that with a reduced =, L is reduced,
which, for a given injection, gives a steeper concen-
tration gradient of holes. The diffusion current
through the injection, therefore, increases, heating
the diode and demanding a higher power of the
modulating source. An altematlw arrangement
involving the use of a reverse-biased junction is,
however, free from this trouble®®. In this the
signal voltage is made to vary the width of the
depletion junction layer intervening the p and #
regions and hence the total number of carriers
encountered by the light beam in traversing the
diode, for the total number per unit cross-section
normal to the junction should be roughly d.p,
+(dy—d,—d)n,, d., d and d, being the respective
widths of the emitter, the depletion layer and the
entire diode and d ¢ v/junction voltage. In this,
absorption is predominantly due to the majority
carriers p, and n,. The response time is, thercefore,
not limited by t, but by the product Cr, of the
junction capacltanu and basc resistance of the
diode. The modulator should, therefore, have a
wider frequency responsc with a much lesser modu-
lating power requirement. Distortion is also smaller
than in the previous mode and may be reduced to a
negligible value by squaring the voltage and using
parallel incidence®2.

u-Variation — It would be seen from relations
(37) and (38) that k can also be varied by changing the
mobility p. of the free carriers. This, as is now
well known, may be done with the help of an exter-
nally applied electric field of sufficient strength to
generate the so-called ‘hot carriers’. Thus, for
Ge, it has been shown®-% that the drift velocity
v, of carriers follows a non-lincar law of variation
with external field tending to a limiting value of
107 cm./sec. when the field E ~ 10t V./cm. That
means y, as given by (dv,/dE), decreases with field
strength tending to a value zero, the variation
being as

= po(l—ak?)
at low and

= bE 12
at high fields, @ and & being constants. Experi-
mental results show that satisfactory modulation
should be obtainable with Ge for fields between
5x10% and 10* V./ecm. Using the high field expres-
sion for y stated above we have, for the small signal
case AE<<E,, E, being the bias value,

. |4'dAE _—
n ‘[ ]z'Ew exp [~ (b VES) ..43)
l
. VdAE
o w oo e (44)

when wt<<l1, &, taking into account the back-
ground absorption due to sources other than free
carriers; and
. |Hbd .
W= | i exp [— (k- VEYAIAE | ...(45)
2B}
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. VdAE 46
m' = 21N - ).
for wt>>1. U d is optimized LEqs. (43)-(46)
reduce to
.| 4aE | "
= 2By E e il
) VAE
T 2N g+ b E <48}
1 41"AE -
ot 0B
. V'AE
m' = Nk | b “,_) ...(50)

', b" being the absorption coefficients for unit field.
Lqs. (47)-(50) show that the lowest possible biasing
ficld, consistent with the validity of the relation
u oc I Y% and the requirement AE < <E,, should be
used.  This rather adverse de pendence on field is
evidently the same and modulation indices roughly
WAE[L,) for both the high and the low frequency
approximations, provided background absorption due
to sources other than the free carrier is small.

The response time of the mobility variation type
of modulator should be limited by the relaxation
time for the ‘ hot electrons ', Le. the time required to
dissipate the excess energy gained from the field when
it is switched off. This can be as low as 107! sec.
for Ge. It is, therefore, possible by this method to
achicve modulation even at microwave frequencies.

For high modulation frequencies the carrier
frequency also tends to be high. Inspection of
relation (37) reveals that for very high frequencies
of radiation, e.g. infrared radiation, & tends to be
small unless the doping is enough to make n large.
This, along with the high value of field require-
ment mentioned above, makes severe power demand
on the modulating source even up to the sub-mm.
wave region. It is mainly on this account that the
p-variation type carrier absorption modulator is
unlikely to be of much use except for low frequency
waves modulated at frequencies much below its
intrinsic permissible limit.

Impurity tonization wvariation —In an extrinsic
semiconductor, at sufficiently low temperature, the
free carrier concentration 7 can, in principle, be
varied by varying £ the ionization energy of the
doping elements. A possible method for doing
this may be visualized by recalling the facts out-
lined for an n-InSh carrier absorption detector.
There, it had been seen, that a magnetic field may
be used to control the separation between the
impurity band and the conduction band edge.
Putley’s# experimental results suggest that for a
sample with donor density 3% 10%/cm.3, £/ roughly
varies from 5:<10-* ¢V. at 4000 oersteds to 10-3 eV,
at 8000 oersteds, at low temperature. This also
leads to a dependence of n on magnetic field — the
average variation being as shown in Fig. 15. Thus,
by superimposing on a steady field an alternat-
ing component simulating the modulating wave,
n can be varied and hence modulation achieved
through the usc of varying impurity ionization. For
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carrier density with magnetic ficld in z-InSb at low tem-
perature

appreciable depth of modulation with the sample
mentioned above the alternating field should be 100
oersteds.  This puts a fresh limit to the value of the
highest usable modulation frequency, the power
required for a field of this magnitude cven in the
Mc. range being of the kVA. order. The other
limit arises out of the relaxation time of the majo-
rity carriers which is usually much less than 7.
The success of the method, therefore, depends upon
the possibility of having the required magnetic field
at high frequencies without appreciable requirement
of power.

Interband  transiiion  varialion — An  entircly
different type of carrier absorption modulator may
be derived by making use of the multiplicity of
bands. The valence band in Ge, for example, is
actually a complicated structure consisting of a
collection of several bands whose relative disposi-
tion with regard to energy depends on the momen-
tum vector k. The effective mass of free carriers
occupying these different bands are different.  Two
of these bands are separated from cach other by
an cnergy 029 ¢V. in the vicinity of & = 0, the
separation being largely independent of temperature
(Fig. 16). Transition of a carrier between these
two bands causes absorption of photon® in the range
3-4 u. The absorption cocfficient for the process is
at least 10 times that of ordinary free carrier
absorption.  The extent of absorption also depends
on the relative population of holes in the two bands,
and this, in turn, depends upon temperature through
the so-called distribution function of the free holes.
Now, the temperature may be varied by making
the carrier ‘hot’, as mentioned earlier, with the
help of an appropriate clectric ficld.  Brown and
Paige®” have studied this possibility using p-type
Ge at low temperature.  Fig. 17 shows the trend of
results obtained by these anthors, for a lattice
temperature 93°K. the maximum error in 37, being
4-15 per cent. It is seen that for a 20° change in
temperature the ficld required is no more than
250 V./em. and that the 87,-F relation is not badly
non-linear in this region. A modulation depth of
10 per cent should, therefore, be obtainable with a
modest expenditure of modulating power.

ENERGY | e V.

)
HOMENTUM VECTOR (K)

Fig. 16 — Multiplicity of valence band in Ge and the asso-
ciated absorption
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Fig. 17 — l{ulc temperature versus clectric field strength in
Ge at 93°K. (after Brown and Paige®?)

The response time of the device should be limited
by the energy relaxation time of the free holes
which has been estimated to be 10-11 and 10-10 sec.
at 300° and 93°K. respectively. Thus the permis-
sible modulation frequency extends up to the micro-
wave range.

The main drawback of the method is the
restricted wave band over which the effect can be
observed. Only development of materials with
the multiple bands separated by a wide range of
energy values can overcome this limitation of a
potentially powerful method of modulation.

Intrinsic Absorption

A beam of light passing through a thin slab of
intrinsic semiconductor may create hole-electron
pairs and get partially absorbed. The extent of
absorption could be varied if it were possible to
vary the intrinsic absorption coefficient. Such a
variation may be realized by restricting operation
near the absorption edge, where %k varies sharply
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with A, and varying the edge itself through the
application of a pressure or an electric field. The
way a high pressure might affect the absorption
edge is illustrated by the dotted curve in Fig. 6.
It is seen that large pressure is required for the
purpose. A varying pressure of such a magnitude
is difficult to obtain at any reasonably high value
of frequency. Very powerful ultrasonic generators
may, in principle, extend its operation up to that
band of frequency. But this cannot be considered
to be a reasonable limit of performance for a practi-
cal modulator.

A different method, requiring small modulating
power, is possible by utilizing the shift in absorption
edge due to an electric field®®%. Franz% has shown
that for an absorption edge obeying the transmis-
sion law

A = Ay exp o (0—0y) ...(51)
©, being the threshold angular frequency and «, a

constant for a given material, an electric field E
should result in a shift in o, by an amount
qu3E?
12m*h
.Moss™ has experimentally obtained evidence for
such a shift in highly resistive GaAs. For this
material «, ~ 10-1% sec. and the energy equivalent
(eV.) to Aw, is given by

AE = 8-5x10-16E2
E being in m.k.s. unit.

Fig. 18 shows the variation of transmitted signal
intensity as a function of applied voltage obtained
by Moss for a particular specimen of GaAs at the
wavelength of optimum effect. The result clearly
indicates possibilities of modulation® !,

Assuming the transmitted intensity to vary as
per Eq. (51) and the field to be composed of a steady
part Ey and a varying part AE(AE<<E,) we can,
by using the method already indicated, obtain for
GaAs

Rgiy = ..(52)

-(53)

12796 X10BEAE]| ...(54a)
A
s 24X 16-BEAE ..(54b)
0
Ji oc exp (~10"8Eg) <o (54c)

A field strength of 107 V./m. is seen to be required
for good modulation. Racette realized this with a
small voltage using the depletion region of a reverse-
biased p-n junction and obtained 3 per cent modula-
tion of 9000 A. wave at 100 kc/s. The need for a
high resistivity material was also thereby avoided.
The same technique has also been used by Frova
and Handler [Frova, A. J. & Handler, P., Appl.
Phys. Lett., 5 (1964), 11] to obtain modulation with
reverse-biased Ge diode.

In spite of the high field required for modulation
the power consumption is moderate since the
carrier density in the GaAs used may not be more
than 107/cm.3 corresponding to a resistivity of
168 ohm cm. The fundamental response time may
be 16-* sec. In practice the capacitance of the
specimen used would be a more stringent limiting
factor. Nevertheless, as Moss has indicated, with a
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Fig. 18 — Transmitted intensity versus electric field strength
in GaAs (after Moss™)

specimen of 100 @ thickness and 1 cm.? area the
limiting frequency may be as high as 3000 Mc/s.

With bulk materials the required high resistivity
for low power consumption imposes a limit to the
minimum band gap permissible. A value less than
1 V. is unlikely to be of use and as such satisfactory
operation should be possible with Ay value below
the 1-2 p limit. From this point of view Si, GaP,
SiC are the other materials suitable for this type of
modulators. Use of reverse-biased diode, of course,
obviates the band gap limitation to some extent.
Extrinsic Absorption

As stated earlier, a magnetic field of sufficient
strength may vary the impurity ionization energy
in a material like #-InSb. Eq. (30) shows that
extrinsic absorption varies directly as the coefficient
of absorption. The latter depends upon the value
of E;. The nature of dependence is rather complex.
Using the hydrogen model approximation, Lax and
Burstein ef al. have shown that near the extrinsic
absorption edge the relationship between Ep and &
is of the form*?

k= QEI Y
Q being a constant.

..(55)
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Fig. 15 shows the type of variation obtained
from the results given by Putley®® for #-InSb over
10-1-8°K.  This and Eq. (55) clearly establish the
possibility of modulation. For appreciable modu-
lation an a.c. field of about 100 oersteds may be
required. Such a field at ultra-high frequency and
microwave region may not be realizable owing to
the high power requirement. Special circuit ele-
ments providing local concentration of energy
density should serve well with thin samples. Opera-
tion at low temperature constitutes a hazard of the
method. Owing to small value of E; the extrinsic
absorption method would be suitable for radiation
in the mm. and sub-mm. wave band.

Landau splitting of energy levels in the conduction
band might also occur due to the d.c. bias field
making Eq. (55) invalid. In such an event
modulation might still be possible because of the
fact that absorption-wavelength curve has the
form of a hump whose peak may be shifted by
means of a varying magnetic field (Fig. 11).

A deep impurity level™ and variation of Ej
through an electric field as in intrinsic absorp-
tion permits realization of an extrinsic absorption
tvpe modulator free from the above limitations.
Nevertheless, applicability of the hydrogen
model to such impurities appears to be rather
doubtful.

R’-Modulators

Eq. (2) giving the relation for R’ does not
permit us to visualize any ready method of varia-
tion of the parameter. A variation in & will cer-
tainly promote k-modulator action and a practicable
method of varying e is difficult to be realized
(ref. 74). A different approach would be to make
use of a su-face space charge layer and change the
electrical state of the layer without affecting the
bulk. A surface layer (thickness ~10-* cm.) con-
tains excess of carriers lodged in the surface states
and is more readily formed in a specimen of higher
resistivity. A beam of light traversing the speci-
men and incident at the boundary face at an angle
greater than the critical value cannot undergo total
reflection owing to the absorption due to these
carriers.  Such ‘ frustrated total internal reflection’
lowers the value of R’ from unity. It is possible
to enhance the effect by using a long slab in which
the ray is allowed to undergo a number of successive
‘ frustrated reflections * at the boundaries. Harrick
has utilized the method to study the problem of
surface states in Si over the wavelength range
1-544 u. In this experiment the so- called field
effect moblllty was varied by means of a bias
voltage applied across the layer. Seraphin and
Orton™ have used the same technique to devise
an optical modulator. The field effect mobility is
defined as

_ d(AG,)
HE= TIAS
AG, being the conductance and AS the charge per

unit surface area.
Now, AG, is given by

AGy = qlupAp+padny ..(57)

...(56)

MOD. SIGnAL

PES AMP,
CELL beTECTOR

Fig. 19 — Arrangement in a modulator using frustrated
total reflection (after Seraphin and Orton’)

and
AS =CV ...(58)

Ap and An being the excess hole and electron per
unit area of the layer; C, the capacitance per unit
area; and V, the voltage across the layer.

If the ray travels from interior towards the sur-
face to meet it at an angle 0 (Fig. 19) then, since it
traverses the surface twice, we should have

2
Jo=Jo exp [—— (apAp+aty An)] .-.(59)
If the absorption coefficient (apAp—+o,An) is small,

then
Al

2
]70 o8 0(1pAp+a”An) ...(60)
Using Eqs. (57)-(60) and putting pp~ps =,
Oy~ 0y = 0ty
_ 8jayC ZA
’ gcosO ...(61a)
and
_ 29C
= s wrAV ...(61b)

With a 30 ohm cm. sample having a dimension
permitting four internal reflections and an arrange-
ment shown in Fig. 19, Seraphin and Orton could
modulate the light from a tungsten lamp (2-5 p)
at 85 c/s., the depth of modulation rising linearly
with modulating voltage attaining about 4 per cent
at 225 V. peak for an accumulation layer. Second
harmonic distortion was also observed. In parti-
cular, the modulation was predominantly at the
second harmonic frequency at the stage when the
surface layer changed from #- to p-type. The speed
of operation was limited by the minority carrier
lifetime for a depletion and majority carrier relaxa-
tion time for an accumulation type layer. Hence,
with the latter type of layer the method is capable
of giving modulation up to the microwave frequency
range — provided relation (56) holds at those fre-
quencies. As regards power drainage, the field
developed was 3x10% V./em. and with a 30 ohm
cm. sample of 1x0-1 cm. face and 200 V. signal
the V.-amp. required can run into the kVA. order.
It is also claimed that the small modulation depth
obtained may be amplified to a considerable extent
through the use of interferometric technique in
a properly matched multilayer arrangement?.
Experimental realization of a high frequency and
high depth of modulation following up these ideas
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should make this method of R'-modulation a power-
ful technique in the far infrared and sub-mm. wave
ranges.

n-Modulators

If the principal planes of the polarizer and the
analyser (Fig. 12) are set at 45° the intensity of
the beam coming out of the system in the absence
of a field would be half of that emerging out of
the sample. A modulated transmitted intensity
would, however, result if the plane of polarization
is rotated by means of a field while passing through
the sample. Such a rotation is obtained in Faraday
effect due to a magnetic field. This is ob-
served whenever the right- and the left-handed
circular components of a plane polarized beam
have different phase constants in the material of
the sample. The effect has been studied in cle-
mental and compound semiconductors and may
arise out of both the free carriers and the intrinsic
material?8-80,

Free Carrier Modulator

For this case, when the condition ot >> 1 is
satisfied, and the applicd magnetic induction is not
large the rotation per unit distance is given by

0 = 1uBk ...(62)

where % is the free carrier absorption coefficient.
A propagating wave evidently suffers absorption
due to free carriers unless £ is low. Thus, for good
rotation with small absorption, . must be the
maximum possible for a given field. #-InSb having
=7 m.2/V. sec., therefore, should be the most
desirable material. As m* is also very low, Eq. (37)
would show that an overall substantial margin of
excellence in respect of the product pk is expected.
Generally p. increases with decrease in temperature
but not so much the product pk. More detailed
theoretical consideration™ has shown that for
acoustical phonon scattering () in Ge increases on
cooling up to nearly the liquid N, temperature.
A subsidiary disturbing effect is, however, that the
beam also tends to become elliptically polarized on
account of the attenuation constant for the right-
and the left-handed components, being slightly
different; the ellipticity also tends to increase with
lowering of temperature. With n-Ge (Fig. 20) ellip-
ticity is zero for a field giving maximum 0; but apart
from the quite large field required for realization of
such a condition, this also makes d0/dB ~ 0. In any
event, a field of the order 103 oersteds is required
to give a reasonably good modulation with a sample
of manageable length. Realization of such high
fields even over short distances is a problem at high
frequencies and this limits good performance at such
frequencies even though the fundamental process
itself has sufficient speed of response to ensure good
operation up to the microwave range. Thus Moss®
points out that even with InSb at 77°K. and 1 MW.
power at 10 cm. flowing down a waveguide the
maximum modulation expected is 20 per cent.

1o

Intrinsic Rotation Modulation

The vexed problem of background absorption is
avoided through the use of intrinsic Faraday rota-
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Fig. 20 — Variation of Faraday rotation and cllipticity with
magnetic field in Ge (after Donovan and Webster™)

tion due to an undoped sample of semiconductor.
Pronounced rotation of this type is obtainable near
the absorption edge A, of the material”®.  According
to classical treatment the rotation 0 for the intrinsic
case is given by

o q dn’'
Com*eR® d(1/a2)

n' being .the refractive index.  To avoid absorption
A must be larger than the threshold value 2. For
such a wavelength region dn’/d(1/32) has been found
to be a constant for Ge and hence a much stronger
effect will be observed at shorter wavelengths®.
The optimum effect has been found in the 2-2-5 n.
region at 300°K. giving a 20"/cm. rotation for 10%
oersteds.  The value rises to 25%fcem. and the
optimum wavelength increases to 3-3-5 p at 77 K.
As the question of absorption is of secondary
importance rotation can, in principle, be made large
for a given B by increasing the length of the region
over which B is active.  In the high frequency
range, however, maintenance of an  appreciably
large value of ficld over a long path is a diffi-
cult problem. Speed of response is again limited
by the difficulty in obtaining high fields at high
frequencies.

It may be noted that the transmitted intensity
at high values of 0 should vary as (I1—sin 26).
Hence, if 0 could be made large to ensure adequate
modulation depth, the problem of distortion will tend
to complicate matters to an increasing extent.

Other Methods

Quite a number of modulators which differ in
details from the types described above are
known®**2. All the modulators described above
work external to the source generating the radiation.
As opposed to these there may be internal modula-
tors which act directly on the gencrators themselves.

B ...(63)
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Some of these modulators will be mentioned in the
section on ‘ Generation .

- Apart from amplitude modulation one can also
think of frequency modulation or phase modulation.
Such modulations are also best effected internally.

Polarization Modulation

In a recent publication a system of communica-
tion involving polarization modulation has been
discussed®. A polarization modulated wave can
be obtained with the help of a suitable semicon-
ductor immersed in a magnetic field. As stated
above, Faraday rotation of a plane carrier in Ge
has been shown, in general, to be accompanied by a
transformation of the wave to an elliptically pola-
rized one™, the sense of rotation of the ellipse
changing with change in the sign of B.  Ior high fre-
quencies and weak ficld the ellipticity § is linearly
related to the field B and its length /, and increases
with lowering of temperature. It has been shown
that with B ~ 1000-3000 oersteds, |8 might be as
high as 0-8 at 200°K. A biasing field of this order
and modulating signal of 100 oersteds should give
good modulation.  This obviously would restrict the
highest frequency of modulation.  The attendant
background absorption and Faraday rotation modu-
lation also make things complicated. Use of a
bias value for which Faraday rotation is zero is of
little help as, with such values, the 3-B curve tends
to pass through a maximum implying d8/dB = 0.
It appears that a value for which § = 0 is occupied
by a maximum of Faraday rotation curve. This
latter condition (point P in Iig. 20) of operation
would give a solution of the problem provided the
detector is sensitive to the sense of rotation ol the
clliptically polarized beam. The field required for
good modulation at such a point is, however,
excessive.”

Thus a number of possibilitiecs exist for use of
semiconducting materials as low frequency modu-
lator of optical and sub-mm. waves. At least
two methods are also available for modulation up
to the microwave frequencies. But low depth of
modulation seems to be a common feature of
all the various schemes. Polarization modulation
may also be possible using some of the available
semiconductors.

GENERATION

The primary requisite for any communication
system is a means of generation of a coherent
carrier wave. It is, therefore, important to examine
the possibilities semiconducting  materials  and
devices offer in the generation of such waves over
the optical and sub-mm. wave bands. A perusal of
the literature shows that such possibilities are indeed
quite many and may be broadly classified under
three heads: conventional junction and point contact
devices, plasma and negative resistance devices
using bulk materials, and lasers using both junction
devices and bulk materials.

Conventional devices like parametric and tunnel
diodes of new design are steadily extending the
range of operation beyond the cm. wave band.
Such operations have been achieved in the mm.

wave region® and it is likely that in the coming
years the frontier of sub-mm. wave band will have
been crossed. The basic theory of operation of
these devices has been discussed in a number of
books and we shall not go into any further considera-
tion of these here.

Most of the negative resistance type of devices
are still in the realm of theoretical possibility.
Various ways for realizing negative resistance have
been suggested in the literature, e.g. the negative
mass device®s, the impact ionization devices86.87,
the crossfield®® and the transfer electron devices®.
Some of these require operation at extremely low
temperature. Devices involving purely plasma and
phonon interaction type oscillations in semiconductors
have either certain technical difficulties which remain
to be overcome® or yet to be extended to the wave
band under discussion®'. The last category, viz.
laser, has made some remarkable headway towards
practical realization®®® and the remaining portion
of the paper may be devoted solely to a discussion
of such devices and to subsidiary techniques based
on their use.

Semiconductor Lasers

Quite a few ideas have been advanced regarding

the achievement of laser action using semiconduct-
ing materials®®. The basic principles involved in
these methods may be classified as transitions
involving (i) Landau levels and (ii) recombination
radiation. No satisfactory experimental technique
has yet been found for a practical laser of the first
type; however, experimental work on some members
of the second type using junction diode as the laser
clement has been quite substantial in recent
\.eam96.97_
" Tt is known that an ordinary laser using gas or
crystal-like ruby depends for its operation on an
“inverted population’ having a larger number of
particles in the higher of the two states between
which the desired transition occurs. A laser based
on transitions involving Landau levels also works.
in the same fashion. Such a picture is not, however,
immediately obvious in the recombination radiation
type lasers. Operations of these are more easily
stated in terms of a negative absorption coefficient
or a negative temperature.

Landau Levels and Cyclotron Frequency Lasers

As stated earlicr, with sufficiently low temperature
and a steady magnetic ficld the energy levels in the
valence and the conduction bands of a semiconduc-
tor may be quantized. Quantization occurs in a
direction normal to the direction z of the field,
the Landau levels (Fig. 21) in the simplest case
being given by®

0,2 ]
Eow = (0" Yot o oe 4 E, |
; LooL(69)
hk;
S | L
Evn = (n +2)h°)h+21"; J

where m;, mj are the electron and hole effective
masses; ., oy, the corresponding cyclotron fre-
quencies (BY/m;, Bim;); k., k., the z-components
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Fig. 21 — Principle of operation of a cyclotron resonance
laser

of the wave vector for the conduction and valence
bands, the energies being measured from the valence
band edge. Transitions between consecutive levels
which are spaced e, in the conduction band should,
therefore, lead to emission or absorption of radia-
tion having the frequency . Band to band
transitions are governed by the rule An” =0,
Ak = 0. For Ge, Si, InSb and similar semiconduc-
tors the complexities in energy bands, however,
make the Landau levels non-equidistant, the spacing
decreasing with increasing »"-values. The energy
level diagram should, therefore, be as shown in
Fig. 21. With an optical pump having energy
E,;+E,; valence band electrons may be excited to
level 3 in the conduction band in sufficient number
to make its electron population higher or inverted
with respect to level 2. If the sample is placed in a
resonator tuned to the frequency (Ec.3—E2)/k, a small
signal at the frequency should promote stimulated
transition from level 3 to 2 as shown in Fig. 21
causing release of energy in phase with itself.
Upward transition through absorption is, of course,
prevented by the non-equidistant level spacing
mentioned above. The frequency of the emitted
line depends upon the magnitude of the applied
magnetic field. In order that the spectral line is
well  defined and its width not made appreciable
by the energy of thermal motion, i.e. KT /A, the field
should be high and the temperature low. For Ge
the values desirable are 10% oersteds at 4°K. With
such conditions satisfied, cyclotron frequency radia-
tion can be generated if the gain through stimulated
emission makes up for the losses in the resonator.
In terms of the loaded resonator quality factor Qr,
the relaxation time 1, the electric dipole moment
u*, and the wavelength A the requirement on this
account is
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n >

A being the area of the resonator end plates. The
most severe requirement arises out of = which in the
present case ~ 10-12 sec. and p* is also ~ 10-1% e.s.u.
Only a Qp of sufficiently high value can overcome
this difficulty to some extent. Current develop-
ments in generation of high magnetic fields permit
operation of a cyclotron frequency laser up to the
100 p. region using a material like InSb having a
small effective carrier mass. At such wavelengths
a Fabry-Perot type resonator could be used®.
In the mm. wave range such resonators have been
designed!® to have Q; value up to 105. This trend
of resonator design and the development of ex-
tremely powerful optical masers suitable as pumps
should widen considerably the prospects of a prac-
tical cyclotron frequency laser, the requirements
of which have been outlined by Lax®.

Cyclotron frequency laser involving impurity levels —
In principle it is also possible to obtain laser
action with a doped sample having a rather deep
impurity level (7,, in Fig. 21) and a pump that
promotes transition from this level to one of the
higher Landau levels — the consequent population
inversion and the stimulated emission being ob-
tained through the same mechanism as above.
These should obviously be the laser analogue of the
tunable detector mentioned earlier. The limitation
due to low relaxation time will also affect such a
laser. Further, as the available impurity centres
are much less than the valence band electrons,
pumping requirement would be more stringent
unless a sufficiently rapid process is available for
recombination of the electron in the lower laser level
with the impurity centres. This requires a low
carrier lifetime. :

Recombination Radiation Laser

Operation of this class of laser depends upon pro-
cesses inverse of those involved in intrinsic and
extrinsic photoconduction. Recombination of a
pair of free electron and hole by a process results in
emission of a photon of energy identical with that
of the photon required to be absorbed for creation
of the pair by the same process taking place in the
reverse sequence.

The simplest of the processes involves a direct
union resulting from a conduction band to valence
band transition. In such a case the frequency of
the emitted radiation is given by E,/h and the
momental vector k is zero for both the relevant
bands such that Al = 0. The more well-known
semiconductors do not, however, have the valence
band maximum and conduction band minimum at
the same point in the & space (Fig. 22). For these
photo effect may be possible for /v less than the
direct band gap energy (which is 0-8 eV. for Ge)
provided an additional partner participates in the
process to coriserve the k-value. This may be a
phonon provided by the semiconductor lattice
itself, giving rise to an indirect band to band transi-
tion assisted by a phonon, and for this the recombi-
nation .radiation emitted will be shifted towards
longer wavelength tending ultimately to the value
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of the energy gap between the valence band maxi-
mum and the conduction band minimum. The
phonon itsell can disturb the energy only to a very
small extent.

An clectron and hole, owing to the Coulomb force
of attraction, form a hyvdrogen-like combination and
exist in the so-called *exciton state’. Indirect
recombiniation is, therefore, possible after the pair
has formed an exciton state. Recombination in-
volving an intermediate impurity or trap level is
also possible. In one such case an clectron settles
down on a trap and awaits the arrival of a hole to
undergo recombination. Evidently iv<F, for such
a process.  Recombination radiation had been ob-
served in many semiconductors for both the direct
and the indirect type of reactions!®™192. In principle,
Jaser action is, therefore, possible through anyone
of the recombination mechanisms!03,104,

Direct band to band transition — Let us consider a
semiconductor device in which the free electrons
and holes are characterized by Fermi levels I, and
I, respectively, the corresponding Fermi distribution
functions being f* and f* and the transitions occur-
ring when there is a radiation field v having a
density p(v). Under this condition photon cmis-
sion and absorption processes contend with each
other. The time rate of photon absorption A, is
proportional to the product ol the probabilities that
a hole state is occupied and an electron state is
vacant and to the available density ofv), i.e. to

£ (118 o)

Similarly, the time rate of emission induced, 4., is
proportional to

(1) JE o)

It may be shown that the constants of propor-
tionality are cqual. For laser action the net ab-
sorption coefficient should be negative, implying
thercby that emission must dominate absorption
and hence

A=) = Hl=1))
As fis of the form 1/[1+4-exp (E¥—F)/KT,] and

Ef —Ef=FE,=1Iv ...(63)
the above inequality requires
IFy—Fp>hy ...(66)

E* and E* being respectively the energy values for
the conduction and valence band states between
which transition promoted by radiation takes place.
Now, for non-degenerate materials Fermi levels
are both within the band gap while for degenerate
ones at least one of these lies within a band.
In view of this and the fact that for direct photo
effect hiv = E,, condition (66) implies that a laser
involving the direct process can be realized if
degeneracy exists in respect of either electron or
holes or Dboth!®, The situation can be realized
with a p-n junction'® diode with at least one region
composed of degenerate material (Fig. 23). [It has
been argued that Eq. (66) is not quite valid at high
injection density making the requirement condi-
tional96, With carrier injection thermal equilibrium
is disturbed and F,, and I, are then treated as the so-
called quasi-Fermi levels.] Now degeneracy is more
readily obtained in materials having a low effective
carrier mass. As such InSb or InAs should be very
convenient materials for a laser diode. For these,
as Table 1 shows, emission should be in the 5 and
3 p. regions. Recombination with photon emission
occurs profusely when the diode is forward-biased
at high injection density. This, of course, also
means a greater loss of radiation on account of free
carrier absorption. Collisional broadening of the
spectral width of the emitted radiation also occurs
when the carrier density is high. Hence laser action
is generally obtained at sufficiently low temperature.
It is to be noted that condition (66) is necessary
but not sufficient for generation of sustained oscilla-
tions unless the inequality has been satisfied to an
extent so as to make up for losses inherent in the
system. This is determined by the Qr-value of the
cavity and may be made up only through adequate
cooling and injection current density’®”. A relation

NON- DEGENERATE

DEGENERATE

Fig. 23 — Laser diode requirement for direct band to band
transition

417



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

proposed for the threshold current density required
with a Fabry-Perot type cavity of length / is1%%
_g'(}jR") | o
Jr= ol 4 ...(67)
where the index «” i$ the loss, and £ is related to gain
G as

G=58]r ...(68)

Working on the ideas detailed above quite a
number of successful junction lasers had been
developed. 1In all these, cavities were the junctions
themselves which had been cut and polished to
proper dimensions with the end walls silvered so
as to be resonant at the frequency of the expected
radiation. Technical information'®®-2% with regard to
a few typical members of such lasers are given in
Table 3.

It may be noted that there appears to be an
optimum range of injection current for good laser
action; heating at too high a valuc affects the
performance!?®.  Efficicncy appears to be quite high
(60 per cent at 20°K.) for diodes of good design®.

Stimulated emission has also been observed in a
tunnel diode'®. A particularly interesting sugges-
tion, in this connection, is the use of simultancous
tunnelling of electrons to conduction band and
injection of holes to achieve laser action in a
composite junction structure which should permit
independent amplitude and frequency modulation
of the generated radiation!®.

The devices under discussion also hold the promise

of being tunable over a finite range. Laser radia-
tion from InSb diodes have been found to shift to
shorter wavelength with a strong applied magnetic
field!30-131 This is to be expected in view of the
magneto-optical shift in band edges. A simultaneous
decrease in the threshold current has also heen
noticed2. Hydrostatic pressure has also been found
to shift the wavelength for coherent emission.  The
observed shift at 200°K., however, appears to be
smaller than the expected shift in band gap,
" Internal modulation of outpul — The radiant out-
put of a junction laser of the type discussed above
can, in principle, be modulated internally in a
number of ways. The field and the pressure depen-
dences of band gap'3! constitute two possible methods
of frequency modulation of the output of a GaAs
laser.  The former should cover a wider band.
But it has to be remembered that the material is
now a highly doped one and any appreciable depth
of modulation would, therefore, require much larger
power. A magnetic method may be used to obtain
frequency  modulated output from an InSh and
InAs laser'2 The frequency deviation with the
magnetic method is not expected to be high.  For
larger deviation the cavity, which happens to be
the junction itself, must be designed to have an
adequate bandwidth.

The dependence of the luminous output on the
injected current provides a ready method for ampli-
tude modulation. The highest frequency of operation

TABLE 3 -— CHARACTERISTICS OF SOME SEMICONDUCTOR JUNCTION

Material Temperature  Pump current A
°K. A.
GaAs 77 10* amp./em.? 8500 (Si doped
n-region)
8420 (Te doped
#n-region)
77 Pulsed 100 amp. 8460
at 50 psec.
20 — —
42 1100 amp./cm.? 8326
2 (continuous — 4175
wave opera-
tion)
78 (Pulsed
operation)
InSb 4-2 2-15x10* amp./cm.? —
InAs 77 — 31500
InP 77-42 80 amp./cm.? 9030
9100
InP1 Asy 77 63 x 1(® amp./cm.? —
~x
(InxGa, )As = — 20700
L= 17700
SiC — 120 amp./cm.? 4560
GaAs 298 10 times that
required at 77°K.
GaP — 10 ma. at 2 V. 7000
Ga(AS]_,P‘) i — 6470

LASERS
A Power Remarks Ref.
A output
Ww.

10-15 —_ — 109, 110
— 20 ITarmonic power 10 p\W. 111
— 3 Sum and harmonic frequen- 112

cies also detected

0-5 - Allowed S to diffuse in Zn 113
doped material

— 1:6 x10'*  Sccond harmonic. Funda- 114
mental power §x10-* W.

o =% — 115

35 — — 116

1 - — 117, 118

=B e 50 per cent molar conc. of 119
phosphide

— — — 120

5 — Validity questioned by Hall 121, 122

25 — Room temperature opera- 123
ration. At 77'K. Ax re-
duced to 1-5 A.

— Very intense Coherence  not  reported. 124
Specially fabricated poly-
crystalline wafer used

= — — 125
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diode (after Grimmeiss and Scholz'7)

is determined by the reciprocal of the radiative
recombination lifetime of hole-electron  pairs and
this, fortunately, is extremely low. For GaAs at
least a linear output-current relation docs not appear
to be realized over a wide range!®-36. - Compensation
of second harmonic distortion has, however, been
shown to be possible’™6.  Further, as stated above,
coherence is also affected beyond a limited range
of current densities?t.  Development of properly
doped and alloyed diodes may, however, help to
improve the situation, as has heen reported recently
for GaP diode®? (Fig. 24). One drawback is the
high level of current densitics normally required
for laser action in many cases. Any uscful depth
of modulation will, therefore, require a correspond-
ingly high modulation power density.  Goldstein and
Welch!38 have recently reported successful modula-
tion of GaAs laser output at 2 Ge/s., the modulation
depth achieved being 7 per cent.

Indirect band to band transition — As stated carlier,
light emission at wavelengths larger than the thres-
hold value corresponding to the direct band gap
of the semiconductor may be possible if the re-
combination of a hole-clectron pair takes place
indirectly through the assistance of a third body.
The latter may be a phonon, an exciton state or
any impurity state. Laser action can, in principle,
occur for each one of the three processes!3140,
The conditions under which laser action may be
obtained in such devices are discussed below.

Phonon assisted transition — J<mission or absorp-
tion of a photon in such a transition is accompanied
by emission or absorption of a phonon. At low
temperatures phonon density is extremely low and
hence an indirect absorption process becomes very
rare. Under such conditions emission might out-
weigh absorption giving an effectively negative ab-
sorption cocfficient or a negative temperature.
The problem may be analysed in the same manner
as in the case of direct transition, except that Av<E,
and for electron and hole coming from the band
edges,

hy = Eq—hv, ...(69)
v, being the phonon frequency. Condition (66) has,

therefore, to be replaced by

Fu—F,> Eg—hv, (70)

which is a somewhat less stringent condition. Fig. 22
shows that laser action for such a case should be
obtained with non-degenerate semiconductors as
well. Nevertheless, it has been argued that with
degenerate materials alone can an indirect band gap
semiconductor yicld laser action. Calculations
show?3” that for Ge and Si condition (70) should be
fulfilled below 10°K.  Practical consideration dictates
overfulfilment of condition (70) in order to make
up for the various losses. Assuming that the only
loss is due to free carrier absorption, Basov et al.}3?
gave the following requirement for laser action :

16z KT geaetr(itg-+Po)

0> ke 2y exp (—y)

(71)

where @ is the excitation density given by the
incident quantum flux; %, the absorption coefficient
of the exciting radiation; «, the cross-scction
for photon absorption by free electron; y =
(hvp-t-hv—Eg)|[KTy; =&, the lifetime for indirect
radiative transition; and 7, the unbalanced carrier
lifetime. Ior Ge at 4°K., A =1 p, 7, ~ 107 sec. the
condition is shown to be @ > 5x10% quanta/cm.?
sec. In terms of Q) of the cavity, the condition
required for non-degenerate bands with single phonon
participation has been shown to be®

274/€ vitgpy

Qrke exp (—hv|KT,)
k; being the coefficient of band to band absorption.
Basov et al. pointed out that at high excitation
rate 7, may become considerably smaller than the
value ordinarily encountered. The required rate
of excitation is, therefore, likely to be much higher
than the value estimated above, making cooling of
the sample a difficult problem.

Indirect tramsitions involving exciton states — In-
direct transition via an exciton state might also
lead to laser action. Basov et al. have also ex-
amined this case and shown that the necessary
condition for this is

np > nopy exp [—(hvp+e'—E)|KTg)  ...(73)

¢’ being the exciton energy. This, it may be shown,
is practically the same as condition (70). The condi-
tion when the loss is due only to absorption leading
to ionization of exciton leads to the requirement

- 74
P 7R ( )
where «; is the cross-section of photoionization;
Av, the width of the exciton radiation; and <, the
exciton lifetime for radiative decay. For Si the
condition has been shown to be realizable. For losses
arising out of lattice and impurity absorption the
condition becomes

np > wio(72)

o,

8meAvt
Bl S
in which #, is the exciton density and %, the effective
coefficient of absorption of the emitted radiation
by the lattice and the impurity centres. Cooling
helps to reduce Av and hence makes the realization

..75)
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of conditions (74) and (75) easier. Further 7,.< <7g.
Hence, the exciton mechanism should require
a lower excitation rate and a conscquently easier
cooling [Eq. (71)].

Transition involving impurity states — The most
general mode of recombination of a hole-electron
pair is the three-body process via an impurity state.
A two-step process in which an electron settles
on an impurity before recombining with a hole
also leads to emission in the range iv<E, For an
acceptor-like impurity capturing a free electron,
radiation having any energy between Egp-E, should
be obtainable. Such recombinations are indeed
quite plentiful in Ge and Si at low temperatures
and promise a small AA as the captured electron
and hole become immobilized and devoid of ther-
mal motion. The necessary condition for
action through this process is of the same form as

Eq. (69). For oscillations to be obtained with a
cavity the condition takes the form
2mvt;PoAv
e (76
B (76)

where g, is the density of modes of resonance and
7; the lifetime of a carrier until radiative capture
by an impurity atom. Condition (76) is more
readily realized with smaller value of Av and =
For the latter to be small, the density of impurity
atoms should be high. In principle, the effect may
be realized with non-degenerate semiconductors.
Aigrain1® had obtained laser action in a p-n-i-p
junction device using indirect transitions. Pumping
used was sufficient for creation of 10'7 hole-electron
pairs per second. Evidence for exciton recombina-
tion radiation in a GaAs junction with injected
current exceeding 0-1 amp./cm.2 has also been
obtained by Wilson!!, A class of composite junc-
tion structure has been used for successful indirect
type of lasers'2. It is likely that indirect transi-
tions, e.g. those involving donor levels!®!, had contri-
buted somewhat to many of the laser actions
reported so far with junction devices. Nevertheless,
experimental evidence for purely indirect transition
type laser is still largely lacking in view of the fact
that degeneracy of materials and near cquality of
the emitted radiation energy with the band gap
value had been a common feature with almost all
the successful semiconductor lasers reported so far.

Subsidiary Techniques of Generation
Using Laser

Apart from its direct use as laser material, a
semiconductor may also find use as subsidiary mate-
rial in the generation of radiation of new wave-
length, using the output of other types of lasers.
Mention has been made earlier of the heterodyne
type of optical detectors using such materials.
The non-linear property which makes such a device
possible may be utilized in mixing the outputs of two
lasers to obtain oscillations at a different frequency.
The technique would be suitable for generation of
sub-mm. waves. Semiconductor lasers like the
GaAs diode have also been applied as a pump source
for other types of laser and this constitutes another
significant utility of such devices in the generation
of waves over new frequency bands!*.
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Oscillations at lower frcquencies can also  be
generated through parametric action. A non-linear
dielectric material is a suitable medium for this
purpose'®. Crystals like KDP and ADP have
been mentioned in literature as good materials for
parametric devices in the optical frequency range.
Existence of such non-lincarity in GaAs made poss-
ible the generation of second™!''"* harmonic radia-
tion, as reported in Table 3. The amount of harmo-
nic power obtained showed that as a non-linear di-
electric material GaAs may serve this purpose even
better than KDP. For the degenerate mode of
operation, another laser of adequate power operat-
ing at double the desired frequency will be required
as the pump and the sample of material so fabricated
as to be simultancously resonant with two fre-
quencies. The pump frcquency must, of course, be
remote from any of the characteristic absorption
frequency of the material promoting photoionization.

To summarize we note that the direct radiative
transition type of semiconductor lasers are promising
as generators of coherent radiation from near violet
(SiC) to about 5 p (InSh) range. The Landau level
type, on the other hand, holds promise for radiation
from the sub-mm. to about 100 w range. The latter,
however, depends on the availability of a powerful
optical pump at the right frcquency.  For the region
between 5 and 100 . the indirect transition type
of devices could be used if successfully developed.
The mixer and parametric types of generators are
likely to be of use over longer bands of wavelength.
Prospects of realizing recombination laser action in
indirect band gap materials appear to be rather
meagre unless extremely heavy doping is made use
of 45146 Many of the semiconductor lasers reported
so far are inferior to other types of lasers in respect
of purity of spectrum and power output. Much, of
course, remains to be achieved in these directions.

SUMMARY

A critical account is given of the major experi-
mental and theoretical considerations of the applica-
tion of crystalline semiconducting materials for
detection, modulation and generation of radiation
from the sub-millimetre to the optical wave band.
Simple expressions are given for the responsivity,
frequency response and sensitivity of the various
types of thermal and optical detectors and the
relative merits of the more well-known semicon-
ductor materials for detection. The performances
of the different types of detectors are compared.
It is pointed out that the thermal detector using
Si and Ge at low temperature and ‘self-cooling’ can,
in principle, have a fast response and hence a wider
frequency limit of operation than achieved hitherto.
Modulators are classified from the standpoint of
basic physical principles involved. Analytical ex-
pressions are given for the modulator efficiency and
the depth of modulation for most of the types of
these devices. The problem of frcquency response
is also considered. It is pointed out that modula-
tion may also be carried out through transitions
involving impurity levels.  The possibility of polari-
zation modulation using Ge is examined. The
principles of operation of the different types of
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semiconductor laser are outlined and the conditions

under

which these should operate discussed.

Methods of internal modulation and generation of
new radiation through mixing and parametric
action are also indicated.
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Some Aspects of the Electrochemistry of Passivating Systems*

K. 5. RAJAGOPALAN & K. BALAKRISHNAN

Central Electrochemical Rescarch Institute, Karaikudi

systems have been in progress at this Institute.

The studies relate to the behaviour of corroding
svstems, potentials of corroding metals, the mechan-
ism of passivity and inhibition, growth of passivat-
ing films on metals, ete.  In this review, the results
of work carried out are presented and discussed
with particular reference to the contributions of
other workers in the field and areas for future
study have been indicated.

SEV]*ZRAI, clectrochemical studies on passivating

Potential of Corroding Metal

The potential of a reversible clectrode has been
interpreted in terms ol the kinetics of the processes
taking place at the clectrode-solution interface.
Nernst! discussed this in terms of the solution
pressure at the electrode and the osmotic pressure
of the ions in solution. Butler? interpreted it in
terms of the rate at which metal ions left the metal
lattice and entered the solution and vice versa.
Gurnev and Fowler? enlarged Butler’s kinetic inter-
pretation using the methods of quantum mechanics.
Subscquently, Glasstone et al.%® and Kimball® applied
the theory of absolute reaction rates to the inter-
pretation of the potential of a reversible electrode.
According to this theory, if the reversible electrode
potential is established by a reaction such as
M*+e oM, the rate of forward reaction (the
discharge process)

—
rate = a-+k,e *V1IRT (1)
and the rate of the reverse reaction

et

rate = kyell- #LLIRI w12

¢ b

where k, = kT [h.e AMIRT and ky == kT [h.e S1RT and
AFt and A} are the corresponding free energies
of activation i the absence of an external lactor
like the clectrode potential, « is the fraction of the
electrode potential difference Vo which is favouring
(or hindcring) the forward reaction and (1—a) is
the fraction which is hindering (or favouring) the
backward reaction, a is the activity of the ions in
the bulk of the solution (activity of the ions in the
metal is taken as unitv) and the other symbols have
the usual meaning (Fig. 1). At cquilibrium, the
rates are equal, and 1 and 2 can be equated to get
the well-known Nernst cquation

Ve=V,+RTnEF In ay

where V, and V, are the equilibrium and standard
electrode potentials.

If two or more statistically independent electrode
reactions take place on the same metal surface,
a steady state is reached when the sum of the rates
of the anodic reactions are equal to the sum of the

*Paper presented at the Symposium on Electrochemistry
held at Delhi University on 2-3 October 1964 on the occasion
of the sixticth birth anniversary of Prof. R. P. Mitra.
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Iiig. 1 — Schematic potential energy-distance relations for
theions in metal and in solution [(a) On immediateimmersion;
(and D) after ionic equilibrium establishment |

rates of the cathodic reactions. The electrode
potential has now a different meaning as compared
to the reversible electrode potential where a balance
of electrical charges is obtained without any change
in chemical composition. When more than one
reaction takes place at the same electrode, though
electrical balance may be obtained, the chemical
composition of the system gradually changes. The
potential of such an electrode is designated as the
mixed potential™!9 and the electrode is considered
as a poly-electrode. Frumkin and Kolotyrkin!? and
Kolotyrkin'? applied this concept to the dissolution
of lead and nickel in acids and iron in alkalies;
Wagner and Traud? to hydrogen evolution reaction
between zine amalgam and acid; Petrocelli®!3 to the
dissolution of aluminium in acid and alkaline
solutions; and more recently Stern?4 to the corrosion
rate of iron in acid solutions.

Evans'®, Brown and Mears!®, Akimov and others!?:18
and Evans and Hoar!® have suggested that corrosion
takes place by the existence of short-circuited cells
on the metal surface similar to the commonly known
voltaic cell. Accordingly, the measured potential is
considered as the compromise potential of a couple
formed by the different regions of the metal sur-
face having different metal-solution potentials to
start with. When current flows, these regions
having different metal-solution potentials get pola-
rized. This is represented in Evans diagram
(Fig. 2). The potential corresponding to the inter-
section point of the two polarization curves has
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I'ig. 2 — Evans diagram [l:“A, open circuit potential of the

anode; E}, open circuit potential of the cathode; and Ex and
Ek, anodic and cathodic polarization|

been designated as the ‘ corrosion potential’ (the
word ‘ polarization ’ refers to the change in potential
of an electrode which results {rom current flow to
or from the metal surface and a plot of potential
against current is called °polarization curve’).
Evans and Hoar!® demonstrated the existence of a
cell between the upper and the lower portions of
steel vertically immersed in sodium chloride solu-
tion. Evans and Agar?® mapped out regions of
different potentials on zinc in sodium chloride
solution. Brown and Mears?! using scratched alu-
minium showed that scratched and unscratched
portions had different potentials and have summa-
rized?® the various factors which give rise to differ-
ences in potential on the same metal surface. De
La Rive’s® early work on the decrease in corrosion
rate in acid solutions with increasing puritv of zinc
as well as similar observations on other metals by
others?-26 also appear to indicate that microcells
are set up in acid solutions. This is known as the
“local cell theorv of corrosion ’, according to which
the net cathodic current of all local cells is equal
to the net anodic current. The local cell theory of
corrosion could explain the non-uniformity of corro-
sion processes such as pitting, intergranular cor-
rosion, stress corrosion cracking, crevice corrosion,
ctc. Rajagopalan and Doss?” and Takahashi2
pointed out that any interpretation of the potential
of a corroding metal must take the above factor
into account.

By applying the theory of absolute reaction rates,
Rajagopalan® showed that the potential of a
corroding metal is given by

RT1 A4,X}
$=yiln %
1 .Y.l v
X, == (a’) K,

)

X; = (a}i) K5 and
1

and A4, total anodic area in centimetre square, 4,

where

—

. « Y

total cathodic area in cm.2, = a”; preduct of concen-
1

tration terms, K, specific velocity of the reduction
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” o . - - o
reaction in cathodic arcas, K specific velocity of the
anodic reaction in anodic areas and

v = oy +y(l—ay)

From the above cquation, the significance of the
corrosion potential is shown to be as follows:
(i) it is governed by the ratio between the anodic
and cathodic arcas on the one hand and the velo-
city factors on the other; (ii) the corrosion potential
will be shifted in the positive direction if A.X,
increases or 4,X, decreases; (iii) the corrosion poten-
tial will be shifted in the negative direction if 4.,
decreases or A4,X, increases; (iv) the potential will
remain unchanged if both 4.\; and 4,X, decrcase
or increasc to the same extent (a decrease of A,
should result in passivation and an increase in
A, should result in increased corrosion). Thus the
corrosion potential ¢, is related to the arcas A.
and A, in the same manner as the equilibrium
potential of a single electrode reaction is related to
the concentrations of the oxidant and reductant.
Subsequently, Rajagopalan and Rangarajan® showed
that (1) d¢/dA. is minimum when A, = 4, (i) a
maximum of 7 is obtained when the value of
A =04, where 8 = ny(l—ay)/[nyo+ny(1—a,)
(iii) two values of A, can satisfy a particular value
of dg/di. It was emphasized that in view of (iii) in
order to find out if a change in the slope means an
increase or decrease in A, the corrosion potentials
must first be compared (Fig. 3).

Potential-Time Measurements

Potential and potential-time measurements have
been made use of in understanding the behaviour
of corroding systems31-33. It is found that in the
presence of passivators like sodium chromate,
sodium nitrite and other agents, the metal-solution
potential becomes more noble in the case of several
metals.  This cennoblement of corrosion  potential
has been explained in terms of the Evans diagram
as due to increase in anodic polarization by increase
in resistance of the anode or by the decrease in
anodic arca. A fall of potential in the negative
direction, e.g. on addition of chloride, sulphate, etc.,
was attributed to the decrease in anodic polariza-
tion brought about by more of the metal surface
coming into contact with the solution.  However,
instances®-38 have been reported where it has been
shown that the corrosion potential in itself cannot
always furnish information regarding the passive
or active nature of the surface, e.g. aluminium
has a more negative potential compared to steel
though it corrodes much less.  The equation derived
above shows how the potential can vary in either
direction depending upon whether the cathodic area
or anodic arca or both arc affected. The initial
potential of aluminium pretreated by MBV, Pylumin
and Alrok processes (Fig. 4) is more negative than
that of untreated aluminium®. But the rate of
corrosion of the treated aluminium in 3 per cent
sodium chloride solution is negligible compared to
untreated aluminium. This can be explained on
the basis that the cffective cathodic area is reduced
as a result of the treatment; this conclusion is
supported by polarization data. The negligible
shift in potential as a result of chromate passivation
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of zinc is similarly explained as due to reduction
of both anodic and cathodic areas to the same
extent®,  This is again confirmed by the increase
in slope of the anodic and cathodic polarization
curves of passivated zinc. The change in potential
in the positive direction in the case of addition of
sodium chromate to distilled water or salt solution
in which metals like steel and zinc are immersed
can similarly be explained on the basis of reduction
in the anodic arca. It was reported by Cohen??
that with increase in concentration of passivators
like sodium chromate and sodium nitrite, the rest
potential became more negative and he attributed
this to the film formed in dilute solution being
more perfect. A better explanation would be to
say that at high inhibitor concentration, not only
the anodic arca but also the cathodic arca gets
reduced. In fact, the asymptotic nature of the
potential-time curve® for zinc in chromate solutions
can also be understood in terms of the inhibitor, first
making itself felt on the anodic arca by adsorption
and subscquently modifying the cathodic area by re-
duction of the inhibitor and simultancous formation of
an insoluble non-conducting film on the cathode.

Polarization Studies

Of the various theorics of passivity, the electro-
chemical mechanism of passivity and inhibition put
forward by Mears®! is of particular interest to
electrochemists.  According to this approach based
on the local cell theory of corrosion, since corrosion
takes place by a flow of current between different
areas on the metal surface, the potentials of the
different areas are polarized. At the steady state

E, = Es+Ec+Eg, +Eg,

where E, is e.m.f. of the local cell, E, the anode
polarization, E, the cathode polarization, and Ej
and Ej the potential drops caused by resistances
of the metallic and solution paths. If passivity is
interpreted as reduction in corrosion rate by changes
on the metal surface¥, it can be produced by render-
ing E, smaller, e.g. by increasing the purity of the
metal and by increasing E, and E,. The polariza-
tion term may be split into three terms

= "]a+")conc.‘|"’]l\’
where 7 refers to the whole of the polarization,
n. the activation overvoltage brought about by
the irreversibility of the electrode process at appre-
ciable current flow which relates to a change in the
activation energy required for the reaction to
oceur, 7eoqe. the concentration overpotential, and 7y
the potential drop caused at the electrode when in-
soluble products are formed. Tafel gave the follow-
ing empirical relationship

N« =a-+b log ¢
where 5, is the activation overvoltage at current
density 7, and @ and b are constants. This equation
has now been satisfactorily interpreted in terms
of the theory of rate processes and the significance
of the constants is adequately understood?®.
the concentration polarization is given by

Neone. = (RTnF) In |1y (i, —1);

*The cquation Ey= L4+ L’H-[51\’,”4-15'1\»q can be expressed
N el k
"‘J—(/“uﬂir)
Ry +Rs
resistances in the metallic and solution paths.

MNconc.

in the form leorr= , where Ry and Rs are the
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where iz is the limiting diffusion current, ¢ is the
observed current, and # is the number of electrons
taking part in the electrode reaction. This polariza-
tion is observed if the concentration of the reducible
species in solution is low or if as a result of forma-
tion of passivating films, the reducible species cannot
arrive at the surface as fast as in the absence of
the film. This can also be observed if the metal
jons cannot get away from the surface as fast as
they are produced. The changes in the polariza-
tion behaviour of the local cell as a result of passi-
vating treatments have been studied with the help
of polarization curves obtained by external appli-
cation of current®?4?. But the attempts made in
this direction by various workers suffer from the
serious limitation that thesc do not take into
account a factor which plays a determining part
in regard to the slopes of the polarization curves,
viz. the unknown area relationship between the
anode and cathode of the local cells. As long as
cathodic and anodic polarization behaviour are
obtained by plotting potential against current,
assuming the whole area to which current is applied
to be anodic or cathodic, the true polarization beha-
viour will not be obtained. In fact, in order to
reproduce the naturally formed corrosion cell in the
laboratory not only the ratio of the two areas must
be known but the geometry of distribution of the
anodic and cathodic areas must also be maintained.
This is hardly possible. Two other ways of making
use of polarization data have, thercfore, been ex-
plored®®%. It has been suggested that the dis-
cussion of the behaviour of a corroding metal may
be confined to reactions taking place on the metal
surface and assumptions made that cach of the
reactions can take place at all points on the metal-
solution interface. At potentials appreciably re-
moved from the corrosion potential on the negative
side, only the cathodic reaction may be expected
to occur. The =~ curve may, therefore, be
obtained for this reaction. Similarly, at potentials
much more positive than the corrosion potential,
the 7.4 curve for the anodic reaction may be
obtained. In the absence of concentration and
resistance polarization, two straight lines will be
obtained on plotting 7, and n, against log 1, if the
experimental conditions are satisfactory (Fig. 5).
These two straight lines may be extrapolated and
the intersection gives the corrosion potential as
well as the corrosion current. When passivity is
obtained, the current corresponding to the inter-
section point is much less than before.

Stern has suggested that the #-i plots within a
few mV. of the corrosion potential, where disturbing
concentration effects are not likely to be observed,
as in the above method, can also give valuable
information on the reduction in corrosion rate.
It is predicted from theory that the anodic and
cathodic slopes are identical in this region and
inversely proportional to the corrosion rate. This
ideal relationship would not be observed if films
having different ionic and electronic conductivities
are present on the metal surface and if at the
corrosion potential the processes are diffusion con-
trolled. This is made known by the fact that it is
only in the case of very few systems that it has
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been reported that anodic and cathodic slopes
close to the corrosion potential are the same. In
view of these difficulties in dealing with polarization
phenomena in terms of the individual over-voltages,
a somewhat simpler approach was adopted in our
interpretation of polarization measurements  on
passivating systems. It was explained carlier that
corrosion potential is a function of the ratios of
the anodic and cathodic arcas as well as the velocity
factors. Under identical environmental conditions
it may be expected that the changes in these two
factors will be made known by polarization measure-
ments as follows.

When a given value of anodic or cathodic current
is passed through an electrode surface having a
known apparent arca, the truc current density will
depend upon the true arca over which this current
can pass. Changes in potential brought about by
any of the factors mentioned earlier are a function
of the current density. If the area available for
the anodic or cathodic reactions is reduced then
the current density will increase for a given value
of applied current. The changes in the slope of
¢-1 curve (I is the applied current) would give
indication as to whether the anodic or cathodic
area has increased or decreased. If these measure-
ments are made sufficiently close to the corrosion
potential, then significant disturbances in the sur-
face condition or in the medium adjacent to the
surface would be avoided.  Proceeding in this way,
it was shown that MBV treatment of aluminium
reduces the cathodic area far more than the anodic
area (Fig. 6). Chromate trcatment of zinc brings
about a large reduction in both anodic and cathodic
areas and wash primer treatment is more effec-
tive in reducing anodic and cathodic areas than
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phosphate treatment™®5t (Figs. 6B, 6C). Though
this interpretation of polarization measurements
may appear to have only qualitative significance,
it is free from the limitations of the other methods
referred to carlier and at the same time it is very
effective in giving some insight into the manner in
which surface treatment modifies the electrochemi-
cal behaviour of the metal. Further, the information
that cathodic area is reduced in the case of MBV
treated aluminium suggests that the pitting ten-
dency of aluminium is likely to be minimized by
this treatment.  This is what has been observed in
field studies. It was also shown that inhibitors like
sodium nitrite and sodium chromate passivate steel
and zinc surfaces by interfering with both anodic
and cathodic reactions®® (Iig. 7).
Galvanostatic Studies on Passivating Systems
In a cell of the type Fe sheet (anode)/sulphuric
acid/platinum (cathode), there would at the first
sight appear to be no limit to the corrosion rate

obtainable on the anode by an external em.f.
which if sufficiently high can force a huge dissolu-

tion current through the anode. But this does not
happen. Above a certain current, the current is
mainly employed in the cvolution of oxygen which
would indicate that the dissolution reaction has
practically ceased and the metal has become passive.
Muller® found that anodes of iron, zinc, cadmium
and copper ultimately became passive even if the
liquid used was sulphuric acid.

The general picture of anodic passivation of metals
on the application of a constant current was first
put forward by Muller®® and Hedges®. According
to them saturation of the solution with the metal
ion takes place in the first instance and when the
solubility product of salts formed with ijons in
solution is exceeded, film formation at the metal-
solution interface takes place accompanied by a
sharp rise in the metal-solution potential. This is
aided by hydrogen ion migration away from the
anode when the film formed is a hydroxide, oxide
or basic salt. The general potential-current relation-
ship observed at constant current® is shown in
Fig. 8. At current density around B, with a
galvanostatic system, the time lapse (r) required
before passivation sets in decreases with increase
of current density and is governed by the relation

(i—ir)x'* = constant

where 7 is current density and 7;, is limiting current
density below which passivation does not occur.
The above relationship is likely to be observed
when some of the anodically produced material
leaves the vicinity of the anode before passivation
sets in, ie. for values of v above 2 sec. When
diffusion away from the anode is not significant
and no replenishment of required solution — material
such as salt-forming anions occurs and =t is less
than 2 sec., 1z = constant.

Forester®” found that in the case of iron powder
which has been exposed to air on anodic polariza-
tion in 2-4N KOH the potential jumped rapidly
to passive values. Kabanov and collaborators®
showed that on anodic polarization of film-free
massive iron electrode under galvanostatic conditions
two arrests were observed corresponding to the
formation of Fe(OH), from Fe and of Fe,0,4 from
Fe(OH), (Fig. 9). They further observed that the
potential of the massive electrode rose smoothly to
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Fig. 8 — Schematic representation of polarization curve under
galvanostatic condition

427



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

POTENTIAL

0 15 30

Q ,c0ulombs/cm?x 102

I'ig. 9 — Dependence of the potential of iron eclectrode in

1:2N KOH on the quantity of electricity passed upon anodic

polarization at constant current [(a) Outgassed iron and
(b) after absorption of oxygen molecules|

oxygen evolution without arrests if adsorption of
oxygen or oxide film formed by exposure to air had
taken place earlier. They also showed that on
anodic polarization of iron in alkaline solution
containing a high concentration of chloride, the
potential first rises to positive values and then falls
off to lower positive values. Mayne and Menter®®
observed similar E-f curves for iron in NaOH
solutions, and later Hancock and Mayne® suggested
that the anodic polarization behaviour of iron
could be made usc of as a rapid method of finding
out whether a given solution is corrosive or inhi-
bitive. They have suggested that the inhibitive
property of a given solution can be found from
anodic polarization curves at a fixed current density
chosen in the range of 15-100 pa./cm.2. Solutions
showing a sharp potential rise to +0-3 V. (against
saturated calomel clectrode) on the application of a
fixed current density of 10 ya./cm.2 have been
characterized by them as inhibitive, and those which
do not show this rise as corrosive. They have
studied by this method a large number of systems,
e.g. NaOH-Na(l, CgH,COONa-Na,SO,, and Na,CrO,-
NaCl, containing inhibitive and corrosive consti-
tuents. In a later paper Hancock and Mayne®!
have shown that different solutions require different
current densities to polarize steel specimens to the
same potential. It is, therefore, not clear how
studies made at a fixed current density can reflect
the behaviour of a system as suggested by them.
A more elegant and sensitive method based on
anodic polarization measurements was reported
by Rajagopalan et al2. In this method, when
the current required to reach the passivation
potential is plotted against the concentration of
the corrosive constituent, an S-shaped curve is
obtained for both 403 V. and 406 V.,
the range of potential over which the passivation
of metal surface is likely to take place (Fig. 10).
The curve shows that beyond a particular chloride
concentration there is a sudden jump on the current
needed to passivate the surface. The chloride
concentration and current density corresponding
to the middle point appears to divide the solutions
as well as the current densities into two broadly
distinguishable groups, one in which the current
density required is low and the other in which the
current density required is very much higher.
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It is interesting to note that the application of a
constant current density of 290 pa./em.? corre-
sponding to the middle point of the curve brings
out, in unambiguous manner, the behaviour of
the NaOH-NaCl system (Fig. 11). It is seen from
the figure that on application of this current, the
potential rises and remains constant at a positive
value for the solutions below the concentration
corresponding to the middle point of the curve and
cither first rises and then falls off to a negative
value or does not rise for the solutions above the
concentration corresponding to it indicating that
Fe cannot be passivated in the latter solutions.
Direct corrosion tests also confirmed this result
when it was shown that rusting takes place in these
solutions. It was concluded from galvano- static
measurements and corrosion tests that if OH:Cl
ratio exceeds!?, the solution becomes corrosive.
Potentiostatic Studies

A potentiostat, as the name implics, maintains
the electrode potential at a preset value with
respect to a reference electrode. If the potential
drifts from this value the ecrror signal is amplified
and is fed into the output stage which provides a
change in current passing through the circuit to
correct this error (Fig. 12). The output change
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can either be electronically or mechanically con-
trolled, the choice resting solely on the amount of
current required and the response time desired of
the instrument. The first reported potentiostat
circuit was described by Hickling®. Since that
time, circuitry has been developed®%® to meet
the different requirements of analysis, organic
oxidation and reduction, study of electrochemical
kinetics and corrosion processes. It is obvious
that the potentiostatic technique is particularly
useful for the investigation of the anodic behaviour
of metals which show active dissolution and passi-
vity at different potentials. A typical E-I curve
obtained with a metal which shows both active and
passive behaviour is shown in Fig. 13. It is seen
from the figure that there is a region where the
rate of dissolution increases as the potential be-
comes more positive which is known as the ‘ active
region’. The current or corrosion rate sharply
decreases to a low value at a potential which is
often referred to as Flade potential®™. Over a
potential range above this the passive region is
observed in which the current flowing across the
metal solution interface is only a tiny fraction of
the maximum current in the dissolution range.
After the passive region, the so-called °trans-
passive ' region is observed in the case of some
metals and is associated with the dissolution of a
high oxidation state of the metal and finally, at
the most positive potential, gas cvolution takes
place. The behaviour of iron, chromium, nickel,
titanium and other metals has been studied in
sulphuric acid, by this method and the potential
at which the change-over from active to passive
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Fig. 13 — Typical E-I curve under potentiostatic conditions
(a case of transitional metal)
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state takes place as well as the passivation current
have been determined”-78. The effect of the alloy-
ing constituents on the active-passive behaviour of
stainless steel has been studied using this method?™.

Two methods of getting E-I curves using
the potentiostat are employed, namely step-wise
change of potential and continuous change of
potential with time, known as potentiokinetic
method ™,

Venu et al.* have studied the anodic behaviour
of iron in N/[10 and N/100 NaOH solutions
in the presence of chloride and sulphate ions.
Anodic passivation of iron in NaOH is revealed by
the fall in anodic current after reaching a maximum
value (Fig. 14). A large passivation current is
recorded. The passivating film appears to be having
considerable thickness. The behaviour in solu-
tion containing chloride ions is similar to that
obtained in NaOH solution up to a chloride: OH
ratio of 1:1. When the chloride concentration
exceeds this ratio anodic passivation is still observed
but the passivation current increases. Breakdown
of passivity is observed only at much higher chlo-
ride concentrations. This explains why pitting
is observed in solutions containing both NaOH
and NaCl at borderline concentrations and general
attack observed only if the Cl: OH ratio is very

high (Fig. 15). S()42 ions do not appear to effect any

change in the passivation behaviour of iron in N/10
NaOH up to the highest ratio studied (Fig. 16).
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POTENTIAL (vs S.H.E.), V.

CURRENT, ua,

Tig. 15 — E-I curve for iron in N/10 NaOH solution con-
taining (a) N/100, (b) N/10, (c) 1N, (d) 2N, and (¢) 4N NaCl

Kinetics of Growth of Passivating Films on
Metal Surfaces

Fleischmann and Thirsk®! have shown that the
very initial stage of formation of anodic films takes
place by the nucleation of discrete centres on the
metal surface which grow and subsequently envelope
the metal surface. There appear to be three situa-
tions of interest, namely (i) the rate of dissolution
of metal into electrolyte is the slowest process and
controls the rate of film formation; (i) the rate of
growth of nuclei is the slowest process; and (iii) the
flow of current in the bulk of the electrolyte solution
or in the external circuit controls the current®2. The
current-time relationships in the three cases are
shown in Fig. 17. Rajagopalan and collaborators
have observed that in the formation of phos-
phate film on iron surface the current reaches a
maximum and then falls (Fig. 18) (Rajagopalan,
K. S., Dandapani, B. & Jayaraman, A., unpublished
results). This would, therefore, indicate that this
is also an example of the rate of growth of nuclei
being the slowest process, as in the case of many
systems studied by Fleischmann, Thirsk and their
coworkers.

Processes in which film growth is controlled are
of particular interest as in these instances, from a
study of the time dependence of current, valuable
information can be obtained as regards the gecometry
of film growth. Fleischmann and Thirsk® have
pointed out that when the nuclei are growing
independently of each other six 7 relationships
have to be considered depending upon whether the
nuclei are formed instantaneously or progressive
nucleation is observed and whether the nuclei is
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Ilig. 16 — IZ-I curve for iron in N/10 NaOH solution con-
taining (a) N'/100, (b) N/10, (¢) 1N, and (d) 2N sodium sulphate

one-dimensional, two-dimensional or  three-dimen-
sional. The initial portion of the current-time
transients can be examined for these different rela-
tionships and information obtained as to whether
the growth is two-dimensional or three-dimensional.
It can easily be imagined that during the process
of growth of the first formed nuclei a stage would
come when the area available for lateral growth
would become restricted.  The current will, there-
fore, reach a maximum and then decrease because
of the overlapping of the growing centres. The
particular geometry of growth which is more signi-
ficant for passivation is the growth of cylinders of
monomolecular height growing laterally in  two
dimensions. In this case the current should de-
crease to zero or a low value when one monolayer
has been completed provided no fresh nuclei are
formed in the first formed monolayer. If, however,
this happens then a new current-time transient in
the form of a peak can be obtained and this can be
repeated.  The number of peaks should give the
number of monolayers that are formed before passi-
vation. It has been shown that if the nucleation
is completely random and follows a first order law
the growth of cach layer can be expected to follow
the relationship

L ZEmhMARE | [—mMEARS
oo o

where £ is the height of the monolayer, M the
molecular weight of the film-forming material, A

- -

Iig. 17  Current-time  rela-
tionship under potentiostatic
condition when (a) film growth
controls the rate, (b) metal
dissolution controls the rate,
and (¢) the rate s
—— not controlled by

clectrode processes
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FFig. 18 — Current variation during phosphate film formation

the nucleation constant expressed in nuclei/cm.?[sec.,
k the growth rate constant expressed in moles/cm.2/
sec., ¢ the time in scc. and ? the density. The
above conditions may be obtained on a structure-
less surface like that of mercury or an amalgam.
This can be illustrated in the case of passivation
of cadmium amalgam in NaOH solution®.

The current-time transients for the formation of
cadmium hydroxide on cadmium amalgam is shown
in Fig. 19 and for the three overpotentials for one
amalgam and for onc solution. At low overpoten-
tials the current shows two maxima which differ
considerably in height and time scale. As the over-
potential is increased the difference between the
first and the second maxima diminishes and a
shoulder developes after the second peak. The
area under the first peak is constant and is some-
what larger than that calculated for 001 plane of
cadmium hydroxide, about 230 pc. The area
under the sccond peak together with that of the
shoulder is somewhat larger (roughly 2} monolayers)
than that corresponding to two layers of this
orientation. In all cases the reaction stops after
the shoulder and the amalgam is passivated.

If the rate of nucleation is known or the number
of nuclei are kept constant by preformation at a
higher potential or the nucleation constant is
independent of overpotential, the growth rate con-
stant & expressed in moles/cm.?/sec. can be obtained
from the relationship between 2 and ¢ By studying
the dependence of £ on pH, metal ion concentration
and potential, the mechanism of film formation can
be clucidated. With regard to the formation of
cadmium hydroxide on cadmium amalgam, the
most probable mechanism is a rate determining re-
arrangement of two discharged OH ions with the
two-layer planes separating the cadmium ions.
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Fig. 19 — Variation of current with time for the formation of
cadmium hydroxide on 1 per cent cadmium amalgam in 1N
sodium hydroxide [(a) First layer at an overpotential of
20 mV., (b) sccond layer at an overpotential of 20 mV.,
(c) first and sccond layers at an overpotential of 80 mV.,
(d) sccond and third layers at an overpotential of 80 mV., and
(¢) first, sccond and third layers at an overpotential of 170 mV.]

Summary

The significance of the potential of a corroding
metal is discussed. It is shown that the corrosion
potential can be satisfactorily interpreted in terms
of Glasstone, Laidler and Eyring theory of rate
processes. According to the equation derived by
one of the authors, changes in potential following
passivation treatments and potential-time data
can be satisfactorily understood in terms of changes
in the anode to cathode area ratio as well as changes
in the ratio of the velocities of the anodic and
cathodic reactions. It is also shown that it is
necessary and reasonable to interpret changes in
polarization behaviour brought about by passi-
vating conditions taking into account the area
changes on the metal surface. Reviewing studies
on anodic passivation of metals at constant current,
the authors describe a satisfactory method based
on application of a constant current to distinguish
between corrosive and inhibitive solutions.

The applications of the potentiostat in the study
of passivation phenomena are discussed. It is
pointed out, citing the example of the NaOH-NaCl
system, that the potentiokinetic technique provides
a powerful tool for the study of the active-passive
behaviour of metals. The theory of electrocrystal-
lization of anodic films is discussed. It is observed
that the particular geometry of growth which is of
the greatest interest from the point of view of metal
passivation is the growth of cylinders of monomole-
cular height growing laterally in two dimensions.
Analysis of the current-time transient for the forma-
tion of cadmium hydroxide on cadmium amalgam
shows that passivation takes place after the forma-
tion of three monolayers.
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INTERPRETED INvRARED SPECTRA: Vol. T, by Herman
A. Szyomanski (Plenum Press Inc., New York),
1964. Pp. vii4293. Price $10.75

The present book is the first volume of a scries
planned by the author to collect and present all
the available data on the infrared spectra of organic
molecules.  This volume relates to the alkanes,
benzene ring compounds, cvelopropane derivatives,
cyclobutane  derivatives, cyvclopentane  derivatives
and cyclohexane derivatives,  Each such group of
allied molecules is dealt with under the following
heads: vibrational analysis, correlation tables, dis-
cussion of speetra and interpreted spectra.

Taking a typical case like benzene ring com-
pounds, the infrared frequencies along with Raman
frequencies  are  tabulated and  their  individual
assignments presented under  vibrational analysis.
This is done for benzene and its various substituted
compounds like CgHy-CgHy, CH I and CgH;CH,,.

Another series of tables gives the aromatic ring
frequencies for various typical frequencies like CH
streteh occurring usually as several peaks in the
region 3080-3030 em.~!, with intensity estimates.
This is followed by a discussion of the spectra as
presented in the above tables.  An atlas of these
spectra with full markings of the frequencies is
also given.

The aim of this kind of presentation is mainly to
enable the identification of an unknown spectrum.
References to the existing literature from  which
the data are collected are detailed. This series of
volumes is likely to be useful not only for analytical
purposes but also as a reference for those interested
in the analysis of individual spectra of molecules.
The book is a useful addition to any library cater-
ing to the needs of molecular spectroscopists.

V. RAMAKRISHNA RAO

OrGANIC CHEMISTRY by Hans Beyer; translated by
E. B. Knott from the Tenth Edition of the German
text  Lehrbuch  der Organischen  Chemie  (Asia
Publishing House, Bombay), 1963. Pp. 947-2053.
Price Rs 26.00

The present text is an English translation of the

tenth edition of the Lehrbuch  der Organischen

Chemic by Prof. Hans Bever.  As is evident from

the preface and the general treatment of the sub-

ject, the text is intended for the students who are
at an carly stage of their acquaintance with the
subject.  The text has succeeded in its objective as

far as presentation of factual information about a

large number of important organic compounds is

concerned.  In fact the information provided about
various types of organic compounds is quite up to
date though at many places perfunctory.
Shortcomings of the present  cdition  arise ol
necessity because of the fact that a  text-book,
intended for students studying for their first degree,
is attempted in a volume of about 750 ypages enly
and a text which initially gave classical treatment
of the subject has been 2dapted to include modern

approach of physical organic chemistry. Thus the
treatment of physical organic concepts is either
patchy, incoherent or otherwise unsatisfactory.
For example, the phenomenon of optical isomerism,
the theoretical principles underlying it and the
variety of systems with respect to which it has
been studied have been treated rather casually
and the material presented is far less than adequate
and scattered at a number of places with the result
that a unified picturc is missing and the student
cannot form any satisfactory basic notions about
this subject. The same is more or less true of the
trecatment of the topics like resonance, inductive
and electromeric effects, theories of substitution
reactions, etc.  What in fact is expected of a first
degree text-book is that it should help the student
to form clear-cut basic notions about the subject
without getting lost into intricacies and less clearly
defined situations. As far as physical organic
chemical principles are concerned, this desideratum
is not fulfilled.

The trcatment of the subject in the scctions on
polymers, fermentation, enzymes, carbohydrates,
alicyclic compounds, radical reactions and on many
other conventional topics is excellent, compact and
up to date. Chapters on terpenes and steroids
catalogue a large number of compounds without
giving substantial details about their chemistry.
No doubt, in a general text-book of this type, there
are severe limitations of space, vet certain basic
information about general chemistry and typical
synthesis is expected at least with respect to the
more common compounds. The text is very read-
able and yet not quite free from the usual defects
of translation. At places the diction is laboured
and usages grotesque. For example, on page 280
‘ lachrymatory odour’ and on page 279 ‘ mercuric
thiocyarate is characterized by increasing enorm-
ously in volume on ignition . References to the
literature include only the work of German workers
even when superior work by other national is on
record.  This is, indeed, deplorable and at variance
with the usual scientific practice.

On the whole the text-book is a laudable attempt
at bringing in as much factual information as
possible in limited space. However, it fails to give
due attention to many physical concepts and theories
which are current in organic chemistry.

R. H. SAHASRABUDHEY

MOLECULAR REARRANGEMENTS: Part 2, edited by
Paul de¢ Mayo (John Wiley & Sons Inc., New
York), 1964. Pp. 535. Price $20.00

The sccond part of this two-volume monograph

deals  exclusively with rearrangements observed

in natural products. The chapters included are:

Terpenoid rearrangements; Rearrangements and iso-

merizations in carbohydrate chemistry; Rearrange-

ments in the chemistry of alkaloids; Rearrangements
in the chemistry of amino acids and peptides;

Rearrangements in steroids.
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In the words of Dr Warnhoff, who has written
an exceedingly interesting section on alkaloid re-
arrangements, the contents of the entire volume
may be described thus: ‘‘structural evidence for
starting material (except for very well-known
compounds) and product is presented briefly, since
the certainty of these is the only guarantee of re-
arrangement. There follows a discussion of the
probable or possible mechanism(s), including evi-
dence or analogies for the favoured path.” Unlike
the chapters of Part 1, the part under review has
little to say on the energetics, mechanistic inter-
mediates or the transition states of the rearrange-
ments nor is it tied down by classification according
to mechanistic types. This partly is the strength
of the book. The freedom from mechanistic classi-
fication has allowed the incorporation of rearrange-
ments even under dehydrogenation conditions where
‘especially little is known what actually hap-
pens’. The wealth of information thus made
available and the interesting variety of skeletal
ramifications provide many hours of mental exercise
and stimulus for further investigations in a number
of instances. Every one of the chapters is presented
in an authoritative and captivating manner.
Graduate students would find the book highly
valuable as it affords opportunities for many useful
hours to be spent in working out mechanisms for
many unclassified rearrangements.

The high cost of the two volumes ($ 25.00 and
$20.00 for Parts 1 and 2) would certainly keep
the book exclusively in the shelves of libraries.
The two parts richly deserve to find a place in the
personal collections of teachers and graduate
students. This alone must be a convincing argu-
ment for a cheaper edition of the two volumes.
The reviewer would strongly recommend such a
step to the publishers.

B. S. THYAGARAJAN

MEecHANICAL WORKING OF METALS by F. A. A. Crane
(Introductory Monographs in Materials Science;
General Editor: A. R. Bailey) (Macmillan & Co.
Ltd, London), 1964. Pp. ix-+81. Price 13s. 6d.

This short monograph gives a simplified and basic

study into a few mechanical processes with certain

factors in common. It begins with a survey of
some common processes and the basic principles
of rolling, tube manufacture and deep-drawing are
covered and the criterion for drawability examined.

An elementary analysis of stress and strain is pre-

sented next and this leads on to an introduction to

plasticity and the effect of this on working methods.

Approximations to the stress-strain curve and

yield criteria of Tresca and Von Mises are explained.

The remaining four chapters give in greater detail

the mechanics of certain of the working processes

considered in Chapter I. Stretching: and forging
processes are examined and the author considers
the limitations to this with the onset of plastic
instability. The case of stretch forming as well
as an approximate analysis of plain strain com-
pression are covered next. The stress distribution
involved in the rolling process is studied with the
assumption of plain strain. This is a vast field for
research and some of the theories of hot rolling are
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given. An analysis of wire-drawing and the import-
ance of the three major contributory factors to this,
namely useful deformation, friction and redundant
deformation, are lucidly explained.  The final chapter
consists of an analysis of the extrusion process.

The monograph is very well brought out and
extremely readable. Mathematical equations have
been kept to a minimum and the aim has been to
stress on the fundamental reasoning that goes
towards explaining various processes rather than

confuse the issue with a very mathematical
approach. A valuable list of references is also
provided. The editor in his foreward states that

“The object of the present series of monographs
is to present concise accounts of important topics,
modern in outlook and sufficient in scope to give a
working introduction that can be taken further if
desired ’, and the book under review succeeds
admirably in this.

A. N. KumaAr

ELECTRODEPOSITION AND CORROSION PROCESSES by
J. M. West (D. Van Nostrand Co. Ltd, London),
1965. Pp. xii+189. Price 27s. 6d.

This concise volume presents the modern aspects

of electrodeposition and corrosion processes.  The

object is “...to present clectrodeposition and
metallic corrosion as alternative aspects of ionic

transfer through the double layer which exists at a

metal/electrolyte interface .

There are seven chapters in the book: metals in
equilibrium, departures from equilibrium, electro-
chemical corrosion, surface films, electropolishing
and bright electrodeposition, corrosion prevention,
and the influence of stress. Beginning with the
necessary  introduction to theoretical  electro-
chemistry, the author deals with polarization
phenomena in the second chapter.  Electrochemical
corrosion is outlined in the next chapter, and the
fourth chapter covers surface films including passi-
vity and stainless stecls. Electropolishing  and
bright deposition are discussed next.  Corrosion
prevention methods have been covered in the sixth
chapter and include inhibitors, anodic protection,
alloying and cathodic protection.  The last chapter
deals with stress-corrosion cracking, and it is good
to find that a separate chapter has been devoted
to this important topic.

The subject matter has been presented in an
excellent manner from the theoretical viewpoint.
There are problems and references at the end of each
chapter.  Two appendices on clementary valency
theory and metal deformation are included in the
end, together with the author and subject index.
The book serves admirably the purpose for which
it has been written. It is strongly recommended
for the postgraduate students, clectrochemists and
metallurgists, and all those interested in the theory
of electrodeposition and corrosion phenomena.

T. L. RAMACHAR

BiocHEMISTRY OF PHENOLIC CoMPOUNDS by J. B.
Harborne (Academic Press Inc., London), 1964.
Pp. x+618. Price 126s.

Current interest in plant phenolics is shown by the

organization of plant phenolics groups in several
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countries and the appearance of a number of books
on the subject. The present volume is outstanding
in its choice of authors, the clarity, critical and
comprehensive character of the treatment, and the
convincing evidence which has been provided to
demonstrate the important functions of phenolic
compounds in living systems. Following four excel-
lent chapters on the chemistry (R. H. Thomson),
isolation and identification (Margaret Seikel) and
natural distribution (J. B. Harborne and N. W.
Simmonds) of phenolics are the remaining ten chap-
ters devoted entirely to biochemical and physio-
logical aspects. R. E. Alston discusses the genetics
of phenolic compounds and their metabolism in
higher plants; microorganisms and animals is
discussed by G. H. N. Towers and R. T. Williams.
The best account of phenolic biosynthesis which
has yet appeared is given in a series of four chapters:
Major pathways of biosynthesis of phenols (A. C.
Neish), Lignin and tannin hiosynthesis (S. A. Brown),
Enzymology of phenolic biosynthesis (E. E. Conn),
and Physiological studies on phenolic biosynthesis
(H. W. Siegelman). The physiology and pharmaco-
logy of phenolic compounds in animals (P. W.
Ramwell, H. S. A. Sherratt and B. E. Leonard)
and the pathological function of phenolic com-
pounds in plants (I. A. M. Cruickshank and D. R.
Perrin) are discussed in the next two chapters.
A new and interesting aspect of phenolic glycosides,
their taste in relation to structure, is discussed
by R. M. Horowitz. In addition to the usual
author and subject indexes there is a very useful
index of genera and species. The book makes
fascinating reading from cover to cover, and the
reviewer 1s indebted to the Editor of Journal of
Scientific & Industrial Research for enabling him
to save about a hundred rupees of hard-earned
money, because he should have been compelled to
purchase a personal copy if he had not received it
for review. J. B. Harborne has obviously carried
out his work as the editor much more efficiently
than editors of most multi-author books, because
there are numerous cross references in the various
chapters, and there is a uniformity of purpose and
treatment and an unusual absence of duplication.
There are minor omissions, and suggestions can of
course be made for fuller treatment in a new edition
of arcas in which one or other reader may be
interested. The tocopherols have not been men-
tioned and the ubiquinones only casually. The
extremely interesting chapters on biosynthesis have
perhaps not given adequate attention to terpenoid
derivatives of phenols and to tissue culture tech-
niques for the study of biosynthesis; but the treat-
ment as a whole is extraordinarily stimulating; one
can glance through any page of the book and find
exciting problems for investigation.

K.V.

IMPERFECTIONS AND ACTIVE CENTRES IN SEMI-
coxpuctors by R. G. Rhodes (Pergamon Press
Ltd, Oxford), 1964. Pp. xii4-373. Price 90s.

The subject matter covered by this book is very much

in the limelight these days specially with the develop-

ment of semiconductor devices for use in other
branches of physics notably solid state radiation

detectors, ultra-fast switching diodes and transistors.
The knowledge of imperfections and active centres in
semiconductors will help one to understand the effect
of radiation on semiconductor material (including
their semiconducting films).

The present book deals mainly with silicon and
germanium which are most widely used semi-
conductors. The subject has been treated from an
experimentalist point of view with detailed illustra-
tions of a number of experiments and the analytical
interpretation of their results. Chapters include
physical description of different kinds of dislocations
along with the standard methods for detection of the
defects. The technique of growth and distribution
of impurities in single crystals is discussed in some
detail and their chemical and physical behaviours are
outlined. A separate chapter is devoted to the
study of defects and semiconducting properties of
germanium and silicon. The description of etching
processes and formation of etch-pits will be useful to
many experimentors who use these materials to make
their own semiconducting devices.

Physical concepts on dislocation are well explained
and on the whole the book has a strikingly simple
language. However, at a few places, e.g. pages 6, 7 and
12, the term ‘ diamond-lattice ’ is used to denote the
structure and should be avoided. The book can be
recommended to a student who is planning to study
the propertics of semiconductors with a limited
background of semiconductor physics. It may not be
suitable as a text-book because of rather limited
approach made to explain the facts theoretically.
A clear explanation is given about the essential
properties of semiconducting materials when these
are doped in a control manner. The effect of
irradiation on minority carrier lifetime and the
recombination of carriers at dislocations are clearly
expressed. A fairly extensive list of references is
available which should greatly help a research
investigator working on related problems not other-
wise well covered in this book.

A. R. VERMA

Prasma Spectroscopy by Hans R. Griem (McGraw-
Hill Book Co. Inc., New York), 1964. Pp. xi--580.
Price $ 18.50

This is the first book which is entirely devoted to

this modern branch of spectroscopy known as plasma

spectroscopy  that has acquired tremendous im-

portance in recent years. It is well known that

increasing attention is being devoted at present
to the study of the physical properties of plasmas,
inspired, no doubt, by the potential applications in
technology and thermonuclear power. Spectroscopic
methods constitute a powerful tool for the study of
such propertics. Incidentally, such studies also
provide precise values for a number of atomic
parameters (e.g. oscillator strengths) which are very
useful for quantum theoretical calculations. The
book covers the basic theory, numerical results,
experimental techniques and applications of spectro-
scopy to measurements of plasma and atomic
parameters.

The book is divided into 15 chapters. Classical and
quantum theories of radiation are well summarized
in the first two chapters. These are applied to the

435



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

calculation of three important quantities, viz. line
oscillator strengths, line broadening, and intensities
of continua, that are necessary for the explanation
of the broad features of spectra emitted by plasmas.
The equilibrium composition of plasmas is taken up
in the next chapter, and the Saha equation and its
developments applied to the calculation of the relative
concentrations of atomic and ionic species. The next
chapter deals with radiation losses — bremstrahlung
and cyclotron radiation.

The experimental aspects of the subject are next
dealth with; plasma light sources of the stabilized
arc and shock tube varieties are considered. The
characteristics of the spectrographs useful for such
studies, and the radiation detectors employed {o cover
the optical vacuum ultraviolet and soft X-ray regions
considered in the next chapter.

The next two chapters deal with the experimental
measurements of the two fundamental plasma para-
meters — temperature and density. Temperature
measurements by relative intensities of lines from the
same element in different degrees of ionization, and
by relative line-to-continuum and relative continuum
intensities are considered in detail, as also Doppler
profile measurements. The refractivity and Stark
profile methods for density measurements are well
treated. The last chapter deals with measurements
of atomic parameters — atomic oscillator strengths,
continuum absorption measurements and line
broadening parameters. The calculation of these and
other spectroscopic parameters is facilitated by an
exhaustive list of tables of Recah coefficients, oscil-
lator strengths, ctc., covering about 150 pages of the
book.

At the end of each chapter are given some problems
which are designed as a guide to quantitative analysis
of the methods and applications of plasma spectro-
scopy. The solutions for these problems are given
at the end of the book. References are also given
at the end of each chapter. More than 200 symbols
appear in the book and these are listed with their
meanings at the end of the book.

The book has been well written. The printing and
the get-up of the book are exceedingly good. It
serves as an invaluable source of reference for spectro-
scopic research in experimental plasma physics and
the physics of stellar atmosphere. In order to follow
the book by postgraduate students, it is necessary
for them to be familiar with the theory of atomic
spectra, quantum-mechanical perturbation theory
and statistical mechanics. The book can also serve
as a good reference book for students taking spectro-
scopy as a special subject for the Master’s degree
course.

R. S. KrisHNAN

ExpLoning WiIres: Vol. 3, edited by William G.
Chace & Howard K. Moore (Plenum Press Inc.,
New York), 1964. Pp. ix-+410. Price $ 17.50

This volume, the third in a series of exploding wircs,

contains the Proceedings of the Third Conference

on the Exploding Wire Phenomenon held at Boston
in March 1964. The exploding wire phenomenon

(EWP) has passed from the initial exploratory stage

to one of practical utility and this is evidenced by the

papers on exploding bridge wires which are specially
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important as these are used extensively in missiles
and satellites, and represent the largest single applica-
tion of exploding wires. Equally interesting is the
paper on the elegant application of the EWP to the
synthesis of chemical compounds. There are papers
on theory, on shock waves and on apparatus and
instrumentation which show the advances, the refine-
ment and sophistication in the state of the art in
cach of these ficlds. Useful references are given
at the end of each paper.

This third volume, like its predecessors, will provide
the workers in the field with a single information
source on the subject.

K. GOPALAKRISHNAN

SOVIET RESEARCHES ON LUMINESCENCE edited Dy
D. V. Skobel'tsyn; authorized translation from the
Russian  (Consultants Burcau Enterprises Inc.,
New York), 1964. Pp. 152. Price $ 27.00

The book gives a complete account of the soviet

rescarches  on  electroluminescence  and  cathode-

luminescence, carried out at the Luminescence

Laboratories of the P. N. Lebedev Physics In-

stitute.

After a very short historical introduction clearly
bringing out the fundamentals of luminescence and
its practical applications, the theoretical discussion
of the general problems of electroluminescent erystals,
i.e. ionization by the clectric ficld, impact ionization
and the concentration of the electric field in ¢lectro-
luminescence which s of great interest for the
practical use of clectroluminescent crystals, and the
various causes which can lead to the concentration
of the electric field, are given. The conditions for
crystal phosphors to be good clectroluminophors are
also discussed with examples.

In Chapter 11, a short discussion of the electro-
luminescence of zinc blende and its properties on
varying the activator and coactivator and their
concentrations, together with the electroluminescent
properties of mixed crystals and their preparation is
given. The construction of the electroluminescing
condenser, the method of exciting and registering
electroluminescence, the measurement of the energy
consumed, etc., and the interpretation of the experi-
mental results are, however, discussed in great detail
both theoretically and experimentally.

In the second part of the book the cathodolumines-
cence of Zn$S and certain other cathodoluminophors
are considered in detail.  The various types of excita-
tion energy losses, the energy losses duc to the thermal
stabilization of the electrons and holes and their effect
on the luminescence efficiency are theoretically shown
to reduce it by a factor of 2:5. The dependence of
the electron penetration depth on the voltage, the
energy losses at different electron penetration depths
in the luminophor layer are analysed in detail.  The
dependence of the spectral composition, brightness
and luminescence energy vield on the current, density,
etc., in a number of ZnS and phosphate luminophors
(with suitable apparatus which are also described) is
dealt with in detail. The luminescence decay of
various types of cathodoluminophors to 01, 0-01
and 0-001 of the original brightness has been investi-
gated and some interesting results which emerged
from these studies are also given.
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A complete bibliography of work performed in the
Luminescence Laboratories hetween 1934 and 1961
is given at the end of the work.

This book will be an assct for research workers
in the luminescence field and also for the industry
connected with luminescent materials.

R. S. KRISHNAN

Orrical ILLusions by S. Tolansky (Pergamon Press
Ltd, Oxford), 1964. Pp. ix-+155. Price 35s.
This book deals with the geometrical optical illusions.
The subject though actively studied during the 19th
century by several well-known scientists has almost
been neglected in the present century.  Prof. Tolansky
revives interest in this fascinating field and has
addressed this book to the layman, to the artist and
to the scientist.  The book has several illustrations,
many of which have been specially designed and
drawn. Tt isa delightful hook and * there is amuse-
ment as well as serious instruction in the study of
optical illusions . The book is written in a lucid
style so characteristic of Prof. Tolansky and is very

readable.
A, R. VeErva

SPACE AGE AcroNyMs by Reta C. Moser (Plenum
Press Inc.,, New York), 1964. Pp. 427. Price
$ 17.50

How important is knowing the definition of an

acronym ?  We agree with the editor of the volume

under review when he says, ** It is as important as the
time lost scarching for or the consequence of not

finding it .

The primary aim of this book has been to offer
to those in space and defence industry a central
acronymic reference source that is up to date.  The
volume Contains the largest number of acronyms ever
compiled, and one is amazed at the variety of
acronyms and their total number, which casily
exceeds 10,000. The editor is still full of regrets
(we do not regret) that he could cover only the
technical and industrial acronyms and not those
used by professional and other international or-
ganizations.

The reviewer honestly feels that the utility of this
book will be confined mainly to industrial and military
personnel associated with ANNA (Army-Navy-NASA-
Air foree) in the USA and its usefulness to scientific
workers, including space scientists, is very limited.
The book is recommended to libraries overflowing
with funds.

K. S. VISWANATHAN

Microwave Cikcults by Jerome L. Altman (D. Van
Nostrand Book Co., London), 1964.  Pp. xxi-+462.
Price § 15.00

The subject of the book deals with the area of passive
microwave circuits and components, particularly of
the non-reciprocal type. The reciprocal multiport
junction type microwave components are discussed
at great length in a unified way using the scattering
matrix theory.

Starting in Chapter I with the introduction of
circuit elements, as derived from the field expressions
for guided microwaves, the author goes on to the
description of the scattering matrix concept as applied

to the microwave circuits in the second chapter.
This concept is used repeatedly in Chapters III-VI
for analysing microwave cemponents such as
Tee and Y junctions of E and H type, waveguide
directional couplers of almost all varieties, one- and
two-port microwave cavities, hybrids, phase shifters,
attenuators, Butterworth and Tchebycheff type
microwave filters using cavities, etc. A brief descrip-
tion of the ferrite type circuits is given in Chapter IV.
Chapter VII deals with the general properties of
periodically  loaded transmission lines and the
derivation of pass and stop band characteristics
from the equivalent Y and Z parameters of the
periodic discontinuities. The concluding chapter
VIII describes the various applications of these
components in modulators, phase detectors and
other functional blocks of the systems. The book
includes nineteen appendices where mathematics
and details of several concepts used in the text
arc given.

The book presents in a lucid and comprehensive
manner a rather limited part of the area of microwave
circuits. Inclusion of coaxial and stripline com-
ponents and the microwave circuits involving active
components would have made the book more complete
in its scope. The book has left out the currently
active and interesting area of tunnel diode and
varactor circuits untouched.

A novel feature of the book is to demonstrate the
power of the scattering matrix concept in analysing
the microwave circuits by its repeated use.  As such,
it should find wide acceptance by workers active in
the area. It should also prove a useful reference
material for classroom purposes.

O. P. GANDHI

ANALYSIS BY GAS CHROMATOGRAPHY by P. G. Jeffery
& P. J. Kipping (Pergamon Press Ltd, Oxford),
1964. Pp. xi+203. Price 70s.

The book has been divided into three parts.  Part I
describes detectors, apparatus used for gas analysis,
techniques for transfer of samples and the column
materials. Part II deals with the determination of
individual gases, giving at appropriate places details
of the operation. Part III describes some complete
analyses using specific mixtures, determination of
gases in solid and liquid sample materials and methods
of gas sampling. In all 216 references to original
works are listed.

Chapters 4 and 5 (Part I) give a critical account of
the construction, working and applicability of the
important types of detectors. However, some recent
developments in microthermal conductivity cells and
microcoulometric  methods of detection are not
dealt with. Electronic circuit diagram for thermal
conductivity detectors has been included.

The authors in the preface state that the scope of
the book is limited to the analysis of “ those com-
pounds that are normally transferred to a gas
chromatogram in the gaseous state”’. Theoretical
trecatment is deliberately omitted. Tt is implied
that the readers possess some theoretical back-
ground.

The only organic compounds included are the
hydrocarbons in the C; range. With this limitation
the book is not of much interest to organic chemists.
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It is certainly of greater interest to industrial chemists
interested in the analysis of flue gases, atmospheric
gases, exhaust gases, etc.

S. S. CHIBBER

AN INTRODUCTION TO RADIATION CHEMISTRY by
J. W. T. Spinks & R. J. Woods (John Wiley &
Sons Inc., New York), 1964. Pp. xi+477. Price
$ 12.75

Radiation chemistry which had its origin in the very

discovery of X-rays in 1895 and of radioactivity in the

following year has grown enormously during the last
two decades. Some excellent books have appeared
on specific aspects of the subject, such as Allen’s

Radiation chemistry of water and aqueous solutions,

Charlesby’s Atomic radiation and polymers, and the

series of publications, Actions chimiques et biologiques

des radiations, edited by Haissinsky. However, the
present work is the first and so far the only single
unified text-book on the subject.

As radiation chemistry derives support from a
number of disciplines in physics and chemistry,
a work of this kind must be very broad-based. The
book rightly devotes, therefore, the first six chapters,
nearly half the text, to a consideration of radiation
sources, the physical principles of radiation inter-
action, radiation dosimetry, excitation and ionization
of molecules, and free radical chemistry. Discussion
of the actual effects of irradiation in chemical systems
follows, Chapters 7-10 dealing with gases, water and
aqueous solutions, aliphatic and aromatic compounds.
The final chapters cover briefly irradiation effects
in polymers and solids, and the industrial applications
of radiation. The book is adequately illustrated
with graphs and figures, and data, such as on radio-
lysis products and their yields, are extensively
tabulated. Suggested reaction mechanisms are clear-
ly described in most cases. Each chapter of the book
has many literature references up to 1963. There are
appendices which include a list of various useful
physical quantities and several worked numerical
problems which aim to illustrate the main types of
calculation involved in radiation chemical work.

The book presents a lucid exposition of the whole
field of radiation chemistry. A drawback is that
irradiation effects in polymers and solids have not
received their due share of attention. With this
single qualification, the book may be recommended
as a text for postgraduate courses in radiation
chemistry and as an introduction to the subject for
those interested.

S. R. MonaNTy

Process CoNTROL by Peter Harriott (McGraw-Hill
Book Co. Inc., New York), 1964. Pp. xvii+374.
Price § 13.50

Process control by Prof. Harriott comes at a time when

the importance of this subject is being increasingly

felt and the dynamic behaviour of processes and
processing equipment is taught at almost every centre
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of chemical engineering in Europe and USA. This
book is remarkable in that emphasis is not placed
on the mechanical features of instruments and
controllers but on the dynamic behaviour of processes.
There are in India very few institutions which offer
courses in process control. This book is, therefore,
to be greatly welcomed since it not only caters to the
necds of the student but is also suitable for self-study
by practising engineers.

The book is divided into 16 chapters. Starting
with a historical review of control, the use of block
diagrams, and close-loop and open-loop control
systems, the author proceeds systematically to cover
the entire basic aspects of the dynamic behaviour of
processes and equipment. The most important single
mathematical concept in these studies is the Laplace
transform, and a full chapter is devoted to the
explanation of this concept. Included in the book
are chapters on frequency response of controllers,
the dynamics and control of heat exchangers, the
dynamics and control of distillation columns, flow
control, level control, control valves and transmission
lines, and the stability and control of chemical
rcactors. Each of the chapters is written very
clearly; the average chemical engineer should find
no difficulty in following this book since the level
of calculus assumed should normally be within his
grasp, particularly as the chief mathematical in-
strument, viz. the Laplace transform, has been fully
explained.

It is hoped that courses in process control will be
introduced in every chemical engineering school in
this country, and Process control by Harriott is
an ideal starting point both for instruction and
self-study. I have no hesitation at all in recommend-
ing this book strongly to every chemical engineering
school. '

L. K. Doralswauy

Roap ReseaxkcH SpeciAL ReErort No. 1 (Central
Road Research Institute of India, Okhla, Delhi),
1964. Pp. viii+290. Price Rs 13.00

The Central Road Rescarch Institute (CRRI) has

published its first special report entitled ‘ Puzzo-

lanic clays of India, their industrial exploitation
and use in engineering works’. Part I of the
report deals with an all-India survey conducted
by the survey team of the Institute for locating

major puzzolanic clay deposits. A total of 338

deposits were visited and of these 210 were found

to yield satisfactory material, 70 of them being
usable for manufacturing very reactive surkhis for
civil engincering work.

The manufacturing aspects of puzzolana products
such as puzzolana cement, reactive surkhi and
lime-reactive  surkhi mixtures are discussed in
Part 2. Besides a few papers on clay puzzolanas
of the Institute, a comprehensive bibliography
covering the literature on puzzolanas and their use
(1925-65) is included in Part 3.



Experimental evidence for
coherent matter waves in
superfluids

Recent  researches  made by
DrsPaul L. Richards and Philip W.
Anderson of the Bell Telephone
Laboratories have provided strong
experimental  evidence that the
atoms of superfluid liquid helium
behave like coherent waves and
interact in such a way that the
viscosity of the fluid becomes zero.
This  has confirmed the vali-
dity of the recent theories that
superfluidity and superconducti-
vity are related and explainable
by the quantum mechanics con-
cept that matter has the pro-
perties of waves as well as particles.
Theorists, in an attempt to find a
relationship between superfluidity
and superconductivity, have attri-
buted the wave nature of matter
as the basis for both the waves
playing a role on a large scale
and in a new way in the case of
superfluidity.  The most  recent
theories have proposed that the
wave fields of pairs of electrons
(in a superconductor) and of atoms
(in a superfluid) are coherent.
That is, like light waves in a
laser beam, they have the same
frequency, amplitude, direction,
and phase relationship. To test
this cokerence aspect of super-
fluidity, a simple and direct experi-
ment, analogous to onc on super-
conductivity suggested by B. D.
Josephson of Cambridge University
(called the *alternating current
Josephson effect ’), was devised.

In the experimental  set-up
(Fig. 1), there are two reservoirs
of liquid helium filled to different
levels or heads.  According to the
theory, matter waves in cach
reservoir oscillate at  frequencics
whose difference is  proportional
to the difference in heads.  If the
reservoirs are  connected by a
pinhole orifice, the superfluid tends
to flow from the high level reser-
voir, through the orifice, to the
low level reservoir, cqualizing the
head difference. Theory predicts
that because the matter waves in
cach reservoir are oscillating at dif-
ferent frequencies there will also
be, in addition to the direct flow
through the orifice, an alternating
flow at a frequency related to the
difference in the heads.

To observe whether this alter-
nating current actually exists, a
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small ultrasonic transducer is
placed near the orifice in the low
head reservoir. The vibration of
the transducer gencrated another
alternating flow of liquid helium
through the orifice.

It was reasoned that the natural
oscillation of liquid helium would
attempt to synchronize with the
impressed oscillations.  That s,
the liquid levels would tend to
move together until the frequency
of matter -waves (determined by
the difference in level) is the same
as, or a simple multiple of, the
transducer frequency. When this
occurs the steady flow through
the orifice will be stopped and
the movement of the levels will
hesitate briefly.

In the experiment the levels
did, indeed, tend to ‘stick’ at
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Fig. 1 — Experimental set-up for ob-

serving coherent matter waves in super-

fluid helium  [A, coaxial capacitor;

B, capacitor with a pinhole orifice; and
Z, the liquid head difference]

certain values of head difference
as predicted by the theory. It is
believed that these ‘steps’ in
the changing levels can be ex-
plained only by the existence of
an a.c. effect in superfluid helium
analogous to the a.c. Josephson
effect in a superconductor. This
effect in turn demonstrates directly
that the wave fields in the two
reservoirs are coupled in phase
and, therefore, must be coherent
[News from Bell Telephone Labora-
tories, 7 April 1965].

Chemical reaction by
two-photon effect with
laser light

For the first time the two-
photon effect achieved with light
from a laser has been used to
cause a specific chemical reaction
at the Bell Telephone Labora-
tories, New York. When a sample
of distilled styrene monomer was
irradiated with light from a pulsed
ruby laser, polystyrene was found
to be produced. The polymeriza-
tion was caused by the simul-
taneous absorption of two photons
by the monomer molecule.

The success of these experiments
may open a potentially vast area
of molecular phenomena that can
be explored with the laser’s highly
intense and monochromatic beam
of light. The experiments are
believed to have demonstrated a
general phenomenon inducing pos-
sibly many other multiphoton
photochemical reactions.

In these experiments {reshly
distilled styrene monomer was
subjected to a succession of some
20 laser pulses. The sample was
kept at liquid nitrogen tempera-
ture to stabilize {free radicals
released during the two-photon
process.  Following the irradiation,
the sample was warmed tc room
temperature and the polymer was
precipitated. An infrared spec-
trum analysis showed that the
precipitate was identical to that
of polystyrene.

The monochromatic light from a
ruby laser occurs at a wavelength
of 6940 A. Photons at this wave-
length have an energy equivalent

439



J. SCL. INDUSTR. RES., VOL. 24, AUGUST 1955

of 1-8 eV. Styrenc monomer,
however, cannot absorb such light,
and —even if it could — this
energy would not be sufficient to
induce a chemical reaction. How-
ever, in the interaction of the
intense laser beam with the mole-
cular system, therc is a process
by which two photons are ab-
sorbed almost simultancously to
excite the monomer by 3:6 c¢V.
This, in turn, causes the formation
of free radicals and induces poly-
merization.

The two-photon effect can be
described as a process that pro-
ceeds from an initial state to a
final state by way of intermediate
states. These intermediate states
are called virtual states because
the transition to any one of them
involves absorption of a 1-8 eV.
photon and excitation of the mole-
cular system by an cnergy either
greater or less than 1-8 ¢V. The
lifetimes of such virtual states are
of the order of 16-13 or 10-" sec.
These states are significant only
when the incident photon flux is
so high that transitions from these
to the final state may be induced.

When another 1-8 eV. photon is
absorbed, the molecular excitation
is again not equal to 1-8 ¢V. The
sum of the two excitations, how-
ever, is equal to 3:6 eV. or cqui-
valent to the cnergy of the two
photons absorbed.

Estimation of radiation dose
on finger tips

The Atomic Encrgy Establish-
ment (AEE) of UK has evolved a
new technique for mcasuring the
radiation dose received by the
fingers of persons handling radio-
active materials. The technique
is based on the effect of radiation
on thermoluminescent propertics
of lithium fluoride.

The mcasurement of finger tip
doses by means of conventional
photographic film dosimeters, which
hitherto presented special diffi-
culties, is now facilitated by the
use of a dosimeter using lithium
fluoride powder.

A small quantity (30 mg.) of
lithium fluoride powder contained
in a specially designed polyvinyl
chloride satchel is attached to
the finger tip. The exposed
lithium fluoride is removed from
the satchel and heated under con-
trolled conditions. Measurement

440

of the light output emitted by the
powder in proportion to the radia-
tion dose received by it provides
an accurate measure of the radia-
tion dose received by the satchel
and hence by the finger tip. The
iithium fluoride can be used again.
The new technique, which is in
use at the AEE, UK, will also find
application in hospitals to measure
dose to the finger tip of the staff
dealing with radioactive sources
[Atom, (No. 101) (1965), 611.

An integrated theory of
stress corrosion

An integrated theory which pro-
vides a more favourable basis for
the development of an overall
model for stress corrosion has
been proposed by K. C. Thomas
and R. J. Allio of the Atomic
Power  Division,  Westinghouse
Electric Corporation, Pittsburgh,
Penn. (USA). This theory is an
improvement over the currently
favoured  electrochemical-mecha-
nical theory in that it may be
possible to predict the effect of
cations in solution and other en-
vironmental factors on the suscepti-
bility to stress-corrosion cracking
of allovs and stainless steels.
According to the new theory pro-
posed, the chloride stress-corrosion
susceptibility is controlled both
by dislocation of the substructure
and by the chloride migration
capacity of the oxide film. The
concentration of chloride at regions
of high stress will result in condi-
tions conducive to stress-corrosion
failure. The differences in the
sizes of the chloride and iron ions
and in the bond energies of Fe-(),
FeCly and NiO and NiCl, are the
factors that affect the migration.
The application of the new theory
is being extended to studies on
the determination of the migra-
tion rates of chloride ions in the
oxide film which will be governed
by the cations in contact with the
oxide film and the cations in the
film, and for developing techniques
for examining the stress-corrosion
failure involving the hydroxyl ion
[Nature, 206 (1965), 82]

A new allotrope of boron

A new crystalline allotrope of
boron has been prepared by re-
search workers at the Central
Electric  Research  Laboratory,

Schenectady, New York, employ-
ing a high pressure and high tem
perature  technique.  Low  tem-
perature modifications (g-rhombo-
hedral — and  “amorphous’) o
purified boron mixed with silicon
powder or magnesium oxide arce
subjected to a pressure of 100-150
kb. in a tube, made of tantalum
or titanium, and clectrically heated
to a temperature of 1500-2000°C.
for a period of about 6 min.:
later, the system is cooled and the
pressure  brought down to the
normal. A dark pitchlike solid,
denser than all the hitherto known
forms of boron [d 252 g./em.? | is
obtained.  The new allotrope of
boron  exhibits  high  ¢lectrical
resistivity (108 ohm em.) and both
p-type and z-type semiconducti-
vity. Periods exceeding 6 min.
and pressures above 100 kb. do
not materially alter the properties
of the product. Debye-Scherrer
patterns of the product obtained
under various conditions  differ
from those of the other varieties
and also rule out the possibility
of a compound of boron with
titanium or tantalum [Science, 147
(1965), 49].

Application of fluorography
to thin layer chromatography

A new technique ol applyving
fluorography to thin laver chro-
matography ol  tritium-labelled
compounds has been  developed
at the Institute of Pharmacology,
University of Zurich.

Autoradiographic methods have
not so far found application to
thin laver chromatography of tri-
tium-labelled  compounds  because
ol the low tritium energy [E..
= 18:5 keV.; Bime =51 keV.l
The surface density of a 250 w
thin laver of silica gel G is 5-5
mg./em.?, about 20 times the
tritium range of 0-28 mg./em.?
in a laver of sodium alginate,
which means a scll-absorption loss
of radiation of more than 95 per
cent. If the thin laver material
is mixed with an adequate scintil-
lator the tritium radiation can be
made visible by the fluorescence
induced in the scintillator, pro-
vided the scintillator molecules
are within the range ol the tri-
tium -particles and the thin laver
is transparent.  The new method
takes advantage of four properties
of anthracene as scintillator: its



high fluorescence efficiency;  the
temperature  dependence o its
“fluorescence intensity; its  low
solubility in most of the common
solvents: and its low chemical
reactivity.  Solid anthracene i
fincly ground in a ball mill with
equal amounts of silica gel G
(gypsum  content 13 per  cent)
to a crystal size of 1-5 p. The
diameters ol these crystals  will
thus be just  one-third of the
range ol a tritium p-particle
which is calculated to be 12:7 .
Thirty g. of this mixture are
added to 80 ml. of 96 per cent
cthanol.  After thorough shaking,
the suspension is evenly spread
over glass plates with a special
distribution apparatus and dried
at room temperature.  Thirty g.
are sufficient for ten thin layer
plates (20210 m.2) 250 o thick,
their surface  density  being  5-5
mg./em.2. The  chromatographic
properties arc the same as those
ol pure silica gel except for slightly
prolonged travelling times.  Chro-
matograms of tritium-labelled com-
pounds are covered with X-ray
films (" Kodirex ™ Kodak) and ex-
posed over dry ice at —70°C.:
0-08 p.C. of tritium can be detected
after  exposure  for  one  day.
Control experiments have to be
carried out with unlabelled com-
pound.- Low temperature during
exposure is essential. A tritium-
induced fluorograph is 30 times as
intense at —70°C. than at +4-4°C.
Further lowering the temperature
to —200°C. docs not increase the
film blackening. The temperature
variation of the scintillator re-
spons¢ scems  to be  correlated
with the vibrational [reedom of
the molecules.  The application of
the above technique to 1C-labelled
compounds shows no advantage
over the ordinary contact auto-
radiography. Because of its high
G-energy — about 10 times that
of 3H —MC is more likely to
react with the photographic emul-
sion than with the microcrystals
of the thin layer.

The method could be improved
by raising the anthracene/silica gel
ratio. The amplification of tri-
tium-induced fluorescence on pure
anthracene is  about 15 times
higher than on mixtures containing
50 per cent anthracene. Anthra-
cene layers are easily  prepared
with 10 per cent gypsum or small
amounts of detergents like sodium

NOTES & NEWS

laurylsulphonate |Nature, Lond.,
205 (1965), 1190].

Mechanism of induction and
formation of histidase

The current theories of protein
synthesis envisage the transcription
of the information necessary for the
syiithesis of a protein from DNA
to an unstable m-RNA. The latter
attaches itself to a ribosome and
acts as a template for the formation
of the protein molecule.  Moreover,
considerable evidence has  been
accumulated in support of the
model proposed by F. Jacob and
J. Monod []. mol. Biol., 3 (1961),
318] that the inducer of an enzyme
acts by stimulating the accumula-
tion of m-RNA. Recently, L. H.
Hartwell and B. Magasanik [ ]. mol.
Biol., 7 (1963), 401] have studied
the various steps involved in the
induction of histidase by histidine
in B. subtilis and the mechanism
by which histidine induces the
enzyme histidase [ J. mol. Biol., 10
(1964), 278]. The first step in-
volved in the induction of histidase
is the uptake of histidine by
B. subtilis. The uptake was faci-
litated by a constitutive permease
and the concentration necessary for
the induction process was reached
within 0-5 min. Kinetic studics
indicated that a precursor of the
enzyme histidase is formed first in
2 min. after the addition of the
inducer which is converted to the
active enzyme in the course of
another 2 min. The conversion
process does not require a protein
svnthesizing machinery or encrgy.
The precursor was found to be
heat labile and susceptible to
sulphhydryl inhibitors, whereas the
active enzyme is stable up to 80°C.
and not inactivated by sulphhydryl
inhibitors, Probably, the conver-
sion of the precursor to the active
enzyme may involve the formation
of disulphide bonds or conforma-
tional changes resulting in the
protection of sulphhydryl groups.

Histidine may induce the enzyme
histidase either by preventing the
destruction  or  increasing  the
synthesis of the histidase-specific-
m-RNA. Either of these possibi-
lities requires the neutralization of
the cytoplasmic repressor by the
inducer. The cytoplasmic repressor,
unless neutralized by the inducer,
could decrease this level either by
intcracting specifically with  the

histidase segment of DNA to
prevent the synthesis of histidase
m-RNA or by interacting with the
histidase m-RNA thereby bringing
about its destruction.

The finding of Hartwell and
Magasanik indicates that the in-
duction is not due to the stabiliza-
tion of the m-RNA already present,
but due to the stimulation of
m-RNA synthesis as suggested by
Jacob and Monod.— (Miss) D. E.
ILEELAVATHI

In vitro formation of a
DNA ribocsome complex

The physical connection between
the two biochemically linked steps
in the transfer of genetic informa-
tion, transcription and translation
is not yet known. However, three
possibilities may be conceived:
(a) completely uncoupled, (b) com-
pletely coupled, and (c) transiently
coupled.

In higher organisms, it is mainly
completely uncoupled. Here RNA
(complementary RNA) synthesized
on the nuclear DNA template is
transferred on to the cytoplasmic
ribosomes through the nuclear
membrane with possibly the ribo-
nucleoprotein particles acting as
carriers. However, in calf thymus
nuclei, protein is synthesized on the
nuclear ribosome itself and s,
therefore, a completely coupled
process. In bacteria, where there
i$ no distinct nuclear membrane,
the transfer of message may ke
explained as a transiently coupled
process, although other possibilities -
exist.

Recently, R. Byrne, J. G. Levin,
H. A. Bladen and M. W. Nirenberg
[Proc. nat. Acad. Sci., Wash., 52
(1964), 140] have obtained evidence
for the assumption that DNA-RNA-
ribosome complexes are formed as
intermediates during protein syn-
thesis in Esch. coli:

(i) Sucrose density gradient sedi-
mentation studies showed that the
DNA that is actively engaged in
nucleic acid synthesis sediments
at a faster rate than the one which
has lost its template activity.
This faster sedimentation is prob-
ably due to the formation of
DNA-RNA-ribosome  complexes.
The complex formation seems to be
independent of protein synthesizing
capacity.

(i) Removal of RNA and DNA
by RNase and DNase treatments
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respectively decrcased the sedi-
mentation rates of the complex;
and finally,

(iii) Electron micrographs showed
clusters of particles attached to
strands, with short connecting
branches. The interpretation given
is that the ‘particles’ represent 70s
ribosomes, ‘strands’ represent DNA
and the ‘branches’ are c-RNA.

The presence of DNA-RNA-
ribosome complex may mean that
the in vitro protein synthesis in this
bacterial system is a completely
coupled process, but the observed
existence of polyribosomes with
nascent protein leads to the con-
clusion that it is only transiently
coupled.

From these evidences, the process
of protein synthesis in this system
has been pictured as follows: the
ribosome goes and attaches itself
to the cRNA, sometimes after the
onset of the synthesis of the latter
on the DNA template. This may
signal the beginning of polypeptide
synthesis on the ribosome. It may
then be followed by the attachment
of other ribosomes and this cluster
of polyribosomes will be liberated
from the DNA template which colild
still continue protein synthesis.

How far this observation helps
in explaining the already existing
concepts like the stabilization of
cRNA, coupled regulation, etc., has
been discussed by these authors.
They agree that c-RNA which is
very unstable could be degraded
by the nucleases present in cyto-
plasm. Attachment of ribosomes
to c-RNA will not only protect the
latter from degradation but also
prevent any other cytoplasmic
components from getting attached
to it. The ribosomes in bacterial
systems may be analogous to the
‘carrier’ ribonucleoprotein particles
of higher organisms involved in
¢-RNA transport.

The DNA-RNA-ribosome com-
plex formation provides physical
basis for the formation of polarity
mutants with cistron sequence
proposed by Ames and Hartman.
If protein synthesis were to start
before the synthesis of cRNA is
completed on DNA template, pro-
teins coded by the cistrons at the
beginning of the operon may be
synthesized earlier. Any delay
either in the further synthesis of
c¢RNA or its release from the
template would result in the
accumulation of proteins specified
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by the initial cistrons and not by
later ones.

The observation that the specific
enzyme synthesis is always accom-
panied by an alteration in the
corresponding cRNA level can be
explained in the light of these
results. The DNA-RNA-ribosome
complex represents the physical
link between transcription and
translation and any factor operat-
ing at this level would alter the
levels of both cRNA as well as the
enzyme protein.

The generality of the complex
formation may be unique to the
in vitro systems, and may be one of
the factors that can differentiate
the in witro systems from the in
vivo.— (Miss) J. AMRUTAVALLI

Puromycin inhibition of
protein synthesis

Puromycin, an antibiotic which
does not have much clinical demand
due to its nephrotoxicity, has been
of great value in biochemical work.
It has been found to be a specific,
reversible inhibitor of protein syn-
thesis. In growing bacteria, the
overall rate of protein synthesis is
markedly reduced by puromycin,
but RNA and DNA syntheses con-
tinue at a normal level.  Removal
of the drug restores the protein
synthesis.

Baker [J. Amer. chem. Soc., 77
(1955), 12] by degradative and
synthetic studies established the
structure of puromycin as a
3’-amino-nucleoside of dimethyl-
adenosine with L-O-methyl tyrosine
linked via an amide bond to the
3'-amino group. Yarmoluisky and
de la Haba [Proc. nat. Acad. Sci.,
Wash., 45 (1959), 1729] first started
the studies on the mechanism of
inhibition and related the structure
of the antibiotic to that of an
intermediate in protein synthesis,
namely aminoacyl-s-RNA. They
further proposed that the anti-
biotic inhibits protein synthesis
by acting as structural analogue of
esterified s-RNA.

NiCHyly
<“r" N\‘/\'f
~ » B 0ck AN
HOHC O 0.
i W L
o=c—c|—g—©-oc~, e=t—C—r
“N, L N"Z

I Adenosine end of
ominoacyl- sRNA

T Structurs of
Puromycin

The fact that 2'-isomer of puro-
mycin has no inhibitory activity
shows that the active form of
aminoacyl-s-RNA is a 3’- rather
than a 2'-adenosine ester. Daniel
Nathans [Nature, Lond., 147 (1963),
1076) tried different analogues of
puromycin and found that the
nature of the amino acid in the side
chain has considerable influence
on the activity of the analogue.
Aromatic amino acid analogues
were far more active than the
others, although leucine analogue
had also some activity. Nathans
also showed that the particular
amino acid substituted does not
confer specificity for the inhibition
of that particular amino acid.

Though puromycin inhibits the
transfer of amino acids from s-RNA
into the acid-precipitable  poly-
peptides, amino acids continue to
be lost from s-RNA and appear in
acid- or alcohol-soluble products,
which have been identified as
peptides and free amino acids.
This suggests that puromycin
causes premature release of in-
complete peptide chains from the
ribosome template RNA complex.
A possible  mechanism  for this
release is the direct substitution of
puromycin as an acceptor of the
carboxyl activated peptide bond
to the template.

In order to establish this mecha-
nism, it was desirable to show
unequivocally that puromycin gets
linked to peptide being synthesized
via a peptide bond in the course of
protein synthesis.  Nathans used
synthetic puromycin labelled with
trittum and the —OCH,; group
of the amino acid and added to
growing cultures of Esch. coli and
determined the radioactivity in an
acid-precipitable  fraction.  From
this, by means of chemical and
enzymic  treatment, radioactive
O-methyl tyrosine or puromycin
were recovered.— B. P. San1

Progress Reports

Building Research in UK

Among the achievements record-
ed in the annual report of the
Building Rescarch Station, UK,
for the vear 1963, the most signi-
ficant are those relating to ncow
framework designs based on in-
vestigation of redistribution  of
bending moments resulting from
the plasticitics of mild steel when



subjected to overstress.  For simple
structures, a saving of about 25 per
‘cent of steel has been made possible.
Considerable progress has  been
made in studies on the buckling of
columns restrained by beams,
offering a possible saving of 15-25
per cent steel.

The station has made significant
contribution in the preparation of
the code dealing with the design of
rigid frame multi-storey buildings
for no-sway conditions, including
devising simple but comprchensive
and accurate design charts for the
BRS method. The development
of ‘Humper’, a universal handling
machine for unloading and carrying
different types of materials on
building sites, has been completed.
An artificial sky developed for use
in daylighting studics consists of a
luminous ceiling  surrounded by
plane mirrors of special  glass,
which reflect the image of the
luminous ceiling to infinity, giving
a true horizon.  The errors inherent
in the conventional hemispherical
vault type artificial sky are cli-
minated in the new sky.  Compa-
rison has been made of the errors
involved in X-ray and microscopic
methods for determining the quan-
tities of the two calcium silicates
in Portland cement.  The standard
deviation in microscopic paint-
counting has been found to be
about onc-third of that in X-ray
diffractometry.  Asa part of study
on the hydration products formed
during the setting and hardening of
cement, the equilibria in the system
Ca0-Al,0,-CaS0,-H,0 at  25°C.
have been investigated. It has
been observed that calcium mono-
sulphoaluminate hydrate and tetra-
calciumaluminate hydrate form a
limited scries  of  solutions  of
CaS0,/AlL,0, molar ratio from 1-0
to 0-50, the longest basal spacing
in the X-ray pattern changing from
896 to 877 A. Dircct X-ray
examinations carried out on thin
specimens of cement paste kept
in a humid atmosphere showed that
the hydrates were present in their
fully hydrated condition. Traces
of carbon dioxide, such as could be
present in cement as received, can
affect the hydration  reactions
markedly. Tt has been shown that
in some cements the normal X-ray
pattern of tricalcium aluminate
appears with some of the character-
istic lines doubled as a sodium
calcium aluminate is present in it.

NOTES & NEWS

An carth pressure cell has been
developed for inserting in a mass
of soil. The cell has an identical
stiff diaphragm on each face,
cach diaphragm being fitted with
vibrating wire transducers. This
has overcome a number of problems
found in other designs.

Ore Dressing Laboratory,
Melbourne

The main activitics of the labora-
tory in the year 1963-64 covered
the following areas: chemistry of
flotation pulps; ore grindability;
gold recovery from complex gold-
sulphide concentrates; contamina-
tion of sulphide copper concentrates
by nickel from grinding balls;
gravity concentration; high tension
separation;  chemical — analysis;
silica products; and copper and gold
ores.  Some of the significant results
obtained are summarized below:

Gold  recovery  from  complex
sulphide concentrates — Some pro-
mising results were obtained by
roasting the concentrates, followed
by cyanidation in a brine solution;
however, major variations were
observed in gold recovery due to
minor mineralogical differences in
the concentrates  investigated.
Silver is found to be more ‘ roast
sensitive ” than gold. Best results
have been obtained by a four-stage
process, consisting of cyanidation of
concentrates, roasting the residue,
acid Dbrine leaching and final
cyanidation. Comparative yields
are: direct cyanidation, 70 and 40;
cyanidation after roasting, 80 and
30; and four-stage process, 93 and
80 per cent of gold and silver
respectively.

Contamination of sulphide copper
concentrates by nickel from grinding
balls — Contamination of copper
concentrates by nickel can lead
to difficulty in copper refining.
Studies were conducted on the
amount of nickel abstracted from
Ni-hard grinding balls in the
flotation concentrates. It has been
observed that only about 5 per cent
of the abraded Ni-hard floats,
increasing  the nickel content of
the concentrate by 6-50 p.p.m.,
depending  upon  the amount of
Ni-hard abraded during grinding,
the copper content of the ore, the
grade of the concentrate, and the
flotation reagents used. In all ores
examined there was some inherent
nickel, which varied both in amount

and in distribution between the
gangue minerals, the pyrite and the
copper minerals. Thenickel content
of the pyrite, and the amount of
pyrite reporting in the copper con-
centrate were important factors in
determining the gold and nickel
content of the copper concentrate.
Chemical analysis — In the esti-
mation of tin by the cathode ray
polarograph it was found that
tungsten gave a distinct peak at
0-2 V. more negative than tin.
A linear relationship has been
found to exist between peak height
and concentration of tungsten in a
5M hydrochloric acid solution.
Investigations for tndustry : Silica
products — In attempts made to
reduce the iron content of a silica
sand to less than 0-02 per cent,
a combination of heavy liquid and
Frantz magnetic separation, with
acid leaching was found to give a
product containing 0-022 per cent
iron. From flotation tailings, a
high grade silica flour could be
obtained by selective flotation and
quartz whitening. Amine flotation
in acid circuit removes a large pro-
portion of the dark slate originally
present.  Further amine flotation
in alkaline vircuit gives a quartz
product which is cleaned once.
In plant trials, iron was dissolved
during acid flotation, precipitated
in alkaline circuit and interfered
with the quartz float. This
difficulty could be overcome by
(a) floating the quartz immediately
after the slate without adding alkali
and cleaning the concentrate in
alkaline circuit; (b) floating the
quartz with a fatty acid in a circuit
made highly alkaline by lime, and
(c) decanting the pulp liquor after
the acid float and using fresh water
for subsequent alkaline quartz float.
Quartz thus made gives a fairly
white flour on heating and grinding.
Addition of 0-2 per cent of sodium
concentrate before heating is bene-
ficial. Iron content is 0-03 per cent.

Division of Building Research,
CSIRO, Australia

The main activities of the divi-
sion during 1963-64 related to
architectural, acoustics, bituminous
materials, clay and clay products,
concrete, gypsum, plaster, mortar
joints, structural design and test-
ing, paints, thermal aspects, tropi-
cal building and other studies. The
establishment of a new section for
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building operations and cconomics
to undertake research on problems
of the industry relating to manage-
ment, organization and economics,
the initiation of two new series
of publications, entitled Tropical
buslding research notes and Ready
research veferences, and the instal-
lation of reverberation and trans-
mission chambers for comparing
the efficiency of various coverings
in reducing footstep noise are
some of the significant events.
To evaluate the noise level to
be expected from a highway,
taking into account the effects
due to barriers such as trees and
shrubs and other relevant influ-
ences, the noise levels and the
duration of noise for different
types of vehicles at varying speeds
and distances from the road have
been measured.  Calculations of
the total noise caused by a number
of vehicles in random pattern (all
within earshot at one moment)
have been found to agree well
with the observations of noise
from a considerable flow of traffic.
The study is expected to help in
the planning of highways offering
minimum discomfort to residents
near the highways. A new method
for studying the characteristics of
absorption materials has been
developed and employed for study-
ing the performance of absorbing
wedges  for  anechoic  rooms.
Studies on the performance of
bituminous waterproofing mem-
branes have shown that the best
way of avoiding repture of a
bituminous membrane laid over a
joint in the deck where relative
movement of the parts of the
deck can occur, is to ‘loose lay’
rather than ‘ solid stick * the mem-
brane in the neighbourhood of
the joint. A survey of Australian
ceramic resources and studies on
the local raw materials in different
regions, their fired products and
the reactions involved in produc-
tion processes have been conducted.
In order to separate the triphormic
and mixed layer minerals from
the kaolinite and other minerals
present in the Permian clays, an
improvised electrophoretic  cell
capable of eliminating quartz com-
pletely and reducing the kaolinite
content to a low level from the
deposit, in just two cycles of
treatment, has been designed.
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Studies of the structure of opals
have revealed that the water in
opals is held mainly in the pores
rather than as bonded (OH)
groups and that all opals tend to
form flaky particles when finely
comminuted. Two major projects
which have resulted in the accu-
mulation of large amount of data
useful to the industry are the
studies connected with the light
weight ceramic products and light
weight concrete. A sponsored
project, directed towards devising
methods for the maintenance of
colour on the surface of concrete
roofing tiles, has shown that the
loss of colour is most frequently due
to the very slow dissolution of the
binding material of the surface hy
rain water.  Two parallel ap-
proaches have been adopted in
an attempt to remedy this, onc
requiring improved curing of the
tiles by fog or stcam and the
other seeking to protect the pig-
mented surface with a sprayed
form of plastic film. Studies on
the shrinkage of concrete in struc-

tures after prolonged mixing
showed that the shrinkage of
concrete mixed for 90 min. is
nearly twice that of concrete
mixed for 4 min. A thorough

study of the characteristics of
gvpsum has been undertaken in
view of the importance of gypsum
to the building industry and
observations on the physical and
chemical  properties of  gypsum
and special gypsum products have
been made. The results of this
study are expected to be of help
in making plasters having special
properties such as high water
requirement or increased smooth-
ness. Detailed recommendations
have been drawn up, as a result
of a series of tests on materials
and methods for sealing joints in
the exterior walls of a building to
prevent rain penetration to the
interior. An investigation directed
towards developing a mould-
resistant paint has indicated that
paints containing zinc oxide will
meet the requirement.

Announcements

w The Third Congress of the
International Council for Building
Research  will  be held during
23-28 August 1965 in Cepenhagen.

1965

About 169
presented

are to be
and discussed.  The
congress is open to all  those
interested, members as well as
non-members.  Details may be had
from DIS Congress Service, 19
Sankt Peders Stracde, Copenhagen
K, Denmark.

papers

w A Symposium on  Regulatory
Mechanisms will be held i the
Department of Biochemistry, All-
India Institute of Medical Sciences,
New Delhi, on 28 and 29 December
1965 under the auspices of the
Socicty of Biological Chemists,
India. The following subjects will
be covered: Regulatory mechan-
isms at body level, Regulatory
mechanisms at cellular level, and
Molecular mechanisms.

Those interested in the  pro-
gramme may please write to the
Hon. Sccretaries at Bangalore or
to the organizer of the symposium,
Dr G. P. Talwar, Department of
Jiochemistry, All-India Institute
of Medical Sciences, New Delhi 16,
with an abstract, not excecding
200 words, before 15 October 1965.

w Amir Chand Prizes for Medical
Rescarch — The Indian Council of
Medical ~ Rescarch  has  invited
applications for the award of four
Shakuntala Amir Chand Prizes of
the value of Rs 300.00 d¢ach for
best published rescarch work in
any subject in  the ficld  of
medical science including clinical
rescarch.

The prizes are open to medical
and non-medical graduates who are
Indian nationals and not above
40 years of age on 1 January 1965,
The research paper submitted for
consideration must have been pub-
lished in Indian or foreign journals
in the calendar year 1964, on work
done in institutions in India only.
Papers published on work started
in India but completed abroad
will not be acceptable.  The person
who applies for the prize should
clearly indicate his/her role in the
work presented i the paper.

Candidates should submit,
through  proper  channel,  ten
reprints of their papers to the
Director, Indian Council of Medical
Research, New Delhi, by 1 Sep-
tember 1965, accompanied by a
short biographical sketch and two
passport size photographs.



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 stereo image zoom to the exact size
you need. 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.
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Model 421 high-resolution
SPECTROPHOTOMETER

offers uninterrupted scan
from 2.5 to 18 microns

Highest grating resolution and greatest flexibility over an extended wavelength range with no gaps
or overlaps—Perkin-Elmer Model 421's perfcrmance means these advantages:

More accurate identifications: Significant absorption bands differing only slightly in frequency
can be easily separated by the outstanding resolution of Model 421's grating dispersion system.
Uninterrupted scan: Automatic filter switching as scan proceeds does not interrupt spectral
record: Model 421 presents a continuous, complete grating scan.

Extended wavelength range: Model 421 operates from 4000 to 550 wavenumbers —from 2.5 to
more than 18 y—routinely.

More precise quantitative measurements:High spectral purity afforded by Model 421's
resolution means close conformity of bands to classical absorption intensity laws.

All the outstanding instrumental

operating features of other Perkin-Elmer
spectrophotometers—double beam optical
null principle, speed suppression, automatic
gain-control, scale expansion and
compression—are included in this instrument.
Additional filter grating interchange

can be provided to extend the range

to 250 wavenumbers.

A full line of sampling accessories

is available.

Also available Model 521 which
operates from 4000 to 250 wavenumbers
i.e. from2.5to 40y

Ask for free literature
PERKIN-ELMER
Get complete details from BLUE STAR offices ot :

Sold and i i i si
“ RUCIRAC R eXClU;lVely by Connaught House, Connaught Crcus, New Delhi 1
Band Box House, Annie S2sant 1/d Bombay 13
7 Hare Stret, Calcutta 1

B LU E STA R 23/24 Second Line Beach, Madras 1
13 Kaiser Bungalow, Dindli Road, Jamshedpur

14 40 Civil Lines, Kanpur
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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

MADRAS-1. NEW DELHI-1
Phone: 23775 Phone: 42176
Grams: 'BOROSIL Grams: 'BOROSIL'

4 CANAL WEST ROAD,
CALCUTTA-15

CORN'NGG is Registered Trade Mark of Corning Glass Works, New York U.S. A.
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HYDROCHLORIC ACID

LIQUID CHLORINE
STABLE BLEACHING POWDER
CAUSTIC SODA

id. flakes and lye)

BLEACH LIQUOR

CALCIUM CHLORIDE

FERRIC CHLORIDE

SULPHATE OF ALUMINA

COMMON SALT

SLAKED LIME

POTASSIUM CHLORATE

‘GAUVERY s..na GHEMIGALS

Sor Indian Industry

Mage a-cording to modern methods. on modern equis —
ment ..oy fully-trained operating crews, CAUVERY brand

cnemicals

can aiways be depended upon for ther

[
i

quality and constant uniformity.

THE METTUR CHEMICAL & INDUSTRIAL CORPORATION LIMITED

Mettur Dam R.S.
Managing A

Salem Dt.
gents: 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

[

BORATOR

Dr.RAOS

BOMB.AY-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
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S. H. KELKAR & CO. (PRIVATE) LTD.

DEVAKARAN MANSION, 36 MANGALDAS ROAD
BOMBAY 2

Gram: S SACHEWORKS?, BOMBAY-DADAR

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

Calcutta 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

| 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

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

Two huyghenian eyepieces — 5x and 10x

Instruments and Equipment for Education,
Research and Industry

INTERNATIONAL
AGENCIES

79 GHOGA STREET, FORT, BOMBAY |
RESEARCH MICROSCOPE Gram: ‘ SCIENAPP* Phone: 253753

Available from ready stock all types of

QUICKFIT

InGLAND

REGD TRADE MARK

QUICKFIT APPARATUS

As Accredited Distributors
we also book indents from importers in India for

Messrs QUICKFIT & QUARTZ LTD., England

For best terms and efficient service contact

LABORATORY FURNISHERS

DHUN MANSION, 186C VINCENT ROAD, DADAR, BOMBAY 14

Telephone: 62761 Telegrams : ‘ LABFURNISH °, Bombay Dadar

Branch Office: Kapasia Bazar, Ahmedabad
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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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BDH LABORATORY GHEMIGALS AND REAGENTS

KNOWN THE WORLD OVER FOR THEIR EXCEPTIONAL
RELIABILITY AND CONSISTENTLY 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-I|




EASY,
SFEEDY
AND
ACCURATE
PACKING
OF
BULK
MATERIALS

‘HAVER' VALVE
BAG PACKING
MACHINES are ideal

for bagging cement, lime, gypsum, basic slag and similar bulk materials.
In a single operation they fill and weigh bags of 50 to 112 lbs. gross
weight. Also available: vibrating screens, laboratory screens with test
sieves, electromagnetic feeders, wire cloth of all metals.

HAVER & BOECKER West Germany.

Sales Representatives: M O I WA N E

PRIVATE LIMITED
121 Mahetma Geandhi Road, Post Box No. 1372 Bumbay-)
Phone: 252337 Grems . ‘CHIPHONE' ail 0fices « Branches at
New Dethi, Co'cotte. L uchnow. Kanpur, Medres anc Benygelore

L+ AIert]
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MATHEMATICAL
PREGISION MAKES
CHEMISTRY AN
EXACT SCIENCE A

The slide-rule and mathematica! ;
formula both signify precision in ‘
|

practice and theory.

In Chemistry, success depends
on precision. Sarabhai, Merck's
‘Guaranteed Reagents’ provide
utmost precision in  Chemical
Research and Analysis.

For every recquirement the
specific preparation is available
and the right sclection proves
the expert.

GUARANTEED
REAGENTS

SARABHAI MERCK LTD
TR 2 M |

Shilpi 5.M.84
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UNESCO Publications of outstanding merit...

DIRECTORY OF INSTITUTIONS ENGAGED IN ARID ZONE RESEARCH

GUIDE BOOK TO RESEARCH DATA FOR ARID ZONE DEVELOPMENT
CURRENT TRENDS IN SCIENTIFIC RESEARCH

INTERNATIONAL MIGRATION AND ECONOMIC DEVELOPMENT
PROTECTION OF CULTURAL PROPERTY IN THE EVENT OF ARMED CONFLICT

SCIENTIFIC AND TECHNICAL TRANSLATION AND OTHER ASPECTS OF THE
LANGUAGE PROBLEM

THE CONSERVATION OF WILD LIFE AND NATURAL HABITATS IN CENTRAL
AND EAST AFRICA

THE CINEMA AND SOCIAL SCIENCE
CRAFT AND CONTEMPORARY CULTURE

INTERNATIONAL CO-OPERATION AND PROGRAMMES OF ECONOMIC AND
SOCIAL DEVELOPMENT

PROCEEDINGS OF THE UNESCO SYMPOSIUM ON PHYSICAL OCEANOGRAPHY,
TOKYO

SIMPLE READING MATERIAL FOR ADULTS
SOCIAL CHANGE AND ECONOMIC DEVELOPMENT

STUDY OF TROPICAL VEGETATION : PROCEEDINGS OF THE KANDY
SYMPOSIUM

' STATISTICAL YEAR BOOK
WORLD COMMUNICATIONS
WORLD ILLITERACY. A STATISTICAL STUDY

A GEOLOGICAL MAP OF AFRICA
Series of 9 Maps including explanatory brochure
Each Map
Explanatory Brochure

A HISTORY OF LAND USE IN ARID REGIONS

IMPACT OF SCIENCE ON SOCIETY — An International Quarterly published by Unesco:
On the social aspects of science and technology — On the application of science to economic
and social development — On the relations between science and governments — On the problems
of scientific organizations and research. FREE SPECIMEN COPY ON REQUEST

Annual Subscription Rs 8.67 Each Number Rs 2.67

Current list of Unesco publications is available on request

ORIENT LONGMANS LTD.

17 Chittaranjan Avenue, CALCUTTA 13 « Nicol Road, Ballard Estate, BOMBAY |
36A Mount Road, MADRAS 2 « 1/24 Asaf Ali Road, NEW DELHI |

Rs 5.67
» 16.67
» 22.00
,» 5.00
,»» 25.00

,» 13.33

» 4.00
s 3133
,» 11.67

» 5.00

w 16.67
» 4.00
w1333

,» 20.00
» 1333
, 26.67
» 6.67

», 261.67
y 30.67
»  3.00

,» 35.00
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TOWA-Rd-1A

WE LEAD AGAIN!!
zowm

INDIA

TWMG

. METALLURGICAL

| MICROSCOPE |

. WITH L

§ VERTICAL & MULTIPURPOSE §

§ ILLUMINATION §

: \ FOR .
ASD | RESEARCH, INDUSTRY %\
THESE . & ENGINEERING 3%

MICROSCOPES :- B SR

® BINOCULAR HEAD
& STEREOSCOPIC.

@® RESEARCH, MEDICAL,
& STUDENT.

@ DISSECTING.
® MICRO PROJECTOR

W IN ACTIVE COLLABORATION WITH ‘TOWA' JAPAN
10w TOWA OPTICS (INDIA) PVT. LIMITED

INDIA
DEDICATED TO
INSTRUMENT PERFECTION

4, DARYAGAN]), POST BOX NO 1685, DELHI-6, Phone : 271497 Cable : VISION
Branch : 15/16, Kondi Chetty Street, Madras-|.

Announcing another CSIR publication
THE FLORA OF DELHI

DR. J. K. MAHESHWARI

Central National Herbarium, Indian Botanic Garden, Howrah

A tlora of Delhi has long been desired. What has been particularly desired is a tlora which should cater
not only to the needs of the taxonomists but should also be usable by students and any one 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 Dethi was published.  The author has made a survey of the flowering plants of Delhi and
its environs, and has incorporated the results of his exhaustive studies in this book. Nine hundred and forty-two
species of indigenous, naturalized and cultivated plants under 549 gencra belonging to 120 familics have been
described; Beatham 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 identitication of plants; local and Tinglish numes and uses of the more
common plants arc given,

The Flora of Delhi is a reference manual for the identification of fowering plants of Delhi. 1r is invaluable
to students, botanists and Jaymen 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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« Turbidity

+ Extinction

+ Fluorescence

» Monochromatic light source
HQE 40

» Titration

+ Reflectance 45/0

VEB Carl Zeiss JENA  Ssss—

* GRATING MONOCHROMATOR 365-750 mp » TEST TUBES « CELLS ¢ TRANSISTOR
AMPLIFIER « COMPLEMENTARY AMPLIFIER ZV « SIMPLE MANIPULATION
* WIDE RANGE OF APPLICATION

Birthplace and centre of modern optics

SOLE AGENTS IN INDIA

G GORDHANDAS DESAI PVT. LTD.

Equipment and instruments for all branches of science, technology and industry

KERMAN!| BUILDING « SIR P. M. ROAD « BOMBAY-1 BR
NO. 22, LINGI CHETTY STREET, @ P-7 MISSION ROW EXTENTION, @ 4/2 B, JWALA MANSION, ASAF ALl ROAD,
MADRAS- CALCUTTA NEW DELHI
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Leitz
Hardness Tester MINILOAD

Load range from 15 gm. to 2000 gm.

The instrument is particularly well adapted to testing
small parts, thin strata, and foils. By reason of its
spotting certainty measurement can be made on the
cutting edges of tools, on watch wheel spindles,
and on needle points.

ADVANTAGES

¢ Load range from 15 gm. to 2000 gm. Exchangeable
diamonds for Vickers and Knoop tests and for scratch
hardness testing.

® High spotting certainty.

® Slippage compensation of indenting body.

® Variable magnification.

® Precise measuring ocular with internal reading.

With the field of Engineering the characteristics of the material from which an object is made are of
paramount importance.

One of the most instructive testing processes is hardness testing, for the hardness value permits impor-
tant conclusions regarding the workability and wear resistance of materials, thus placing the relationship of
supplier and user on an objective basis.  Of a number of such testing methods, which have been devised,
the Vickers hardness test has come widely into use because it embraces the whole technical harness
range and offers a number of decisive advantages as compared to other methods of testing.

The MINILOAD Hardness Tester offers substantial advantages when the hardness of finish-machined,
hardened and ground tools is to be determined. As the indentations produced are, thanks to the small

loads used, as small as to be invisible to the naked cye, the hardness test is virtually “non-destructive’
when performed with MINILOAD. Owing to the positiveness of the instrument, it is also possible to
measure the hardness of the cutting edge proper.  Special fixtures to suit the various kinds of parts to

be inspected are available.

For details please wrile fo:
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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RECORDING
ELECTRO-
POLARIZER

+ T 1 I ;i T Tl
= = —
E €, vs SCE 3
T 1 Copper 0.00010M/L —0.23 —0.49 F ¥ T 1 1 + T T - : T T T T
Cadmivm 0.00033M/L —0.8t
= St GOOSEME 0T e S
Zinc 0.00051M/L —135 | == 1
Supporting Electrolyte
1M NH,OH — 1M NH,C1 + > +
Polarization Range —0.15 to —3 15 E - 3 3 : 3 Z X - = % 3 3
= Polarization Rate 300MV /min ¥ ¥ & T T : =i: = ==
E = —=————————c——x
= Sensitivity 10ua full scale T + ¥ T + =
= Damping Position #2 = ——f
3 Hg Head 70 Cm  Temp 25 C = = e e
Drop Time 3 Sec. 1 T —t—+ T T T F ¥ : ¥
T muyt 4 unk T e 1 T + 1 T 1 T ¥
==| e == ==
== —F—14 e —— =
{Eopper= 3 t = £ ——
== — , — ===
———t =
3 = === —
—02 —0,4 —03 —06 -0.7 —0.8 —0.9 —1.0 —1 -2 —1.3 —l.4 —1.5 —1.6

Developed to give the polarographer the most accurate polarographic circuits available for research, routine
and'student use.

TWIN

POLARIZATION

BRIDGE

FOR SUPERIOR

PERFORMANCE

GD GORDHANDAS
DESAI PVT. LTD.

Equipment and instruments for all branches of
science, technology and industry.

KERMANI BLDG. SIR PHIROZSHAH MEHTA RD., BOMBAY-I.
P.B. 1252, MADRAS-1 « P.B. 328, CALCUTTA-l * P.B. 192, NEW DELHI-1.
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For Controlled Temperature and Humidity

USE THE qa“enkamlt .

G13/100 HUMIDITY OVEN

for testing

% Components for radio and other
electronic equipment

% Protective coatings, paint, lacquer,
varnish, etc.

% Containers, packages and pa.king
material

+ Many o:her manufactured products

Conditions availible with the
basic oven and accessories include:

e BASIC OVEN

(a) Controlled temperature and humidity, continuous operation. (b) Controlled termperature only, with no acded
moisture. (c) Contrclied temperature at saturation.

e WITH TIME SWITCH
During a 24 hour (or other specified) period the oven heas to the desired condiions, as a, b or ¢ above, remains at
these conciticns and then cools towards :mbient conditiors for the remaincer of the pcriod.

® WITH WATER SPRAY COCLER
Oven cools more rapidly and remains at saturation during cooling period.

e WITH FRESH AIR INJECTION
Oven humidity can be reduced rapidly and minimum attainable humidity is recuced.

e WITH REFRIGERATION
Oven can be operated down to 0 C subject to ambient temperature limitaticns.

e WITH ULTRAVIOLET LAMP
The weathering effect of sunlight under various conditions of temperature and humidity can te simulated.

e WITH AUTOMATIC PROGRAMMING SYSTEMS
The oven will rearoduce automatically the cycles of temperature and humidity preset on the controls. The program-
ming systems available vary in complexity from a simple time switch throujh complex switching systems as used for
the ISAT series to complete programming of both temperature and humidity.

Ask for details

ACCREDITED MARTIN & HARRIS (PRIVATE) LTD.

AGENTS Scientific Department Savoy Chambers Wallace Street Bombay |

Printed and published by Shri A. Krishnamurthi. Publications & Informauocn Directorate Council of Scienufic &
Indusirial Research, New Delh:, at the Catholic Press, Rancti, Inaia

Regd No. PT-842
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